Comments on the draft scientific dossier in accordance with Annex D to the Stockholm Convention that is intended to accompany an EU proposal for listing octamethylcyclotetrasiloxane (D4); decamethylcyclopentasiloxane (D5); dodecamethylcyclohexasiloxane (D6) under the Convention
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Date:
2023/07/03  16:18
	Type:
BehalfOfAnOrganisation
Org. type:
Company
Org. name:
Moroccanoil
Org. country:
Germany
	General Comments:
Hi
I would like to ask to exclude Decamethylcyclopentasiloxane (D5) from this amendment for its vast use in the personal industry and due o the fact that it is not as harming as Octamethylcyclotetrasiloxane (D4).
I dont think both should be treated the same.
Also, if this new amendment comes in to force i would to ask for a 5 year transition for Leave on cosmetic products.

Yhank ou
Idan
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2023/07/11  19:37
	Type:
BehalfOfAnOrganisation
Org. type:
Company
Org. name:
GreenEarth Cleaning
Org. country:
United States of America
Attachment:


Privacy comment:
Thank you for the opportunity to comment on this proposal.
	General Comments:
Thank you for the opportunity to comment on this proposal.
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	Type:
BehalfOfAnOrganisation
Org. type:
Industry or trade association
Org. name:
European Semiconductor Industry Association (ESIA)
Org. country:
Belgium
Attachment:


	General Comments:
Please see the attachment.
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<redacted>
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Germany
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<redacted>
Privacy comment:
The defence industry is still accepted in full despite the change in global political situation. Thus open statements are allowed by company policy
	General Comments:
Please see attached pdf
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Org. name:
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France
Attachment:


	General Comments:
Subject :   D4/D5/D6 substances for aeronautics, space and defence applications
Ref:   Consultation-Proposals for new POPs

On 15th June 2023, the European Chemicals Agency (ECHA) launched a consultation for the potential proposal of the European Commission to nominate:
- Octamethylcyclotetrasiloxane (D4)- CAS n° 556-67-2,
- Decamethylcyclopentasiloxane (D5)- CAS n° 541-02-6,
- Dodecamethylcyclohexasiloxane (D6)- CAS n° 540-97-6,
for inclusion in the Stockholm Convention as Persistent Organic Pollutants (POPs) substances.

This paper constitutes the GIFAS (French aerospace industries association)*  position.

Silicone polymers rely on D4, D5 and D6 for their manufacturing and their use in a variety of sectors such as construction, automotive, electronics, pulp and paper, oil and gas, medical and aerospace/defence.
These polymers have currently wide applications within the Aerospace and Defence industry. They are  present primarily in adhesives, sealants, fire resistant void fillers and potting compounds, but also in finished articles made of silicone rubber, and help to provide a set of unique properties which, as research has so far indicated, cannot be achieved by any other chemistry. The concentrations of D4 and/or D5 and/or D6 in the final products e.g silicone sealants and adhesives are usually very low (around 0.1%) and considered as traces (unreacted monomers). Their use in the electronics sector is also significant, as silicone coatings protect sensitive components from moisture, dirt, shocks and vibrations and can withstand extreme temperatures without losing their properties.

D4, D5 and D6 have been identified in the EU under REACH as Substances of Very High Concern (SVHC) and included in the Candidate List for Authorisation in June 2018. Furthermore, the use of D4 and D5 in wash-off cosmetic products has been restricted in the EU under the REACH Regulation since 31st January 2020 and another REACH restriction for D4, D5 and D6 in consumer and professional products is under review by the European Commission. The vast majority of the environmental emissions of these substances come from the area of personal care products.

We would like to highlight our full commitment to improve the protection of human health and the environment from the risks that can be posed by hazardous chemicals and our industry has been working for years towards a voluntary eradication of many of the most hazardous substances. In parallel, our industry is also fully committed to ensure safety and reliability of the aerospace and defence systems and their repair and maintenance all along their lifecycle. Implementing an alternative solution requires stringent, long and intensive testing for qualification (reliability, test programmes). The implementation of the substitution roadmaps must be carefully, progressively and sequentially made, on a step-by-step approach, once alternatives are validated to ensure relevant lessons are learned prior to generalisation. Silicone materials are difficult to substitute because of their durable, safe and highly effective mechanical, optical and thermal properties.

Our industry supports an effective and proportionate approach to managing the risks associated with these substances. Whilst waiting for the current REACH restrictions to be adopted and evaluated at  EU level, we believe that launching new regulatory projects should be avoided to prevent any overlap or conflict with the existing proposed approach in terms of restriction.

With regards to the implementation of the Stockholm Convention in the EU, the potential inclusion of D4, D5 and D6 in the EU POPs regulation would affect the trade, production, and accessibility of silicones across the globe and hamper the ability of EU downstream users to access silicones. Ultimately, this would hamper value chains established in Europe, in favour of other regions where the access is secured in a timely and affordable manner.

Before any proposal is presented, the European Commission should:
- Consider all the available scientific information to understand whether D4/D5/D6 meet the criteria of Persistent Organic Pollutants (POPs) under the Stockholm Convention;
- Address the technical, legal, socio-economic aspects of a listing of D4/D5/D6 under the Stockholm Conventions as well as any direct and indirect consequences that such a listing would have on silicone manufacturers and downstream users;
- Implement existing or proposed regulatory measures and assess their efficiency, in particular the REACH restriction.

We therefore ask the European Commission not to propose designating D4/D5/D6 as POPs under the Stockholm Convention until all these conditions have been met, in order to avoid risks disrupting the silicones value chain in Europe.


(*) GIFAS (French aerospace industries association) has more than 450 members, from major prime contractors and system suppliers to small specialist companies and start-ups. They cover the full spectrum of skills from the design, development and production of aerospace systems to marketing and maintenance and operation. GIFAS members are active in all sectors of the aerospace industry including civil and military aircraft, helicopters, engines, missiles and weapons, satellites and launch systems, UAV, large aerospace, defence and security systems, equipment, subassemblies and associated software applications.
Turnover for the French Aeronautical, Space, Defence and Security Industry: €62,7 billion in 2022; Export: 83%; 195.000 direct employees.
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Individual
Country:
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	General Comments:
The attached comments have been compiled by Professor Mick Whelan from the University of Leicester, UK and Dr Todd Gouin, an independent consultant which substantial experience in evaluating the fate and transport of environmental contaminants.  Whelan has had a close interest in the environmental fate of VMS for the last 20 years and has co-authored several papers in the scientific literature on aspects of their behaviour in air, water, sediment and in food webs.  Gouin has also published widely in this field, including on cVMS behaviour.  Although both Whelan and Gouin have collaborated actively with industry, the attached observations are submitted independently.  In general, we applaud ECHA for pulling together such a detailed synthesis of cVMS properties and data.  However, we think that some of the interpretations could be better-justified.  Whilst D4, D5 and D6 appear to satisfy the criteria for persistence (e.g. in sediment), relatively rapid environmental loss processes (hydrolysis and atmospheric reaction) and inter-media transfers mean that overall longevity is likely to be much lower than that for most classical POPs.  Similarly, cVMS compounds appear to meet the criteria for bioaccumulation potential (although this is tempered to some extent by metabolism and other clearance processes in many organisms – such as partitioning to air in air-breathing animals). With respect to long-range transport, it is clear that cVMS compounds are transported over long distances in the air. However, in our opinion, the evidence base for deposition to surface media in high latitudes is weak and should be strengthened by additional monitoring, experimental studies and modelling.  Whilst the postulated deposition mechanisms will all operate to some extent, the magnitude of these processes is highly uncertain and the conclusions are, therefore, speculative.
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	General Comments:
none
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Privacy comment:
References Most papers must follow the copyright laws given by the journal.
	General Comments:
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	Type:
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Org. type:
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Org. name:
Claigan Enviromental Inc.
Org. country:
Canada
	General Comments:
We are a high volume test laboratory for physical products (articles).  We have been tested components in articles for D4, D5, and D6 since 2018.

For the past 1,000 components silicone rubber components (in articles) tested
a). 30% contained D6 above 100 ppm
b). Of D6 detected, the average value in silicone rubber components in articles was ~300 ppm
c). The 95 percentile value in finished silicone was ~800 ppm
d). The maximum measured value in finished silicone was ~1,500 ppm

The present of D6 (and D4 and D5) is related to cured silicone.  In the uncured form, the silicone rubber contains between 0.5% to 1% D6 (as listed on the safety data sheet in the uncured form).    The concentration of final article is related to the quality of the curing process.  Longer and more effective curing processes result in lower D6 concentrations in the final article.

If D4, D5, and D6 were restricted in the future, a limit of 1,000 ppm would be reasonable for real world situations.  By managing the curing process, D4, D5, and D6 can be maintained below 1,000 ppm.

Note - D6 containing silicone is one of the main replacements for PFAS polymers.  If D6 is highly regulated, then even further derogations will be needed for the REACH PFAS Regulation.  However, the average silicone contains roughly 1,000X higher concentration of forever chemicals (D6) than typical PFAS polymers such as PTFE (with less than 1 ppm PFOA - and only contain PFOA if irradiated).  Regulation of D6 makes more sense than regulation of unirradiated PTFE.
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	Type:
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Org. type:
Company
Org. name:
<redacted>
Org. country:
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<redacted>
Privacy comment:
Dear Sir/Madam,   The ownership of the attached study reports is within the Members of the Reconsile REACH Consortium, therefore the enclosed study reports can be used by ECHA for assessment purposes only and shall not be published in any form, including on the ECHA website.  Kind regards, Valentina Cupella
	General Comments:
Dear Sir/Madam,

The ownership of the attached study reports is within the Members of the Reconsile REACH Consortium, therefore the enclosed study reports can be used by ECHA for assessment purposes only and shall not be published in any form, including on the ECHA website.

Kind regards,
Valentina Cupella
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	Type:
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Org. name:
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<redacted>
Privacy comment:
Protection of our IP to safeguard commercial interests.
	General Comments:
Please see general comments in the confidential attachment.



	39
Date:
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	Type:
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Org. name:
Japan Electronics and Information Technology Industries Association (JEITA)
Org. country:
Japan
	General Comments:
We, Japanese electric and electronic industrial associations :
JEITA (Japan Electronics and Information Technology Industries Association);
CIAJ (Communications and Information Network Association of Japan);
JBMIA (Japan Business Machine and Information System Industries Association); and
JEMA (Japan Electrical Manufacturers’ Association)
have been vigorously committed to improving environment and to complying with chemical regulations set by EU and other countries including the U.S. and China, etc. The electrical and electronic equipment (EEE) are manufactured via supply-chain extending over the world, and chemical legislations under POPs Convention would have big influence over the world. Therefore, we would like to input our view as EEE manufacturers though we don't have much information on D4, D5 or D6.

(1)　As long as we know, neither D4, D5 nor D6 is directly used in EEE. We have shared the information on this consultation with our members and asked for their knowledge on these substances, but no input came regarding applications of D4, D5 and/or D6 in our industry. Consequently, we recognise that D4, D5 and/or D6 on its own or in mixtures is not added to EEE, and as the result, we don’t have any information for other concrete questions.
(2)　On the other hand, according to our suppliers’ industry, silicon polymers made from raw materials including D4, D5 and/or D6 (especially D4) are widely used in parts of EEE or material of them and those are also indispensable. Silicone Industry Association explains for us that these substances cannot be substituted as basic raw materials of silicone.
(3) We are seriously concerned that POPs nomination of D4, D5, and D6 will lead to strict restrictions on the production, use, and trade of silicone polymers. We use silicone products for critical applications in Electronics and Information industries to secure the reliability and safety of products. The nomination will bring a significant negative impact on industries and society. Even if the nomination intent is to exempt polymer use, no one cannot control the scope of the regulation once the nomination is proposed to POPRC.
We are afraid that the scope of POPs nomination of D4, D5, and D6 would be much broader than the current and the planned restriction of those substances in EU.
D4, D5, and D6 were assessed in Canada, Australia and Japan, and no use restriction was set in those countries.
We would like to request EU Commission and ECHA to assess them more carefully.

About Japanese electric and electronic (E&E) industrial associations:
About JEITA:
The objective of the Japan Electronics and Information Technology Industries Association (JEITA) is to promote the healthy manufacturing, international trade and consumption of electronics products and components in order to contribute to the overall development of the electronics and information technology (IT) industries, and thereby further Japan's economic development and cultural prosperity.

About CIAJ:
Mission of Communications and Information network Association of Japan (CIAJ). With the cooperation of member companies, CIAJ is committed to the healthy development of info-communication network industries through the promotion of info-communication technologies (ICT), and contributes to the realization of more enriched lives in Japan as well as the global community by supporting widespread and advanced uses of information in socio-economic and cultural activities.

About JBMIA:
Japan Business Machine and Information System Industries Association (JBMIA) is the industry organization which aims to contribute the development of the Japanese economy and the improvement of the office environment through the comprehensive development of the Japanese business machine and information system industries and rationalization thereof.

About JEMA:
The Japan Electrical Manufacturers' Association (JEMA) consists of major Japanese companies in the electrical industry including: power & industrial systems, home appliances and related industries. The products handled by JEMA cover a wide spectrum; from boilers and turbines for power generation to home electrical appliances. Membership of 291 companies, http://www.jema-net.or.jp/English/
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	Type:
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Org. type:
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Org. name:
Japan Auto Parts Industries Association
Org. country:
Japan
	General Comments:
We, JAPIA, oppose the nomination of D4, D5 and D6 to the Stockholm convention.
We would like to discuss the impact of listing D4, D5 and D6 in POPs. The automobile parts industry relies on a wide variety of chemicals and materials to create vehicles that meet the highest standards of quality, safety and environmental performance. D4, D5 and D6 are used to make silicone polymers (*) that play an important role in automotive manufacturing, ensuring the reliability and longevity of automotive parts. (* silicone polymers : including silicone resin, rubber, oil, varnish, etc.)
Heat resistance, weather resistance, chemical stability, electrical insulation, water repellency, mold releasability, cold resistance, and low temperature dependence of silicone polymers are essential properties for establishing the basic performance of automobiles. For example, silicone materials are indispensable in areas where heat resistance and chemical stability are required, such as seals around engines. Furthermore, taking advantage of its high heat dissipation, it is widely used in electric vehicle power control units, lithium-ion batteries, power devices, and the like. This makes a great contribution to the reduction of CO2 emissions from automobiles. It is also used for various sensors, taking advantage of its cold resistance and oil resistance. This ensures safe driving. In this way, silicone has become an indispensable material for establishing the basic performance of automobiles.
There is one thing that worries us about the nomination for the Stockholm Convention. Even if it is nominated under Annex B (restriction), it may be listed under the Stockholm Convention under Annex A (prohibited). The current POPRC and COP are often politically rather than scientifically based discussions. Furthermore, what should be discussed on a risk basis may proceed on a hazard basis. Considering it, we think that D4, D5 and D6 should not be nominated for the current Stockholm Convention. Furthermore, the long-distance mobility described in this Annex has not been peer-reviewed, and its veracity is open to debate. Considering this, I think it is necessary to wait for the results of the observations in Antarctica that are currently being prepared and reconsider the discussion.
If D4, D5 and D6 become regulated under the Stockholm Convention, it could result in severe restrictions on the manufacture, use and trade of silicone polymers. Imposing such restrictions would have serious consequences for the automotive industry. Furthermore, it will hinder the innovation and development of cleaner and more sustainable vehicles, which are essential to achieving the EU's climate and carbon neutrality goals
For these reasons, we, JAPIA, oppose the nomination of D4, D5 and D6 to the Stockholm convention.
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Privacy comment:
See attached document for details
	General Comments:
Confidential information provided in section V.
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Spain
	General Comments:
Germaine de Capuccini has been dedicated to professional aesthetics for more than 50 years, with the same values as when we started: professionalism, innovation and social commitment to women. Its mission is to make the best treatments and products available to the expert hands, all over the world, of those who best know the needs of your skin: beauticians. Passionate and curious, always in continuous evolution, to develop the most avant-garde treatments with beautifying results for the skin.
EXPERT HANDS: Their application methods are unique and exclusive. Through training we make our value reach all the Germaine Centers around the world.
INNOVATION: An own laboratory where unique formulas and advanced technology are created that freeze time to offer a sublime experience.
Research and quality are considered the key, therefore, they invest time and resources in developing perfect formulas. Our investment in R&D is above the European average, according to data from Stanpa.
For every skin need, Germaine de Capuccini has effective and sensorial treatments in the cabin, which are applied through specific maneuvers and treatments for use at home.
For Germaine de Capuccini silicones are ingredients widely used in personal-care products. They are one of the few ingredients commonly used in formulations that can create a “wow factor,” or a readily noticeable sensory effect. Besides the basic cosmetic products, silicones are used extensively in OTC and sensitive skin products due to their non-irritating characteristics. Silicones are also not animal derived and therefore approved by Vegans as cruelty free materials. They are not related to palm and RSPO issues and are certified as GMO free. The types of silicones used in cosmetic products are supported by scientific research and are considered extremely safe for consumer use. Silicones are effective, inert, and versatile ingredients that benefit skin and hair in numerous ways.

Silicone is added to cosmetic products due to the following functions.
- Emulsification: Combines with other ingredients.
- Emollient: Softens and smoothens the skin surface.
- Surfactant: Better application of the product.

Silicones are an essential part of Germaine de Capuccini’s business as they provide benefits that impact the performance of almost every type of beauty product, conferring attributes such as good spreading, film forming, wash-off resistance, skin feel, volatility and permeability.
These versatile materials improve the performance of many cosmetics, sunscreens and skin treatment products. They help deliver pigments and other particles to the skin, enhance protection by sunscreens and improve the stability of antiaging ingredients.

Silicones are introduced in formulas in order to perform the specific role expected of them like waterproofing, retaining moisture, adhering colour pigments, protecting our hair and imparting smoothness, and making the application of skincare products feel silky i.e. no tugging on the skin as it is spread on, and no oily, sticky feeling. They keep water-resistant sunscreens on our skin, even when we sweat or get wet.

Silicones have revolutionized the application and longevity of most makeup products, including BB and CC creams. Silicones are critical in many foundation formulations to give them more ‘spreadability’ and a luxurious, comfortable feel on skin. Silicones are used to increase water resistance in a formula. This is particularly useful for sun-protection products, foundations and powders, especially those that make the claim of being water-resistant and waterproof.

In the cosmetic industry, silicones and silicone derivatives mainly act as emollients, humectants, surfactants (emulsifiers), and film formers, antifoaming, viscosity-controlling agents, antistatic and binding agents. Silicones are used in a widely portfolio of products. In our case specifically for hair care products, sunscreen products, decorative cosmetics and skincare products which means a mean of 250.000€ spent annually (data from 2022).

The benefits of using silicones in cosmetic industries are: 1) Improves the Texture of the Skin: Silicone provides a non-sticky, matte finish to the skin. It makes the product sweatproof and waterproof and allows the product to stay on the skin for a long time. It hydrates the skin and gives a smooth finish to the skin devoid of fine lines and wrinkles. It improves skin elasticity and strength by stimulating the fibroblasts to produce more collagen. 2) Locks the Moisture Content: When silicone-containing products are applied to the skin, it forms a layer that acts as a barrier to prevent water loss. It keeps the skin well-nourished and hydrated. It acts as a vehicle for the delivery of the key ingredients in the product. 3)Improves the Consistency of the Product: When silicone is added as one of the ingredients in the product, it acts as a hydrating agent, blends with other ingredients, and makes the product spreadable in consistency.

At the bench chemist level, they allow the development of innovative formulations for foundations and sun care products, permitting the delivery of actives while maintaining very good sensory profiles.
Taking in consideration that the sector in EU directly employs more than 197,000 people and it is estimated that it does so indirectly to more than 1.63 million people (trade, hairdressing and beauty salons, demopharmacy, transport, advertising, etc.); the elimination of silicones would imply a halt in the development of the sector.

- Germaine de Capuccini strongly believes that the recent European Commission’s proposal to nominate D4, D5 and D6 under Annex B to the Stockholm Convention on Persistent Organic Pollutants does not take full account of the whole body of scientific evidence, should have recognised already applicable or on-going regulatory activities, and puts at risk numerous beneficial uses including in the cosmetic industry sector.
- Silicone polymers rely on D4, D5 and D6 as building blocks (monomers) for their manufacturing. Silicone materials are widely used and difficult to substitute because of their durable, safe and highly effective mechanical, optical and thermal properties.
- Silicones are essential to build a green value chain in Europe, in light with the EU Green Deal objectives and strategic autonomy.
- When it comes to the implementation of the Stockholm Convention in the EU, the potential inclusion of D4/5/6 in the EU POPs regulation would affect the trade, production, and accessibility of silicones across the globe and hamper the ability of EU downstream users to access silicones. Ultimately, this would hamper value chains established in Europe, in favour of other regions where the access is secured in a timely and affordable manner.
- Before any proposal is presented to the Council of the European Union, the European Commission shall:
- Consider all the available scientific information to understand whether D4/D5/D6 meet the criteria of Persistent Organic Pollutants under the Stockholm Convention.
- Address the technical, legal, socio-economic aspects of a listing of D4/D5/D6 under the Stockholm Conventions as well as any direct and indirect consequences that such a listing would have on silicone manufactures and downstream users.

We call on the European Commission to recall their proposal to nominate D4/5/6 as POPs under the Stockholm Convention, before a thoughtful legal, technical, socio-economic and scientific assessment is in place.
Germaine de Capuccini stands ready to work with its silicone suppliers and regulatory authorities to ensure that silicones polymers can continue to be used and their innovation potential preserved.
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	General Comments:
- Hermann Otto GmbH (OTTO-CHEMIE) is a medium-sized manufacturer of adhesives and sealants. OTTO-CHEMIE achieves a turnover of about 160 million € with about 500 employees. 80 % of sales are generated with silicone adhesives and sealants.
- OTTO-CHEMIE is a so-called formulator/compounder of silicon adhesives and sealants. As an industrial downstream user, we produce silicone adhesives and sealants for the construction industry and special industries such as renewable energies and household appliances. We use silicone polymers made from cyclic siloxanes to produce our adhesives and sealants.
- Silicones are characterised by exceptional resistance to ageing and weathering as well as extreme temperature resistance. For this reason, silicones are predestined for applications such as the bonding and sealing of photovoltaic modules and hot water collectors. Components of household appliances are bonded and sealed with silicones due to the very high temperature resistance of silicones. Silicone sealants are used in the construction industry as highly elastic sealing material for facades, window and door sealing. Silicones make an important contribution to increasing the energy efficiency of buildings and thus achieving the goals of the European Green Deal.
- OTTO-CHEMIE as an industrial downstream user providing silicone sealants and depends on the availability of silicone polymers in Europe as well as the legal authorisation to use those polymers in its products.

OTTO statement: For OTTO-CHEMIE it remains unclear which consequences are to be expected if the cyclic siloxanes D4 D5 D6 are added to Annex B under the Stockholm Convention. It is to expect that a restricted usage of silicone polymers as feedstock for silicone products risks disrupting the silicones value chain in Europe. As consequence it would undermine efforts to achieve the goals of the European Green Deal, where silicone products contribute to in various applications.

- OTTO-CHEMIE strongly believes that the recent European Commission’s proposal to nominate D4, D5 and D6 under Annex B to the Stockholm Convention on Persistent Organic Pollutants does not take full account of the whole body of scientific evidence and puts at risk numerous beneficial uses of silicones e.g., in the construction, alternative energy and electronics sector.
- Silicone polymers rely on D4, D5 and D6 as building blocks (monomers) for their manufacturing. Silicone materials are widely used and difficult to substitute because of their durable, safe and highly effective mechanical, optical and thermal properties.
- Silicones are essential to build a green value chain in Europe, in light with the EU Green Deal objectives and strategic autonomy.
- When it comes to the implementation of the Stockholm Convention in the EU, the potential inclusion of D4/5/6 in the EU POPs regulation would affect the trade, production, and accessibility of silicones across the globe and hamper the ability of EU downstream users to access silicones. Ultimately, this would hamper value chains established in Europe, in favour of other regions where the access is secured in a timely and affordable manner.
- Before any proposal is presented to the Council of the European Union, the European Commission shall:
- Consider all the available scientific information to understand whether D4/D5/D6 meet the criteria of Persistent Organic Pollutants under the Stockholm Convention.
- Address the technical, legal, socio-economic aspects of a listing of D4/D5/D6 under the Stockholm Conventions as well as any direct and indirect consequences that such a listing would have on silicone manufactures and downstream users.
We call on the European Commission to recall their proposal to nominate D4/5/6 as POPs under the Stockholm Convention, before a thoughtful legal, technical, socio-economic and scientific assessment is in place.

OTTO-CHEMIE stands ready to work with its silicone suppliers and regulatory authorities to ensure that silicones polymers can continue to be used and their innovation potential preserved.
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	General Comments:
Silicones Europe welcomes the opportunity to provide comments in the public consultation on the “Draft proposal to list D4, D5 and D6 in Annex B to the Stockholm Convention on Persistent Organic Pollutants” (POP).

Silicones Europe, a sector group of Cefic, is a non-profit trade organisation representing all major producers of silicones and silanes in Europe (CHT, Dow, Elkem, Evonik, Momentive, Shin-Etsu, Wacker). The European Silicones industry employs more than 8,000 people, producing 617,000+ tonnes of formulated silicone products and generates over 3.5 billion euros in annual sales. Sales of final products containing silicones amount to around 10 billion euros per year, a value generated by 1.4 million people employed across the downstream value chain (data from 2018, excluding CHT).

D4, D5 and D6 are crucial monomer intermediates used in the manufacturing of silicone polymers, representing the vast majority of their uses. If silicone monomers are nominated for a POP listing, this would be the first time that the Stockholm Convention has been proposed as a tool to regulate intermediates. The silicones industry believes that this would endanger the manufacture and use of silicone polymers, materials that are pivotal to society and for the success of the European Green Deal, as well as the ‘twin’ green and digital transitions of the European economy.

During the POP CA meeting, the European Commission indicated orally its aim to “protect” silicone polymers from indirect impact due to global restrictions on D4, D5, D6 that would follow the listing of these substances. We understand from the Commission that this would be achieved by allowing the continued use of D4, D5 and D6 for the manufacture and use in silicone polymers´ production through an acceptable purpose exemption as transported intermediates, and an exemption for closed-system site-limited intermediates. The Commission also confirmed that the final decision on such derogations would be made on a global level and no guarantee can be provided that the intended “protection” for polymers can be achieved.

Direct uses represent only a minor application of D4, D5 and D6, amounting to less than 2% of global production. Hence, such a ‘broad acceptable purpose’ would apply to more than 98% of the uses of these substances, an approach for which there are no precedents. A POP listing would not be the right tool to globalise the REACH restrictions and would instead put at risk silicone polymers and their many key applications. In contrast, other existing, more targeted, regulatory tools would allow to address concerns from direct uses with no impact on silicone polymers.

Following a POP listing, the production of silicone polymers would also be negatively impacted by severe restrictions on the on-site industrial use of D4, D5 and D6 as intermediates and on their presence as residues in polymers. The Stockholm Convention does provide exemptions for on-site intermediate use and residues. However, the text of the Convention does not give a clear definition of the required conditions under which intermediate use is exempted, nor it does specify allowed concentration limits for residues, all of which is left to the interpretation of individual Parties. Without an unequivocal definition at UN level of these aspects, differences in implementation would create distortions in the market for silicone polymers, which would be subject to different rules across different countries.

Listing D4, D5 and D6 under the Stockholm Convention would also have a negative impact on recycling and circularity. Severe restrictions are placed on the recycling of waste containing POP substances. Under a POP listing scenario, if “allowed” concentrations of POP content in waste were to be set at an unworkable value, all waste containing silicone polymers generated from D4, D5 and D6 would have to go to incineration. This would contradict the EU circular economy objective of increasing recycling rates. Also, D4, D5 and D6 – if listed as POPs – could not be recycled.

Furthermore, a POP listing would create an unlevel global playing field, as the provisions of the Stockholm Convention would not apply in countries which are not a Party, such as the United States, or could be implemented less diligently than in the EU. This would lead to increase of investments in other regions, to the detriment of Europe’s competitiveness and strategic autonomy.

Finally, the silicones industry believes the scientific criteria for a nomination under the Stockholm Convention are not fulfilled. Please see detailed comments on the ECHA technical dossier in our separate input to this consultation. Before proposing a POP listing for D4, D5 and D6, uncertainties in the scientific community should be resolved.

In sum, the Stockholm Convention is neither the right policy tool nor will it achieve the desired effect of addressing concerns regarding personal care products at the global level and simultaneously protect silicone polymers. In light of the significant socioeconomic impact that would result from the non-availability of silicone polymers, Silicones Europe asks that a detailed legal and impact assessment is carried out before proceeding onto a POP listing proposal for D4, D5 and D6.

We invite you to further explore the extent of these issues in our submission to this consultation, and we would welcome the opportunity for further discussion in order to answer any supplementary questions you might have.
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Department of Chemistry
McMaster University
1280 Main St. W., Hamilton, Ontario, Canada, L8S 4M1.
E-Mail: mabrook@mcmaster.ca
Aug. 4, 2023

RE: Consideration of silicone cyclics as targets for POP

ECHA – European Chemicals Agency
P.O. Box 400, FI-00121 Helsinki, Finland

To Whom It May Concern:

The declaration of POP for a specific compound must pass a high barrier, as once so listed, many other significant consequences follow.

Compounds that are POP should normally be ones for which thermodynamic properties are disadvantageous to spontaneous degradation. Such a situation occurs when bond strengths are very high, compared to the normal oxidative mechanisms on the planet. For example, C-F is a much stronger bond than C-O, such that unusual processes will be required for the compound to metabolize biologically or environmentally. Additionally, for compounds to be considered for POP there must be a kinetic impediment, that is, they CANNOT undergo facile degradation once entering the environment. If convenient, facile, energy available mechanisms are available to convert the compound in question to benign compounds via environmental or microbial processes they should not be eligible for POP status. By contrast, if there is no straightforward degradation mechanism, the compound will be sequestered in the environment and unable to degrade. Note that, in addition to chemical processes, kinetic requirements can include solubilization. For example, PCBs are extremely low surface energy materials that are nearly insoluble in water, which makes reactions with them in the environment difficult. It is not acceptable to use simplistic parameters, e.g., Kow, to make data driven decisions about POP, based simply on hydrophobicity particularly when other, compelling, excellent data is available.

Silicones, including small molecules D4, D5, and D6 (cyclics) do not fit the requirements for POP listed above. The element silicon is at its most thermodynamically stable form on this planet when bonded to oxygen atoms, as is the case with silica and silicates (note that even fluorosilicates, with stronger Si-F than SiO bonds undergo defluorinative degradation in the environment). The bond strengths of both Si C and C-H bonds (the other constituents of silicones, methyl groups) are lower than Si-O, by a lot. There is thus a strong thermodynamic advantage of cyclics and other silicones to be converted back to sand rather than being marooned in the environment.

Kinetic pathways for degradation are well established for cyclics. In the air compartment, oxidative degradation by hydroxy radicals initiates a cascade of radical reactions – a series of kinetically viable mechanisms - that convert cyclics to sand. The same processes occur on the surface of land. The fallacy of Kow as a guidance for POP is demonstrated with silicones. All silicones, including cyclics, are at a thermodynamic advantage when at an air interface. Therefore, in the liquid state (their normal state at ambient temperatures) they spontaneously spread across available media to make new interfaces with air. Such migration to air interfaces can occur from beneath the soil surface, delivering the cyclic to water compartment/land compartment air interfaces where degradation, or migration to the air compartment, can occur. Thus, their very low solubility in water DOES NOT CORRELATE WITH AN INABILITY TO ENVIRONMENTALLY DEGRADE: cyclics are shown to efficiently migrate to air interfaces and degrade through facile oxidative processes to more thermodynamically stable products.

Biological mechanisms to oxidatively degrade cyclics have also been demonstrated to occur by microbes and, rare for any synthetic chemical compound that is not a pharmaceutical, in mammals. When exposed to high air concentrations of D4 in air, mammals sequester much of it in the liver. However, once back in unsaturated air the animals, including humans, mostly respire the D4 out. A small fraction, however, is oxidized like any fat in the liver. The metabolites are analogous to those found in the hydroxy radical oxidation pathway, with cleavage of both Si-O and Si-C bonds. These declarations about the chemical reactivity of cyclics are backed by extensive peer reviewed literature and data acquired by silicone producers.

Thus, the physical chemistry and reactive chemistry characteristics of cyclic silicones on this planet do not fit the requirements for POP.

Unintended consequences
It is my opinion that statements suggesting, “Restrictions on cyclics won’t extend to silicone polymers,” are disingenuous. Should the cyclics be declared POP, the entire silicone industry runs the risk of being put out of business because it is not possible to prepare silicone polymers that don’t contain, at least, very small quantities of cyclics. The implications of removing silicones from the marketplace are significant and very negative on many levels.

There are industries where silicone polymers, arguably, deliver real benefit/value to customers but are not required; other, poorer performing materials can be used as replacements. However, many other applications are critical for patients and materials to replace silicones do not exist. These include, but are not limited to: the best electrically resistant and biologically resistant coatings on pacemaker leads, the best needle lubricants for delivering protein-based drugs from glass syringes, the best topical adhesives for wound dressings and topical drug delivery, and the best catheters – e.g., Foley catheter. Silicones are intrinsic to the practice of safe medicine. They are transparent, which facilitates following the patient, induce an exceptionally weak foreign body response, but not an immunological response, and are readily sterilized by a variety of means including EO, autoclave, irradiation. Other materials don’t deliver.

Silicones are deeply embedded into technologies across multiple fields, including electronics (displays, phones, etc.), spark plug wires, photocopy machines, flame resistant foams for transportation applications, optical devices (LEDs), to name a few. Other materials do not possess the thermal or electrical (voltage/current) stability. Thus, we risk affecting many of the technological developments upon which we rely.

More problematic losses would be the uses of SILICONES THAT CONTRIBUTE TO SUSTAINABILITY IN WAYS NOT POSSIBLE BY ORGANIC POLYMERS. Silicones dramatically reduce energy consumption in areas like green tires (lower rolling resistance and better grip on the road), through architectural window glazing sealants (avoid heat loss and water ingress, and stable to UV irradiation), and silicones are essential components of electric vehicles, to which the whole world is moving. It would not currently be possible to manufacture a modern vehicle, either electric or internal combustion, without silicone polymers. There are many more examples where removal of silicones from commerce will be detrimental to the goals of improved sustainability.

An objective look at all the science around small cyclic silicones demonstrates their ability to migrate to/across air interfaces where effective environmental and microbial degradation processes return them to their natural starting materials: sand; water; and CO2. A declaration of POP is not only unwarranted, it contradicts the extensive available science. It would further hinder our ability to move towards a sustainable future.

Sincerely,

Michael A. Brook
Distinguished University Professor
Professor of Chemistry and Chemical Biology
Faculty of Science Chair in Sustainable Silicone Polymers
2023 Winner of the Canadian Chemistry and Chemical Engineering Award for Green Chemistry
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Org. country:
Germany
	General Comments:
The industry association Deutsche Bauchemie welcomes and supports the European Commission’s ambition to control the release of D4, D5 and D6 to the environment.

The European Commission intends to submit a proposal for a nomination of the cyclic siloxanes D4, D5 and D6 to Annex B of the United Nations Stockholm Convention on Persistent Organic Pollutants (POPs).

These cyclic siloxanes are essential building blocks for the production of silicone polymers. Sealants based on silicone polymers play a major role in the construction sector. Because of their durable, highly effective mechanical, optical and thermal properties they are widely used and difficult to substitute. As flexible connection joints between various materials in the building, they make an important contribution to the service life and quality of the entire building, but also ensure significant energy savings and thus support the goals set in the European Green Deal. It is therefore of upmost importance, that these silicone products remain available on the European single market.

Industrial downstream users (formulators) that provide silicone sealants, depend on the availability of high-quality silicone polymers in Europe as well as the legal authorisation to use those polymers in its products (mixtures).

For the construction chemicals sector, it remains unclear which consequences are to be expected, if the cyclic siloxanes D4, D5 and D6 are added to Annex B of the POP-Convention and whether there is a risk of a restriction in the availability or usage of silicone polymers as feedstock for silicone products. In our opinion, it must be ensured that D4, D5 and D6 continue to be available to manufacture silicone polymers in Europe under industrially controlled conditions and to use the resulting silicone polymers as starting materials for construction sealants. It is therefore essential, that a legal, technical, socio-economic and scientific assessment is in place, addressing any direct and indirect consequences that such a listing would have on silicone manufacturers and downstream users before submitting a proposal for nomination.
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Evonik Operations GmbH
Org. country:
Germany
Attachment:


	General Comments:
Please find our comments under section IV.
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<redacted>
Org. country:
Germany
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<redacted>
Privacy comment:
individual company specific business confidential information
	General Comments:
Confidential comments only; see Section V.
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Company
Org. name:
<redacted>
Org. country:
Germany
Privacy comment:
none
	General Comments:
Our company is a downstream user of silicone polymers and silicone plasticizers. We are manufacturing (compounding) with silicone polymers and plasticizers several products for different applications in construction and in industry applications. We use only such raw materials when levels of D4, D5 and D6 are below 0,1%.. Silicone polymers and plasticizers may be produced by our suppliers based on cyclic dimethyl siloxanes or other precursors. However, our compounding process does not deal with levels of larger than 0,1% of the cyclic compounds of D4, D5 or D6.
Subsequentially, our final products produced with such silicone polymers and plasticizers also do not contain higher levels of D4, D5 and D6 as the raw materials involved.
The use of such silicone end-products is very diverse within construction applications and within applications in industry. Among such applications are:
• Sealants for sanitary applications combining elastic properties with resistance to water and cleaning agents to provide long-term resistance better than other sealant technologies.
• Sealants for glazing applications in window providing elastic properties with resistance towards UV- and weather exposure in combination with long-term adhesion properties, and also long-life stability in the range of several decades as window units itself.
• Sealants for façade and flooring applications with high movement capability to compensate movements in the joint between façade elements and between façade other construction elements like doors, windows, pipe penetrations and other built-in-parts.
• Silicone sealants are used by down-stream users, by professional applicators, semi-industrial processes and consumers.
• Adhesives for industrial applications like in the appliance industry, such as the stove surfaces especially ceramic glass bonding and glass to metal frame bonding in doors. Sealants combine good adhesion and high elasticity with an almost permanent heat resistance of 250°C (and short-term above up to approx. 300°C). Life expectancy of such adhesives is in the same range as white goods avoiding replacing adhesive and unnecessary repair efforts.
• Adhesives for the automotive industry to bond plastic, glass and metal elements. Automotives and its components are exposed to very low temperatures (e. g. -30°C) and to very high temperatures (e. g. +80°C) and temperature changes may occur suddenly and rapidly e. g. driving during weather changes in summer periods. Silicone products do stay quite stable in elasticity, in mechanical properties and adhesion properties within this temperature range in comparison to other polymeric technologies.
• Potting materials for electronic parts e. g. used in automotive industry providing softness of an elastomer with the non-conductive properties required in electronic parts.
• Silicone products can be produced transparent as well as in colored versions with a glossy and a matte surface providing the optical and esthetic appearance required in certain applications.
We want to highlight with above examples that products made on silicone polymers and plasticizers are essential to many markets. Raw materials like silicone polymers and plasticizers are essential to manufacture / compound such products.
It therefore must be ensured that D4, D5 and D6 can be used as building blocks in silicone polymer and plasticizer manufacturing at our suppliers with controlled levels on the final products that we use as starting raw materials in our compounding process.
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	General Comments:
Japan Cosmetic Industry Association representing cosmetic industries of Japan, would like to submit the following comments on the possible nomination of cyclic siloxanes　(D4/D5/D6) to the lists of POPs under the Stockholm Convention.

Cyclic siloxanes (D4/D5/D6) have been discussed for impacts on human health and/or environment several decades from regulatory point of view. However, to date, there is no regulatory consensus around globe based on scientific evidence with respect to their mobility, ‘long-range’ transport, bioaccumulation or biological toxicity to humans.

D4, D5 and D6 are also intermediates used in the manufacture of silicone polymers. If they were to be nominated and listed as POPs, these cyclic siloxanes used in critical applications in various industries would no longer be able to be manufactured and used, and the impact on the industry and society would be enormous. In the cosmetics industry, both these cyclic siloxanes and silicone polymers are used in cosmetic products that provide smooth feeling benefits when rubbing their formulations and water/oil repellent effect for long lasting that are difficult to replace. We are very concerned about these negative impacts on cosmetics industry and loss of such benefits for consumers.

We think it would be practically impossible to exclude polymers from regulation once D4, D5 and D6 were regarded as POPs. If the European Commission were to submit a proposal to the POPRC to exclude polymer applications by ANNEX B, it would be almost impossible to control such a discussion within the POPRC.

As we mentioned above, Japan Cosmetic Industry Association is opposed to POPs nominations of D4, D5, and D6. We therefore request the European Commission to review the intent of the POPs nomination with careful consideration of its impact on industry and society.
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Privacy comment:
No confidential information is included in my submission.
	General Comments:
An attachment containing my detailed technical comments is included under Section IV.
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	General Comments:
My comments are in the attached files



	55
Date:
2023/08/09  11:45
	Type:
Individual
Country:
Germany
Attachment:


	General Comments:
Based on my background in toxicology, toxicokinetics, and human health hazard and risk assessment, my comments are restricted to chapter 3.4.2 and section 4. I have more than 40 years of experience in toxicology research and have been member of a number of expert panels addressing hazard and human health risks of chemicals and have published more then 400 articles in high impact peer-reviewed journals, including publications on the toxicology and modes of action of D4 and D5.
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Org. name:
ChemSec
Org. country:
Sweden
	General Comments:
Chemsec supports the nomination of D4, D5 and D6 to the Stockholm Convention on POPs. It is clear and thoroughly shown in the proposal that these substances do meet the screening criteria.
However, we do not support the proposed AnnexB listing. We do not see any justification for such listing and we strongly recommend an AnnexA listing for these substances.
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Belgium
	General Comments:
The European Environmental Bureau (EEB) supports the nomination of  Octamethylcyclotetrasiloxane (D4), Decamethylcyclopentasiloxane (D5) and Dodecamethylcyclohexasiloxane (D6) to the Stockholm Convention on Persistent Organic Pollutants due to their Persistent, Bioaccumulative and Toxic (PBT) and/or very Persistent, very Bioaccumulative (vPvB) properties.

These chemicals pose a Global risk to the environment and therefore should be eliminated globally by listing them in Annex A.

Listing in Annex B would create a loophole allowing further emissions.
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BDSV e.V. (Federation of German Security and Defence Industries)
Org. country:
Germany
	General Comments:
BDSV is the Federation of the German Security and Defence Industries and as such represents over 230 companies that produce security and/or defence equipment in Germany. BDSV welcomes the opportunity to give input regarding the ECHA proposal to include the substances D4, D5 and D6 in the Stockholm Convention as POP substances (in addition to REACH).

The siloxanes D4, D5 and D6 are essential intermediate substances in the industrial production of defence and security equipment parts. Parts made from silicon polymers are important and widely used components in various products in our sector, and are present for example in tanks, ammunition, submarines, sensor systems, weapon systems, helicopters and fighter aircraft.

Due to their high temperature resistance and adaptability to different shapes, silicones are for example used as sealants in many electronic equipment or doors and windows. Silicon based sealants and encapsulations protect the very sensitive electronic equipment in many defence products from outdoor influences like humidity, vibration, shock or dirt. BDSV wishes to highlight that defence products need to operate reliably in often very harsh environmental conditions and extreme temperature ranges. It is thus primordial that the silicone parts maintain their positive properties throughout those conditions and over the entire, very long lifespan of our products (up to multiple decades). It is therefore very difficult to find suitable substitutes for these silicone parts; and BDSV does not currently know any suitable alternatives.

In accordance with the opinion of the association Silicones Europe, BDSV members are not in favour of the ECHA proposal to include D4, D5 and D6 into the Stockholm convention. We see the severe risk of supply chain disruption in the EU for these substances if they are listed as POPs. Thus, while the current regulation of D4, D5 and D6 via REACH restrictions targeting mainly cosmetic applications seem to cause no risk for our industry, the additional regulation as POPs could cause very negative side effects for our industry regarding the reduced availability of silicone parts made in Europe. It is clear to us that dependencies from non-EU countries (like China) for supplies of these materials are no viable option for our strategic sector, and would go against political interests of the EU member states.

Accordingly, BDSV urges ECHA to not pursue the inclusion of D4, D5, D6 into the Stockholm convention at this stage, but to rather focus on the implementation of the already proposed REACH regulations of these substances and to decide on the necessity for further regulation in an impact assessment only once the REACH restrictions on D4, D5 and D6 have been into force for several years. It appears to us that, at that time in the future, it might become clear that there is no need or benefit in further regulating these substances beyond REACH.

BDSV stands ready for further discussions to fill-in more details.
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<redacted>
Privacy comment:
Protection of our commercial interests
	General Comments:
No comments
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Privacy comment:
n/a
	General Comments:
Dear Sir/Madam,

Please find attached my comments to the scientific dossier.

Best regards,
Frank Gobas
Professor at Simon Fraser University in Canada
gobas@sfu.ca
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	General Comments:
This is a joint submission by Michael McLachlan of Stockholm University in Sweden and Frank Wania of the University of Toronto Scarborough in Canada.

Please note that we are submitting the comments in two different formats:
1. Using the Excel sheet with the recommended format for providing comments
2. Using a PDF document, which contains the same information, but is structured more cohesively, has better formatting and can properly display figures and tables.
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	General Comments:
Sto SE & Co. KGaA is a manufacturer of construction products, e. g. coatings, mortars, plasters, adhesives, for various  applications in the construction sector. Silicone polymers are used for the formulation of a considerable number of such products. The chemical and physical properties of silicon polymers contribute to material properties like low water absorption, weatherability, and durability. These properties are very important for construction products in order to support the sustainable use of buildings by protection against water ingress, freeze and thaw stress, and weathering, thus extending the service life of construction products and buildings.
PFAS based polymers could serve as substitutes for silicone polymers at least for part of these applications, however, due to the well known environmental profile of PFAS, this is not considered as an option. Thus suitable substitutes for silicone polymers do not seem to be available.
We welcome the ambition to control the release of D4, D5, D6 to the environment. As a manufacturer of construction products we do not use these substances as such, however, make use of polymers based on these substances in order to achieve beneficial properties of construction products as described above. The consequences of D4, D5, D6 to be aded to Annex B of the POP-Convention on the use of these substances as intermediates seem to be not clear. To our opinion it must be ensured that industrial use of D4, D5, D6 as monomers for the production of silicone polymers, and the use of such polymers, will remain possible in future.
If it would be considered necessary to add D4, D5, D6 on Annex B of the POP-Convention, appropriate definition of "acceptable purposes" and/or "specific exemptions" are vital. Industrial use as intermediate must be exempted, as well as the use of silicone polymers, provided that release of D4, D5, D6 to the enviroment is minimized to acceptable limits. The current proposal for an amendment of REACH Annex XVII Restriction Nr. 70 contains detailed regulations on such exemptions. A possible entry on D4, D5, D6 in the POP-Convention would have to be shaped in a similar way.
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Arnika
Org. country:
Czech Republic
	General Comments:
Arnika applaudes ECHA for nominating siloxanes D4, D5 and D6 as they meet the criteria for inclusion under the Stockholm Convention.
The proposal has one major problem, which is the suggestion to list these substances under Annex B of the Convention. This would mean a phase down of the use rather than global elimination. Majority of substances are listed under Annex A meaning the goal is full restriction aiming at global elimination. As of this moment, the only two POPs listed in Annex B are PFOS and DDT, and while they were listed in 2009 and 2001 respectively, they are still in use in countries around the world, therefore contributing to toxic burden of the entire human population. There is no justification in the proposal to list siloxanes in Annex B but they shall be proposed to list under Annex A.
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CTPA (Cosmetic, Toiletry and Perfumery Association)
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United Kingdom
	General Comments:
CTPA Response to the Consultation by the European Commission on a nomination of D4, D5, and D6 for inclusion in the Stockholm Convention as POPs substances
10 August 2023

Representing all types of companies involved in making, supplying and selling cosmetics and personal care products, the Cosmetic, Toiletry and Perfumery Association Limited (CTPA) acts as the voice of the UK industry. CTPA represents, at any given time, around 200 member companies of diverse sizes and types, from SMEs through to multinationals. This collectively represents between 85-90% of a UK market valued at £8.9 billion in 2022 (at retail sales price).

This industry produces products that are absolutely critical to everyday life, including sun protection, oral care, including toothpaste, soap, antiperspirants and deodorants, shampoo, hand sanitisers and skin care as well as colour cosmetics, hair styling and grooming products for both women and men.
Research conducted in 2022 for the CTPA by Opinium* showed that 85% of UK adults class cosmetics and personal care products as essential to their lives; the figure is even higher among women, at 94%.

The UK is a Party to the Stockholm Convention and it has a National Implementation Plan to manage Persistent Organic Pollutants (POPS) in the UK in accordance with the obligations under the Convention.  Therefore, any chemicals listed under the Stockholm Convention will have a direct impact on the UK and other international markets.

On the points of principle that the science is not universally aligned on the classification of D4, D5 and D6 as POPs and the precedent being set on regulating intermediates under the Stockholm Convention, CTPA has concerns over the proposed EU Commission nomination of D4, D5 and D6 to the POP list under the Stockholm Convention.

The Commission considers that D4, D5 and D6 demonstrate persistence and long-range transport, and that measures taken nationally or regionally are not sufficient to safeguard a high level of protection of the environment and human health. Therefore wider international action is necessary.

While CTPA is fully committed to reducing the environmental impact of cosmetics and personal care products and their ingredients wherever possible, and is supporting its members in their sustainability activities, any action taken must be based on sound science and robust evidence of an environmental risk.

However, for cyclic siloxanes there is no consensus across the international scientific community, and other global parties, on whether they meet the criteria to be classified as POPs, especially regarding long range transport and deposition.  This is exemplified by the different scientific conclusions reached in different global jurisdictions, resulting in no action being taken in some areas and strict restrictions in others.  For example, severe restrictions on downstream uses in the EU for D4, D5 and D6, yet minor controls on D4 and no controls on D5 and D6 in both Canada and Australia.  Scientific assessment and any possible risk management options are currently under consideration in the UK, and the UK Government has not yet made a policy decision on these substances.  Until greater consensus is achieved, it would be premature to nominate these substances for listing under the Stockholm Convention.  Such a nomination would also significantly undermine the important scientific- and risk-based regulatory assessments that have been undertaken around the world that continue to support the conclusion that D4, D5 and D6 do not pose a significant environmental risk.

D4, D5 and D6 are critical monomers for the production of a wide range of silicone polymers.  Levels of residual monomer vary and can be lowered as much as is technically feasible, but is not possible to guarantee complete absence.

For the cosmetics industry, silicone monomers are important building blocks for a variety of cosmetic ingredients which are essential for the performance of products; for example, due to their hydrophobicity, softness and fast-drying properties. These ingredients support consumer access to safe products that meet their expectations of quality and performance.

Silicone polymers are therefore directly under threat if D4, D5 and D6 are listed as POPs under the Stockholm Convention, which will in turn also have a detrimental impact on cosmetics manufacturers in GB.  For example, a siloxane POP listing would likely create significant friction with respect to trade flows of siloxane monomers and siloxane-containing silicone polymers, if the monomer content exceeds threshold levels for traces, for exports from a Party like the EU to a non-EU country, such as Great Britain.

CTPA would like to express a serious concern on the impact of a listing on the availability of silicone polymers in its members’ value chains.  There are also implications for trade flows of wastes containing siloxanes for disposal or recycling, particularly if the EU succeeds in its parallel proposal to amend the Basel Convention to classify any waste containing a POP at levels that exceed a “low POP threshold” as a hazardous waste.

The EU has already implemented severe restrictions on the use of D4, D5 and D6 for downstream users including the cosmetics industry.  Considering that other jurisdictions have evaluated these substances and implemented measures, or not, which are considered appropriate based on the scientific conclusions, a POP nomination would be disproportionate, and either challenge or pre-empt the decisions of other jurisdictions.

If silicone monomers are nominated for a POP listing, this would be the first time that the Stockholm Convention has been proposed as a tool to regulate intermediates. A listing for monomers in the Stockholm Convention will therefore generate much legal uncertainty, which could lead to enforcement challenges and leave the measure open to lengthy legal challenge.

On the points of principle that the science is not universally aligned on the classification of D4, D5 and D6 as POPs and the precedent being set on regulating intermediates under the Stockholm Convention, CTPA does not support the EU Commission nomination of D4, D5 and D6 to the POP list under the Stockholm Convention.


*Opinium polled 2,000 UK adults between 25 February and 1 March 2022.  See more information about this research in CTPA’s Annual Report 2021, ‘More Than a Feeling’.
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Date:
2023/08/09  19:28

	Type:
BehalfOfAnOrganisation
Org. type:
International NGO
Org. name:
International Pollutants Elimination Network (IPEN)
Org. country:
Sweden
Attachment:


	General Comments:
The proposal comprehensively shows that D4, D5 and D6 meet the criteria in Annex D of the Stockholm Convention. However, the suggestion for a nomination with the intention of listing D4, D5 and D6 in Annex B of the Stockholm Convention is not justified and should either be changed to Annex A, and possibly also Annex C, or any suggestion of Annex be deleted not to preempt the thorough evaluation of the scientific expert committee under the Convention, the POPs Review Committee.

IPEN strongly supports a nomination for listing these in Annex A and possibly also Annex C of the Convention. Detailed comments have been provided as an attachment under Section IV.
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Date:
2023/08/09  22:10
	Type:
BehalfOfAnOrganisation
Org. type:
Industry or trade association
Org. name:
<redacted>
Org. country:
Belgium
Attachment:
<redacted>
Privacy comment:
Disclosing the uses of D4, D5 and D6 in the biopharmaceutical industry might affect the intellectual property and commercial interests of our members who submitted this information in confidence.
	General Comments:
The biopharmaceutical industry has several uses of D4, D5 and D6 which have been submitted in a more detailed document attached to this submission.
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Date:
2023/08/10  08:33
	Type:
BehalfOfAnOrganisation
Org. type:
Industry or trade association
Org. name:
<redacted>
Org. country:
China
Attachment:


	General Comments:
General comment

The China Association of Fluorine and Silicone Industry welcomes the opportunity to provide comments on the technical dossier prepared by ECHA.
Under REACH, D4, D5 and D6 are restricted for consumer and professional uses, we believe current restrictions under REACH is sufficient, the effect of such restrictions needs to be verified before moving towards any global action. ECHA’s proposal to nominateD4, D5 and D6 as new POPs is considered as an improportional and will have significant impact to European social economy and potentially harm the interest of European consumers, it will not only weaken the innovation and competitiveness of silicone industry but ultimately impact other innovative industries that rely on the silicone materials.

As an overall comment, CAFSI experts have identified that the dossier lacks a comprehensive review of all the available and especially peer-reviewed published data for D4, D5 and D6. We noticed that there are numerous publications have not been considered as evidences, therefore conclusions are drawn without taking those available data sets into consideration.
Introduction
The dossier states: “They are manufactured and used in a variety of sectors such as the construction (sealants, paints and coatings), automotive (parts and lubricants), electronics, pulp and paper, oil and gas, medical and aerospace/defence sectors.”

The text in section 1.1 above implies direct use of the monomers D4, D5 and D6 in these applications, however in most cases it is silicone polymers made from monomers D4, D5 and D6 that are used in the applications listed.

Technical Portion: (Chemical Identity and Information on D4, D5, D6 and assessment whether they fulfil the Annex D screening criteria for Persistence, Bioaccumulation and the Potential for Long-Range Transport (LRT))

a. In the dossier of Draft Annex D proposal, it states that ECHA relied upon authoritative assessments, peer review and grey literature, there are more than 50 recent peer-reviewed literature publications and authoritative assessments still missing.
b. Some of the conclusions drawn by dossier does not demonstrate an objective assessment, they are based on selected data or selective text from study reports and publications or may not have a sound scientific basis.  For example, the dossier states: “D4 and D5 have a high tendency to adsorb to sediments and particles which hinders hydrolysis.” Silicones Europe’s comment: Hydrolysis half-life is an intrinsic property of the substance at a given pH and temperature. Sorption may influence the contribution of hydrolysis to the fate in a specific environment, but sorption does not directly influence hydrolysis. The extent to which sorption attenuates hydrolysis (or other processes such as volatilization) under specific environ-mental conditions can and c. We notice the obvious bias existence, e.g. the dossier provides a highly critical review of the industry studies or studies that do not support meeting the Annex D criteria. Meanwhile, it justifies those non-industry studies with the same level of uncertainties, they should be taken seriously, and the precautionary principle should be applied.
The dossier states in paragraph 32 that “It is apparent that different conclusions can be drawn from some studies depending on i) The authoritative assessment by Australia authority pointed out “Substances with a log KOA less than 6 are not expected to bioaccumulate in air-breathing animals (Kelly, et al., 2007). The measured log KOA values for D4, D5 and D6 are all less than 6 which indicates that they should not biomagnify in air-breathing animals. This expectation has been confirmed experimentally for D5 where respiratory elimination of this chemical in rats and humans has been demonstrated (Gobas, et al., 2015).”
ii) An independent study (Xu, etal., 2012)  indicates These methyl siloxanes were eliminated from human plasma with half-lives ranging from 2.34 to 9.64 days, that demonstrate low tendency of accumulation.
d. The dossier disregards and does not acknowledge the conclusions of scientific experts who have already reviewed the monitoring data available on cVMS in remote regions. The peer-reviewed and publicly available literature contains reviews indicating that the presence of these materials in remote regions is more likely attributed to local sources rather than long-range environmental transport
e. The dossier on several occasions distorts the data by making broad conclusions with no basis for the conclusions.
i) For example, the dossier states: “Considering the high global volumes of these sub-stances even a low percentage of deposition and transfer to a receiving matrix (water (including sediment) or soil) is of potential concern for remote areas” – Yet, no calculation was done to verify this.
ii) For example, the dossier indicates multiple modes of LRT contribute to the presence of cVMS in remote polar regions. Without calculating the potential contribution of those modes of LRT to assess, it is difficult to assess whether they could lead to detectable concentrations.

Technical Portion (Adverse Effects) 　

a. According to criteria detailed in Annex D, evidence of adverse effect to human health or the environment, or data that indicate the potential for adverse effects to human health and the environment  needs to be provided, any nomination of new POPs should carefully exam all available evidences and review if evidence is relevant to human. Here we support our sister organization Silicone Europe’s opinion and does not believe this has been demonstrated,
i) The dossier relies on the presence of any toxicity seen in laboratory studies including when dosing levels are much higher than solubility limits of cVMS and significantly higher than any concentrations found in the remote environment to allude cVMS cause adverse effects
ii) In addition, Assessment of the human health and environmental impacts of chemicals, including cyclic siloxanes, as part of the Inventory Multitiered Assessment and Prioritisation (IMAP) framework conducted by Australian authority, the health assessment for D4 and D5 completed with conclusion: For D5, there are no critical health effects for D5.
The dossier has mischaracterized the mode of action of D4 reproductive toxicity and uterine effects as being relevant to humans, when it is well established that rodents and human differ significantly in regulation of this pathway.
b. The dossier does not follow the requirements of the text of Annex D that indicates where possible a comparison of the toxicity or ecotoxicity data with detected level of a chemical should be done.
c. The dossier carries out no comparison of the measured data in remote regions to the effect levels. Such a comparison would demonstrate there is no potential for adverse effects in remote regions.
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Date:
2023/08/10  08:34
	Type:
BehalfOfAnOrganisation
Org. type:
Industry or trade association
Org. name:
Korea Cosmetic Association
Org. country:
Korea, Republic of
	General Comments:
﻿Submission of KCA's Opinion on ECHA's Proposal to Designate D4, D5, and D6 as Persistent Organic Pollutants (POPs) under the Stockholm Convention

Korea Cosmetic Association, which represents Korean Cosmetic Industry, would like to submit the following opposing opinion regarding the possible nomination of D4, D5, and D6 to the lists of POPs under the Stockholm Convention.

D4, D5, and D6 are being utilized in various types of cosmetics, including skincare, makeup, and hair care products. These substances provide a distinct silky smoothness while reducing friction in hair care products, enhancing hair texture. In makeup products, they are employed for their adhesive properties and film-forming purposes.

As there are no practical alternatives that can maintain these characteristics, if D4, D5, and D6 are designated on the Stockholm Convention's POP list, the cosmetics industry would face significant repercussions due to the inability to retain these attributes.

D4, D5, and D6 can unintentionally persist not only from direct usage but also from other polymer sources, making a complete ban or comprehensive emission control practically unfeasible.

Given the lack of regulatory and scientific consensus on whether these substances are bioaccumulative or inherently toxic, if D4, D5, and D6 were added to the 'Persistent Organic Pollutants (POPs)' list, it would pose significant challenges to the industry.

Therefore, until a thorough evaluation is conducted from legal, technical, socio-economic, and scientific perspectives, we kindly request the withdrawal of this proposal.
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Date:
2023/08/10  09:47
	Type:
BehalfOfAnOrganisation
Org. type:
Industry or trade association
Org. name:
Japan Business Council in Europe (JBCE)
Org. country:
Belgium
Attachment:


	General Comments:
JBCE understands that the draft scientific dossier for D4, D5 and D6 is in line with the target of having “a zero-pollution ambition for a toxic-free environment” which was proposed in the “Chemicals Strategy for Sustainability - Towards a Toxic-Free Environment- (CSS)”. However, despite agreeing with and supporting its concept and purpose to protect human health and the environment, we would like to point out that the currently proposed restriction raises various issues which need to be addressed in terms of scientific reasoning and socio-economic impact, as highlighted by various companies across different impacted sectors represented by JBCE.
Our main points of concern are listed below.

• Silicone polymers made from raw materials including D4, D5 and/or D6 with special properties such as excellent heat resistance, low thermal conductivity, thermal stability, electrical insulation, gas permeability, non-stickiness and oil resistance are widely used in a variety of industries all over the world. The products which use silicon polymers (i.e. EV batteries, coatings, lubricants, cables, solar cell connectors, sensors, PV panels, LED lighting, medical devices, food contact materials as well as analytical and measurement equipment) are necessary applications to reach the goals of the European Green Deal, to protect human health and foster innovation, they therefore play a very important role in society.

• JBCE is seriously concerned that POPs nomination of D4, D5 and D6 will lead to strict restrictions on the production, use, and trade of silicone polymers. In particular, in electrical and electronic equipment (EEE), the components and the parts using silicone polymers are the key technologies enabling the special performance and the products’ reliability. The manufacturers of EEE would have to find alternative substances if silicone polymers were to become subject to restrictions under Annex B to the convention. However, finding alternative substances with the same special properties as silicone polymers would be extremely difficult. Even if a potential alternative substance for silicone polymers could be identified, it is not given that it could become a real and viable alternative in final products. It would still need to be proven whether the final product shows the same level of performance after the design change. It needs to be considered that many industrial sectors of course must comply with chemical and environmental regulations, but in addition also with sector-specific stringent product-related regulations as well as performance and safety standards.

• JBCE urges ECHA to carefully consider the risk assessment about the release of D4, D5 and D6 to environmental media from all the applications using silicone polymers and the socio-economic analysis if silicone polymers become subject to restrictions under Annex B to the convention. Furthermore, we believe that setting specific derogations for the applications using silicone polymers similar to the ones in the Stockholm Convention decision for UV-328 should be considered.
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Date:
2023/08/10  11:21
	Type:
BehalfOfAnOrganisation
Org. type:
Industry or trade association
Org. name:
Association of Chemical Industry of the Czech Republic
Org. country:
Czech Republic
	General Comments:
Association of Chemical Industry of the Czech Republic represents  also the interests of its  member companies-downstream users of silicones.
Silicones’ unique performances and properties make them the material of choice for essential applications in many sectors,  such as energy sector, healthcare,  construction,electronics sector, …
Silicones are essential materials for implementation of the European Green Deal and  creation of  the strategic autonomy.
In our opinion, a POP  listing of D4 D5 D6 under the Stockholm Convention is not an appropriate tool to regulate these substances and risks disrupting the silicones value chain in Europe.
We believe that  the recent European Commission’s proposal to nominate D4, D5 and D6 under Annex B to the Stockholm Convention on POPs  does not take full account of the whole body of scientific evidence and  should have recognised already applicable or on-going regulatory activities.

When it comes to the implementation of the Stockholm Convention in the EU, the potential inclusion of D4/5/6 in the EU POPs regulation would affect the trade, production, and accessibility of silicones across the globe and hamper the ability of EU downstream users to access silicones. Ultimately, this would hamper value chains established in Europe, in favour of other regions where the access is secured in a timely and affordable manner.
Before any  proposal is presented to the Council of the EU,  the European Commission shall:

 Consider all the available scientific information to understand whether D4/D5/D6 meet the criteria of Persistent Organic Pollutants under the Stockholm Convention.

 Address the technical, legal, socio-economic aspects of a listing of D4/D5/D6 under the Stockholm Conventions as well as any direct and indirect consequences that such a listing would have on silicone manufactures and downstream users.

We call on the European Commission to recall their proposal to nominate D4/5/6 as POPs under the Stockholm Convention, before a thoughtful legal, technical, socio-economic and scientific assessment is in place.  It is also necessary to take into account that the EU27 shares of global chemicals market drops substantially (from 27% in 2001 to 15% in 2021- source Cefic´Facts&Figures 2023).
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Date:
2023/08/10  11:31
	Type:
BehalfOfAnOrganisation
Org. type:
Company
Org. name:
DuPont de Nemours Inc.
Org. country:
United States of America
Attachment:
<redacted>
Privacy comment:
DuPont de Nemours Inc submission document does contain details on a particular application  which are considered as proprietary for the company. Releasing this information  publicly could be detrimental to DuPont de Nemours Inc business. DuPont de Nemours Inc  would like this information to be maintained confidential in this view.  Remark  we feel we may encounter some technical issue in the upload of this document. Here is what we see at screen   C\fakepath\DuPont de Nemours Inc.pdf. The document does not show up as being uploaded. If indeed the document named " DuPont de Nemours Inc " is not uploaded, please reach out the contact mentioned above, we would send the document via E-mail. thank you for your understanding.
	General Comments:
DuPont de Nemours, Inc. is a downstream user of siloxane polymers and is commenting  the proposed nomination as a downstream user. Please find DuPont de Nemours, Inc.’s comments in the attached document
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Date:
2023/08/10  12:32
	Type:
BehalfOfAnOrganisation
Org. type:
Industry or trade association
Org. name:
Silicones Europe, a sector group of Cefic
Org. country:
Belgium
Attachment:


<redacted>
Privacy comment:
The sector group member has provided the attached study reports for submission to ECHA as confidential (to protect their commercial interests and intellectual property) in support of the industries comments on the D4, D5, D6 Technical Dossier. Additional reports will be submitted separately due to file size limits.
	General Comments:
Silicones Europe and the Global Silicones Council have prepared detailed scientific comments for the public consultation on the “Draft proposal to list D4, D5 and D6 in Annex B to the Stockholm Convention on Persistent Organic Pollutants”. These comments are provided in the requested format and have been uploaded.  We have also shared several unpublished studies that are industry owned and requested by ECHA.
The silicones industry welcomes the opportunity to provide comments on the technical dossier prepared by ECHA. As an overall comment, our experts have identified that the dossier lacks a comprehensive review of all available data and especially peer-reviewed published data for D4, D5 and D6 (hereafter referred to as cyclic volatile methylsiloxanes (cVMS)). Based on the cited studies, numerous publications have not been considered.  In addition, even though it states often in the dossier that ECHA relied on references in the REACH registration dossiers, our experts identified instances in which ECHA seems to misstate what is actually in the REACH registration dossiers including indicating a study doesn’t exist when it is actually in the dossier.  Therefore, the dossier makes conclusions that do not consider all relevant and available data sets. Hereafter, the silicones industry has outlined further high-level concerns section by section (document attached in section IV), all which are elaborated further in our input to the public consultation.
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Date:
2023/08/10  13:35
	Type:
BehalfOfAnOrganisation
Org. type:
Company
Org. name:
<redacted>
Org. country:
United Kingdom
Attachment:
<redacted>
Privacy comment:
Protection of commercial interests, including intellectual property, would be undermined.
	General Comments:
I understand
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Date:
2023/08/10  15:14
	Type:
BehalfOfAnOrganisation
Org. type:
Company
Org. name:
Dow
Org. country:
United States of America
Attachment:


<redacted>
Privacy comment:
Protection of Dow's commercial interests, including intellectual property, would be undermined.
	General Comments:
see attachment.
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Date:
2023/08/10  17:22-19:39
	Type:
BehalfOfAnOrganisation
Org. type:
Industry or trade association
Org. name:
Silicones Europe, a sector group of Cefic
Org. country:
Belgium
Attachment:
<redacted>
Privacy comment:
The sector group members have provided the attached study reports for submission to ECHA as confidential (to protect their commercial interests and intellectual property) in support of the industries comments on the D4, D5, D6 Technical Dossier. Additional reports will be submitted separately due to file size limits.
	General Comments:
Comments and non-confidential attachments (including the spreadsheet) provided in an earlier submission.
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Date:
2023/08/10  17:25
	Type:
BehalfOfAnOrganisation
Org. type:
Industry or trade association
Org. name:
Alliance Pharmaceutical Ltd
Org. country:
United Kingdom
Attachment:


	General Comments:
Regarding technical content of proposal please find attached the template provided.

Regarding "alternatives, costs and benefits related to the use of the substance and well justified requests for exemptions if no alternatives are available" see below.

Use: Medical devices used for scar treatment and stoma care

The substance is essential for the function of the finished product.  D5 displays a series of physicochemical properties that make it an essential component of the medical device.
Volatility - The volatility of D5 ensures the product dries quickly ensuring that an accurate silicone layer is formed over the scar. Alternatives assessed do not meet the safety profile of D5 as the flashpoint is significantly lower or the drying time is unacceptably long – leading to risk of product being wiped from area through clothing etc .
Solubility of silicone polymer in D5 – To allow optimal performance of the product a solution of the silicone polymer needs to be used.  D5 is an excellent solvent for the silicone polymer.
Low flammability – The product is used in a domestic environment where there it is not possible to prevent sources of ignition.  D5 is one of the few solvents that offers the volatility required for efficacious application of the silicone polymer without resulting in an elevated risk of ignition.

Any alternative would need to be assessed to ensure that:
- The product is at least as efficacious as the current formulation using D5
- The safety profile is maintained
- The formulation is stable and suitable for commercial manufacture
There is no available suitable alternative for D5 for use in Scar Treatments that Alliance Pharmaceuticals is aware of. All alternatives assessed to date remain unsuitable due to low flashpoints or increased drying time.

No alternative has been identified for use in a scar gel treatment by Alliance Pharmaceuticals. The drying time, skin feel, viscosity, safety profile and physical characteristics of D5 are not matched by any product assessed to date. The volatility of D5 makes it a particularly suitable ingredient. When correctly applied, the gel dries in around 5 minutes. The remaining components combine to form a silicone elastomer that binds to the stratum corneum through a variety of physicochemical and electrostatic effects. The resultant film is relatively strong, smooth and cosmetically pleasant, with properties of gas permeability and water impermeability which are necessary for normal scar resolution. Increasing the concentrations of the non-D5 components has two potential undesirable effects: firstly, the drying time is greatly increased, making it less convenient for the patient; secondly, although the durability of the elastomer is increased, it will bind less strongly to the skin, which will reduce the effectiveness of the product .

International guidelines for the prevention and treatment of hypertrophic scars and keloids recommend the use of silicone gels as first-line or adjuvant therapy at various stages of the algorithm. Other therapies are available, such as ablative/non-ablative lasers, surgery, corticosteroids, radio/cryotherapy (for keloids) and certain cytotoxic compounds – again either alone or in combination. However, many or all of these are either less available and/or more expensive, less convenient and most pose additional risks to the patient. The loss of silicones as a means of treating and preventing excessive scarring would therefore present significant socio-economic disadvantages.
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Date:
2023/08/10  18:15
	Type:
BehalfOfAnOrganisation
Org. type:
Industry or trade association
Org. name:
Personal Care Products Council
Org. country:
United States of America
Attachment:


	General Comments:
The Personal Care Products Council1 appreciates the opportunity to provide this response to ECHA’s consultation on the draft proposal to list Octamethylcyclotetrasiloxane (D4); Decamethylcyclopentasiloxane (D5); dodecamethylcyclohexasiloxane (D6) to the Stockholm Convention as Persistent Organic Pollutants (POPs). Please see the attached letter.
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Date:
2023/08/10  18:23
	Type:
BehalfOfAnOrganisation
Org. type:
Industry or trade association
Org. name:
Cosmetics Europe
Org. country:
Belgium
	General Comments:
The cyclic siloxanes octamethylcyclotetrasiloxane (D4), decamethylcyclopentasiloxane (D5), and dodecamethylcyclohexasiloxane (D6) are essential building blocks used as intermediate substances in the production of silicone polymers or as basic raw materials in the production of silicone rubbers, gels, and resins. Direct (non-intermediate) uses of these substances account for less than 2% of usage globally, whilst 98% is used for polymer production (intermediate use).

The European Commission has recently presented its intention to submit a proposal for a nomination of D4, D5, and D6 to Annex B to the United Nations Stockholm Convention on Persistent Organic Pollutants (POPs) whose objective is “reducing and ultimately eliminating the production and/or use of these chemicals”.

Cosmetics Europe is highly worried by this proposal and its likely negative impact on the availability of important key silicone polymers for use in cosmetic formulations, but also going far beyond the cosmetic sector to all areas of industrial use and everyday applications of these materials. Cosmetics Europe believes that a nomination of these substances as POP is unlikely to achieve the desired outcome nor is such a proposal based on a generally accepted scientific basis.

1) It is our understanding that the aim of the proposal is to extend the REACH restrictions that are currently under development for these substances beyond the EU and eliminate their direct (non-intermediate) use, while the use of the substances as intermediates for the manufacturing of polymers is not the target. This would necessitate a comparatively complex restriction entry on Annex B, which has never before attempted under the Stockholm convention and for which this system is not designed. Indeed, past experience shows clearly that POP listing resulted in undifferentiated elimination of the concerned chemicals. In practice, for pivotal silicone polymer use to continue, exemptions will be needed for over 95% of global D4, D5 and D6 production and would require several hundred thousand derogations in our estimation.

Cosmetics Europe is therefore of the opinion that a nomination as POP under Stockholm convention is not the appropriate tool to achieve the desired purpose of a “globalisation” of the restriction, but carries the very high risk of leading to a global ban of any use, production and trade of these substances with the loss of all polymers that are manufactured from these intermediates and which are important to lots of sectors and applications including the cosmetic industry.

2) Cosmetics Europe does not believe that D4, D5 and D6 fit the scientific criteria to be listed under the Stockholm Convention as POPs. The scientific discussion on the long-range transport and back deposition in remote polar regions is ongoing. Industry is contributing by conducting an extensive monitoring project in Antarctica with initial results due in Q3 2024. The study will be supervised by an independent panel to which Member States are invited to nominate scientific experts. A second study, supported in part by but independent from industry, is being conducted by the Norwegian Air Institute (NILU) in the Arctic with results expected in Q4 2023.

In conclusion, Cosmetics Europe believes that a nomination of D4, D5 and D6 as POPs is premature at best and the process should be put on hold to thoroughly assess the scientific, procedural, legal and socio-economic aspects and risks of a listing of these substances as POPs under the Stockholm Convention. At the same time, potential alternative and less risky routes to achieve the desired outcome should be explored.
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Date:
2023/08/10  18:35
	Type:
BehalfOfAnOrganisation
Org. type:
Industry or trade association
Org. name:
National Association of Manufacturers
Org. country:
United States of America
Attachment:


	General Comments:
Aug. 10, 2023

European Chemicals Agency
Telakkakatu 6, P.O. Box 400
FI-00121 Helsinki
Finland

Re: European Chemicals Agency POPs Consultation for Octamethylcyclotetrasiloxane (D4); Decamethylcyclopentasiloxane (D5); and dodecamethylcyclohexasiloxane (D6)

Dear Sir/Madam:

On behalf of manufacturers in the U.S., the National Association of Manufacturers appreciates this opportunity to provide input on the European Chemicals Agency Persistent Organic Pollutants (POPs) Consultation for Octamethylcyclotetrasiloxane (D4); Decamethylcyclopentasiloxane (D5); and dodecamethylcyclohexasiloxane (D6).

The NAM is the largest manufacturing association in the U.S., representing nearly 14,000 manufacturers small and large in every industrial sector and in all 50 states. Manufacturing employs nearly 13 million people across the country and drives innovation more than any other sector, contributing 55% of all private sector research and development in the U.S. In total, manufacturing contributed more than $2.9 trillion to the U.S. economy in the first quarter of 2023, an all-time high.

The NAM recognizes and appreciates the European Union’s commitment to environmental protection and the responsible use of chemicals. As always, manufacturers welcome the opportunity to engage directly with the EU to address specific concerns on regulatory matters as we seek to ensure sustainable and innovative supply chains for our industry. Manufacturers are committed to protecting worker and consumer safety, public health and our environment, and our industry strongly supports regulatory policies designed to support economic growth and adhere to sound principles of science, risk assessment and cost-benefit analysis. To that end, manufacturers have championed environmental stewardship at every turn, and our members have invested heavily in new processes and technologies that have made manufacturing in the U.S. cleaner and more sustainable than ever.

D4, D5 and D6 are essential building blocks in the production of silicone polymers used in diverse supply chains, including but not limited to medical devices, the automotive industry, semiconductors and consumer products. Restricting access to these polymers would harm manufacturing resiliency. Accordingly, manufacturers urge the EU to consider the impact on consumers and industries that use these chemicals in their production processes as it considers this topic.

The NAM welcomes this opportunity to provide feedback on this matter, and we look forward to continued engagement with the EU as the process continues.

Sincerely,
Ken Monahan
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Date:
2023/08/10  20:29
	Type:
BehalfOfAnOrganisation
Org. type:
Industry or trade association
Org. name:
BRAZILIAN CHEMICAL INDUSTRY ASSOCIATION
Org. country:
Brazil
Attachment:


	General Comments:
Our comments are described at the annex (ABIQUIM Letter - Potential POPs Nomination-100823)
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Date:
2023/08/10  22:00
	Type:
BehalfOfAnOrganisation
Org. type:
Industry or trade association
Org. name:
U.S. Chamber of Commerce
Org. country:
United States of America
Attachment:


Privacy comment:
We have no confidential comments or materials, only our public comments to this consultation.
	General Comments:
Thank you for the opportunity to comment, please find the attached submission from the U.S. Chamber of Commerce, we appreciate your consideration.
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Date:
2023/08/10  23:40
	Type:
BehalfOfAnOrganisation
Org. type:
Industry or trade association
Org. name:
The Polish Union of the Cosmetics Industry
Org. country:
Poland
	General Comments:
- The Polish Union of the Cosmetics Industry represents and supports the strategic goals of entrepreneurs exclusively in the cosmetics industry in Poland.  The Union brings together over 260 companies, including cosmetics producers and distributors, as well as their branch partners for e.g. suppliers of raw materials.

- Silicone components are often used in the manufacture of a polymer and key ingredients in many categories of cosmetic products, such as make-up products, hair care products or facial products. In certain products silicones are present in concentrations up to 100%, so they are the only component of the product. Examples of product groups containing more than 70% of siloxanes are make-up products (primers, bases applied under make-up), make-up removers, hair serums and oils. Make-up foundations are important and specific product category where silicones are particularly difficult to replace. Moreover, silicones are used as emollient ingredients (skin conditioning), hair conditioning, cleaning and as solvents. It should be noted that silicones are characterized by specific polarity, which affects their unique physico-chemical properties. Silicones have a unique effect on the sensory properties of the product − due to their volatility they do not cause the "greasiness" effect and do not create an oily, sticky layer on the surface of the skin or hair. They give a "silky touch" effect on the skin / hair. The described in-use properties of products due to the silicones use are particularly appreciated and highly desired by the consumers and essential for certain product types. The described in-use properties of products due to the silicones use are particularly appreciated and highly desired by the consumers and essential for certain product types. There is currently no universal and direct one-for-one available substitutes for most silicones. There are no substitutes available for many silicones used by the cosmetics industry. Replacing silicones/polymers in different personal care product types needs to be addressed on a case-by-case basis and requires a new formulation approach with the creation of a new products architecture in order to achieve a products which matches the desired performance characteristics and sensory benefits. The reformulation process should not limit the consumers’ choice and acceptance of products, especially make-up and hair products, as those categories are expected to the most challenging in reformulation process. This is because siloxanes give products of categories mentioned - unique and
specific application properties. Silicones remain on the skin and hair surface after application. They form a film, a thin layer, giving unique experience of smoothness and ease of speading. On hair silicones gives set of unique properties: act anti-static (i.e. prevent static), make combing easier or and gives shine including damaged or coloured hair. On the face silicones deliver complexion smoothing, non-greasiness (important for oily and acne skin) and ease of application, the latter highly important in make-up products. The layer formed by silicones is, however, permeable to other chemicals, including water and gas molecules.

- The Polish Union of the Cosmetics Industry strongly believes that the recent European Commission’s proposal to nominate D4, D5 and D6 under Annex B to the Stockholm Convention on Persistent Organic Pollutants does not take full account of the whole body of scientific evidence, should have recognised already applicable or on-going regulatory activities, and puts at risk numerous beneficial uses including in the cosmetics sector.

- Silicone polymers rely on D4, D5 and D6 as building blocks (monomers) for their manufacturing. Silicone materials are widely used and difficult to substitute because of their durable, safe and highly effective mechanical, optical and thermal properties.

- Silicones are essential to build a green value chain in Europe, in light with the EU Green Deal objectives and strategic autonomy.

- When it comes to the implementation of the Stockholm Convention in the EU, the potential inclusion of D4/5/6 in the EU POPs regulation would affect the trade, production, and accessibility of silicones across the globe and hamper the ability of EU downstream users to access silicones. Ultimately, this would hamper value chains established in Europe, in favour of other regions where the access is secured in a timely and affordable manner.

- Before any proposal is presented to the Council of the European Union, the European Commission shall:

- Consider all the available scientific information to understand whether D4/D5/D6 meet the criteria of Persistent Organic Pollutants under the Stockholm Convention.

- Address the technical, legal, socio-economic aspects of a listing of D4/D5/D6 under the Stockholm Conventions as well as any direct and indirect consequences that such a listing would have on silicone manufactures and downstream users.




	114
Date:
2023/08/10  23:58
	Type:
BehalfOfAnOrganisation
Org. type:
Industry or trade association
Org. name:
Verband TEGEWA e.V.
Org. country:
Germany
Attachment:


	General Comments:
Verband TEGEWA e. V. is an association representing chemical companies based in Germany, Switzerland and Netherlands manufacturing and marketing inter alia chemicals for leather and textile production and treatment.
Auxiliaries used in producing textiles or leather often contain silicone polymers based which are used for finishing, coating, water-repellency and other purposes. with unique properties.
TEGEWA strongly believes that the recent European Commission’s proposal to nominate D4, D5 and D6 under Annex B to the Stockholm Convention on Persistent Organic Pollutants does not take full account of the whole body of scientific evidence, should have recognised already applicable or on-going regulatory activities, and puts at risk numerous beneficial uses including in textile and leather production. Therefore TEGEWA fully supports the information provided by Silicones Europe (see also attachment):
- When it comes to the implementation of the Stockholm Convention in the EU, the potential inclusion of D4/5/6 in the EU POPs regulation would affect the trade, production, and accessibility of silicones across the globe and hamper the ability of EU downstream users to access silicones. Ultimately, this would hamper value chains established in Europe, in favour of other regions where the access is secured in a timely and affordable manner.
- Before any proposal is presented to the Council of the European Union, the European Commission shall:
-- Consider all the available scientific information to understand whether D4/D5/D6 meet the criteria of Persistent Organic Pollutants under the Stockholm Convention.
-- Address the technical, legal, socio-economic aspects of a listing of D4/D5/D6 under the Stockholm Conventions as well as any direct and indirect consequences that such a listing would have on silicone manufactures and downstream users.
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MEMORANDUM


To:
European Chemicals Agency
(ECHA)


From: GreenEarth Cleaning, LLC


Re: D5 Nomination by EU for POP Designation


Date: July 11, 2023


To Whom It May Concern:


We firmly disagree with D5 being considered as a Persistent Organic Pollutant (POP). Based
on the safety, health, and environmental properties of D5, we do not believe it meets the criteria to
be considered as such, and such a nomination would be detrimental to providing a
sustainable, safe, and protective alternative to otherwise more hazardous dry cleaning
methods.


Since 2017, the European Chemicals Agency (ECHA) has been in written and oral
communication with GreenEarth Cleaning (GEC), a U.S. corporation formed in 1999. At
that time, GEC secured patents in the U.S., and ultimately in the EU, Asia, and North
and South America, for the use of decamethylcyclopentasiloxane (D5) in the dry cleaning
process.


Given their patent position, GEC expended significant resources in researching and
enhancing the process, added to the patent portfolio with process improvements, and
expended funds to perform independent outside research in order to optimize the process.
Given their experience and operating history (more than 6,000 doors are available to
consumers worldwide to access drycleaners and the hospitality industry using the
patented process), the ECHA and GEC established a dialogue wherein GEC provided
documentation and information to the ECHA demonstrating the efficacy, safety, and efficiency
of the GEC patented process. It was based upon this dialogue over the course of three years
that ECHA established a derogation within our Annex XV Restriction Report Proposal wherein
the "Use of D5 as a solvent in strictly controlled closed dry cleaning systems for textile,
leather and fur, where the cleaning solvent is recycled or incinerated" is permitted. Based
upon our review, the GEC process meets the conditions of the derogation.


By way of history, according to Wikipedia, the cleaning of textiles without the use of
water (hence "dry cleaning") is centuries old. The ancient Greeks and Romans had some
waterless methods involving powdered chemicals and absorbent clay. By the 1700s, the French
were using turpentine-based solvents for removing grease, oils, and wax. In 1845 opened
the first dry cleaning service in Paris using kerosene and gasoline to clean fabrics.







Flammability concerns led William Joseph Stoddard, a dry cleaner from Atlanta, to
develop Stoddard solvent (white spirit) as a slightly less flammable alternative to
gasoline-based solvents. The widespread use of this solvent resulted in many fires and
explosions and the government regulation of dry cleaners. Because of this, dry cleaners
began using chlorinated solvents. These solvents were much less flammable that petroleum
solvents; early solvents were carbon tetrachloride (TCE) and trichloroethylene (TCE) but
they were gradually phased out as their adverse health effects became more known. By
the mid-1930s, the industry had started to use tetrachloroethylene
(also called perchloroethylene or PCE or perc) as the solvent. It remained the solvent of
choice through the 1990s.


It was at this juncture that three dry cleaners formed GreenEarth Cleaning based upon
their concern for both the health of their workers and the damage caused to the
environment by exposure to PCE. These cleaners became aware that while all prior
solvents were aggressive in nature (having a PH factor of greater than 7 - thus acidic), the
liquid silicone being used in household personal care items (shampoos, deodorants,
lotions, etc.) was also effective when used in the washing of fabrics despite it having a PH
factor of 7 or less. Thus they designated their "solvent" as a "dry cleaning fluid" given its
lack of aggressivity, it's ability to remove soil based upon its lower surface tension thus
wetting and penetrating fabrics more easily and with less damage, it's ability to leave color
dyes in place, and it's lighter-than-water characteristic versus PCE being heavier than
water.


Thus began a new era in dry cleaning that allowed Green Earth to introduce several new innovations
with its patented technology, innovations that included modified dry cleaning procedures,
improvements to the dry cleaning equipment being used, and changes to the dry cleaning
process itself all in the interest of providing a more sustainable solution for the care of fabric. The
following features have been developed and are now incorporated into how dry cleaners use
"pure" (greater than 99.9% ) D5 in their dry cleaning process:


No release of the dry cleaning fluid to the air or the
groundwater.


Regenerative powder filtration system thereby eliminating the disposal of cartridge filters
and their contents in landfills.


Regenerative powder filtration allows for the removal of all suspended particles in the
dry cleaning fluid without the use of distillation thereby saving up to 50% of the
energy used with traditional processing.


The process allows 90 kgs of clothes to be cleaned per liter of dry cleaning fluid,
thus providing the most cost effective method of dry cleaning.


New D5-based concentrated detergent developed for lower detergent usage. Because D5 has
no odor, the dry cleaning machine does not required deodorization capability.







Without the need for either deodorization or distillation, the footprint of the machine
is smaller and the capital cost of the machine is significantly less. Because D5 is
less aggressive and easier on fabrics, a wider array of fabrics, trims, ornamentation, and
dyes can be cleaned safely.


Finally, in 2023, a modification to the process using a vapor phase that defeats over 98%
of all lipid-layered viruses and bacteria resulting in a U.S. patent being issued.


In summary, because GEC's process does not allow for the release of D5 to the
environment, and given it's significant advantages over all other solvents now being used
in the industry (unlike all other solvents, D5 is non-aggressive and non-volatile), it has
been our considered opinion that a derogation for the use of D5 in the dry cleaning
process best serves our planet's people and environment.
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POSITION PAPER 


Potential EU nomination of D4, D5 and D6 to the UN Stockholm 


Convention on POPs 


Brussels, 13 July 2023 


 


Introduction 


The European Commission and the European Chemicals Agency (ECHA) are currently in the process of 
proposing to list Octamethylcyclotetrasiloxane (D4), Decamethylcyclopentasiloxane (D5) and 
Dodecamethylcyclohexasiloxane (D6) in Annex B to the Stockholm Convention on Persistent Organic 
Pollutants. A public consultation has been launched on 15 June 2023, to gather comments on a 
summary paper on substance characteristics (persistence, bioaccumulation, long-range 
environmental transport, and adverse effects) against the requirements and screening criteria of 
Annex D in the Stockholm Convention on Persistent Organic Pollutants (POPs). 


While the European Semiconductor Industry Association (ESIA) is not in a position to provide detailed 
comments on the substance characteristics, we would like to highlight that the addition of D4/D5/D6 
may pose a potentially disproportionate regulatory risk to safe industrial uses of these substances, as 
the semiconductor industry relies on chemicals to innovate and has strict controls in place to minimize 
potential exposure to workers and the environment. 


Examples of uses include the following: 


 


Front-end: Use of D4 as a precursor material 


D4 is an important precursor material used in low quantities for a critical step in the semiconductor 
manufacturing process (dielectric layers deposited via chemical vapour deposition in advanced 
technology). The semiconductor industry has an annual consumption of less than approximately 10 
tons. 


The manufacturing process for semiconductors ("chips") takes place under strictly controlled 
conditions in a clean room. There is no exposure to employees and the environment:  


• D4 is chemically converted in the plasma process; subsequent specialized thermal oxidizer 
removes any unreacted OMCTS in the process (≈99%); 


• No wastewater is generated; 


• D4 does not remain, even in trace amounts, in the subsequent chip; 


• Like all semiconductor manufacturing processes, the deposition process takes place in a 
special process chamber within an automated and closed tool in a clean room. 
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Back-end: D4/D5/D6 as part of adhesives, encapsulants and 


thermal interfaces 


Silicone polymer-based materials containing residuals of D4/D5/D6 are used as adhesive, encapsulant 
and thermal interface materials in the semiconductor component assembly process, where process-
controlled conditions are in place to ensure the electrical performances required from the final 
component. The silicone polymer-based materials remain embedded in the semiconductor 
component, therefore there is no emission to the environment during the use phase of the 
component. 


 


Manufacturing equipment: silicone polymers depend on 


D4/D5/D6 monomers 


D4/D5/D6 are used as monomers 99% of which is consumed in the reaction of silicone polymer 
manufacturing. These polymers are used in tools and infrastructure equipment applications which are 
also important for the semiconductor manufacturing. There is no environmental release form use of 
silicon polymers in the semiconductor industry. In consequence, D4/D5/D6 is safe to use in 
semiconductor manufacturing. 


Under the EU REACH restriction processes, as of June 2023, D4/D5/D6 are proposed to be restricted 
with a proposed exclusion of industrial manufacture of articles, a risk measurement measure that ESIA 
fully supports, as it provides the semiconductor industry the legal certainty to continue our safe 
industrial use. 


As the Stockholm Convention on Persistent Organic Pollutants listing process is generally designed to 
eliminate chemicals, the nomination alone, even to Annex B, will cause tremendous uncertainty and 
disproportionate disruption, in the semiconductor industry and our supply chain. 


 


Conclusion 


ESIA would ask Member States and the EU commission to carefully consider the proportionality of 
such a regulatory risk management approach to the substance and to take the necessary time to 
review all scientific assessments, evidence, and consequences for strategic EU industries, such as 
the semiconductor industry prior to any decision on a proposal for an EU nomination of D4/D5/D6 
under the Stockholm convention. ESIA believes that the proposed listing nomination is not the 
appropriate or proportionate way to address D4/D5/D6 and would encourage the Commission and 
the Member States not to support such an approach. 
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For further information: 


Hendrik Abma 


Director-General 


European Semiconductor Industry Association (ESIA) 


Tel: + 32 2 290 36 60 • Web: https://www.eusemiconductors.eu/ 


 


ABOUT ESIA 


The European Semiconductor Industry Association (ESIA) is the voice of the semiconductor industry in 


Europe. Its mission is to represent and promote the common interests of the Europe-based 


semiconductor industry towards the European institutions and stakeholders in order to ensure a 


sustainable business environment and foster its global competitiveness. As a provider of key enabling 


technologies, the industry creates innovative solutions for industrial development, contributing to 


economic growth and responding to major societal challenges. Being ranked as the most R&D-intensive 


sector by the European Commission, the European semiconductor ecosystem supports approx. 


200.000 jobs directly and up to 1.000.000 induced jobs in systems, applications and services in Europe. 


Overall, micro- and nano-electronics enable the generation of at least 10% of GDP in Europe and the 


world. 



https://www.eusemiconductors.eu/
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    N°20010/23/GIFAS 


            19th July 2023 
 


To the attention of the European Commission   


 


Copy: directly to the ECHA website  


Subject :   D4/D5/D6 substances for aeronautics, space and defence applications 


Ref:   Consultation-Proposals for new POPs 


 


 


On 15th June 2023, the European Chemicals Agency (ECHA) launched a consultation for the 


potential proposal of the European Commission to nominate: 


- Octamethylcyclotetrasiloxane (D4)- CAS n° 556-67-2, 


- Decamethylcyclopentasiloxane (D5)- CAS n° 541-02-6, 


- Dodecamethylcyclohexasiloxane (D6)- CAS n° 540-97-6, 


for inclusion in the Stockholm Convention as Persistent Organic Pollutants (POPs) substances. 


 


This paper constitutes the GIFAS (French aerospace industries association)1 position.  


 


Silicone polymers rely on D4, D5 and D6 for their manufacturing and their use in a variety of 


sectors such as construction, automotive, electronics, pulp and paper, oil and gas, medical and 


aerospace/defence.  


These polymers have currently wide applications within the Aerospace and Defence industry. 


They are  present primarily in adhesives, sealants, fire resistant void fillers and potting 


compounds, but also in finished articles made of silicone rubber, and help to provide a set of 


unique properties which, as research has so far indicated, cannot be achieved by any other 


chemistry. The concentrations of D4 and/or D5 and/or D6 in the final products e.g silicone 


sealants and adhesives are usually very low (around 0.1%) and considered as traces (unreacted 


monomers). Their use in the electronics sector is also significant, as silicone coatings protect 


sensitive components from moisture, dirt, shocks and vibrations and can withstand extreme 


temperatures without losing their properties.  


 


D4, D5 and D6 have been identified in the EU under REACH as Substances of Very High 


Concern (SVHC) and included in the Candidate List for Authorisation in June 2018. 


Furthermore, the use of D4 and D5 in wash-off cosmetic products has been restricted in the EU 


 
1 GIFAS (French aerospace industries association) has more than 450 members, from major prime contractors and system 


suppliers to small specialist companies and start-ups. They cover the full spectrum of skills from the design, development and 


production of aerospace systems to marketing and maintenance and operation. GIFAS members are active in all sectors of 


the aerospace industry including civil and military aircraft, helicopters, engines, missiles and weapons, satellites and launch 


systems, UAV, large aerospace, defence and security systems, equipment, subassemblies and associated software applications.  


Turnover for the French Aeronautical, Space, Defence and Security Industry: €62,7 billion in 2022; Export: 83%; 195.000 


direct employees. 
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under the REACH Regulation since 31st January 2020 and another REACH restriction for D4, 


D5 and D6 in consumer and professional products is under review by the European 


Commission. The vast majority of the environmental emissions of these substances come from 


the area of personal care products.  


 


We would like to highlight our full commitment to improve the protection of human health and 


the environment from the risks that can be posed by hazardous chemicals and our industry has 


been working for years towards a voluntary eradication of many of the most hazardous 


substances. In parallel, our industry is also fully committed to ensure safety and reliability of 


the aerospace and defence systems and their repair and maintenance all along their lifecycle. 


Implementing an alternative solution requires stringent, long and intensive testing for 


qualification (reliability, test programmes). The implementation of the substitution roadmaps 


must be carefully, progressively and sequentially made, on a step-by-step approach, once 


alternatives are validated to ensure relevant lessons are learned prior to generalisation. Silicone 


materials are difficult to substitute because of their durable, safe and highly effective 


mechanical, optical and thermal properties.   


 
Our industry supports an effective and proportionate approach to managing the risks associated 


with these substances. Whilst waiting for the current REACH restrictions to be adopted and 


evaluated at  EU level, we believe that launching new regulatory projects should be avoided to 


prevent any overlap or conflict with the existing proposed approach in terms of restriction.  
 


With regards to the implementation of the Stockholm Convention in the EU, the potential 


inclusion of D4, D5 and D6 in the EU POPs regulation would affect the trade, production, and 


accessibility of silicones across the globe and hamper the ability of EU downstream users to 


access silicones. Ultimately, this would hamper value chains established in Europe, in favour 


of other regions where the access is secured in a timely and affordable manner.   
      
Before any proposal is presented, the European Commission should: 


- Consider all the available scientific information to understand whether D4/D5/D6 meet the 


criteria of Persistent Organic Pollutants (POPs) under the Stockholm Convention;    


- Address the technical, legal, socio-economic aspects of a listing of D4/D5/D6 under the 


Stockholm Conventions as well as any direct and indirect consequences that such a listing 


would have on silicone manufacturers and downstream users;  


- Implement existing or proposed regulatory measures and assess their efficiency, in 


particular the REACH restriction. 


 


We therefore ask the European Commission not to propose designating D4/D5/D6 as POPs 


under the Stockholm Convention until all these conditions have been met, in order to avoid 


risks disrupting the silicones value chain in Europe. 


   


  


Point of contact : corinne.lignet@gifas.fr  



mailto:corinne.lignet@gifas.fr
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		Template for providing comments on the draft scientific dossier for an EU proposal by the European Commission to list D4, D5 and D6 in Annex B to the Stockholm Convention on POPs  

(Please use this format as it is in the interests of fast processing and consolidation of all comments)

Do not add extra columns or change the formatting





		Comment No.		Section (use drop-down menu)		Sub section (use drop-down menu)		Paragraph number (first relevant line number as integer only; in case of multiple lines, indicate them in the comment field)		Comment                                                                                                                       NOTES: (i) if your comment is for proposing addition or deletion of text please give details of the preceding and following current text so it is clear where the revision is to be made; (ii) if the comment relates to several paragraph numbers please list ALL paragraph numbers or the range of paragraphs [in this field, NOT in Column D].

				1. Introduction 				1		An argument is presented that the three chemicals, referred to as D4, D5 and D6 should be grouped together for the purposes of this proposal because they have similar chemical structure and hazard profiles. However, this does not appear to be supported by the information presented.  Based on their physicochemical properties, there appear to be significant differences between them. For example, their log Kow values range over two orders of magnitude (from 6.49 for D4 to 8.87 for D6). One might presume that this could result in different environmental fate profiles.  With respect to hazard (specifically toxicity) there also appear to be very significant differences, as summarized in Section 3.4.  Based on information presented, it seems that there is a stronger dataset for D4 than for D5 and D6 which might be used to generate a more robust evaluation, as opposed to attempting to consider all three collectively. Given existing regulations related to the use of D4, D5 and D6 under various jurisdictions (par 3), as well as significant differences in their physicochemical properties, the use of D4 as a substitute for D5 or D6, seems unlikely.  

		1		1. Introduction 				2		At the end of the paragraph it is stated that monitoring data for cVMS suggest that they are widely dispersed in the environment and are found in remote regions. This is ambiguous. Whilst it is clear that cVMS have wide dispersal in air, the extent to which detections in surface media in remote regions are the result of LRT is highly uncertain.  This should be more clearly reflected here.  

		2		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria				9		Whilst it is true that hydrolysis and volatilisation will be reduced by sorption to organic matter, these processes are still likely to be important in reducing overall persistence in water-sediment systems.

		3		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria				24		Please correct Barga to Borga

		4		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria				32		Please unpack the statement that high concentrations in some food web components may have unpredictable effects elsewhere.  An example and reference would give this statement more meaning.

		5		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria				33		It is notable that field studies report a dominance of D5 in biota - even in remote regions.  One point made by Sanchis et al (2015) in defence of their observations of high D4:D5 ratios was that D4 is often dominant in high latitude air.  If atmospheric deposition is the dominant process driving exposure in surface media in high latitudes, shouldn't D4:D5 ratios in samples from surface media reflect this?  

		6		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria				35		Concentrations in animals collected from water bodies receiving continuous wastewater emissions are not usefully comparable to levels of legacy POPs.  In the case of continuously emitted wastewater constituents, environmental loading is likely to be more important for exposure (environmental and in biota) than persistence and biomagnification.  Is it meaningful to compare concentrations for chemicals with very different emission pathways?

		7		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria				46		Re evidence that cVMS can be found in biota at concentration comparable to POP-like substances - these levels will partly reflect continuous emissions where there are local discharges of wastewater and are difficult to compare to legacy compounds which remain in the environment but which are not continuously released.

		8		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria				48		Please provide additional detail on how much lower the ACP is predicted to be for cVMS compounds compared to confirmed POPs.  As it stands, they could have slightly lower values or they could be lower by several orders of magnitude. The statement that chemical space plots show ACP as a function of KAW and KOA adds little value -  it's just a statement of fact.  It is also important to note that Koa and Kaw are correlated with Kow, since Koa/Kaw = Kow.

		9		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria				49		There is no doubt that cVMS compounds have high values for CTD. However, the TE values for cVMS are lower than those for benchmark POPs by several orders of magnitude.  This is an important point which should be emphasised. Significantly lower TE values for cVMS compounds than for listed POPs provides valuable insight into expected environmental fate and transport, which should be used to support or refute their potential for LRET. 

		10		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria				50		Half lives in water can be predicted quite reliably from knowledge about hydrolysis rates, sorption to organic matter and volatilisation. In any case, the effect of uncertainties in cVMS half-lives in water and soil on CTD and TE should be explored using sensitivity analysis.  This will demonstrate the extent to which these metrics could be affected by uncertainties in chemical properties.  It is also curious that there appears to be no reference to the half-life values of cVMS compounds in air anywhere in the proposal.  Given the properties of cVMS compounds, which are unique in being both highly hydrophobic and volatile, the half-life in air is a critical parameter influencing environmental fate and transport.  In their study investigating the occurrence and seasonality of cVMS in Arctic air, Krogseth et al. (2013) utilized half-life data in air for D4 (10.3d), D5 (6.7d) and D6 (5.8d) as input to a highly spatially and temporally resolved atmospheric model (DEHM). Model predictions of atmospheric concentrations were in excellent agreement with monitoring data from Svalbard. This supports the fact that cVMS compounds have very high CTD values but also highlights the fact that degradation in the air such reduces concentrations in high latitudes.  Aside from the fact that cVMS compounds have a low propensity to back deposit to surface media, low concentrations at high latitudes will also limit back deposition. 

		11		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria				51		Re lack of deposition via aerosols: The fact that there is good agreement between predictions of atmospheric concentrations from more sophisticated hemispherical transport models and observations suggests that we have a good understanding of atmospheric fate - which is controlled largely by reaction with OH radicals. Note in particular the studies by Krogseth et al., 2012 ES&T 47, 502-509  and McLachlan et al., 2010 ES&T 44, 5365-70 which show remarkable agreement between DEHM model predictions and observed concentrations in air at high- latitudes and mid-latitudes respectively, without the need to invoke additional loss mechanisms. This excellent agreement suggests that additional atmospheric fate processes such as aerosol-associated dry deposition and snow scavanging do not play major roles.  

		12		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria				54		It is not clear HOW Sanchis et al. (2015) "back-calculated" snow scavenging ratio. Can this be unpacked to reveal some additional detail? Re uncertainties in the KiA values derived from the experiments of Xu and Vogel: the fact that these values are not consistent with the estimates made by Mackay et al does not neccessarily highlight the unceratinties in measured values. It could also be argued that the measured data highlight issues with the estimates.  More (independent) experimental data are required to bottom out these uncertainties, surely?  It is also somewhat surprising that data have not yet been collected on cVMS concentrations in snowpack from remote areas. This would be the ultimate test of the snow scavenging hypothesis.  In the absence of this data, the discussion presented here is speculative regarding the relative importance of snow scavanging.

		13		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria				59		There is clearly POTENTIAL for cVMS transfer from air to surface media and this will undoubtedly occur.  However, the key question is how large is this transfer likely to be? The excellent performance of the DEHM in predicted atmospheric concentrations of cVMS suggests that reaction with OH radicals is the dominant atmospheric removal pathway. This corroborates TE calculations which suggest low back-deposition potential. This evidence does not appear to have been utilised in the assessment of atmospheric fate.

		14		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria				60		The fact that cVMS levels in sediment from the Canadian archipelago were higher than those in Adventfjorden does not neccessarily imply that LRT is involved. Emissions at both sites are highly uncertain.  The data for emissions to Adventfjorden are very limited temporally and are unlikely to capture the variability in wastewater loads - especially when population is low and seasonally variable.  Sediment deposits represent integrated net deposition over time with an unknown mix of potentially contaminated sediment diluted with sediment from elsewhere. cVMS will be transported in rivers via suspended sediment and associated with dissolved organic carbon but they will desorb as freely dissolved concentrations in the water column decrease due to hydrolysis and volatilisation.  Calculations can be performed to evaluate characteristic travel distances (times) in rivers and on ocean currents with different concentrations of dissolved and suspended C and different depths (see Whelan et al., 2009 Chemosphere 74, 1111-1116 for an example). This analysis can and should be performed in assessing the importance of LRT in water.

		15		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria				64		Re interpretations of the Sanchis et al study. It is clear that this study was conducted professionally and that attempts were made to avoid analytical artefacts.  However, the authors acknowledge that their findings are "unexpected". The issues associated with the study have already been comprehensively outlined in the two comments which followed its publication. Rather than ignore these concerns and assume that the data reported represent real evidence of Antacrtic contamination, shouldn't additional monitoring be conducted to confirm or refute the reported findings?  The sampling reported in the paper was conducted in 2009. It is remarkable that 14 years later, there has not been an expedition to repeat it.

		16		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria				68		The likely importance of migratory animals as vectors of cVMS transport from low to high latitudes can and should be estimated via numerical modelling accounting for the exposure and associated tissue levels in emission zones, clearance rates from the organism during migration, the travel times associated with typical migration pathways and the mass of biomass migrating.  This is currently highly speculative but could be infomed by some straightforward calculations to support the discussion. It might also be helpful to clarify which migrating taxa might be involved.  For instance, spawning salmon can cause a signficant transfer of POPs to remote streams when they die, whereas colonies of migratory seabirds could transfer contaminants to remote locations due to  concentrated release and accumulation of guano near breeding colonies. For both the polar cod and glaucus gull, data are only presented for concentrations in these species but details / evidence of potential transfer to receiving environments is missing. Clarification on this point would help inform the relative importance of chemical transport via migrating animals for LRET compared to other transport mechanisms, such as advection in air.

		17		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria				69		It would be useful to have details of the locations of these sample sites.  Given that local sources may also influence relative concentrations, it would be helpful to clarify how the concentrations are influenced by LRET versus local emissions.  Given the properties of cVMS compounds, back-deposition would be EXPECTED to represent a less-important exposure pathway to surface media in remote areas compared to direct emissions to aquatic environments.

		18		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria				70		In our opinion, the evidence-base for deposition of cVMS from the atmosphere to surface media in high latitudes is weak and could (should) be strengthenened by some additional monitoring, experimental studies and modelling.  Whilst the postulated deposition mechanisms will all undoubtedly operate to some extent, the magnitude of these processes is highly uncertain and the conclusion that deposition represents an important and efficient transport pathway is, therefore, highly speculative.  We also think that more consideration should be given in the proposal of existing evidence which supports the hypothesis that deposition potential for cVMS is low, including extremely low values for ACP and TE and the excellent agreement between model predictions and measured cVMS concentrations in air reported by Krogseth et al. (2013) and McLachlan et al. (2010) [see referenced above].  Whilst it is clear that all three cVMS compounds have high CTDs, the argument that substantial deposition occurs (at levels likely to resulting in adverse effects in human health and wildlife) in locations far from source regions (or even resulting in detectable concentrations in surface media) is currently impossible to substantiate.
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		1		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.4.2 Adverse effects to human health		77		Delete the reference to reproductive category 2, which is not relevant to human health. Suspicion of damage to fertility here is based on experimental studies that have not been show to predict human reponse, which is dependent on exposure level. The GHS category system is agnostic to human exposure level. As detailed below, the mechanisms of fertility impairment in these studies were not relevant to human reproduction.

		2		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.4.2 Adverse effects to human health		79		In paragraphs 79 and 80, the fertility effects of D4 in rodent studies are attributed to delay in the LH surge, which is plausible, but does not inform human risk. The LH surge in women is controlled differently than in rodent, and mechanisms of reproductive aging and senescence are different. In women, aging and senescence result from a decrease in responsive oocytes in the ovary with intact hypothalamic-pituitary function, thus menopause is characterized by low estrogen and high gonadotropins. In rodent, reproductive aging and senesence is a hypothalamic-pituitary event with high estrogens and low gonadotropins. The effect levels in the cited studies were in the range of 500-700 ppm by inhalation. There is no indication that human exposure is anywhere near this level. Control of LH surge and ovulation in rodents is dependent on photoperiod on proestrus. In women, there is no such dependence.

		3		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.4.2 Adverse effects to human health		81		The rat ovarian interstitial gland hyperplasia and vaginal mucosal mucification in rats is not relevant to women. The rat changes are associated with persistent vaginal estrus, which has no analogy in aging women.

		4		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.4.2 Adverse effects to human health		82		The identification of D4 as an "endocrine disruptor" should be removed. There is nothing of importance indicated by this term. With respect to estrogenicity, the extremely low potancy of D4 compared to ethnyl estradiol excludes an estrogenic mechanism of toxicity in women. Soy foods have more estrogenic activity than D4. The discussion of the stimulation of pituitary LH release by estrogens can be removed. In woman, a serum estradiol concentration of 200-400 pg/mL is required for this effect, which will never be seen with D4 given its de minimis estrogenic potency.

		5		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.4.2 Adverse effects to human health		83		There are no D6 data showing reproductive toxicity. This point can be mentioned here.and in paragraph 86. You may not need both paragraphs.

		6		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.4.2 Adverse effects to human health		84		In paragraph 84 and 85, the lack of developmental toxicity of D4 and D5 in rats and rabbits except in the face of maternal toxicity argues against identification of these compounds as human reproductive hazards.

		7		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.4.2 Adverse effects to human health		87		In paragraph 87-88, the putative carcinogenicity of D4 based on uterine adenomas and cystic endometrial hyperplasia is mispaced. These lesions are not, in fact, malignant or premalignant. The attribution to dopamine agonist and prolactin reduction is speculative and not applicable to women, who do not suffer ovulatory disturbances from decreased prolactin. For a discussion of the benign nature of these findings, see Dekant W, Scialli AR, Plotzke K, Klaunig JE. Biological relevance of effects following chronic administration of octamethylcyclotetrasiloxane (D4) in Fischer 344 rats, Toxicol Lett 2017;279S:42–53.

		8		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.4.2 Adverse effects to human health		89		The increase in uterine adenocarcinoma in rats exposed for 106 weeks to D5 may be due to a prolactin-mediated disruption in estrous cyclicity, but this mechanism is not relevant to humans. See Klaunig JE, Dekant W, Plotzke K, Scialli AR. Biological relevance of decamethylcyclopentasiloxane (D5) induced rat uterine endometrial adenocarcinoma tumorigenesis: Mode of action and relevance to humans. Regul Toxicol Pharmacol 2016;74:S44–S56.
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		1		3.4. Adverse Effects		3.4.2 Adverse efects to human health		Paragraph: 93		The statement "Liver enlargement is considered to be relevant to humans based on the UK …." is incorrect. One would have expected to reference Pauluhn (2011). The UK makes reference to absolute and not relative organ weights. In inhalation studies the reference must be to the absolute and not relative organ weights (see OECD GD#29). In inhalation studies commonly rats are fasted for at least 20 hours (exposure and handling period + overnight fasting). Especially in animals from the treatment groups have a significant drop in body weights. Therefore, as detailed in Pauluhn (2011), increased organ weights are related to the co-variate body weight and not organ weight!  

		2		3.4. Adverse Effects		3.4.2 Adverse efects to human health		Paragraph: 95		It is stated that gamma-GT is a marker of liver damage. This statement is incorrect. As shown in Pauluhn et al. (2008) gamma-GT is an exqisite marker of surfactant depletion related processes taking place in the lung. At upregulated homeostatic processes taking place in the lung increases in blood. Any reletationship to liver must be verified by histopathology.  

		3		3.4. Adverse Effects		3.4.2 Adverse efects to human health		Paragraph: 98		Indeed, the original pathology reports describe any increased in alveolar macrophages as "influx of inlammatory cells" at the alveolar level. However, this subjective description should have read "more adherent alveolar macrophages involved in surfactant homeostatsis (e.g., Pauluhn, 2023). In the absence of any significantly absent absolute lung weights the critera for an inflammatory response are not fulfiled! Notably, the recycling of dysfunctional surfactant takes place by resident alveolar macrophages becoming more adherent to the pneumocyte type I. Therefore, the increase often described by histopathologist is caused by 'adherence' and not 'influx".  I strongly recomment to seek expertise in pulmonary toxicology!

		4		3.4. Adverse Effects		3.4.2 Adverse efects to human health		Paragraph: 100		Any statemenst concluding that these substance produce a picture typical of pulmonary irritants are largely incorrect. I strongly recommend to familiarize with the publication from Pauluhn and Whalan (2021) is recommended. In cause of any inflammation withing the respiratory tract, re-exposure of the respiratory tract finds a Cxt-dependency on the exposure day and not(!) frequency of exposure. In case any of these had had an irritant potency, LOAELs : NOAELs would be decreasing substantially.     

		5		3.4. Adverse Effects		3.4.2 Adverse efects to human health				Recommendation: Workshop on 'Respiratory Tract Irritation and 'Risk Assessment'. 

		6

		7

		8

		9

		10

		11

		12

		13





image1.png

Liver enlargement is considered to be relevant in humans
ere considered by the UK Environment Agency to be outsi







image7.emf
ref_44_public.pdf


ref_44_public.pdf


   
 


www.silicones.eu 


 


Position Paper 


 
 
 


Silicones Europe 
Rue Belliard 40 b. 15 B-1040 Brussels, Belgium 
 


Silicones Industry calls for thorough analysis of the impact by a 


potential listing under the Stockholm Convention on future 


silicone polymers availability  


Background 


On 14 June 2023, during the meeting of the Competent Authorities expert group for Regulation (EU) 


2019/1021 on Persistent Organic Pollutants (POP CA), the European Commission confirmed its inten-


tion to gain a mandate to propose the nomination of Octamethylcyclotetrasiloxane (D4), Decamethyl-


cyclopentasiloxane (D5) and Dodecamethylcyclohexasiloxane (D6) to Annex B (Restriction) to the 


Stockholm Convention on Persistent Organic Pollutants (POPs). Subsequently, ECHA launched a public 


consultation,1 running from 15 June to 10 August 2023, on the scientific dossier that is intended to 


accompany the potential listing proposal made by the EU. The consultation focuses on whether D4, D5 


and D6 are meeting the scientific criteria (i.e. Annex D criteria) to the Stockholm Convention.2  


 


The Stockholm Convention has the objective of eliminating the manufacture and use of POP sub-


stances. However, Silicones Europe believes it is an inadequate tool to regulate the use of intermediate 


industrial chemicals such as D4, D5, D6 and thus to use it as a risk management tool. If silicone mono-


mers are nominated for a POP listing, this would be the first time that the Stockholm Convention has 


been proposed as a tool to regulate intermediates. The silicones Industry believes that there is a sig-


nificant risk that this would endanger the manufacture and use of silicone polymers. 


 


Silicones are a key enabler of the EU’s strategic autonomy and crucial to support Europe in its objective 


to become a safer, more digital and sustainable economy, meanwhile achieving the European Green 


Deal objectives. D4, D5, D6 are crucial monomer intermediates in the manufacturing of silicone poly-


mers, representing the vast majority of their uses. Pursuing a POP listing for D4, D5, D6 would mean 


disregarding other regulatory tools that can effectively globalise the REACH restrictions and address 


concerns on direct uses without impacting polymers. It would also entail undermining Europe’s com-


petitiveness, to the advantage of other global powers.  


 


During the POP CA meeting, the European Commission indicated orally its aim to “protect” silicone 


polymers from indirect impact due to global restrictions on D4, D5, D6 that would follow the listing of 


these substances. We understand from the Commission that this would be achieved by allowing the 


continued use of D4, D5 and D6 for the manufacture and use in silicone polymers´ production through 


an acceptable purpose exemption as transported intermediates, and an exemption for closed-system 


site-limited intermediates. The Commission also confirmed that the final decision on such derogations 


would be made on a global level and no guarantee can be provided that the intended “protection” for 


polymers can be achieved.   


 


In addition, according to Silicones Europe, it will be also vital for the protection of polymers to allow a 


technically and economically feasible threshold for unintentional residuals of D4, D5, D6 in polymers 


not lower than 0.1 %.  This threshold has been proposed by ECHA’s committees for the second REACH 


 
1 https://echa.europa.eu/proposals-for-new-pop-s/-/substance-rev/73622/term  
2 Annex D of the Stockholm Convention sets the following criteria for a substance to be identified as a POP: persistence, bio-accumulation, 
potential for long-range environmental transport, adverse effects. 
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restriction1. It is however questionable if this 0.1% threshold would be acceptable at the global level. 


The Restriction is currently being discussed in the REACH Committee and should be finalised before 


any discussions on a potential POP nomination are continued.  


 


In addition, industry believes that while not legally required by the POP Regulation, the significant 


economic and societal impact that would result from the non-availability of silicone polymers com-


bined with the availability of alternative policy options warrants applying Tool #7 of the European 


Commission’s Better Regulation Toolbox3, well before applying Annex F under the UN POP process and 


before any EU decision on moving this forward. 


A detailed legal and impact assessment should focus on at least the following points: 


• Whether it creates a level playing field in the production, use and transportation of silicone 


polymers, EU vs. non-EU countries and including both Parties and Observers to the Conven-


tion. 


• Impacts of a POP listing on the recycling and waste management value chain of silicones. 


• High uncertainties within the Convention process of a POP listing of D4, D5 and D6. 


• An agreement by the Parties of the Convention, in the form of technical guidelines and/or 


legal text modifications, on definitions and practical and technical considerations of closed-


system site-limited intermediates (CSSLI) and unintentional trace contaminants (UTCs). 


• A reform of the long-range environmental transport (LRET guidelines) and Annex E (infor-


mation requirements for the risk profile) to the Stockholm Convention to ensure they are fit 


for purpose and can ensure sound management of the chemicals listed as POPs. 


• A due review and consensus across the scientific community on whether D4, D5 and D6 


meet the conditions of POPs, particularly on long-range environmental transport (LRET). This 


review shall include robust and actual running up-to-date studies.4 


Silicones Europe strongly appeals to the European Commission and Member States to thoroughly 


assess consequences of a D4, D5 and D6 POP listing. Industry is concerned that the Stockholm Con-


vention is neither the right policy tool nor will it achieve the desired effect of addressing concerns 


regarding personal care products at the global level and simultaneously protect silicone polymers. 


The Silicones industry is supporting working on alternative tools together with relevant stakehold-


ers. 


 
3 br_toolbox_-_nov_2021_-_chapter_2.pdf (europa.eu) 
4 The silicones industry believes the scientific criteria for a Stockholm Convention nomination are not fulfilled.   
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Annex: Detailed overview of impacts and factors to consider 
 


a. Silicones: a strategic asset for a competitive EU industry  


Silicones are crucial to meet several EU strategic targets and objectives. Many of the applications for 


these materials are pivotal to society and for the success of the European Green Deal, as well as the 


‘twin’ green and digital transition of the European economy. Across a number of key applications, sili-


cones support the EU sustainability, digital and health objectives5, having unique performance and 


working where other chemistries reach their limits. Silicone applications show CO2 saving-potential 


throughout their life cycle in comparison with alternatives, thereby contributing to the decarboniza-


tion of the European economy. The POP listing will have a severe impact on the production and use of 


silicone polymers, hampering in turn the achievement of the EU’s broader sustainability goals. 


b. Broad exemptions for acceptable purpose(s) 


The Commission confirmed that their intention is to propose a listing under the Stockholm Convention 


to stop direct uses of D4, D5, D6 in consumer applications globally, whilst protecting polymer produc-


tion, transportation and availability via a broad acceptable purpose for use of these substances as 


transported intermediates for polymer production. For context, direct (non-intermediate) use of these 


substances accounts for less than 2% of usage globally, whilst >98% is used for polymer production 


(intermediate use). Hence, such a broad acceptable purpose would apply to >98% of the uses of these 


substances. 


A derogation as broad as to cover >98% of the substances’ use is highly unlikely to be accepted by the 


Parties. There are no precedents for such approach and, legally, it will be difficult and complex as 


pointed by third party legal advice. The ability of the EU – or any other Party – to secure sufficiently 


broad acceptable purposes in the final listing is questionable and places huge risk on the industry, for 


the reasons outlined hereunder: 


• Although Annex B is formally entitled “restriction”, its overall objective remains “reducing and 


ultimately eliminating the production and/or use” (see section 4 of Part III of Annex B to the 


Convention, emphasis added) of the chemicals listed under it. 


• No acceptable purpose that would allow for broad intermediate use, accounting for most of the 


volumes of a given substance, has ever been granted under the Stockholm Convention. Rather, 


acceptable purposes included in Annex B are currently drafted very narrowly to restrict produc-


tion and use of POPs as much as possible (i.e., limited to a substance and/or one very specific 


use). 


• Although it is understood that COM’s intention is to obtain a broad acceptable purpose for trans-


ported intermediates, a final recommendation on this matter will ultimately be taken by the 


Stockholm Convention’s Persistent Organic Pollutants Review Committee (POPRC)6. Past and 


current practice at the POPRC show that stakeholder negotiations drive exemptions to a very 


granular level, regardless of the initial proposal intentions. After agreeing on a recommendation, 


 
5 See uses & benefits of silicones section, https://www.silicones.eu/about-silicones/uses-benefits-energy/  
6 A subsidiary body to the Stockholm Convention established for reviewing chemicals proposed for listing in An-
nex A, Annex B, and/or Annex C. The POPRC reviews the process of new chemicals and Annex D, Annex E and 
Annex F specify the information requires for the review. 
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the POPRC will need to submit its recommendation to the COP for a final decision. The COP can 


follow fully, partly, or disregard that recommendation (see HCBD case study)7. This is in fact one 


of the main risks of the Stockholm Convention: it is very difficult (even for the EU) to predict the 


final outcome of a proposal as the listing is overall the result of political bargaining between 


Parties. 


• Finally, it should be noted that acceptable purposes (as well as other types of exemptions under 


the Convention) need to be applied for and designed by individual Parties to the Convention. 


Even if an acceptable purpose for transported intermediates was to be granted, all concerned 


Parties would need to  apply individually and equally across the globe to make use of the neces-


sary acceptable purpose(s). Failings in the application process by Parties would immediately and 


significantly disrupt transportation of D4, D5, D6 as monomer intermediates and impact the 


availability of silicones polymers. Given the essential need for silicones in most parts of the 


world, acceptable purpose negotiations and management would conceivably become unwork-


able as the Stockholm Convention was not conceived for including such a broad derogation.  


 


A profound revision of the legal feasibility and the assessment of impacts is needed prior to suggest 


listing of D4/5/6. It is also essential that, prior to establish broad derogations, the Convention text is 


amended to secure that acceptable purposes are granted by default, without individual applications. 


This modification is crucial to avoid disturbances in the value chain and secure supply across Parties.  


c. Closed-System Site-Limited Intermediate containment measures 


The Commission indicated that on-site intermediate use of D4, D5, D6 would be automatically ex-


empted as closed-system site-limited intermediates (CSSLI), as stated in the text of the Convention 


(see note (iii) under Annex B).  


However, the Stockholm Convention does not define CSSLI conditions, whose definition is left instead 


to individual Parties. This would likely create an unlevel playing field whereby Europe has already de-


fined stringent measures, and other countries: a) either do not have the necessity to set close system 


because they are not signatories, such as the USA, or b) are Parties of the Convention but have not set 


standards for closed systems. At the end this will give a competitive advantage to producers in non-EU 


countries. The standard applied in Europe is ‘Strictly Controlled Conditions’ (SCC). To our knowledge, 


no other Party has set specific requirements for how CSSLI should be implemented within their juris-


dictions. 


In the EU, SCC are defined in Article 18(4) (a) to (f) of the REACH Regulation. Rigorous containment is 


required to ensure that for all the steps from when the intermediate is manufactured until it is com-


pletely transformed into another substance, including during loading and unloading, there is no likeli-


hood of exposure for humans and the environment. It is applicable to the handling of intermediates 


on any scale, and it aims to minimise releases – and the possibility of exposure – through the design of 


the process and the equipment. 


 
7 The POPRC had recommended listing HCBD both under Annex A (elimination) and C (unintentional production) 
without exemptions. However, at the request of several parties, the COP did not follow the POPRC’s recommen-
dation and decided to list HCBD in Annex A without exemptions at its seventh meeting (2015).  
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Vessels, pipelines, pumps, and any other ancillary equipment must be designed and installed in a way 


that would ensure substance containment during normal operation. The principle of the “rigorous con-


tainment” has to be maintained even during connecting or disconnecting for loading/unloading. Any 


process step where the substance is not contained by technical means cannot be regarded as rigor-


ously contained. 


In a Stockholm listing scenario, such stringent measures would need to be applied at D4, D5, D6 man-


ufacturing sites but also at the downstream user sites who use these substances to make silicone pol-


ymers. The cost of implementing such robust emission containment measures would likely drive many 


players out of the market, thus making Europe more dependent on imports from the USA and China, 


the other main producers of silicones beyond Europe. The USA is a major producer of D4, D5, D6 as 


well as silicone polymers. The USA has not ratified the Stockholm Convention, so manufacturers would 


not need to invest major levels of capital to upgrade their processes to meet CSSLI strictly controlled 


containment standards, avoiding the investment and maintenance of the containment measures and 


with lower operational cost. Similarly, there would be no pressure to further reduce residues (UTCs) in 


silicone polymers beyond current levels. China is the largest siloxane and silicone producer in the 


world, accounting today for the majority of global supply. Although China is a party to the Stockholm 


Convention, there may be a high degree of uncertainty about what levels of measures would be im-


posed in China regarding setting of CSSLI standards and UTCs, as well as likelihood of enforcement. 


Further, in the absence of an UN definition of what working under CSSLI to produce siloxanes requires, 


Parties would be free to set lower standards than Europe. Application of the Convention in China might 


be less stringent than Europe.   


In order to avoid differences across Parties on the application of the CSSLI strictly controlled conditions, 


COM shall prioritize amendments to the Convention legal text that precisely establish and define 


CSSLI and devote time and resources to work towards consensus for this crucial definition. 


It is also important to note that such stringent manufacturing controls would be disproportionate as 


only a very small percentage of the environmental exposure in Europe is coming from manufacturing 


emissions, while the large majority stems from the intentional use that is the subject of the EU REACH 


restrictions. 


 


d. Regulation of residues in polymers 


A POP listing would negatively impact the production and use of silicone polymers also because D4, 


D5, D6 residues in polymers will be restricted or prohibited. The Stockholm Convention8 generally ex-


empts POPs occurring as “unintentional trace contaminants” (UTCs) in products and articles from the 


requirements under Annexes A and B. However, there is no precise definition of UTCs. This means that 


Parties must implement their own definitions and thresholds for UTC exemptions to enable an effec-


tive implementation of the Convention. While COM could set a UTC limit value at 0.1% in the EU, to 


mirror the concentration limits set under REACH (with which industry is working towards complying 


 
8 Note (i) under both Annex A and B reads: “Except as otherwise specified in the Convention, quantities of a 
chemical occurring as unintentional trace contaminants in products and articles shall not be considered to be 
listed in this Annex”. 
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and will comply to it latest by the entry into force of the REACH restriction), it is not guaranteed that 


other Parties will not set more stringent limits. This would create distortions in the market for silicone 


polymers, which would be subject to different rules across different countries. It should also be con-


sidered that COM is constantly reviewing UTC limits set under the EU POPs Regulation (Regulation 


2019/1021). For example, at the 28th POPCA meeting, the UTC limits for several substances were dis-


cussed with the purpose of lowering them. This indicates that, even if COM set concentrations limit at 


0.1%, silicone polymers would constantly be under regulatory pressure, generating a degree of uncer-


tainty that would drive investment outside of Europe.  


The different considerations on the definition of UTCs are not trivial. Small reductions in UTCs content 


could imply a need for disproportionate investments. A clear and common definition, a technical 


guideline, that builds a consensus across Parties for setting a UN UTC value for silicone polymers is 


needed prior to a D4, D5, D6 nomination. COM’s efforts shall be dedicated to developing a global 


still-to-be-done guidance that will be agreed and endorsed across Parties to serve as a common ref-


erence for silicone polymers’ impurities.  


 


e. Regulatory consequences on waste recycling  


The D4, D5, D6 manufacturing and polymerisation processes produce several important waste 


streams. Depending on the individual companies set up they may be shipped across the EU for recy-


cling in closed loop industrial processes. These waste streams can include, inter alia, spent silicon beds, 


spent polymerisation catalysts, direct process residues and siloxane polymerisation residues, which all 


contain varying levels of D4, D5, D6 ranging from ppm levels to several percent. In addition, volatile 


residues containing D4, D5, D6 in specific plants are then sent back to industry sites for recycling in 


industrial process. For those companies were shipping of waste streams is an integral part of the pro-


duction setup, any interruption to these waste shipments would result in siloxane sites shutting down 


in a matter of days.  


For all companies, recycling of products at all stages is a key objective, which would be strongly endan-


gered or even made impossible under a Stockholm listing. A POP listing of D4, D5, D6 would trigger 


automatic constraints/bans impacting the ability to ship, recycle, and safely mange waste. For instance, 


the Stockholm Convention9 and the Basel Convention on the Control of Transboundary Movements of 


Hazardous Wastes and their Disposal have a joint mandate on POPs waste and have agreed to coop-


erate closely on establishing levels of destruction and irreversible transformation necessary to ensure 


that POPs characteristics do not persist. EU POPs Regulation (Regulation 2019/1021) envisages that 


POPs can only be recovered from the waste for the sole propose to be destroyed.10 


“Allowed” concentrations of POP content in waste – so-called low-persistent-organic-pollutant con-


tent (LPC) – are set in the General Technical Guidelines on the environmentally sound management of 


wastes.11 LPCs are negotiated under the Basel Convention with the purpose of defining the value at 


which wastes are considered to be POPs wastes and, therefore, must be disposed of in such a way that 


the persistent organic pollutant content is destroyed or irreversibly transformed so that they do not 


 
9 Article 6 of the Stockholm Convention.  
10 Article 7(2) of Regulation 2019/1021. 
11 http://www.basel.int/Portals/4/download.aspx?d=UNEP-CHW.14-7-Add.1-Rev.1.English.pdf  
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exhibit the characteristics of persistent organic pollutants or otherwise disposed of in an environmen-


tally sound manner when destruction or irreversible transformation does not represent the environ-


mentally preferable option or the persistent organic pollutant content is low (Article 6.1 d ii). Hence, 


LPCs are crucial for defining appropriate methods and options for POPs waste disposal. In order to 


secure that waste streams containing D4, D5, D6 are allowed to be process after a POPs inclusion, the 


technical guidance of the Basel Convention will have to be amended, thus adding a layer of uncertainty 


and further burden for sound management of D4, D5, D6 waste. Even if COM could secure workable 


LPC values under the Basel Convention, in the case of a POP listing of D4/5/6, those could not be recy-


cled and would need to be manufactured from virgin silicon metal, leading to increasing CO2 emissions 


and reduced recycling. 


If COM were unable to secure such LPC values, all waste containing silicone polymers from D4, D5, D6 


would go to incineration. The industry would not be able to recycle devices with silicone parts, volatile 


materials containing D4/5/6, and silicone polymers with residues below 0.1% w/w of D4/5/6. This 


clearly is in contradiction with the EU circular economy objective of increasing the recycling rates.  


Recycling silicones will only work technically and economically at large economies of scale, with 


transport of the waste streams secured globally and across Europe.  


With a listing of D4, D5, D6 under the Stockholm Convention and, subsequently in the Basel Conven-


tion, this transport would be only workable when: a) residuals are set to at least 0.1% by weight in the 


Basel Convention, and b) under a Stockholm Convention listing, exemptions are included to produce 


D4, D5, D6 through recycling processes. These two conditions are essential and yet extremely difficult 


to secure in a highly uncertain negotiation of both treaties, which COM would trigger with a POP listing 


of D4/5/6. There is a clear risk that a POP listing of D4, D5, D6 will hamper and impede recycling in 


Europe. 


Furthermore, beyond the Basel Convention, the legal effects of a POP listing would also resonate in 


other pieces of EU legislation, for example: 


• Due to non-recyclability of POPs, D4, D5, D6 would also be considered as substances of 


concern under the current proposal for a Regulation establishing framework for setting 


ecodesign requirements for sustainable products.12 


• Regulation (EU) 2020/852 on the establishment of a framework to facilitate sustainable 


investment states that “environmental objectives” must be interpreted in accordance, 


among others, the EU POPs Regulation (Regulation 2019/1021).13 This would impede ac-


cess to environmentally sustainable investment for silicone polymers recycling activities.  


 


A thorough legal and impact assessment on the impacts that the listing of D4, D5, D6 under the 


Stockholm Convention should assess the impact on recycling of silicones. This assessment shall in-


clude also the indirect consequences of an uncertain regulatory scenarios and how this would affect 


to the investments needed to boost silicones’ recycling in Europe.  


 
12 Article 3(28)(c) of the draft Regulation. 
13 As clarified in Recital 27 of Regulation (EU) 2020/852. 
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f. A POP listing would create an unlevel playing field and hinder Europe’s strategic autonomy 


A listing under the Stockholm Convention would create an unlevel global playing field, as the provisions 


of the Stockholm and Basel Conventions will be applied differently across Parties – not all of which 


implement measures as diligently as the EU does – and Observers (USA).  


For the reasons above, in a scenario where D4, D5, D6 are listed as POPs, investments in Europe for 


production would be disadvantageous due to the large operational and capital investment costs, lead-


ing to increase of investments in other regions, such as China. Further, Chinese manufacturers would 


likely commit additional investment to capture the business opportunity of replacing current EU man-


ufacturing and becoming the primary source of silicone polymers for the EU market. This would be 


contrary to the EU’s open strategic autonomy objective and it would put at risk the achievement of 


the Net Zero Industry Act's objectives, given the criticality of silicone polymers for several strategic 


technologies (e.g. batteries, solar panels, wind turbines, etc.). 


The net result would be that European producers would be disadvantaged in comparison to producers 


in China and the USA. However, Europe’s need for silicone products will continue to grow, so this need 


will be met on an increasing basis by producers in China and the USA, whilst driving producers in Eu-


rope out of the market. 


Aside from being an essential enabler of the EU strategic autonomy, silicones are also at the heart of 


many of the EU’s strategic value chains.14  


D4, D5, D6 are manufactured from silicon metal, which is included in the Critical Raw Materials Regu-


lation as a “critical raw material” and a “strategic raw material” and, in line with the Net Zero Industry 


Act, is essential to scale up the European manufacturing capacity for net-zero technologies in fields 


such as solar photovoltaic, onshore wind and offshore renewable technologies, etc. 


Since silicon metal is a critical raw material, EU strategies requests that the outmost is done to be 


recovered/recycled in EU operations, including intermediate processing steps, in order to reduce im-


port dependency on silicon metal. However, after the inclusion D4, D5, D6 as POPs, recycling will only 


work technically or economically if residuals are allowed as set as at broadly REACH restriction levels 


(0.1%). Otherwise, there will be no recycling in Europe and/or manufacturing will migrate elsewhere 


where recycling will not necessarily be a priority. 


 


g. Science strongly suggests that D4, D5 and D6 are not POPs 


Since the first POP listing proposal was made for D4, the silicone industry has been generating scientific 


information to address questions on long-range environmental transport (LRET) of D4, D5, D6 and the 


potential for presence in the receiving environment, to assess whether it could meet the POP criteria, 


 
14 From batteries to autonomous vehicles to ICT, satellites and even healthcare innovation. Under a POP listing 
scenario, the EU would become reliant on silicone product imports for a range of strategically critical and inno-
vative markets – e.g. solar panels enabling satellites working in space – thereby compromising its objective of 
strategic autonomy.   
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as set out in Annex D and E of the Convention.15 We also note with concern that ECHA’s scientific 


review in support of the current listing proposal has not considered streams of literature, from 2015 


onwards, which would not support a POP listing.16  


In particular, we believe that there is currently not enough evidence to claim that D4, D5, D6 meet the 


LRET criterion. For example, current evidence shows limited LRET in air for D4, which appears to readily 


degrade in the air. Additional research is ongoing to determine, inter alia, D4’s real half-life in air using 


measurements in the environment, as previous predictions based on standard models were found to 


significantly overstate D4’s measured half-life. Science further shows that due to its physico-chemical 


properties, D4 does not undergo long-range transport in water. Besides, measured concentrations in 


remote environments tend to be less than or close to analytical detection limits and are likely to be 


caused by local sources.  


During the 28th POPCA meeting, some Member States raised concerns over a lack of consideration by 


ECHA of the possibility that the presence of D4, D5, D6 in remote areas is determined by local sources 


of pollution, rather than by the substances meeting LRET properties.  


Significant evidence has also emerged questioning the validity of the methodology and the credibility 


of the conclusions reported in the Sanchís et al. (2015)17 study, which was presented by ECHA as a key 


study in justifying the potential to meet the LRET criterion and thereby supporting the need to regulate 


D4, D5, D6 as POPs. In this context, the compiled opinion of ECHA’s committees for Risk Assessment 


(RAC) and Socio-Economic Analysis (SEAC) of 2020 pointed out that “the long-range transport potential 


of D4, D5, D6 are still the subject of scientific debate”.18 


There are uncertainties across LRET properties of D4, D5, D6 in the scientific community that are not 


resolved. This is in contrast with other substances proposed for listing under the Stockholm Conven-


tion, where scientific evidence was strong and unequivocal. The POP listing of D4, D5, D6 would lead 


to major debates across the globe on the hazard of the substances. Having a clear and agreed consen-


sus across scientists on, inter alia, the LRET properties of D4, D5, D6 is key for a nomination mandate.  


 


h. Tools to regulate direct uses are already available 


Trends in regions other than the EU already indicate an increased level of action to potentially regulate 


direct use of D4, D5, D6 in a broadly comparable manner to the REACH restrictions. There is conse-


quently a genuine opportunity to pursue a policy of regulatory collaboration and alignment that would 


make use of the Stockholm Convention both unnecessary and inappropriate. Examples of such devel-


opment on a global basis currently include: 


 
15 Annex D of the Stockholm Convention sets the criteria for a substance to be identified as a POP, while Annex 
E sets the information requirements to assess if a substance meets this criterion. 
16 https://circabc.europa.eu/ui/group/464a2dd9-149d-47d7-bfe2-98bac9af5f06/library/219ea33d-7ce9-4f16-
b496-e53859737873/details  
17https://www.researchgate.net/publication/272078152_Unexpected_Occurrence_of_Volatile_Dimethylsilox-
anes_in_Antarctic_Soils_Vegetation_Phytoplankton_and_Krill   
18 Consolidated RAC-SEAC opinion p. 6 https://echa.europa.eu/documents/10162/44c5f15a-a022-5084-762e-
03bbb00599d5  
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• Canadian Pollution Prevention Planning: threshold limit on industrial emissions of D4 im-


plemented in 2013.  


• Japan Chemical Substances Review Committee: D4 assigned to "Monitoring Chemical” 


based on meeting P and B criteria.  


• ASEAN Cosmetics Association: ongoing review of D4 with focus on PBT/vPvB.  


• China Solid Waste and Chemicals Management Center of the Ministry of Ecology and En-


vironment (SCC-MEE): ongoing environmental risk assessment on D4 and potential future 


risk assessment on D5 and D6 with focus on PBT/vPvB; monitoring of D4, D5, and D6 con-


centrations in the environment and in consumer care products is currently ongoing.  


• China Association of Fluorine and silicone industry (CAFSI): ongoing work on industrial 


emission standards for all cyclics and product level standards for a number of silicone prod-


uct categories.  


• Korean Ministry of Environment: D4, D5, and D6 are included on the revised South Korea 


Designation of Critical Controlled Substances list, provided for in K-REACH Regulation with 


focus on PBT/vPvB.  


• US Environmental Protection Agency (EPA) D4 Manufacturing Requested Risk Evaluation: 


ongoing review of D4 with a focus on environmental and health aspects assessing potential 


occupational, fence line and general population risk. 


 


// ends  
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		Template for providing comments on the draft scientific dossier for an EU proposal by the European Commission to list D4, D5 and D6 in Annex B to the Stockholm Convention on POPs  

(Please use this format as it is in the interests of fast processing and consolidation of all comments)

Do not add extra columns or change the formatting





		Comment No.		Section (use drop-down menu)		Sub section (use drop-down menu)		Paragraph number (first relevant line number as integer only; in case of multiple lines, indicate them in the comment field)		Comment                                                                                                                       NOTES: (i) if your comment is for proposing addition or deletion of text please give details of the preceding and following current text so it is clear where the revision is to be made; (ii) if the comment relates to several paragraph numbers please list ALL paragraph numbers or the range of paragraphs [in this field, NOT in Column D].

				1. Introduction 		1		1		"They have been grouped for the purposes of this proposal as they have a similar chemical structure and hazard profile and D4, D5 and D6 could substitute each other which could lead to regrettable substitution".  We disagree that grouping these substances is appropriate. Distinct differences in  physical chemical properties of the three substances will influence both the fate in the environment and the hazard profiles that should be taken into account and acknowledged.

				1. Introduction		1		1		"They are manufactured and used in a variety of sectors such as the construction (sealants, paints and coatings), automotive (parts and lubricants), electronics, pulp and paper, oil and gas, medical and aerospace/defence sectors".  Please note that in most cases it is silicone polymers that are used in the applications listed. 

				1. Introduction		1		2		1) "According to Environment Canada, Health Canada (2008abc), the application of D4-, D5- and D6-containing pesticides on crops and the disposal of sewage sludge on agricultural lands, by incineration and by deposit in landfills will result in the release of D4, D5 and D6 to environmental media. 2) Monitoring data indicate that D4, D5 and D6 are widely dispersed in the environment and are found in remote regions."  1) The application of D4-, D5- and D6-containing pesticides on crops and the disposal of sewage sludge on agricultural lands, by incineration and by deposit in landfills is not a use specified in the Reach Registration dossier. 2) Not all monitoring data available on these substances may be reliable and should be checked. Data from remote regions should be assessed for local  sources as opposed to long range transport. 

				1. Introduction		1		4		"The proposal is based on the PBT/vPvB assessments performed at the EU level under the REACH Regulation (ECHA 2018a,b,c), information from peer-reviewed scientific journals as well as grey literature."  Please note that this proposal is missing at least 54 peer review publications/authoritative assessments.   A complete review and valid assessment of the data is warranted.   We believe many of the conclusions drawn in the dossier are based on selected data/text (and thus incomplete from study reports and publications and/or may not have a sound scientific basis. On several occasions,  the dossier uses a known behaviour of  D4, D5 or D6 and from that reaches  an inappropriate conclusion to meet an Annex D Criteria (i.e. the scientific criteria for a POP nomination). 

				3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.1 Persistence		8		"D4 and D5 have a high tendency to adsorb to sediments and particles which hinders hydrolysis".                      For each substance, hydrolysis half-life varies with pH and temperature. Note that while sorption does not directly influence hydrolysis, it may alter the significance of hydrolysis to the substances' fate in a specific environment. The extent to which sorption attenuates hydrolysis (or other processes such as volatilization) under specific environmental conditions can and should be evaluated quantiatively and objectively through multi-media modeling.

				3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.2 Bioaccumulation		19		"The predicted growth-corrected BCF values using method 1 models (as refer to in the OECD TG 305 guidance (OECD, 2017))" The possibility of estimating a Bioconcentration Factor (BCF) value from a Biomagnification Factor (BMF) study is discussed in the Guidance Document on Aspects of OECD TG 305 (OECD, 2017).  The guidance document recommends testing all models in the tool since there is no single best model for predicting BCFs from BMFs. The reliability of each sub-model has not been fully assessed due to the limited size of training sets, and the range of model outcomes is wide, spanning two orders of magnitude. Therefore, selecting the best or most appropriate value is challenging, even though estimation is considered "possible" in certain cases. Further, clear scientific support is needed to validate this approach for estimating BCFs.

				3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.2 Bioaccumulation		20		"The results are based on total 14C measurements, although a similar value would be expected for the parent compound"  and  "The predicted growth-corrected BCF values using method 1 models (as referred to in the OECD TG 305 guidance (OECD, 2017))"  D4 and D5 biotransform in the intestinal tract (but not the liver), which may explain the low dietary uptake efficiencies found for D4 and D5 in trout and BMFL’s less than 1. (Cantu M and Gobas F. 2019. Bioaccumulation of hydrophobic linear siloxane compounds in rainbow trout (Oncorhynchus mykiss). Poster presentation RP 204 at the Society of Environmental Toxicology and Chemistry (SETAC) North
America 40th Annual Meeting, November 3-7, 2019, Toronto, Ontario, Canada)                                                           

				3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.2 Bioaccumulation		27		Lake Champlain: Report Conclusions: Reliable trophic magnification factors (TMFs) could not be obtained for cVMS or PCB in the aquatic food web of Lake Champlain. Experimental sampling design, concentration gradients, and species migration patterns across a study area have a large impact on the determination of TMF. The complexity of Lake Champlain and the occurrence of concentration gradients and variable species migrations patterns across the study area, were likely the major contributing factors that prevented reliable field TMFs to be obtained. This situation was further complicated by the experimental sampling design, which did not include collection of benthic macro invertebrates and allowed samples to be collected from numerous areas in the lake rather than limiting sample collection to the areas of highest exposure. Modeling illustrated that study areas with homogenous exposure conditions and concentrations are best suited to determine TMFs that accurately represent the bioaccumulative properties of cVMS and other substances. 

				3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.2 Bioaccumulation		28		"Biomagnification factor (BMF) of 1−20 for D4 in midge larvae, burrowing mayfly and two fish species; BMF of 1.1−5.3 for D5 in midge larvae and burrowing mayfly and a BMF of 1.6 for D6 in midge larvae in Lake Pepin in the USA (Powell et al., 2009a)". It is also important to note this study was conducted to assess Trophic magnification and the data demonstrated that: TMFs for the three cVMS materials were all < 1 ( range 0.1 to 0.3) indicating trophic dilution across the aquatic food web

				3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.2 Bioaccumulation		30		"Interpretation of these BMFs is complicated by the low levels found in the lowest parts of the food chain and by the high and variable analytical background concentrations which introduced some uncertainties into the data."  It is also important to note that the authors indicated that although Lake Opeongo is remotely situated from any significant sources of cVMS materials originating from sewage and runoff but was observed to be a very popular location for canoeing and camping. Use of personal care products during recreational activities could not be definitely excluded as a potentially significant source of cVMS materials to the lake. These preliminary results indicated that concentrations of the cVMS materials in the sediments and biota of Lake Opeongo were low and were typically less than or equal to the analytical limits of detection.

				3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.2 Bioaccumulation		38		This general comment refers to paragraphs 38-46. The section on toxicokinetics does not provide a full overview of all publicly available information. Numerous peer-reviewed publications and information provided in the REACH dossier were not considered in the dossier, and while regulatory assessments from UK authorities and SCCS have been used for the assessment and cited in the dossier, the key conclusions drawn by other regulatory bodies in each assessment (=no concern for bioaccumulation) were not discussed.

				3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.2 Bioaccumulation		40		The statement “According to the opinion of the Scientific Committee on Consumer Safety (or SCCS), there is evidence that D4 accumulates in adipose tissue (SCCS, 2010).” is incorrect; nowhere in SCCS (2010), such a statement is made. On the contrary, both SCCS (2010) and SCCS (2016) (Scientific Opinion on Decamethylcyclopentasiloxane) assessed the potential for bioaccumulation in mammalian tissues for D5, which included a detailed review of all available data and the published PBPK model, and concluded that there is no concern for bioaccumulation for D5. 

				3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.2 Bioaccumulation		46		The statement “Finally, toxicokinetic data indicate that there is evidence that D4 and D5 accumulate in adipose tissue/fat of rats.” is incorrect. As described in several peer-reviewed publications (see e.g.  Andersen et al., 2008; Franzen et al., 2017), abundant elimination (both via exhalation and metabolic/urinary clearance) of both D4 and D5 prevents bioaccumulation. The lack of any concern for bioaccumulation was confirmed for all three cyclics in assessments by regulatory bodies (UK Environmental Agency (2009abc) and SCCS (2010 and 2016). 
A PBPK model for D4 and D5 in rats and humans, for oral, dermal and inhalation exposure, is publicly available and confirms the lack of bioaccumulation, but has apparently not been considered in this assessment. 

				3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.2 Bioaccumulation		46		"However, biomagnification or trophic magnification (BMF or TMF>1) is possible for some pelagic food webs" The TMF>1 may not necessarily be due to this system being a pelagic food web but more to do with the presence of exposure gradients.                                                                                                                                                                                          "It is important to note that high bioaccumulation in a part of the food chain may have unpredictable effects throughout other parts of the food chain as well. " Please provide scientific support for this statement.             "Finally, toxicokinetic data indicate that there is evidence that D4 and D5 accumulate in adipose tissue/fat of rats" This is not correct please see the comments concerning the toxicokinetics assessments above.  Andersen 2008 clearly demonstrated that D4 and D5 were not bioacumulating .

				3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.3 Potential for long-range environmental transport		54		 "Sanchís et al. (2015b) calculated snow scavenging ratios (WS) of 89, 62 000, and 120 for L3, D6, and naphthalene (having a similar vapor pressure as cVMS), respectively (derived by using a snow surface area of 0.37 m2/g and assuming a snow density of 0.3 kg/L instead of an SAI of 1000). The derived WS for naphthalene is according to Sanchís et al. (2015b) three orders of magnitude lower than the field measures (4.6 × 105), suggesting that WS for VMS could be significantly higher than these estimates."     
This data demonstrates there is a discrepancy between a estimated value and a laboratory derived value. There is no scientific logic to assume the uncertainty lies on the laboratory derived value.  


				3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.3 Potential for long-range environmental transport		54		"...thus further highlighting the uncertainty of the KiA and WT values derived by Xu and Vogel (2021) for D4 and D5".   The polyparameter linear free energy relationship used by Mackay et al. (2015) is derived based on data with non-organosilicone compounds as training set therefore this is also uncertainty that should be consided in that derivation.  

				3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.3 Potential for long-range environmental transport		55		"Considering the high global volumes of these substances even a low percentage of deposition and transfer to a receiving matrix (water (including sediment) or soil) is of potential concern for remote areas"  We were unable to find or verify the calculation to support this statement.  The dossier indicates multiple modes of LRT contribute to the presence of cVMS in remote polar regions. Without calculating the potential contribution of those modes of LRT to assess, it is difficult to assess whether they could lead to detectable concentrations. he dossier disregards and does not acknowledge the conclusions of scientific experts who 
have already reviewed the monitoring data available on cVMS in remote regions. The peer reviewed and publicly available literature contains reviews indicating that the presence of these materials in remote regions is more likely attributed to local sources rather than long range environmental transport.


				3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.3 Potential for long-range environmental transport		58		"Furthermore, modelling predictions (OECD Pov and LRTP Screening Tool, GloboPOP model, ACP) described above did not account for sorption on inorganic particles in aerosols, nor the possible formation of D4 following transformation of sorbed D5 on aerosol surface."  Please consider that aerosol effects also will reduce the residence time in air and thus the travel distance.                  

				3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.3 Potential for long-range environmental transport		62		"...local sources alone cannot explain the concentrations of D4, D5 and D6 detected in remote areas"   How was it determined that local source alone cannot explain the concentrations?

				3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.3 Potential for long-range environmental transport		65		McLachlan's (2018) calculation, meant to represent an upper limit on the rate of gaseous deposition to soil or vegetation, shows that the time constant for deposition of a chemical to foliage can be much higher than it is for gaseous deposition to water, as well as other deposition processes. But this larger deposition rate to foliage appears to not be specific to VMS, but instead represents a generic value, which is then compared to the estimated rates of the other deposition processes. The more accurate statement should be, "McLachlan calculated that the upper limit on the rate of gaseous deposition of a chemical (non-specific) to foliage could be much higher than the estimated rate for VMS deposition to water or other deposition processes (e.g., dry aerosol-bound deposition)." 

				3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.3 Potential for long-range environmental transport		70		"The presence of D4, D5 and D6 in remote areas can be explained by atmospheric transport in the gas phase and bound to the atmospheric aerosols, followed by a possible deposition (wet deposition (via rain and snow), gaseous deposition (in particular on foliage) and dry aerosol-bound deposition (including on inorganic aerosols)"                    The amounts of cVMS remaining on the aerosols and the aerosol flux to the polar region is too small to make any effects on the cVMS concentrations in the remote regions.

				3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.4 Adverse effects		76		 While the cited study for the avian reproduction study with D5 is indeed a range finding study, there is also a definitive Japanese quail (Coturnix coturnix japonica) reproduction study for D5 (Stafford, 2013).  The No-Observed-Effect Concentration (NOEC), based on adult and hatchling body weight, adult feed consumption, eggshell thickness and all reproduction endpoints, was determined to be 1000 mg D5/kg feed (143.5 mg D5/kg body weight/day). The Lowest-Observable-Effect Concentration (LOEC) was determined to be > 1000 mg D5/kg feed.  These dietary concentrations are significantly higher than known environmentally-relevant concentrations, and D5 is easily metabolized and excreted in terrestrial vertebrates, providing evidence that direct and indirect exposure to D5 does not pose any risk to avian receptors.                                                                 

				3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.4 Adverse effects		104		An OECD guideline 206 avian reproduction study was conducted with D5.  The No-Observed-Effect Concentration (NOEC), based on adult and hatchling body weight, adult feed consumption, eggshell thickness and all reproduction endpoints, was determined to be 1000 mg D5/kg feed (143.5 mg D5/kg body weight/day).

				3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.4 Adverse effects		104		The document states in part “The adverse effects to the environment are based on harmonised classification of D4 as Aquatic Chronic 1 (very toxic to aquatic life with long lasting effects). D4 is toxic to fish and to aquatic invertebrates. A novel test method using headspace passive dosing indicates that D4 has as a moderate chronic toxicity to algae”.  However, it would be useful to place the purported “very toxic to aquatic life” for D4 in context to environmental exposure reality.  For example, data published by researchers from Environment Canada (Wang et al., 2013) contain measured wastewater treatment plant (WWTP) receiving water concentrations.  Using the hazard quotient (HQ) ratio with algal, invertebrate, and vertebrate species based on D4, D5, and D6 concentrations in Canadian receiving water, ( <0.009–0.023 mg L-1, <0.027–1.48 mg L-1, and <0.022–0.151 mg L-1, respectively)  for D4  range from 8.8E-05 to 5.2E-03; indicating  a low risk of D4 aqueous exposure to aquatic organisms, which is useful for placing the identification of D4’s “very toxic to aquatic life” classification in context.  

				3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.4 Adverse effects		104		Paragraph 104:  The document states in part “D4, D5 and D6 are concluded toxic to sediment organisms (toxicity to Lumbriculus variegatus for D4 and to Chironomus riparius for D5 and D6).”  The elevated lipophilicity of these chemicals (Log KOW >6 and Log KOC >4) indicates that sediment sorption is a likely efficient removal mechanism of these compounds from the water column.  Woodburn et al. (2018) performed a quantitative risk assessment of D4/D5/D6 witih benthic invertebrate species.  No risk was predicted for D4 or D5 and negligible risk (HQ ~1) predicted for D6; sediment fugacities indicate that a negligible risk (1%) exists for benthic species exposed to D6. 

				3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.4.2 Adverse effects to human health		80		ECHA states that “This mechanism is analogous in both rats and humans”.  In the rodent, the timing of the pre-ovulatory LH surge is determined by the brain, being triggered by a discharge of GnRH induced by a circadian neural signal that is coupled to the light-dark cycle and gated by an action (positive feedback) feedback) of estradiol in the preoptic area (POA) that, in part, is exerted on the population of kisspeptin neurons in the anteroventral periventricular nucleus (AVPV). Operation of this LH surge-inducing neuroendocrine system may be readily blocked by barbiturate anesthesia (Plant, 2012). 

In contrast to the rodent, any diurnal input to the timing of the LH surge may be overridden by increasing the magnitude of the estradiol signal. The positive feedback action of estradiol in the human is mediated at the level of both the mediobasal hypothalamus (MBH) (to discharge GnRH) and pituitary (to enhance pituitary responsiveness to GRH), but in humans, the site of action of positive estradiol feedback appears to be exerted exclusively at the level of the pituitary (Plant, 2012). Therefore, the stimulation and control of the release of the pre-ovulatory LH surge is distinctly different in rats and humans. So, it is inappropriate to state that the mechanism is analogous in rats and humans.

"This mechanism is analogous in both rats and humans; however, according to the Siddiqui et al. (2007a) humans do not have this critical short daily time window relevant for the pre-ovulatory LH surge" 

				3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.4.2 Adverse effects to human health		80		4th Sentence;  Plant TM.  2012. A comparison of the neuroendocrine mechanisms underlying the initiation of the preovulatory LH surge in the human, Old World monkey, and rodent.  Frontiers in Neuroendocrinology, 33:160-168

The stimulation and control of the release of the pre-ovulatory LH surge is distinctly different in rats and humans. So, it is inappropriate to state the mechanism is analogous in rats and humans.

				3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.4.2 Adverse effects to human health		81		Sentence 2 "However, in a 90-day inhalation toxicity study in Fisher 344 rats a treatment-related increase in the incidence of ovarian interstitial gland hyperplasia and vaginal mucosal mucification and atrophy in female rats were observed at the top concentration of 233 ppm (3635 mg/m³) (Burns-Naas et al., 1998)."

This effect has no analogy in aging women and therefore is not relevant for human health assessment.

				3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.4.2 Adverse effects to human health		94		Last sentence:  Please note that histopath findings on D5 are available in studies where liver enlargement is seen (Burns-Naas et al., 1998; Klaunig 2016; and Jean et al., 2016, McKim et al. 1999)  The authors concluded that the changes in the rat liver enzyme expression were nearly identical to D4and that both are consistent with a phenobarbital like response.

				3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.4.2 Adverse effects to human health		95		First sentence:  Markers such as this enzyme must be correlated with the histopathology and in this case there was no support for liver damage
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		Template for providing comments on the draft scientific dossier for an EU proposal by the European Commission to list D4, D5 and D6 in Annex B to the Stockholm Convention on POPs  

(Please use this format as it is in the interests of fast processing and consolidation of all comments)

Do not add extra columns or change the formatting





		Comment No.		Section (use drop-down menu)		Sub section (use drop-down menu)		Paragraph number (first relevant line number as integer only; in case of multiple lines, indicate them in the comment field)		Comment                                                                                                                       NOTES: (i) if your comment is for proposing addition or deletion of text please give details of the preceding and following current text so it is clear where the revision is to be made; (ii) if the comment relates to several paragraph numbers please list ALL paragraph numbers or the range of paragraphs [in this field, NOT in Column D].

		1		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.4.2 Adverse effects to human health		77		¶77 reveals that the evaluation and the decision to list D4 was based on an incomplete and biased dataset.  This diminishes the integrity of the entire section, the evaluation of data, and the decision to recommend listing D4. Toxicity evaluations for cyclic siloxanes have been published in the scientific literature, but citations for these are missing from the reference list and from this paragrph.  Moreover, these missing publications do not appear to have been considered in reaching an overall conclusion.  In the interest of scientific transparency, these publications should have been listed, and in the interest scientific integrity and avoiding bias, these publications should have been considered in reaching a determination to list D4.  This entire section should be revised to take into account the full extent of the publised literature and to avoid conclusions reached on the basis of inadequate literature evaluation.  Additional missing publications are noted in the comments below, but a few of the overall evaluations of D4 toxicology that were not included in the proposal to list D4 include:
Franzen A, Greene T, Van Landingham C, Gentry R. 2017. Toxicology of octamethylcyclotetrasiloxane (D4). Toxicol Lett. 279 Suppl 1: 2-22. 
Jean PA, Plotzke KP. 2017. Chronic toxicity and oncogenicity of octamethylcyclotetrasiloxane (D4) in the Fischer 344 rat. Toxicol Lett. 279 Suppl 1: 75-97.
Dekant W, Scialli AR, Plotzke K, Klaunig JE. 2017. Biological relevance of effects following chronic administration of octamethylcyclotetrasiloxane (D4) in Fischer 344 rats. Toxicol Lett. 279 Suppl 1: 42-53.
Matthews JC. 2021. A mechanistic evaluation of the potential for octamethylcyclotetrasiloxane to produce effects via endocrine modes of action. Crit Rev Toxicol. 51: 571-590.
Pauluhn J. 2021. Inhalation toxicity of cyclic semi-volatile methylsiloxanes: Disentangling the conundrum of phase-specific adaptations from adverse outcomes. Regul Toxicol Pharmacol. 122: 104923.

		2						78		This comment pertains to ¶78, 79, 
¶78  concludes that "According to toxicokinetic studies, D4 and D5 are not extensively absorbed via the oral route and therefore, the inhalation route of exposure is more suitable."  The evaluation should therefore take into consideration the relevant toxicokinetic data that inform the interpretation of adverse effects observed following exposure via the inhalation route.  Subsequent comments herein pertain to the failure of the EU proposal to do so.

		3						79		¶79 renders a biased conclusion based on omission of relevant published data.  It states that the main adverse effects observed with D4 were dose-dependent decreases in numbers of corpora lutea starting at 300 ppm with statistical significance at 700 ppm.  Pre- and post-implantation losses, decreased implantation sites, decreased mean live litter sizes and lower number of pups born, were observed exposure concentrations of 500 ppm or higher. Therefore, 300 ppm was the lowest inhalation exposure concentration at which adverse effects are observed.  In light of the statement in ¶78 that toxicokinetic studies are the basis for basing this evaluation on the inhalation route of exposure, the evaluation should have considered toxicokinetic data indicating that metabolism of D4 begins to reach saturation at inhalation eposure concentraions of 300 ppm [Sarangapani R, Teeguarden J, Plotzke KP, McKim JM, Andersen ME. 2002. Dose-response modeling of cytochrome p450 induction in rats by octamethylcyclotetrasiloxane. Toxicol Sci. 67: 159-172].  Instead, EU proposal fails to cite this publication and completely ignores these relevant data.  In light of these toxicokinetic data, it is clear that the effects on which the EU proposal is based are not relevant to exposure concentrations below 300 ppm, at which metabolism of D4 is not saturated (concepts are explained in Borgert CJ, Fuentes C, Burgoon LD. 2021. Principles of dose-setting in toxicology studies: the importance of kinetics for ensuring human safety. Arch Toxicol. 95: 3651-3664.)  Thus, adverse effects observed at exposure concentrations above 300 ppm are not relevant to rats exposed to concentrations lower than 300 ppm, much less to humans exposed to concentrations lower than 300 ppm.  The proposal should be revised to explain this fact and to correct the analysis by excluding adverse effects observed above the saturation limit of 300 ppm, which are not relevant to rats or humans exposed to lower concentrations.

		4						80		¶80 renders a biased conclusion based on omission of relevant published data. It postulates an indirect action of D4 on hormonal control of the rat female reproductive system as a possible mode of action for adverse effects on fertility in rats observed at high doses at which metabolism of D4 is saturated (see comment above regarding ¶79).  Thus, the postulated mode of action lacks relevance even for rats exposed to D4 at concentrations below the point of metabolic saturation (300 ppm).  ¶80 also discusses the lack of human relevance of the postulated mode of action, irrespective of the exposure concentration, but inexplicably concludes that because clinical studies on humans administered barbiturates fails to prove a negative for effects on fertility, that such effects cannot be dismissed.  Clearly, the stated basis for not excluding effects on fertility is based on scientifically flawed rationale.  First, failure to prove a negative in clinical studies is scientifically imposslbe from a logical standpoint and this argument should be deleted from the proposal.  Second, irrespective of that flawed logic, the conclusion cannot be justified on the basis of a unsupported, postulated mode of action that is kinetically irrlevant in rats exposed to concentrations below those that saturate metabolism and mechanistically irrelevant to humans. ¶80 should be corrected to conclude that because the postulated mode of action for effects on fertility is irrelevant to humans both kinetically and mechanistically, and the fact that evidence for effects on fertility is lacking in humans exposed to drugs thought to act by the postulated mechanism in rats, effects on fertility observed in rats cannot be considered relevant to humans.

		5						81		¶81 renders a biased conclusion based on omission of relevant published data. It attributes the lack of observed reproductive toxicity in rats exposed to D5 at concentrations of up to 160 ppm in a two-generation study and at concentrations up to 132 ppm in a one-generation study is due to inadequate concentrations based on the observation of a treatment-related increase in the incidence of ovarian gland intestitial hyperplasia and vaginal mucosal mucification and atrophy in a 90-day study in rats administered  up to 233 ppm D5.  There are two flaws in this conclusion that should be corrected.  First, this conclusion is reached without considering the effect of sensory irritation produced in rats exposed to aerosols of D5 that invariably occur at high concentrations in inhalation chambers.  The conclusion does not consider this effect because the EU proposal completely ignored the publication that reports on this phenomenon [Pauluhn J. 2021. Inhalation toxicity of cyclic semi-volatile methylsiloxanes: Disentangling the conundrum of phase-specific adaptations from adverse outcomes. Regul Toxicol Pharmacol. 122: 104923.].  Sensory irritation produced by aerosols is not related to the chemical itself, but to the aerosols.  Therefore, 160 ppm D5 may simply have produced no reproductive toxicity at concentrations below 233 ppm because D5 is not a reproductive toxicant, and insufficient aerosols are produced at lower concentrations to produce this sensory irritation, which is unrelated to the specific chemical.  ¶81 should be corrected accordingly.

		6						82		¶82 renders a biased conclusion based on omission of relevant published data. The Danish Centre on Endocrine Disruptors, the cited source for the conclusing that D4 is an endocrine disruptor, committed the same error by ignoring relevant published  literature.  It has been shown that the interaction of D4 with ERα (D4 does not interact with ERβ) is insufficiently strong to produce effects through the estrogen pathway  [Borgert CJ, Matthews JC, Baker SP. 2018. Human-relevant potency threshold (HRPT) for ERα agonism. Arch Toxicol. 92: 1685-1702; Matthews JC. 2021. A mechanistic evaluation of the potential for octamethylcyclotetrasiloxane to produce effects via endocrine modes of action. Crit Rev Toxicol. 51: 571-590].  Therefore, the Danish Center and the EU proposal should have interpreted the weak interaction of D4 with ERα and with estrogen-sensitive endpoints in screening-level assays as evidence that D4 lacks the potential to produce physiological effects via the estrogen pathway.  By omitting these relevant studies, the proposal reaches a biased and inaccurate conclusion that should be corrected.  In yet another analysis of D4 toxicity that was ignored and not considered by the EU proposal, it was explained why non-endocrine modes of action are more likely responsible for the effects of D4 on reproduction and estrogen-responsive tissues [Andersen ME. 2022. Assessing modes of action, measures of tissue dose and human relevance of rodent toxicity endpoints with octamethylcyclotetrasiloxane (D4). Toxicol Lett. 357: 57-72.]  

		7						88		¶88 summarizes the conclusions of SCCS, which reached it's determination without considering all of the relevant data.  D4 has been shown to lack significant interaction with dopamine receptors [Baker, SP. 2010.  TECHNICAL REPORT
Potential for Octamethylcyclotetrasiloxane and Decamethylcyclopentasiloxane to Interact With and Activate the Dopamine D2 Receptor in Rat Striatal Membranes
Octamethylcyclotetrasiloxane and Decamethylcyclopentasiloxane].  ¶88 should be corrected to conclude that the available evidence indicates that D4 does not act via a neuroendocrine mechanism involving dopamine receptors and that due to differences in the aging process in rats versus humans, the mode of action in rats cannot be considered relevant to humans.

		8						89		¶89 is incorrect regarding the potential for D5 to act as a dopamine agonist because D5 does not interact with dopamine receptors [Baker, SP. 2010 - see citation in comment on ¶88].  Furthermore, the statistical significance of the purported increase in uterine tumors is suspect. Had the U.S. EPA properly evaluated the statistical significance of the uterine tumor incidence using a one-tailed test of significance rather than a two-tailed significance test, EPA would have concluded that there was no statistically significant increase in tumors, even at the highest exposure concentration.  A one-tailed significance test is appropriate for the  two-year cancer bioassay because it is designed to test whether a chemical produces an increase in tumors, but a two-tailed test is innapropriate as it is properly applied only to studies designed to test for a change in either direction, which the two-year cancer bioassy in rodents is not.  ¶89 should be corrected to explain this fact.

		9						90		¶90 is factually incorrect where it states that D5 can act as a dopamine agonist.  The error is due to a biased exclusion of data showing that D5 lacks significant interaction with dopamine receptors [Baker, SP. 2010.  TECHNICAL REPORT
Potential for Octamethylcyclotetrasiloxane and Decamethylcyclopentasiloxane to Interact With and Activate the Dopamine D2 Receptor in Rat Striatal Membranes
Octamethylcyclotetrasiloxane and Decamethylcyclopentasiloxane], and therefore, does not act via neuroendocrine modes of action.  The EU proposal should be ccorrected to cite and evaluate the relevant literature, rather than a biased selection of the literature, and to correct its errant statements and conclusions.

		10						92		¶92 incorrectly interprets the effects of D4 and D5 on liver weight due to a biased ommission of relevant, published data showing that saturation of D4 metabolism occurs at air concentrations of 300 ppm and higher [Sarangapani R, Teeguarden J, Plotzke KP, McKim JM, Andersen ME. 2002. Dose-response modeling of cytochrome p450 induction in rats by octamethylcyclotetrasiloxane. Toxicol Sci. 67: 159-172].  Liver enlargement should have been interpreted as due to kinetic factors involving saturation metabolism.  Liver enlargement is an adaptive change in response to exceeding the metabolic saturation for D4 metabolism, not an effect of the chemical itself.  ¶92 should be corrected to include a discussion of the publication cited above, and a reversal of the conclusion that liver enlargement is relevant to humans.

		11						93		¶93 should be corrected as per the comment above regarding ¶92.  Liver enlargement should be considered an adaptive change due to the high doses administered to rats in toxicology studies, which exceed the capacity of the test species to metabolize D4 and D5. Liver enlargement should not be considered relevant to humans exposed to much lower concentrations that do not saturate liver metabolism.  ¶93 should be corrected to reflect the published literature that was ignored [Sarangapani R, Teeguarden J, Plotzke KP, McKim JM, Andersen ME. 2002. Dose-response modeling of cytochrome p450 induction in rats by octamethylcyclotetrasiloxane. Toxicol Sci. 67: 159-172].
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Pops Comment Table Keith Solomon.docx

			Comment No.


			Section (use drop-down menu)


			Sub section (use drop-down menu)


			Paragraph number (first relevant line number as integer only; in case of multiple lines, indicate them in the comment field)


			Comment                                                                                                                       NOTES: (i) if your comment is for proposing addition or deletion of text please give details of the preceding and following current text so it is clear where the revision is to be made; (ii) if the comment relates to several paragraph numbers please list ALL paragraph numbers or the range of paragraphs [in this field, NOT in Column D].





			1


			0


			0


			0


			General comments. Several references cited in the text were not listed in the bibliography. These include Saini et al., 2023, Wania et al., 2023, Rauert et al., 2018, but I might have missed others. Was the writing of this Document a “rush-job” and how many other errors are there?





			2


			1


			 0


			0


			General comments. The authors claim to have searched the literature but a number of relevant papers were not cited or were cited but omitted from the bibliography. These will be commented on by paragraph number in the listing. In addition, the Excel spreadsheet had locked formatting for columns A-D and the dropdown menu did not function. Also, a spreadsheet does not allow easy formatting and insertion of links such as DOIs. For this reason I have used a Word Table.





			3


			 2


			0


			 5


			General comment. Tables 1 and 2 list the properties of the three siloxanes under discussion but the authors fail to address a key issue; that these chemicals are super-hydrophobic and, like similar chemicals, this impacts the characterization of BCF and toxicity to aquatic organisms. This is discussed in Mackay, D., D. E. Powell, and K. B. Woodburn. 2015. Bioconcentration and aquatic toxicity of superhydrophobic chemicals: A modeling case study of cyclic volatile methyl siloxanes. Environmental Science & Technology 49:11913-22 https://doi.org/10.1021/acs.est.5b03195”, which was not cited.  





			4


			3


			3.1


			6


			The Document is correct in stating that cVMSs (D4, D5, and D6) do not absorb UV light as available at the surface of the earth (mainly UV-B and -C. However, as discussed in “Xu, L., S. Xu, L. Zhi, X. He, C. Zhang, and Y. Cai. 2017.  Methylsiloxanes released from one landfill through yearly cycle and their removal mechanisms (especially hydroxylation) in leachates. Environmental Science & Technology 51:12337-46 https://doi.org/10.1021/acs.est.7b03624” (not cited in the Document) shows that, in natural waters, indirect photolysis is possible. For D6, this was a major driver of hydroxylation, which was also observed for D5, but to a lesser extent. Clearly, exclusion of solar radiation in laboratory experiments results in overestimates of persistence of D6 and, to some extent D5.  This should be considered in assessment and especially in modelling of discharges into shallow waters where photo-transformation by solar radiation will occur.





			5


			3


			3.1


			7


			The Document is correct in stating that the cVMSs (D4, D5, and D6) have low solubility in water but high vapour pressure and high PAW and as pointed out in a quantitative weight of evidence analysis “Bridges, J., and K. R. Solomon. 2016. Quantitative weight of evidence analysis of the persistence, bioaccumulation, toxicity and potential for long range transport of the cyclic volatile methyl siloxanes. Journal of Toxicology and Environmental Health B 19:345–79 https://doi.org/10.1080/10937404.2016.1200505” (but not cited in the Document), this has implications for testing of degradation in waters and sediments in the laboratory. Maximum sorption capacity in sediments and solubility in water is usually exceeded in lab tests and, thus the results are not representative of the environment. This needs to be taken into consideration in the classification of these compounds as POPs or PBTs. 





			6


			3


			3.1


			10


			The Document cites “Environment Canada, Health Canada (2008a)” here as well as 2008b and 2008c in other locations and does point out that these a “challenge” documents rather than definitive reports. The Document fails to cite “Siloxane D5 Board of Review. 2011. Report of the Board of Review for Decamethylcyclopentasiloxane (D5). 83 pp. http://www.ec.gc.ca/lcpe-cepa/default.asp?lang=En&n=515887B7-1”, a judicial review described in “Giesy, et al. 2016. The case for establishing a board of review for resolving environmental issues: The science court in Canada. Integrated Environmental Assessment and Management 12:572–79. https://doi.org/10.1002/ieam.1729”. The report of the Board of Review should be considered in the evaluation of the properties of D5 and their relevance to classification of POPs.





			7


			3


			3.1


			11


			This paragraph focuses on the degradation of cVMSs in soils. The Document is correct in concluding that the cVMSs are not persistent in dry soils but they are more persistent in wet soils. However, this fails to consider that partitioning to air (where degradation is more rapid) increased with increasing moisture content of the soils. Although this is not degradation, concentrations in soil decrease and, as stated in Bridges & Solomon 2016 (ibid paragraph 7), “The measured t½ values of the cVMSs in soil were smaller than the trigger values of classification as P, vP, or POP (120 or 180 d). The overall conclusion is that cVMSs should not be classified as P on the basis of P in soil.” I believe that this conclusion is consistent with the science.





			8


			3


			3.1


			14


			The conclusions of QWoE assessment (Bridges & Solomon 2016; ibid paragraph 7) suggested that overall persistence (POV) was the most appropriate metric for assessing persistence of the cVMSs. A newer paper on the environmental fate of cVMSs using multimedia fugacity models (Panagopoulos, D., and M. MacLeod. 2018. A critical assessment of the environmental fate of linear and cyclic volatile methylsiloxanes using multimedia fugacity models. Environmental Science: Processes & Impacts 20:183-94 https://doi.org/10.1039/c7em00524e not cited in the Document) suggested that, for D5 and D6, but not D4, the persistence criteria for sediment will exceed the REACH-criterion for P. They also point out that these estimates of persistence in sediments depend on the values used for KOC and the enthalpy of sorption to organic carbon (ΔHOC). Using their estimates for these values resulted in large residence times for D5 and D6 that exceed the REACH-criterion. However, values for these parameters from other sources provided shorter time that were closer to the criterion. Which values to use for these parameters is clearly a source of uncertainty but all should be discussed. Another paper on modeling the persistence of cVMSs further backs up this suggestion (Kim, J., D. Mackay, and M. J. Whelan. 2018. Predicted persistence and response times of linear and cyclic volatile methylsiloxanes in global and local environments. Chemosphere 195:325-35 https://doi.org/10.1016/j.chemosphere.2017.12.071, not cited in the Document) The authors used GloboPOP, QWASI, and the OECD Screening Tool.  Using the first of these models, the authors reported very low potential for contamination of the polar regions and rapid times for concentrations to fall to 50% of their initial values (HT) if inputs were stopped. For D4, D5, and D6, HTs in air were of the order of four to six weeks. The authors also point out that the models indicate that sediments containing organic carbon will have the longest HT, however this retention is relatively short in comparison to some of the legacy POPs.  Even for D6 in sediments in polar regions, the HT was less than six years.  These results further indicate that D4, D5, and D6 do not behave like legacy POPs in local or global environments and that they should not be classified as persistent, especially when POV is considered. 





			9


			3


			3.2


			15


			This paragraph relies on criteria for bioaccumulation that are based on screening values (KOW) for legacy pops that have different intensive properties from the cVMSs. The QWoE assessment concluded that tests in the laboratory to determine BCF have little relevance to the environment where concentrations in water are much lower than typically used in laboratory studies Bridges & Solomon 2016 (ibid paragraph 7). 





			10


			3


			3.2


			16


			16-22. The QWoE assessment (Bridges & Solomon 2016, Ibid Paragraph 7) concluded that tests to determine BCF that are conducted under laboratory have little relevance to the environment where concentrations in water are much lower than typically used in lab. studies. BSAF studies are further confounded by the fact that the relationship between the KOW and KOC (both intensive properties) for cVMSs is different from those of legacy POPs such as the PCBs. As a result, cVMSs tend to partition into lipids more readily than PCBs where the KOCs and KOWs are similar. This reinforces the suggestion that the cVMSs have different intensive properties from compounds not containing silicone and that observations for legacy POPs and cannot simply be extrapolated.





			11


			3


			3.2


			23


			This paragraph states that “Field studies typically show that trophic dilution is occurring in many aquatic food webs for D4, D5 and D6. However, biomagnification or trophic magnification is possible for some pelagic food webs as reported below”. This statement echoes one in the QWoE assessment (Bridges & Solomon 2016, Ibid Paragraph 7) where they concluded that studies on trophic magnification of cVMSs that were included in the QWoE suggested that D4, D5, and D6 did not undergo trophic magnification. Other studies have also made similar conclusions. In a study (not cited in the Document) conducted using modeled and measured values for organisms in a subarctic freshwater food web, D4, D5, and D6 did not display trophic magnification (Krogseth et al.. 2017. Elucidating the behavior of cyclic volatile methylsiloxanes in a subarctic freshwater food web: a modeled and measured approach. Environmental Science & Technology 51:12489-97 https://doi.org/10.1021/acs.est.7b03083). Another study of D4, D5, and D6 in the pelagic food web in Tokyo Bay did not show trophic magnification but rather biodilution (Powell, et al. 2017. Trophic dilution of cyclic volatile methylsiloxanes (cVMS) in the pelagic marine food web of Tokyo Bay, Japan. Science of the Total Environment 578:366-82 https://doi.org/10.1016/j.scitotenv.2016.10.189). This study included data for two polychlorinated biphenyls (PCB-180 and PCB-153) as reference legacy POPs that are well known to undergo trophic magnification and they did indeed biomagnify in this system, which strengthens the conclusions with respect to D4, D5, and D6.  The results of a similar study on D4, D5, and D6 in pelagic and demersal (bottom dwelling) food chains in the inner and outer regions of Oslofjord were consistent with the observations in Tokyo Bay (Powell, et al. 2018. Bioaccumulation and trophic transfer of cyclic volatile methylsiloxanes (cVMS) in the aquatic marine food webs of the Oslofjord, Norway. Science of the Total Environment 622:127-39 https://doi.org/10.1016/j.scitotenv.2017.11.237 not cited in the Document). Trophic magnification factors for D4, D5, and D6 ranged from 0.3 to 0.9 and are indicative of trophic dilution, not magnification.





			12


			3


			3.2


			32


			In this paragraph, there is a statement that “high bioaccumulation in a part of the food chain may have unpredictable effects throughout other parts of the food chain as well”. This is not supported by a citation, but it does highlight the uncertainty in the results of BCF, BAF, BMF, and BSAF. For this reason, more reliance should be placed on TMF studies carried out under realistic exposures in the field.





			13


			3


			3.2


			33


			Paragraphs 33-45. The cVMSs are widely used in a large number of products so finding residues in a many terrestrial and aquatic organisms is not unexpected. The key questions to ask are: Is it excreted, partitioned out of the organism, or metabolized. The answer to this is in the paragraphs; it is YES. Given this, should the exposures of the organism cease or reduce, the systemic dose will decline. Given the rates of dissipation provided in the paragraphs, this will occur quite rapidly so bioaccumulation is not an issue as long as POV is small, which is true for the cVMSs (see Bridges & Solomon 2016, Ibid Paragraph 7).





			14


			3


			3.2


			37


			Studies to measure metabolism of 14-C-labelled D4 and D5 in orally gavaged rats showed low rates of uptake in the gut, metabolism in the liver, and rapid clearance from the blood. (Domoradzki et al. 2017. Metabolism and disposition of [(14)C]-methylcyclosiloxanes in rats. Toxicology Letters, 279 Suppl 1, 98-114. https://doi.org/10.1016/j.toxlet.2017.05.002), Elimination half-lives from blood were 38 and 70 h for D4 and D5, respectively (Ibid).  These data do not indicate a potential for bioaccumulation or biomagnification in air-breathing mammals.





			15


			3


			3.3


			47


			There are two approaches to assessing the potential of a compound to be transported from the release sites to remote regions where it might accumulate or have adverse biological effects.  One of these methods is to measure concentrations in remote locations, the other is to model the distribution of the chemical at local to global scales.  The QWoE assessment of the cVMSs addressed both approaches (Bridges & Solomon 2016, Ibid Paragraph 7).





Concentrations in various media near to regions of use are greater than those in polar regions, but all were small and of no toxicological relevance.  The QWoE analysis noted that presence in air in remote (polar) regions is indicative of LRT, although unexpected local sources might be an issue. However, the QWoE assessment pointed out that the key question is whether these very small amounts partition from air to biologically-relevant matrices such as water, soil, and organisms. Unlike legacy POPs, there is no reliable evidence from measurements that cVMSs are accumulating in water, soil, or sediment in remote regions. This is consistent with the measurements of TE in paragraph 49 of the Document. The Document is correct in that the cVMSs are degraded in the atmosphere by •OH radical generated by UV-radiation. This degradation is consistent with observations of the destruction of natural (e.g., CH4) and anthropogenic compounds (e.g., hydrofluoroolefin refrigerants). Degradation by •OH varies in circadian as well as seasonal cycles but globally this is likely the primary mechanism for degradation and contributes to the low POV for cVMSs. 





			16


			3


			3.3


			51


			In paragraphs 51-66 of the Document there is much discussion about adsorption of cVMSs to snow and or aerosol particles as a pathway from the atmosphere to the surface; however, the reverse process, partitioning from snow or sedimented aerosols to the atmosphere is not discussed, nor has it been measured. Given that the cVMSs are degraded in air, there would be a concentration gradient for diffusion that, with their high KOA, VP, and Henry’s constant, equilibrium would promote partitioning to the atmosphere, where degradation occurs. Seasonal trends in atmospheric concentrations of cVMSs in latitudinal sampling between source regions in the northern hemisphere and the north pole (Wania et al. 2023. Seasonal and latitudinal variability in the atmospheric concentrations of cyclic volatile methyl siloxanes in the Northern Hemisphere. Environmental Sciences Processes & Impacts 25:496-506 http://doi.org/10.1039/d2em00467d). These trends in concentration are consistent with the importance of degradation by UV-generated •OH, rather than changes in deposition. In addition, if deposition on snow and particulates were an important pathway, cVMSs should be detectable in the upper sections of ice or snow cores. It seems that nobody has bothered to check.





			17


			3


			3.3


			58


			The text in lines 1 and 3 “∼106 higher than” should read “∼106 higher than”. This also begs the question as to the realism of the concentrations used in this work. The behaviours that were observed would likely not be representative of the real world.





			18


			3


			3.3


			64


			The discussion of the Sanchis et al. 2015a paper is totally out of place in this Document. As has been stated by others, the handling of the samples and the lack of travel and storage blanks completely nullifies the results of the study. That the authors of the Document even cite this paper illustrates their desperation to classify these chemicals as POPs. Nobody has repeated the work described in Sanchis et al. 2015a. Given the PAW of the cVMSs, it is difficult to believe that any accumulation would occur in krill, which are pelagic. 





			19


			3


			3.3


			69


			The use of the greatest concentration detected without considering the number of non-detects shows a bias of the writers of the Document towards high concentrations. The median would be a better value for a representative concentration since these data are most likely log-normally distributed. If you want to include probability, I suggest using the 95th centile value.





			20


			3


			3.41


			71


			The cVMSs do not contain toxophores that would interact with biomolecules, so their potential toxic mode of action is via narcosis by physical interactions with cell membranes, etc. Narcosis only occurs if the exposures are such that the chemical partitions into the organism, but it is also reversible if exposures diminish. Also, narcosis is thresholded and will only be observed if the critical body burden is reached or exceeded. Given realistic environmental concentrations, this is very unlikely and should be acknowledged.





Data on toxicity of the cVMSs was reviewed in Bridges & Solomon 2016, Table 7) (Ibid Paragraph 7) shows that the all the environment toxicity tests for D4, 5 & 6 showed little toxicity to aquatic, sediment, and soil-dwelling organisms. NOECs and LOECs were all greater than the maximum solubility or maximum sorption capacity in soils and sediments. However, the Document is correct in its assessment of acute and chronic toxicity of D5: the same conclusion was reached by the D5 Siloxane Review Board in Canada (Ibid paragraph 10). 





			21


			3


			3.4.2


			77


			The toxicity of cVMSs to terrestrial vertebrates is low and, given that exposures at realistic environmental concentrations are small, risks are de minimis. A few studies cited in the Document did show effects in laboratory tests in mammals but these were at very high levels of exposure that are not realistic. For the data discussed in paragraphs 77-102 many studies contained the words “no evidence…” or “is not….”! Other responses that were observed, such as enlargement of the liver, only occurred with exposures to unrealistic concentrations for unrealistic periods of time. Enlargement of the liver and accompanying induction of detoxifying enzymes is a compensatory response that is observed in many studies with chemicals that have low inherent toxicity. This response is reversible if exposures decrease or cease. This is not an adverse effect, it is a normal response to exposure to xenobiotics, natural or anthropogenic..





			22


			3


			3.4.2


			103


			That the Document concludes that “The Annex D criteria for Adverse effects 1.(e)(i) and (ii) are considered to be met for D4, D5 and D6.” was very surprising given that effects were only observed at environmental concentrations or levels that were completely unrealistic. We have known for hundreds of years that all things are toxic; it is the dose that makes the poison. The Document deals only with hazard and does not address the risk (a probability) to the environment (and humans). As such, it fails to provide evidence of potential harm. QED, the cVMSs should not be classified as POPs or PBT, or vB or vP. 








The opinions in the above are my own. They are based on my knowledge of the environmental properties of the cVMSs, papers I have written or co-authored, as well as my experience on the Environment Canada D5 Siloxane Board of Review. I am not contracted to any company or Industry and have not been paid for the time spent on these comments.





Keith Solomon, PhD


Professor emeritus at the University of Guelph.


ksolomon@uoguelph.ca





PS. I had problems with the MS Excel spreadsheet provided on the website. The dropdown menus would not function and formatting of the text in the cells of the Excel spreadsheet is nearly impossible to do. For this reason, I have provided a version in MS Word as well a version in the spreadsheet that I pasted in from the Word file.
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			Template for providing comments on the draft scientific dossier for an EU proposal by the European Commission to list D4, D5 and D6 in Annex B to the Stockholm Convention on POPs  

(Please use this format as it is in the interests of fast processing and consolidation of all comments)

Do not add extra columns or change the formatting






			Comment No.			Section (use drop-down menu)			Sub section (use drop-down menu)			Paragraph number (first relevant line number as integer only; in case of multiple lines, indicate them in the comment field)			Comment                                                                                                                       NOTES: (i) if your comment is for proposing addition or deletion of text please give details of the preceding and following current text so it is clear where the revision is to be made; (ii) if the comment relates to several paragraph numbers please list ALL paragraph numbers or the range of paragraphs [in this field, NOT in Column D].


			1			0			0			0			General comments. Several references cited in the text were not listed in the bibliography. These include Saini et al., 2023, Wania et al., 2023, Rauert et al., 2018, but I might have missed others. Was the writing of this Document a “rush-job” and how many other errors are there?


			2			1			 0			0			General comments. The authors claim to have searched the literature but a number of relevant papers were not cited or were cited but omitted from the bibliography. These will be commented on by paragraph number in the listing. In addition, the Excel spreadsheet had locked formatting for columns A-D and the dropdown menu did not function. Also, a spreadsheet does not allow easy formatting and insertion of links such as DOIs. For this reason I have used a Word Table.


			3			 2			0			 5			General comment. Tables 1 and 2 list the properties of the three siloxanes under discussion but the authors fail to address a key issue; that these chemicals are super-hydrophobic and, like similar chemicals, this impacts the characterization of BCF and toxicity to aquatic organisms. This is discussed in Mackay, D., D. E. Powell, and K. B. Woodburn. 2015. Bioconcentration and aquatic toxicity of superhydrophobic chemicals: A modeling case study of cyclic volatile methyl siloxanes. Environmental Science & Technology 49:11913-22 https://doi.org/10.1021/acs.est.5b03195”, which was not cited.  


			4			3			3.1			6			The Document is correct in stating that cVMSs (D4, D5, and D6) do not absorb UV light as available at the surface of the earth (mainly UV-B and -C. However, as discussed in “Xu, L., S. Xu, L. Zhi, X. He, C. Zhang, and Y. Cai. 2017.  Methylsiloxanes released from one landfill through yearly cycle and their removal mechanisms (especially hydroxylation) in leachates. Environmental Science & Technology 51:12337-46 https://doi.org/10.1021/acs.est.7b03624” (not cited in the Document) shows that, in natural waters, indirect photolysis is possible. For D6, this was a major driver of hydroxylation, which was also observed for D5, but to a lesser extent. Clearly, exclusion of solar radiation in laboratory experiments results in overestimates of persistence of D6 and, to some extent D5.  This should be considered in assessment and especially in modelling of discharges into shallow waters where photo-transformation by solar radiation will occur.


			5			3			3.1			7			The Document is correct in stating that the cVMSs (D4, D5, and D6) have low solubility in water but high vapour pressure and high PAW and as pointed out in a quantitative weight of evidence analysis “Bridges, J., and K. R. Solomon. 2016. Quantitative weight of evidence analysis of the persistence, bioaccumulation, toxicity and potential for long range transport of the cyclic volatile methyl siloxanes. Journal of Toxicology and Environmental Health B 19:345–79 https://doi.org/10.1080/10937404.2016.1200505” (but not cited in the Document), this has implications for testing of degradation in waters and sediments in the laboratory. Maximum sorption capacity in sediments and solubility in water is usually exceeded in lab tests and, thus the results are not representative of the environment. This needs to be taken into consideration in the classification of these compounds as POPs or PBTs. 


			6			3			3.1			10			The Document cites “Environment Canada, Health Canada (2008a)” here as well as 2008b and 2008c in other locations and does point out that these a “challenge” documents rather than definitive reports. The Document fails to cite “Siloxane D5 Board of Review. 2011. Report of the Board of Review for Decamethylcyclopentasiloxane (D5). 83 pp. http://www.ec.gc.ca/lcpe-cepa/default.asp?lang=En&n=515887B7-1”, a judicial review described in “Giesy, et al. 2016. The case for establishing a board of review for resolving environmental issues: The science court in Canada. Integrated Environmental Assessment and Management 12:572–79. https://doi.org/10.1002/ieam.1729”. The report of the Board of Review should be considered in the evaluation of the properties of D5 and their relevance to classification of POPs.


			7			3			3.1			11			This paragraph focuses on the degradation of cVMSs in soils. The Document is correct in concluding that the cVMSs are not persistent in dry soils but they are more persistent in wet soils. However, this fails to consider that partitioning to air (where degradation is more rapid) increased with increasing moisture content of the soils. Although this is not degradation, concentrations in soil decrease and, as stated in Bridges & Solomon 2016 (ibid paragraph 7), “The measured t½ values of the cVMSs in soil were smaller than the trigger values of classification as P, vP, or POP (120 or 180 d). The overall conclusion is that cVMSs should not be classified as P on the basis of P in soil.” I believe that this conclusion is consistent with the science.


			8			3			3.1			14			The conclusions of QWoE assessment (Bridges & Solomon 2016; ibid paragraph 7) suggested that overall persistence (POV) was the most appropriate metric for assessing persistence of the cVMSs. A newer paper on the environmental fate of cVMSs using multimedia fugacity models (Panagopoulos, D., and M. MacLeod. 2018. A critical assessment of the environmental fate of linear and cyclic volatile methylsiloxanes using multimedia fugacity models. Environmental Science: Processes & Impacts 20:183-94 https://doi.org/10.1039/c7em00524e not cited in the Document) suggested that, for D5 and D6, but not D4, the persistence criteria for sediment will exceed the REACH-criterion for P. They also point out that these estimates of persistence in sediments depend on the values used for KOC and the enthalpy of sorption to organic carbon (ΔHOC). Using their estimates for these values resulted in large residence times for D5 and D6 that exceed the REACH-criterion. However, values for these parameters from other sources provided shorter time that were closer to the criterion. Which values to use for these parameters is clearly a source of uncertainty but all should be discussed. Another paper on modeling the persistence of cVMSs further backs up this suggestion (Kim, J., D. Mackay, and M. J. Whelan. 2018. Predicted persistence and response times of linear and cyclic volatile methylsiloxanes in global and local environments. Chemosphere 195:325-35 https://doi.org/10.1016/j.chemosphere.2017.12.071, not cited in the Document) The authors used GloboPOP, QWASI, and the OECD Screening Tool.  Using the first of these models, the authors reported very low potential for contamination of the polar regions and rapid times for concentrations to fall to 50% of their initial values (HT) if inputs were stopped. For D4, D5, and D6, HTs in air were of the order of four to six weeks. The authors also point out that the models indicate that sediments containing organic carbon will have the longest HT, however this retention is relatively short in comparison to some of the legacy POPs.  Even for D6 in sediments in polar regions, the HT was less than six years.  These results further indicate that D4, D5, and D6 do not behave like legacy POPs in local or global environments and that they should not be classified as persistent, especially when POV is considered. 


			9			3			3.2			15			This paragraph relies on criteria for bioaccumulation that are based on screening values (KOW) for legacy pops that have different intensive properties from the cVMSs. The QWoE assessment concluded that tests in the laboratory to determine BCF have little relevance to the environment where concentrations in water are much lower than typically used in laboratory studies Bridges & Solomon 2016 (ibid paragraph 7). 


			10			3			3.2			16			16-22. The QWoE assessment (Bridges & Solomon 2016, Ibid Paragraph 7) concluded that tests to determine BCF that are conducted under laboratory have little relevance to the environment where concentrations in water are much lower than typically used in lab. studies. BSAF studies are further confounded by the fact that the relationship between the KOW and KOC (both intensive properties) for cVMSs is different from those of legacy POPs such as the PCBs. As a result, cVMSs tend to partition into lipids more readily than PCBs where the KOCs and KOWs are similar. This reinforces the suggestion that the cVMSs have different intensive properties from compounds not containing silicone and that observations for legacy POPs and cannot simply be extrapolated.


			11			3			3.2			23			This paragraph states that “Field studies typically show that trophic dilution is occurring in many aquatic food webs for D4, D5 and D6. However, biomagnification or trophic magnification is possible for some pelagic food webs as reported below”. This statement echoes one in the QWoE assessment (Bridges & Solomon 2016, Ibid Paragraph 7) where they concluded that studies on trophic magnification of cVMSs that were included in the QWoE suggested that D4, D5, and D6 did not undergo trophic magnification. Other studies have also made similar conclusions. In a study (not cited in the Document) conducted using modeled and measured values for organisms in a subarctic freshwater food web, D4, D5, and D6 did not display trophic magnification (Krogseth et al.. 2017. Elucidating the behavior of cyclic volatile methylsiloxanes in a subarctic freshwater food web: a modeled and measured approach. Environmental Science & Technology 51:12489-97 https://doi.org/10.1021/acs.est.7b03083). Another study of D4, D5, and D6 in the pelagic food web in Tokyo Bay did not show trophic magnification but rather biodilution (Powell, et al. 2017. Trophic dilution of cyclic volatile methylsiloxanes (cVMS) in the pelagic marine food web of Tokyo Bay, Japan. Science of the Total Environment 578:366-82 https://doi.org/10.1016/j.scitotenv.2016.10.189). This study included data for two polychlorinated biphenyls (PCB-180 and PCB-153) as reference legacy POPs that are well known to undergo trophic magnification and they did indeed biomagnify in this system, which strengthens the conclusions with respect to D4, D5, and D6.  The results of a similar study on D4, D5, and D6 in pelagic and demersal (bottom dwelling) food chains in the inner and outer regions of Oslofjord were consistent with the observations in Tokyo Bay (Powell, et al. 2018. Bioaccumulation and trophic transfer of cyclic volatile methylsiloxanes (cVMS) in the aquatic marine food webs of the Oslofjord, Norway. Science of the Total Environment 622:127-39 https://doi.org/10.1016/j.scitotenv.2017.11.237 not cited in the Document). Trophic magnification factors for D4, D5, and D6 ranged from 0.3 to 0.9 and are indicative of trophic dilution, not magnification.


			12			3			3.2			32			In this paragraph, there is a statement that “high bioaccumulation in a part of the food chain may have unpredictable effects throughout other parts of the food chain as well”. This is not supported by a citation, but it does highlight the uncertainty in the results of BCF, BAF, BMF, and BSAF. For this reason, more reliance should be placed on TMF studies carried out under realistic exposures in the field.


			13			3			3.2			33			Paragraphs 33-45. The cVMSs are widely used in a large number of products so finding residues in a many terrestrial and aquatic organisms is not unexpected. The key questions to ask are: Is it excreted, partitioned out of the organism, or metabolized. The answer to this is in the paragraphs; it is YES. Given this, should the exposures of the organism cease or reduce, the systemic dose will decline. Given the rates of dissipation provided in the paragraphs, this will occur quite rapidly so bioaccumulation is not an issue as long as POV is small, which is true for the cVMSs (see Bridges & Solomon 2016, Ibid Paragraph 7).


			14			3			3.2			37			Studies to measure metabolism of 14-C-labelled D4 and D5 in orally gavaged rats showed low rates of uptake in the gut, metabolism in the liver, and rapid clearance from the blood. (Domoradzki et al. 2017. Metabolism and disposition of [(14)C]-methylcyclosiloxanes in rats. Toxicology Letters, 279 Suppl 1, 98-114. https://doi.org/10.1016/j.toxlet.2017.05.002), Elimination half-lives from blood were 38 and 70 h for D4 and D5, respectively (Ibid).  These data do not indicate a potential for bioaccumulation or biomagnification in air-breathing mammals.


			15			3			3.3			47			There are two approaches to assessing the potential of a compound to be transported from the release sites to remote regions where it might accumulate or have adverse biological effects.  One of these methods is to measure concentrations in remote locations, the other is to model the distribution of the chemical at local to global scales.  The QWoE assessment of the cVMSs addressed both approaches (Bridges & Solomon 2016, Ibid Paragraph 7).


															Concentrations in various media near to regions of use are greater than those in polar regions, but all were small and of no toxicological relevance.  The QWoE analysis noted that presence in air in remote (polar) regions is indicative of LRT, although unexpected local sources might be an issue. However, the QWoE assessment pointed out that the key question is whether these very small amounts partition from air to biologically-relevant matrices such as water, soil, and organisms. Unlike legacy POPs, there is no reliable evidence from measurements that cVMSs are accumulating in water, soil, or sediment in remote regions. This is consistent with the measurements of TE in paragraph 49 of the Document. The Document is correct in that the cVMSs are degraded in the atmosphere by •OH radical generated by UV-radiation. This degradation is consistent with observations of the destruction of natural (e.g., CH4) and anthropogenic compounds (e.g., hydrofluoroolefin refrigerants). Degradation by •OH varies in circadian as well as seasonal cycles but globally this is likely the primary mechanism for degradation and contributes to the low POV for cVMSs. 


			16			3			3.3			51			In paragraphs 51-66 of the Document there is much discussion about adsorption of cVMSs to snow and or aerosol particles as a pathway from the atmosphere to the surface; however, the reverse process, partitioning from snow or sedimented aerosols to the atmosphere is not discussed, nor has it been measured. Given that the cVMSs are degraded in air, there would be a concentration gradient for diffusion that, with their high KOA, VP, and Henry’s constant, equilibrium would promote partitioning to the atmosphere, where degradation occurs. Seasonal trends in atmospheric concentrations of cVMSs in latitudinal sampling between source regions in the northern hemisphere and the north pole (Wania et al. 2023. Seasonal and latitudinal variability in the atmospheric concentrations of cyclic volatile methyl siloxanes in the Northern Hemisphere. Environmental Sciences Processes & Impacts 25:496-506 http://doi.org/10.1039/d2em00467d). These trends in concentration are consistent with the importance of degradation by UV-generated •OH, rather than changes in deposition. In addition, if deposition on snow and particulates were an important pathway, cVMSs should be detectable in the upper sections of ice or snow cores. It seems that nobody has bothered to check.


			17			3			3.3			58			The text in lines 1 and 3 “∼106 higher than” should read “∼106 higher than”. This also begs the questionas to the realism of the concentrations used in this work. The behaviours that were observed would likely not be representative of the real world.


			18			3			3.3			64			The discussion of the Sanchis et al. 2015a paper is totally out of place in this Document. As has been stated by others, the handling of the samples and the lack of travel and storage blanks completely nullifies the results of the study. That the authors of the Document even cite this paper illustrates their desperation to classify these chemicals as POPs. Nobody has repeated the work described in Sanchis et al. 2015a. Given the PAW of the cVMSs, it is difficult to believe that any accumulation would occur in krill, which are pelagic. 


			19			3			3.3			69			The use of the greatest concentration detected without considering the number of non-detects shows a bias of the writers of the Document towards high concentrations. The median would be a better value for a representative concentration since these data are most likely log-normally distributed. If you want to include probability, I suggest using the 95th centile value.


			20			3			3.41			71			The cVMSs do not contain toxophores that would interact with biomolecules, so their potential toxic mode of action is via narcosis by physical interactions with cell membranes, etc. Narcosis only occurs if the exposures are such that the chemical partitions into the organism, but it is also reversible if exposures diminish. Also, narcosis is thresholded and will only be observed if the critical body burden is reached or exceeded. Given realistic environmental concentrations, this is very unlikely and should be acknowledged.


															Data on toxicity of the cVMSs was reviewed in Bridges & Solomon 2016, Table 7) (Ibid Paragraph 7) shows that the all the environment toxicity tests for D4, 5 & 6 showed little toxicity to aquatic, sediment, and soil-dwelling organisms. NOECs and LOECs were all greater than the maximum solubility or maximum sorption capacity in soils and sediments. However, the Document is correct in its assessment of acute and chronic toxicity of D5: the same conclusion was reached by the D5 Siloxane Review Board in Canada (Ibid paragraph 10). 


			21			3			3.4.2			77			The toxicity of cVMSs to terrestrial vertebrates is low and, given that exposures at realistic environmental concentrations are small, risks are de minimis. A few studies cited in the Document did show effects in laboratory tests in mammals but these were at very high levels of exposure that are not realistic. For the data discussed in paragraphs 77-102 many studies contained the words “no evidence…” or “is not….”! Other responses that were observed, such as enlargement of the liver, only occurred with exposures to unrealistic concentrations for unrealistic periods of time. Enlargement of the liver and accompanying induction of detoxifying enzymes is a compensatory response that is observed in many studies with chemicals that have low inherent toxicity. This response is reversible if exposures decrease or cease. This is not an adverse effect, it is a normal response to exposure to xenobiotics, natural or anthropogenic..


			22			3			3.4.2			103			That the Document concludes that “The Annex D criteria for Adverse effects 1.(e)(i) and (ii) are considered to be met for D4, D5 and D6.” was very surprising given that effects were only observed at environmental concentrations or levels that were completely unrealistic. We have known for hundreds of years that all things are toxic; it is the dose that makes the poison. The Document deals only with hazard and does not address the risk (a probability) to the environment (and humans). As such, it fails to provide evidence of potential harm. QED, the cVMSs should not be classified as POPs or PBT, or vB or vP. 


			The opinions in the above are my own. They are based on my knowledge of the environmental properties of the cVMSs, papers I have written or co-authored, as well as my experience on the Environment Canada D5 Siloxane Board of Review. I am not contracted to any company or Industry and have not been paid for the time spent on these comments.





			Keith Solomon, PhD


			Professor emeritus at the University of Guelph.


			ksolomon@uoguelph.ca





			PS. I had problems with the MS Excel spreadsheet provided on the website. The dropdown menus would not function and formatting of the text in the cells of the Excel spreadsheet is nearly impossible to do. For this reason, I have provided a version in MS Word as well a version in the spreadsheet that I pasted in from the Word file.
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1. Summary 



Octamethylcyclotetrasiloxane (D4, CAS 556-67-2) is a very lipophilic, but highly 



volatile chemical. D4 is proposed for classification as bioaccumulative since it has a 



bioconcentration factor (BCF) above the threshold triggering such classification. 



However, the mammalian toxicokinetics of D4 show that D4 taken up into blood is 



distributed to all tissues including fat, but also rapidly cleared from the mammalian 



organisms by exhalation of unchanged D4 and by biotransformation to polar 



metabolites excreted with urine. While a steady state concentration of D4 in fat is 



slowly reached, a continuous increase in D4 concentrations in fat after repeated 



exposures, the hallmark of bioaccumulation, does not occur due to the high 



clearance. Repeated dose inhalation studies in rats with D4 for two weeks or six 



month resulted in very similar D4 concentrations in fat clearly demonstrating absence 



of bioaccumulation. Moreover, a possible bioaccumulation of D4 in mammals after 



prolonged exposures is not predicted by the application of a physiologically-based 



toxicokinetic model which well simulates the experimental toxicokinetics of D4 after 



single and repeated inhalation exposures. Tissue concentrations of D4 simulated by 



the model were in good agreement with experimental data obtained after inhalation 



of D4 for up to six month. Therefore, the high clearance of D4 prevents 



bioaccumulation in mammals. 



 



2. Scope 



I have been asked to provide my opinion on a possible bioaccumulation of D4. I have 



in depth experience conducting and evaluating studies on the biotransformation and 



toxicokinetics of chemicals and significant experience in risk assessment related 



issues. D4 has a high bioconcentration factor (BCF). The high BCF of D4 is due to its 



high lipophilicity and thus a preferential distribution to lipid rich tissue. However, the 



high volatility of D4 due to the unique physical chemistry of cyclic siloxanes and the 



rapid biotransformation of D4 to water soluble metabolites result in a rapid clearance 



of D4 from mammals. Therefore, D4 does not bioaccumulate. The absence of 



bioaccumulation of D4 or its metabolites after repeated administration is both 



supported by experimental results and by prediction of tissue concentrations of D4 



after repeated dosing using physiologically based toxicokinetic modeling (PBTK). 



This document gives a short overview on the results of the toxicokinetics of D4 in 
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mammals and concludes that the available data on the toxicokinetics of D4 do not 



support a potential for bioaccumulation of D4 in mammals. Due to the low extent of 



dermal absorption and the general similarity of kinetics of distribution and elimination 



for systemically available D4 after inhalation or dermal application, the dermal studies 



are not reviewed here. 



 



3. Toxicokinetics and biotransformation of D4 



The toxicokinetics of D4 are well characterized and studies investigating both single 



and repeated inhalation and dermal application are available in experimental animals 



and in human subjects (Utell et al., 1995; DCC, 1996a; DCC, 1996b; DCC, 1997a; 



DCC, 1997b; Utell et al., 1998; DCC, 2000a; DCC, 2002); (Powell et al., 1996; DCC, 



1998; DCC, 2000c; DCC, 2000d; Zareba et al., 2002). Toxikokinetics following single 



oral exposures have also been assessed in rats (DCC, 2006a). 



The biotransformation of D4 was investigated in human subjects (DCC, 2000b) and in 



animals after inhalation (DCC, 2000a; DCC, 2002) and intravenous (i.v.) 



administration (DCC, 1997a; Varaprath et al., 1999). Initial oxidation of D4 occurs by 



cytochromes P450 to give heptamethylcyclotetrasiloxanol (DCC, 2006b) (Figure 1), 



the cyclic siloxanol is then further hydrolyzed to Me2Si(OH)2 and MeSi(OH)3) and a 



number of other minor metabolites. These polar metabolites are excreted with urine 



(Fig. 1).  
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Figure 1. Biotransformation of D4 in rodents and in human subjects. 



 



3.1. Absorption and Distribution of D4 after inhalation exposures 



A number of inhalation studies in human subjects were performed to investigate the 



toxicokinetics of inhaled D4. In three of the studies, groups of human subjects were 



exposed to D4 at a concentration of 10 ppm. Absorption of D4 through the lung was 



between 12 % and 17 % at rest and decreased to 10 % with exercise; 95% of the D4 



absorbed was exhaled within 10 minutes after the end of the inhalation exhalation. 



Determinations of the time-course of D4-concentrations in blood indicated a rapid 



non-linear clearance from blood. 



Four single exposure nose-only inhalation experiments were performed with rats with 



air concentrations of 14C-D4 from 7 ppm to 700 ppm for six hours. Again, only a small 



part (app. 5 %) of the inhaled D4 was taken up into blood. Systemically available D4 



was widely distributed to tissues. Maximum tissue concentrations of D4 occurred in 



most tissues except fat within three hours after the end of the inhalation period; high 



D4 concentrations in fat were sustained for 48 h. Excretion of D4 and/or its 



metabolites mainly occurred by exhalation of parent D4 and by renal excretion of 



polar metabolites. 



To define toxicokinetics and tissue distribution of D4 after prolonged exposures, a 



series of repeated inhalation studies in different rat strains using concentrations up to 
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700 ppm (six hours a day for 14 days) followed by exposure to 14C-D4 on day 15, 



again for six hours. As in the single exposure studies, only a small amount of inhaled 



D4 was retained. The D4 concentrations in liver and plasma after repeated inhalation 



were similar to those seen after a single inhalation. Differences in the extent of D4 



biotransformation between F344 and SD rats were observed and F344 rats appeared 



to metabolize D4 more readily than SD rats. The elimination profiles for D4 



respectively D4-derived radioactivity for all tissues except fat showed a rapid 



decrease in the concentration of radioactivity within 24 hours after the end of the 



exposure, followed by a slower decrease in radioactivity up to 168 hours post-



exposure. Tissue concentrations of D4 were also determined in a subgroup of rats as 



part of a 2-year chronic toxicity study with D4 (inhalation exposure to up to 700 ppm, 



6 h/day, 5 days/week) to assesses disposition of D4 after longterm exposures. Table 



1 compares the concentrations of D4 in selected tissues after inhalation exposures of 



different duration (table 1) 



 



Table 1: Tissue concentrations of octamethylcyclotetrasiloxane (D4) (µg/g tissue) in 
female rats at the end of single, 15-day, and 6 month inhalation exposures 
to 700 ppm (from Andersen et al., 2008)  



Tissue 
Exposure 



Single 15-day 6-month 



Plasma 9.88 ± 0.67 6.29 ± 0.67 13.0 ± 2.6 



Liver 184 ± 6 109 ± 21 76.7 ± 6.2 



Perirenal fat 167 ± 5 1080 ± 170 1230 ± 60 



Single and daily exposures for 15 days were for 6 h; the 6 month exposures were 6 h/day for 5 days/week 



These data show that, after an initial increase in D4 concentrations in fat within the 



1st two weeks of a repeated inhalation exposure, a further increase in D4 



concentrations in fat does not occur from the 2 week up to the 6 month timepoint 



since steady state is reached. 



  



3.2. Toxicookinetics of D4 after oral administration 



One study in rats investigated the toxicokinetics of D4 following oral administration 



after a single oral gavage of 300 mg D4/kg bw using different carriers. Extent of 



absorption of D4 form the gastrointestinal tract was between 12 and 52 % depending 
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on the carrier. As with D5, the toxicokinetic model did not describe the kinetic 



behavior as well as the experimental data obtained after oral administration, likely 



due to the uptake of D4 as microemulsion. Therefore, a second oral study using a 



lower single oral dose of 30 mg 14C-D4/kg bw was performed using a liquid food-type 



matrix for administration (DCC, 2006a). In this study, more then 75 % of the orally 



administered D4 was absorbed from the gastrointestinal tract. App. 60 % of the 



recovered radioactivity was eliminated within 24 h after administration with urine as 



major route of elimination for polar metabolites. D4 elimination also occurred with 



feces and in expired air as minor routes. Peak blood concentrations of D4 and D4-



derived radioactivity were observed in samples collected two hours after 



administration whereas peak concentrations of D4 in fat were observed at 12 or 24 h 



post dosing. As expected, highest AUCs for D4 resp. D4-derived radioactivity were 



seen in fat. Elimination of D4 and D4-derived radioactivity from several tissues was 



slower as compared to elimination from blood. D4 was slowly cleared from fat with a 



terminal half-life of 225 h (females) and 217 h (males), elimination of D4-derived 



radioactivity from the uterus was slowest with a terminal half-life of 700 h. 



 



3.3. Physiologically Based Toxicokinetic Modeling 



The toxicokinetic data obtained in studies after D4 inhalation or after dermal 



application were used as a basis to develop and evaluate physiologically based 



toxicokinetic models (PBTK) (Andersen et al., 2001; Reddy et al., 2003; Reddy et al, 



2007; Sarangapani et al., 2003). The lipophilicity and volatility of D4 have major 



influences on its toxicokinetics. The high lipophilicity of D4 results in high lipid 



partitioning. The high lipophilicity also results in retention of D4 in blood lipids. This 



may be the cause of the differences in kinetic behavior after inhalation and dermal 



administration as compared to high dose gavage. Due to the high volatility, D4 is 



rapidly cleared from blood by exhalation. Hepatic clearance by biotransformation of 



D4 to polar metabolites also occurs. Inhalation and dermal administration result in a 



similar pharmacokinetic profile, presumably due to diffusion of D4 molecules through 



membranes. At the onset of inhalation, blood levels of D4 rapidly increase and 



equilibrium between inhalation and exhalation of unchanged D4 is reached rapidly. 



Only a relatively small amount of the inhaled D4 is retained. The distribution and 



kinetics of D4 after oral dosing differed significantly from the predictions of the PBTK 
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model that well described the inhalation and dermal exposure routes. The differences 



in toxicokinetics after oral administration as compared to inhalation suggest that D4 is 



transferred from the gastrointestinal tract to the blood by different mechanisms as 



compared to those operative after inhalation or dermal administration. The oral route 



may deliver microemulsions of D4 that do not readily dissolve in plasma and blood 



and are distributed as such. The oral dosing studies using high doses suggested a 



much higher persistence of D4 in blood compared to inhalation and dermal dosing. 



However, this apparent persistence after oral dosing is most likely due to the fact that 



a fraction of D4 is present in a pool that is unavailable to interact with tissues. PBTK 



models also predict that D4 has no tendency to accumulate after repeated dosing. 



 



4. Conclusions 



Bioaccumulating chemicals in mammals (e.g. halogenated polycylic compounds such 



as tetrachlorodibenzo-p-dioxin, higher polychlorinated biphenyls, or DDT) have a 



high solubility in fat (i.e. a high BCF). These chemicals do not have a sufficient 



volatility to be cleared by exhalation and are very poor substrates for the enzymes of 



biotransformation (e,g. cytochromes P450). Therefore, they are only very slowly 



metabolized to watersoluble metabolites to be excreted with urine. For such 



chemicals, the high lipid partitioning and the very low clearance due to absence of 



exhalation or urinary excretion result in bioaccumulation. However, factors other than 



lipophilicity may also contribute in bioaccumulation in the absence of high BCFs. For 



example, perfluoroctanoic acid and some related chemicals have a very long half-life 



in humans and bioaccumulate. However, these chemicals have high water solubility 



and factors other then high lipid partitioning are the basis for the bioaccumulation. 



For perfluorooctanoate, the very long half-life is due to a low clearance due to renal 



reabsorption. Therefore, the use of the BCF to predict potential bioaccumulation is 



limited and a consideration of overall clearance may be a better predictor of potential 



bioaccumulation in mammals as compared to the use of a simple BCF (Andersen et 



al., 2008). 



In conclusion with recommendations made by the Scientific Committee on Health 



and Environmental Risks (SCHER) regarding tetrabromobisphenol A (TBBPA), D4 



should not be labeled as bioaccumulative. TBBPA has a high BCF, but is also rapidly 



cleared from the mammalian organism by biotransformation to polar metabolites. 
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Therefore, SCHER recommended that TBBPA should not be classified as 



bioaccumulative (EU-SCHER, 2005). 



The toxicokinetic data on D4 from a large number of consistent studies show that D4 



is rapidly cleared from the organism by exhalation and by biotransformation to polar 



and readily excretable metabolites. Therefore, D4 does not bioaccumulate in 



mammals despite high lipid partitioning due to its high clearance. Absence of a 



potential for bioaccumulation of D4 is experimentally demonstrated by measured fat 



concentrations of D4 after repeated dose inhalation exposures of rats to D4 for up to 



six month (see table 1). These data clearly show that a steady state concentration of 



D4 in fat is only slowly reached, but that D4 concentrations in fat remain constant 



after steady state after longer exposures. In addition, application of a PBTK model to 



predict tissue concentrations of D4 after repeated exposures does not predict a 



potential for bioaccumulation. The PBTK model well describes the experimental 



kinetics of D4 (Andersen et al., 2008). These facts clearly argue against a 



bioaccumulation potential for D4 in mammals. 



 



References 



Andersen, M.E., Sarangapani, R., Reitz, R.H., Gallavan, R.H., Dobrev, I.D., Plotzke, K.P., 
2001. Physiological modeling reveals novel pharmacokinetic behavior for inhaled 
octamethylcyclotetrasiloxane in rats. Toxicol Sci 60, 214-231. 



Andersen, M.E., Reddy, M.B., Plotzke, K.P., 2008. Are highly lipophilic volatile compounds 
expected to bioaccumulate with repeated exposures? Toxicol Lett 179, 85-92 



DCC, 1996a. Dow Corning Corporation - Method development for the determination of 14C-
Octamethyltetrasiloxane (D4) pharmacokinetics in the rat following single nose-only 
vapor inhalation exposure to 14C-D4. Report No: 1995-I0000-41000.  



DCC, 1996b. Dow Corning Corporation - Pharmacokinetics of 14C-Octamethyltetrasiloxane 
(D4) in the rat following single nose-only vapor inhalation exposure to 14C-D4 at 
three dose levels. Report No: 1995-I0000-40999.. 



DCC, 1997a. Dow Corning Corporation - A pilot study to determine if classical inducing 
agents alter the metabolic profile of a single dose of 14C-
octamethylcyclotetrasiloxane (D4) in rats. Report No: 1996-I0000-41821.  



DCC, 1997b. Dow Corning Corporation - Pharmacokinetics of 14C- 
Octamethycyclotetreasiloxane (D4) in the rat following 14 repeat daily nose-only 
vapor inhalation exposures to unlabeled D4 and a single exposure (Day 15) to 14C-
D4 at two dose levels. Report No.: 1996-I0000-42577.  



DCC, 1998. Dow Corning Corporation - Absorption of 14C- octamethycyclotetreasiloxane 
using the flow-through diffusion cell system for in vitro dermal absorption in human 
skin. Report No: 1998-I0000-44368. 



 DCC, 2000a. Dow Corning Corporation -  Disposition of octamethylcyclotetrasiloxane (D4) in 
female Fischer 344 and Sprague Dawley IGS rats following a single nose-only vapor 
inhalation exposure to 700 ppm 14C-D4. Report No: 2000-I0000-48876.  











Prof. Dr. W. Dekant: Expert Review page 10 of 10 



 



DCC, 2000b. Dow Corning Corporation -  Non-regulated study: Absorption, kinetics and 
elimination of 14C-octamethylcyclotetrasiloxan (C-14 D4) in humans after a one-hour 
respiratory exposure. Report No: 2000-I0000-48855. University of Rochester Medical 
Center, Rochester, New York 



DCC, 2000c. Dow Corning Corporation -  Non-regulated study: Human dermal absorption of 
octamethylcyclotetrasiloxane (D4). Report No: 2000-I0000-49147. University of 
Rochester Medical Center, Rochester, New York: 



DCC, 2000d. Dow Corning Corporation - In vivo percutaneous absorption of 14C-
octamethylcyclotetrasiloxane in the rat. Report No: 2000-I0000-48335.  



DCC, 2001. Dow Corning Corporation - In vitro metabolism of octamethylcyclotetrasiloxane 
(D4) by human liver microsomes.  DC Study No. 8956, External study No. XT052396, 
Report no. 2001-I0000-50850, November, 2001. 



DCC, 2002. Dow Corning Corporation - Disposition of octamethylcyclotetrasiloxane (D4) in 
female Fischer 344 and Sprague Dawley IGS rats following fourteen repeat nose-only 
vapor inhalation exposures to 700 ppm D4 followed by a single nose-only vapor 
inhalation exposure to 700 ppm 14C-D4 on day fifteen. Report No: 2002-I0000-
51831. 



DCC, 2006a. Dow Corning Corporation - Disposition and toxicokinetics of 14C-
Octamethylcyclotetrasiloxane (14C-D4) following single oral gavage administration to 
Fischer 344 rats in a liquid diet vehicle, Technical Report. HES Study No. 11842-102.  



DCC, 2006b. Dow Corning Corporation: Conducting in vitro reactions of 
Octamethylcyclotetrasiloxane (D4) with liver microsomes and identification of a 
specific in vitro metabolite, Technical Report No. 2006-I0000-56913. 



Powell, D., Gelein, R., Morrow, P., Plotzke, K., Mast, R., Gaspari, A., 1996. Percutaneous 
absorption and biologic effects of octamethylcyclotetrasiloxane (D4) in normal human 
volunteers. 57th Annual Meeting of the Scoeity for Investigative Dermatology in 
Washington, DC (Abstract 674). J Invest Dermatol 106, 18. 



Utell, M.J., Gelein, R., Yu, C.P., Kenaga, C., Geigel, E., Torres, A., Chalupa, D., Gibb, F.R., 
Speers, D.M., Mast, R.W., Morrow, P.E., 1998. Quantitative exposure of humans to 
an octamethylcyclotetrasiloxane (D4) vapor. Toxicol Sci 44, 206-213. 



Utell, M.J., Morrow, P.E., Kenaga, C., Frampton, M.W., Geigel, E., Chalupa, D., Gelein, R., 
Varaprath, S., Gibb, F.R., Mast, R., 1995. Respiratory intake and absorption of 
octamethylcyclotetrasiloxane in humans. International Congress of Toxicology VII 
July 1995 abs 100-P-15. 



Varaprath, S., Salyers, K.L., Plotzke, K.P., Nanavati, S., 1999. Identification of metabolites of 
octamethylcyclotetrasiloxane (D(4)) in rat urine. Drug Metab Dispos 27, 1267-1273. 



Zareba, G., Gelein, R., Morrow, P.E., Utell, M.J., 2002. Percutaneous absorption studies of 
octamethylcyclotetrasiloxane using the human skin/nude mouse model. Skin 
Pharmacol Appl Skin Physiol 15, 184-194. 



 



 












__MACOSX/._Comment D4-ECHA-28-11-2014.pdf





Comment D5-ECHA-28-11-2014.pdf




 



 



Expert Review 



Decamethylcyclopentasiloxane (D5) is rapidly 
cleared from mammals and does not bioaccumulate 



in the food chain 
 



 



 



 



Reviewer: Wolfgang Dekant, Dr. rer. nat.  



 Professor of Toxicology 



 Rhönstrasse 9 



 97080 Würzburg 



 e-mail: dekant@toxi.uni-wuerzburg.de 



 



 



 



Sponsor: Silicones Environmental, Health and Safety Center 



 American Chemistry Council 



 700 2nd Street, NE 



 Washington, DC, 20002 



 



  Nov. 28, 2014 



W. Dekant, Professor of Toxicology Date 



 











Prof. Dr. W. Dekant: Expert Review page 2 of 11 



 



Table of contents 



	
  



1.	
   Summary .............................................................................................................. 3	
  



2.	
   Scope .................................................................................................................... 3	
  



3.	
   Toxicokinetics and biotransformation of D5 .......................................................... 4	
  



3.1.	
   Absorption and Distribution of D5 after inhalation exposures ......................... 4	
  



3.2.	
   Toxicokinetics of D5 after oral administration ................................................. 6	
  



3.3.	
   Biotransformation of D5 .................................................................................. 7	
  



3.4.	
   Physiologically Based Toxicokinetic Modeling ............................................... 7	
  



4.	
   Conclusions .......................................................................................................... 8	
  



References ................................................................................................................ 10	
  



 



  











Prof. Dr. W. Dekant: Expert Review page 3 of 11 



 



1. Summary 



Decamethylcyclopentasiloxane (D5, CAS 551-02-6) is a very lipophilic, but highly 



volatile chemical. D5 is proposed for classification as bioaccumulative since it has a 



bioconcentration factor (BCF) above the threshold triggering such classification. 



However, the toxicokinetics of D5 show that systemically available D5 is distributed 



to all tissues including fat. D5, however, is rapidly cleared by exhalation of parent D5 



and bio biotransformation to polar and water-soluble metabolites. While a steady 



state concentrations of D5 in fat is slowly reached, a continuous increase in the 



concentration of D5 after repeated exposures, the hallmark of bioaccumulation, does 



not occur due to the efficient elimination. This was demonstrated in repeated dose 



inhalation studies with D5 and a duration of up to six month. Moreover, a possible 



bioaccumulation of D5 in mammals is not supported by predictions based on a 



physiologically-based toxicokinetic model which well described the experimental 



toxicokinetics of D5 after single and multiple inhalation exposures. Tissue 



concentrations of D5 simulated by the model were in good agreement with 



experimental data obtained after inhalation of D5 for up to six month. Therefore, the 



high clearance of D5 prevents bioaccumulation in mammals. 



 



2. Scope 



I have been asked to provide my opinion on a possible bioaccumulation of D5. I have 



in depth experience conducting and evaluating studies on the biotransformation and 



toxicokinetics of chemicals and significant experience in risk assessment related 



issues. D5 has a high bioconcentration factor (BCF). The high BCF of D5 is due to its 



high lipophilicity and thus a preferential distribution to lipid rich tissue. However, the 



high volatility of D5 due to the unique physical chemistry of cyclic siloxanes and the 



rapid biotransformation of D5 to water soluble metabolites result in a rapid clearance 



of D5 from mammals. Therefore, D5 does not bioaccumulate. The absence of 



bioaccumulation of D5 or its metabolites after repeated administration is both directly 



supported by experimental results and by prediction of tissue concentrations of D5 



after repeated dosing using physiologically based toxicokinetic modeling (PBTK). 



This document gives a short overview on the results of the toxicokinetics of D5 in 



mammals and concludes that the available data do not support a potential for 



bioaccumulation of D5 in mammals.  
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3. Toxicokinetics and biotransformation of D5 



The toxicokinetics of D5 are well characterized and data on time dependence of 



tissue concentrations of D5 or D5-derived radioactivity are available both after single 



and repeated inhalation exposures to D5. Toxikokinetics of D5 were also 



characterized after single oral administration in rodents. In addition, data on the 



dermal absorption of D5 and the disposition of systemically available D5 have been 



generated (DCC, 1996; Burns-Naas et al., 1998a; Burns-Naas et al., 1998b; DCC, 



2002; DCC, 2003a; DCC, 2003b; DCC, 2003c; DCC, 2003d; Varaprath et al., 2003; 



DCC, 2005a; DCC, 2007; Jovanovic et al., 2008; Reddy et al., 2008; Tobin et al., 



2008). Since D5 has a very low systemic availability after dermal administration, 



these studies are not reviewed here. 



3.1. Absorption and Distribution of D5 after inhalation exposures 



The disposition of D5 was evaluated in rats after single and repeated inhalation 



exposures for periods of up to six month (DCC, 2005b; Tobin et al., 2008). Rats were 



either exposed once for six hours to seven ppm or 160 ppm 14C-D5 or, after 14 



consecutive 6-hour nose-only exposures to 160 ppm of unlabeled D5 followed by a 



single 6-hour exposure to 160 ppm 14C-D5 on day 15. D5-derived radioactivity and 



parent D5 were quantified in blood, tissues, expired air, urine, and feces at different 



time points. After both single and repeated inhalation exposures, less then 3 % of the 



amount of D5 delivered into the lung were retained in the animals. Retained D5 was 



widely distributed from blood to tissues with maximum concentrations observed three 



hours after exposure in most tissues except fat. Exhalation of unchanged D5 was the 



major pathway of elimination after both single and multiple inhalation exposures (app. 



50% of the retained D5). Elimination of D5-derived radioactivity in urine as polar 



metabolites (app. 12%) and fecal elimination as parent D5 (app. 16%) were other 



pathways of elimination. Fecal elimination of D5 may in part be due to oral ingestion of 



D5 deposited on the fur. Elimination of D5-associated radioactivity was multiphasic 



that included rapid clearance of the majority of the radioactivity from the plasma 



within 24 h after the end of inhalation exposure followed by a slower elimination 



phase due to redistribution of parent D5 from fat to plasma with subsequent 



elimination into exhaled breath, urine and feces. Elimination of D5 and presumed 
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metabolites from fat was slower as compared to plasma and other tissues (DCC, 



2001). As with other lipophilic chemicals, fat may serve as a reservoir of D5 since 



little decrease of D5-associated radioactivity in fat was observed over an observation 



period of 168 h. Most of the radioactivity present in fat was attributed to unchanged 



D5 (Tobin et al., 2008).  



Concentrations of D5 in fat after repeated exposures do not support a conclusion that 



D5 is bioaccumulative. Tissue concentrations of D5 were determined after single, 



repeated 14-day, and a 6-month inhalation exposure performed as part of a 2-year 



chronic toxicity study (5 days/week) (see table 1).  



 
Table 1: Tissue concentrations of decamethylcyclotetrasiloxane (D5) (µg/g tissue) in 



female rats at the end of single, 15-day, and 6 month inhalation exposures 
to 160 ppm (from Andersen et al., 2008)  



Tissue 
Exposure 



Single 15-day 6-month 



Plasma 2.50 ± 1.28 3.48 ± 0.57 3.19 ± 0.76 



Liver 27.1 ± 11.7 32.7 ± 4.7 32.8 ± 3.0 



Perirenal fat 3.32 ± 1.84 190 ± 11 176 ± 58 



Single and daily exposures for 15 days were for 6 hours; the six month exposures were 6 hours/day for 5 days/week 



 
While concentrations of D5 in perirenal fat are increase within the 1st two weeks of 



exposure due to the slow perfusion of lipid-rich tissues, steady-state is reached within 



two weeks and no further increase in D5 concentrations in fat occurs after the 6-



month exposure (DCC, 2005c).  



The toxicokinetics of D5 after inhalation exposure were also studied in human 



subjects after inhalation of D5 (10 ppm for one hour) using a mouthpiece exposure 



system under a mixed rest/exercise scheme (DCC, 2004). During exposure, D5 



concentrations in exhaled air rapidly reach a steady state between 7 and 10 ppm; 



after the end of the exposures, D5 levels in exhaled air rapidly declined and reached 



concentrations of less than 1 ppm within 20 min in most of the subjects. 



Concentrations of D5 in plasma increased from a baseline level of 0.15 to 3.3 µg/L to 



between 31 and 70 µg/L at the end of the inhalation exposure and rapidly declined 



after the end of the exposure to the basal levels within 24 h (DCC, 2004). 
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3.2. Toxicokinetics of D5 after oral administration 



Toxicokinetic studies were performed in rats after gavage with 14C-D5 (single dose of 



1,000 mg/kg bw) in different vehicles and as a neat material (DCC, 2003a). The 



carrier had a significant influence on the extent of absorption and kinetics of 



elimination of 14C-D5. The radioactivity eliminated in the urine following all vehicles 



exposures consisted entirely of polar metabolites of D5. Mass balance analysis 



indicated that approximately 60 to 80 % of the administered D5 was excreted 



unchanged in the feces, up to 20% of administered D5 as metabolites in urine, and 



half of the systemically available D5 was exhaled as unchanged D5. However, the 



kinetics and tissue distribution observed after oral dosing were qualitatively different 



from the distributions after inhalation or dermal exposures. Higher relative 



concentrations of D5 were noted in liver and spleen as compared to exposure to D5 



by inhalation. Elimination half-lives in blood were also depending on the carrier used 



and ranged from 45.45 hours to 240.36 hours for D5-derived radioactivity, and 



between 116.77 and 242.21 hours for parent D5. As described below, the kinetics of 



D5 after high dose oral administration were not well described by PBPK-modeling, 



likely due to uptake as microemulsion. Therefore, an additional oral administration 



study using lower doses of 14C-D5 (100 mg/kg bw) in a more biologically relevant 



liquid diet vehicle or corn oil were performed in rats for comparison to the high dose 



studies (DCC, 2014). In this study, the attained blood concentrations of D5 were 



dependent on the vehicle with corn oil giving higher Cmax at 4 hours post dosing than 



the more biologically relevant vehicle, demonstrating the influence of a lipophilic 



vehicle on the absorption of D5. Upon absorption, the half-lives of radioactivity in 



blood were 95 h both in the corn oil and the liquid diet groups. Half-lives of 



elimination for parent D5 and total radioactivity in blood and tissues ranged from 



approximately 0.5 – 15 days In addition, half-lives for total radioactivity were longer 



than half-lives for parent D5 for most tissues in females and males due to 



redistribution of parent D5 from fat to plasma. Mass balance assessment in female 



and male rats demonstrated that less then 17 % of the administered dose was 



systemically available and most of the administered radioactivity (app. 82 %) was 



recovered as unchanged D5 in feces within the first 24 hours, less then 2 % of dose 



was exhaled, and app. 9 % of dose (entirely metabolites) was recovered in the urine 



as polar metabolites. Half-lives of elimination for expired volatiles, feces, and urine 



were up to 70 h.  
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3.3. Biotransformation of D5 



As described above, absorbed D5 is partially cleared by exhalation of parent D5. 



Biotransformation of D5 by cytochrome P450 followed by hydrolytic cleavage also 



contributes to the rapid clearance of D5 from the mammalian organism. Major 



metabolites formed from D5 are dimethylsilanediol and methylsilanetriol with 



[MeSi(OH)2-O-Si(OH)3], [MeSi(OH)2-O-Si(OH)2Me], [MeSi(OH)2-O-Si(OH)Me2], 



[Me2Si(OH)-O-Si(OH)Me2], and [Me2Si(OH)-OSiMe2-OSi(OH)Me2] representing 



minor metabolites (Varaprath et al., 2003). The metabolite structures suggest that D5 



is initially oxidized by cytochrome P450 (Fig. 1). The initially formed metabolite(s) 



likely rearranges to give nonamethylcyclopentasiloxanol, which is degraded by 



hydrolysis to downstream products (short-chain siloxanols and silanols) which are 



excreted into urine (Figure 1). Due to its high lipophilicity, parent D5 is not excreted 



with urine. 



 



 



Figure 1. Biotransformation of D5 in rodents and humans. 



 



3.4. Physiologically Based Toxicokinetic Modeling 



The toxicokinetic data obtained in studies after D5 inhalation or after dermal 



application were used as a basis to develop and evaluate physiologically based 



toxicokinetic models (PBTK). The lipophilicity, volatility, and extensive 
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biotransformation of D5 regulate the toxicokinetic profile of D5. The high lipophilicity 



results in high partitioning to fat and in retention of D5 in blood lipids. The high 



lipophilicity also results in retention of D5 in blood lipids. This might be one cause of 



the differences in kinetic behavior after inhalation and dermal administration as 



compared to oral dosing. Due to the low perfusion of fat, steady state concentrations 



of D5 in fat are only slowly attained (see table 1). Due to the high volatility, D5 is 



rapidly cleared from blood by exhalation. Hepatic clearance by biotransformation of 



D5 to polar metabolites also occurs. Inhalation and dermal administration result in a 



similar pharmacokinetic profile, presumably due to diffusion of D5 molecules through 



membranes. At the onset of inhalation, blood levels of D5 rapidly increase and 



equilibrium between inhalation and exhalation of unchanged D5 is reached rapidly. 



Only a relatively small amount of the inhaled D5 is retained. The distribution and 



kinetics of D5 after oral dosing differed significantly from the predictions of the PBTK 



model that well described the inhalation and dermal exposure routes. The differences 



in toxicokinetics after oral administration as compared to inhalation or skin contact 



suggest that D5 is transferred from the gastrointestinal tract to the blood by different 



mechanisms as compared to those operative after inhalation or dermal 



administration. The oral route may deliver microemulsions of D5 that do not readily 



dissolve in plasma and blood and are distributed as such. Modeling the kinetic data 



following the high dose oral dosing studies suggested a different distribution pattern 



of D5 in blood compared to inhalation. However, this apparent persistence after oral 



dosing is most likely due to the fact that a fraction of D5 is present in a pool that is 



unavailable to interact with tissues. The PBTK models have been developed using 



extensive datasets in both rodent and humans following multiple exposure levels.  



These models demonstrate that the high volatility and extensive metabolism of D5 to 



polar metabolites causes rapid clearance from the body with no accumulation in 



plasma and tissues after repeated dosing.  



 



4. Conclusions 



Chemicals that bioaccumulate in mammals (e.g. halogenated polycyclic compounds 



such as tetrachlorodibenzo-p-dioxin, polychlorinated biphenyls with higher chlorine 



content, or DDT) have a high solubility in fat (i.e. a high BCF). These chemicals are 



not sufficiently volatile to be cleared by exhalation. They are also very poor 
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substrates for enzymes of biotransformation such as cytochromes P450 and thus are 



only very slowly metabolized to water soluble metabolites to be excreted with urine. 



This results in a very low clearance of such chemicals from the mammalian 



organism. Therefore, the combination of high lipid partitioning and the very low 



clearance due to absence of exhalation or urinary excretion result in 



bioaccumulation. However, factors other than lipophilicity may contribute in 



bioaccumulation in the absence of high BCFs. For example, perfluoroctanoic acid 



and some related chemicals have a very long half-life in humans and bioaccumulate. 



These chemicals are water soluble and not highly volatile. Therefore, factors other 



then lipid partitioning may also be the basis for the bioaccumulation. For 



perfluorooctanoic acid, the potential for bioaccumulation is due to a low renal 



clearance due to renal reabsorption. Therefore, the use of the BCF to predict 



potential bioaccumulation is limited and a consideration of overall clearance may be 



a better predictor of potential bioaccumulation in mammals as compared to the use of 



a simple BCF.  



In agreement with recommendations made by the Scientific Committee on Health 



and Environmental Risks (SCHER) regarding tetrabromobisphenol A (TBBPA), D5 



should not be labeled as bioaccumulative. TBBPA has a high BCF, but is also rapidly 



cleared by biotransformation to polar metabolites. Therefore, SCHER recommended 



that TBBPA should not be classified as bioaccumulative. The data on D5 from a large 



number of studies consistently show that D5 is rapidly cleared from the organism by 



exhalation and by biotransformation to polar and readily excreted metabolites. 



Therefore, D5 does not bioaccumulate in mammals due to its high clearance despite 



high lipid partitioning. Absence of a potential for bioaccumulation of D5 is 



experimentally demonstrated by measured fat concentrations of D5 after repeated 



dose inhalation exposures of rats to D5 for up to six month (see table 1). While a 



large difference in fat concentrations of D5 between a single and a repeated 14-day 



inhalation exposure was observed, D5 concentrations in fat did not further increase 



when inhalation exposures were continued for up to 6 months. These data clearly 



show that steady state between inhalation and elimination of D5 is only slowly 



reached in fat, but D5 concentrations remain constant after steady state is reached. 



This observation clearly argues against a bioaccumulation potential for D5 in 



mammals. In addition, application of a PBTK model which well described the 



experimental kinetics of D5 to simulate tissue concentrations of D5 after repeated 
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exposures does not predict a potential for bioaccumulation for D5 in mammals 



(Andersen et al., 2008).  
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Comments on  
European Union proposal to list Octamethylcyclotetrasiloxane (D4), 
Decamethylcyclopentasiloxane (D5) and Dodecamethylcyclohexasiloxane (D6) in Annex B 
to the Stockholm ConvenCon on Persistent Organic Pollutants, secCon 3.4.2 
 
Based on my background in toxicology, toxicokine7cs, and human health hazard and risk 
assessment, my comments are restricted to chapter 3.4.2. I have more than 40 years of 
experience in toxicology research and have been member of a number of expert panels 
addressing hazard and human health risks of chemicals and have published more then 400 
ar7cles in high impact peer-reviewed journals, including publica7ons on the toxicology and 
modes of ac7on of D4 and D5. 
 
General comments on the chapter. While the document lists all relevant mammalian toxicity 
studies on D4, D5, and D6, the human relevance of the effects seen in experimental animals 
is not discussed when concluding that these siloxanes are “toxic”. Moreover, integra7on of 
human relevance informa7on into hazard and risk assessment is not performed. A number of 
recent publica7ons that address these issues are not cited and need to be considered in the 
process of concluding on human hazard and poten7al risk.  
 
Relevance of toxicokineCcs regarding conclusions on bioaccumulaCon. The well-described 
toxicokine7cs of D4 and D5 show that D4/D5 is rapidly cleared from the mammalian 
organism by exhala7on of unchanged D4 /D5 and by biotransforma7on to polar metabolites 
excreted with urine. While a steady state concentra7on of D4/D5 in fat is slowly reached, a 
con7nuous increase in D4/D5 concentra7ons in fat aQer repeated exposures, the hallmark of 
bioaccumula7on, does not occur due to the high clearance. Repeated dose inhala7on studies 
in rats with D4/D5 for up to six month demonstrate absence of bioaccumula7on. Moreover, a 
possible bioaccumula7on of D4/D5 in mammals aQer prolonged exposures is not predicted 
by applica7on of physiologically-based toxicokine7c models. Tissue concentra7ons of D4/D5 
predicted by these models were in good agreement with experimental data obtained aQer 
inhala7on of D4/D5 for up to six month. Therefore, the high clearances of D4/D5 prevent 
bioaccumula7on of D4 and D5 in mammals. Clearance of D4/D5/D6 by biotransforma7on is 
also observed in fish. These points need to be integrated into the conclusions regarding 
biomagnifica7on of cyclic siloxanes.  
Relevant references: 
hUp://dx.doi.org/10.1016/j.toxlet.2021.12.020 
hUp://dx.doi.org/10.1016/j.toxlet.2017.05.002 
hUps://doi.org/10.1016/j.toxlet.2022.10.008 
10.1016/j.yrtph.2015.12.010. 
10.1093/toxsci/kfn125 
10.1016/j.toxlet.2008.04.007 
10.1016/j.toxlet.2017.04.002. 
10.1093/toxsci/kfg001. 
10.1016/j.chemosphere.2021.130948 
 
More details on the role of biotransforma7on and exhala7on in the clearance of D4/D5 is 
included in the aUached comments . These were already submiUed ECHA in response to the 
‘Call for Evidence’ on the documents developed by the UK REACH Competent Authority 
related to concerns about the poten>al vPvB proper>es of Octamethylcyclotetrasiloxane or 











D4 (CAS 556-67-2) and ‘Call for Evidence’ on the documents developed by the UK REACH 
Competent Authority related to concerns about the poten>al vPvB proper>es of 
Decamethylcyclopentasiloxane. 
 
 
Recent conclusions on bioaccumulaCon of cyclic siloxanes. Apparently, a number of more 
recent publica7ons that conclude that D4 and D5 do not bioaccumulate have not been 
considered regarding the conclusions made in the ECHA document. 
 
Relevant references: 
DOI: 10.1002/ieam.1729 
DOI: 10.1002/etc.3242 
DOI: 10.1039/c7em00473g 
10.1016/j.chemosphere.2021.130948 
 
The considera7ons made in these publica7ons need to be integrated into the document. 
  
No conclusive jusCficaCon for staCng that D4, D5, and D6 are “toxic”. Overall, there is liUle 
jus7fica7on for the conclusion that D4, D5, and D6 fulfill the criteria for classifica7on as 
“toxic” as there is no discussion on human relevance nor on hazard respec7vely health risks 
of human environmental exposures to D4, D5, and D6. As human environmental exposures 
can be assessed based  on monitoring data and points of departure can be derived from the 
toxicity data on D4, D5, and D6, assessment of poten7al risks of human exposures is possible 
and publica7ons addressing this are available. Regarding hazard, the classifica7on of D4 as 
reprotoxic cat 2 would support an inclusion, but only based on EU regula7ons. Even under 
this regula7on, neither D5 nor D6 would be labelled as “toxic”. Thus, a more detailed 
jus7fica7on that includes considera7on of human relevance of effects observed in 
experimental animals and dose-response needs to be integrated for scien7fically valid 
conclusions regarding toxicity. 
Relevant references: 
hUp://dx.doi.org/10.1016/j.toxlet.2017.01.010 
hUp://dx.doi.org/10.1016/j.toxlet.2017.05.019 
hUp://dx.doi.org/10.1016/j.toxlet.2021.12.020 
hUp://dx.doi.org/10.1016/j.yrtph.2015.06.011 
hUp://dx.doi.org/10.1016/j.yrtph.2015.10.023 
hUp://dx.doi.org/10.1016/j.toxlet.2017.06.007 
hUp://dx.doi.org/10.1016/j.yrtph.2015.06.021 
 
Specific points in the document that warrant aUen7on: 
 
3.4.2, subchapter 80, last four lines 
Based on principles of science, you cannot proof the absence of an effect, only presence of 
effects can be demonstrated. A conclusion is lacking here. Based on the cited publica7on 
(Siddiqui et al., 2007a), the mode of ac7on responsible for reproduc7ve effects in female rats 
has no human relevance due to differences in 7ming of the pre-ovulatory LH-surge. The 
excursion to phenobarbital effects in the text is unclear and reads out of context. If the 
„numerous“ epidemiology studies on phenobarbital do not show an effect on female fer7lity 











and phenobarbital blocks LH-release, this would actually support absence of human 
relevance of this mode of ac7on.  
 
3.4.2, subchapter 81, use of Burns-Naas et al., 1998 
As recognized later in the document (subchapter 85), the maximum achievable vapor 
concentra7on of D5 is app. 170 ppm; above 170 ppm, exposure is to a mixture of vapor and 
aerosol. Thus, conclusions from this study are limited due to unclear dosimetry, local 
deposi7on of higher concentra7ons of D5 in the respiratory tract, and general stress due to 
the exposure condi7ons. Moreover, the one- and two-genera7on reproduc7ve toxicity 
studies provide no evidence of effects on reproduc7ve func7ons and thus are more 
conclusive. It should also be men7oned that there was no clear rela7on of the female 
reproduc7ve tract pathology to exposure to D5. 
 
3.4.2, subchapter 82, last four lines 
As correctly stated, D4 is a very weak estrogen. However, the conclusions made in the last 
four lines in the subchapter are not consistent with the very low potency of D4 as estrogen 
and an impact of D4 on reproduc7ve parameters by direct estrogenicity is thus highly 
unlikely (10.1016/j.toxlet.2017.01.010). 
 
3.4.2, subchapters 83 and 86 
As stated, there is no evidence of adverse effects of D6 on reproduc7ve func7on from 
appropriate studies.. 
 
3.4.2, subchapters 87, 88, 106, tumor induc7on in the uterus by D4/D5 
The evalua7on is based on a SCCS opinion from 2010 (D5) and 2015 (D4), more recent data 
and evalua7ons are available and need to be integrated. The data show that the modes of 
ac7on for tumor induc7on by D4 and D5 in female rats have no human relevance and thus 
should not be used to conclude on “toxicity”  Due to the absence of both genotoxicity and 
estrogenicity of D5, the likely mechanism for the induc7on of uterine adenocarcinoma is an 
interference with prolac7n secre7on. D4/D5 do not appear to be a direct dopamine agonist,  
an indirect interac7on of D5 on the dopamine system alters the pituitary control of the 
estrus cycle. For D4, there are differences in ovulatory cycle regula7on in rats compared to 
humans, cys7c hyperplasia without atypia in women is not a cancer precursor, and there is 
no endometrial lesion in women that is directly analogous to endometrial adenoma in the 
rat . 
hhUp://dx.doi.org/10.1016/j.toxlet.2017.08.016; 
hUp://dx.doi.org/10.1016/j.yrtph.2015.06.021).  
hUp://dx.doi.org/10.1016/j.toxlet.2017.01.010. 
 
3.4.2, subchapter 91 to 97, liver effects 
Liver enlargement and increased liver weights have been observed in repeated dose oral and 
inhala7on studies with D4, D5, and D6. Liver weight increases were usually reversible and 
occurred without histopathological changes. Both D4 and D5 have been shown to induce 
cytochrome P450 enzymes in the liver and there is strong evidence that liver enlargement, 
and cell prolifera7on caused by D4 and D5 has a MOA similar to phenobarbital through 
ac7va7on of CAR-receptor signaling. Ac7va7on of CAR is not considered as a mode of ac7on 
relevant to humans and effects mediated by CAR should thus not be used as a basis for 











human hazard and risk assessment. Therefore, the liver changes observed do not support 
the conclusion that D4, D5, and D6 are “toxic”. 
10.3109/10408444.2013.835786;  
hUp://dx.doi.org/10.1016/j.yrtph.2015.06.011; 
hUp://dx.doi.org/10.1016/j.toxlet.2021.12.020;  
  
3.4.2, subchapters 98, 99, 100, effects of siloxanes on the respiratory tract 
 
Considera7ons of effects of D4/D5, and D6 on the respiratory system require a more detailed 
assessment of exposure condi7ons and the lesions observed. For example, whole body 
inhala7on exposure of rats to D4 rats to concentra7ons of up to 989 ppm using a nebulizer to 
generate the exposure atmosphere reported alveolar macrophage accumula7on and 
leukocyte infiltra7on in the high exposure group. The focal effects are associated with 
deposi7on of D4 as droplets in combina7on with restraint stress. Therefore, the results of 
the 24-month study provides more relevant informa7on on effects of D4 on the respiratory 
tract. In this study, reversible and mild irritant responses without a consistent dose-response 
consistent were seen at 700 ppm.  
For D5, respiratory effects were seen in a whole body vapor inhala7on study in rats at 160 
ppm. The study report referenced in the document states that “sta7s7cally significantly 
increased incidence of hyaline inclusions in the nasal respiratory/olfactory epithelium was 
noted in male and/or female rats of group 4 (160 ppm) sacrificed aQer 6, 12 and 24 months” 
and are “considered to represent a non-specific exposure-related effect”. In addi7on, 
“histomorphologic changes in the nasal cavity were consistent with chronic inhala7on of 
some mildly irritant chemicals but are also commonly observed in ageing rats. Since there 
were no other changes associated with a response to an irritant, such as an inflammatory cell 
infiltra7on or degenera7ve changes to the epithelium, the finding was considered to be non-
specific and of low toxicological importance”. As human environmental exposures to D5 are 
many orders of magnitude below the concentra7ons (160 ppm of D5) inducing mild effects 
on the rodent respiratory tract, these observa7ons do not support the conclusion that D4 
and D5 are “toxic” to the respiratory tract and induce “significant” adverse effects at 
reasonably an7cipated exposures. 
hUp://dx.doi.org/10.1016/j.toxlet.2021.12.020 
 
 
3.4.2, subchapter 105, “concentra7ons of D5 were not sufficiently high enough” 
 
As already stated above, the highest concentra7on of D5 that gives a stable vapor exposure 
was used. Aerosol exposures at higher air concentra7ons result in dosimetry issues. The 
statement therefore should be removed. 
 
3.4.2, subchapter 107 
 
The liver effects in rats are due to a mode of ac7on that has no relevance to humans. Thus, 
the statement has no scien7fic support and should be removed. 
 
4., subchapter 111 and 113 
 











Both statements are not supported as the observed effects have no human relevance or are 
only seen at high doses/concentra7ons (as compared to environmental exposures). A 
conclusion on poten7al (“significant”) adverse effects in humans is not possible using hazard 
informa7on only. To come to conclusions on probability of “significant” adverse effects, well-
developed risk assessments are required. These are available for D4 and D5. 
hUp://dx.doi.org/10.1016/j.yrtph.2015.10.023 
hUp://dx.doi.org/10.1016/j.toxlet.2017.05.019 
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		Template for providing comments on the draft scientific dossier for an EU proposal by the European Commission to list D4, D5 and D6 in Annex B to the Stockholm Convention on POPs  

(Please use this format as it is in the interests of fast processing and consolidation of all comments)

Do not add extra columns or change the formatting





		Comment No.		Section (use drop-down menu)		Sub section (use drop-down menu)		Paragraph number (first relevant line number as integer only; in case of multiple lines, indicate them in the comment field)		Comment                                                                                                                       NOTES: (i) if your comment is for proposing addition or deletion of text please give details of the preceding and following current text so it is clear where the revision is to be made; (ii) if the comment relates to several paragraph numbers please list ALL paragraph numbers or the range of paragraphs [in this field, NOT in Column D].

		1		1				1		Section 1 is not correct. D4, D5 and D6 do not have similar chemical structures; have widely varying chemical properties and do not have a similar hazard profile. 
• First, D6 is much bigger than D5, which is much bigger than D4.  
• Secondly, chemical properties of D4, D5 and D6 vary greatly. For example, the octanol-water partition coefficients (Kow) of D4, D5 and D6 differ by 240 fold (Table 2 of proposal). 
• Third, D5 and D6 are non-toxic to ecological receptors at all concentrations that could possibly occur in nature (i.e. up to the D4 and D5’s solubility or sorptive capacity) while D4 has been shown to cause toxic effects at concentrations below but close to its solubility, which is very hard to reach in nature but still possible. Substitution should not be regarded as regrettable but should be considered as a useful and productive approach because of the non-toxic nature of D5 and D6 compared to the potential for toxic effects of D4. 

There are guidelines regarding the application of a read-across approach that is applied here. The most thorough treatise on this issue is by Schultz et al. (2015), who state: 
“There are two major aspects of any read-across exercise, namely assessing similarity and uncertainty. While there can be an over-arching rationale for grouping organic substances based on molecular structure and chemical properties, these similarities alone are generally not sufficient to justify a read-across prediction. Further scientific justification is normally required to justify the chemical grouping, typically including considerations of bioavailability, metabolism and biological/mechanistic plausibility. Sources of uncertainty include a variety of elements which are typically divided into two main issues: the uncertainty associated firstly with the similarity justification and secondly the completeness of the read-across argument”. 
These guidelines have not been met or considered. I highly recommend evaluating D4, D5 and D6 separately due to their large differences in properties and hazard profiles.

References
TW Schultz et al, “A strategy for structuring and reporting a read-across prediction of toxicity” (2015) 72:3 Regulatory Toxicology and Pharmacology at p 586.

		2		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.2 Bioaccumulation		16		• First, section 16 expresses considerable uncertainty regarding the value for the BCF of D4 in Fackler et al. (1995) because it is unclear whether “this [BCF] value was corrected to take account of the contribution of metabolites and if it was growth corrected”. It is well known that in studies with C¹⁴ test substances, C¹⁴ metabolites can artificially inflate BCF values of the parent substance and that in that in the case of D4, D5 and D6 the breakdown of the ring-structure can produce metabolites that are very different from the parent compounds (Varaprath et al. 2003). If the type of BCF is not known, then do not use the BCF and rely on reliable data, which exist.
• Secondly, growth correction can cause erroneously high bioconcentration factors due to mathematical error in the growth correction and corresponding loss of mass balance, generating BCFs that cannot occur in nature (Gobas and Lee, 2019). 
• Third, the Fackler et al. (1995) study did not follow OECD TG 305. Tests following OECD 305 tests indicate steady-state BCFs of D4 in the range of 3000 to 4000 L/kg ww in two studies, which are far less than the BCF in the non-OECD TG 305 tests. The kinetic BCFs are in the range of 4100 and 5500 L/kg ww, hence 4800 on average and below 5000. It is well recognized that growth correction of  BCFs erroneously overestimates bioconcentration factors (Gobas and Lee 2019) of high Kow substances such as D4, D5 and D6, producing big errors. The mathematical error in the derivation of growth corrected BCFs has been pointed out in the literature and can easily be checked using high-school math. BCFs calculated using the so-called growth correction method produce implausible BCFs that cannot occur in nature as they represent the ratio of the uptake rate of a substance in a growing fish and depuration rate of that substance in a non-growing fish. A fish cannot both grow and not grow. Hence the calculated BCF values of 4120-6930 should not be considered as they are in error.
• Fourth, there are additional BCFs in fish of D4 that are not referred to in the proposal. For example, Xue et al. (2019) reported a BCF for D4 in Common Carp (Cyprinus carpio), which upon correction of errors in a re-analysis by Kim et al (2019), was 1673 L/kg wet weight.  Opperhuizen et al. (1987) reported a BCF of D4 in gold fish (Carrasius auratus) of 1090, while in the same study PCB52 exhibited a BCF of 27000, illustrating the large difference in BCFs between D4 and PCB52 and the ability of the test design to measure BCFs greater than 5000, but which were not found for D4, D5 and D6. 

My suggestions are four-fold: First, use BCF data that are fully understood, preferably derived by OECD standard testing methods. Secondly, eliminate the manipulation of experimental BCF data with methods such as growth correction; lipid standardization (there is no linear relationship between the BCF of D4 and lipid content of fish! This is because bioconcentration of siloxanes are not a simple lipid-water partitioning processes (Gobas et al. 2015, Figure S3); and summation of masses of metabolites and parent substances as they are known to produce large errors in the determination of the BCF. Thirdly, consider all available BCF data. Fourth, apply a weight of evidence analysis approach using all available data and normal statistical methods to test whether BCF values exceed 5000. 

References
Fackler PH, Dionne E, Hartley DA and Hamelink JL (1995). Bioconcentration by fish of a highly volatile silicone compound in a totally enclosed aquatic exposure system. Environ. Toxicol. Chem., 14, 1649-1656.
Gobas F.A.P.C., Y.S. Lee. 2019. Growth Correcting the BCF and BMF in Bioaccumulation Assessments. Environ. Toxicol. Chem. 38 : 2065–2072.
Gobas, F.A.P.C., D.E. Powell, K.B. Woodburn, T. Springer, D.B. Huggett. 2015. Bioaccumulation of Decamethylpentacyclosiloxane (D5) in Aquatic and Non-Aquatic Biota: A Review. Environ. Toxicol. Chem. 34 (12), 2703–2714.
Jaeshin Kim, Kent Woodburn, Katie Coady, Shihe Xu,  Jeremy Durham, Rita Seston. 2019. 
Comment on “Bioaccumulation of Methyl Siloxanes in Common Carp (Cyprinus carpio) and in an Estuarine Food Web in Northeastern China”. Archives of Environmental Contamination and Toxicology (2020) 78:163–173. https://doi.org/10.1007/s00244-019-00681-2
Opperhuizen A, Damen HWJ, Asyee GM, Van Der Steen JMD, Hutzinger O. 1987. Uptake and elimination by fish of polydimethylsiloxanes (silicones) after dietary and aqueous exposure. Toxicol Environ Chem 13:265–285.
Varaprath S, McMahon JM, Plotzke KP. 2003. Metabolites of hexamethyldisiloxane and decamethylcyclopentasiloxane in Fischer 344 rat urine - A comparison of a linear and a cyclic siloxane. Drug Metabolism and Disposition 31:206-214.
Xue X, Jia H, Xue J (2019) Bioaccumulation of methyl siloxanes in common carp (Cyprinus carpio) and in an estuarine food web in Northeastern China. Arch Environ Contam Toxicol 76(3):496–507.

		3		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.2 Bioaccumulation		17		• First, the proposal is unclear on what the BCF of 5860 for D5 represents given that the proposal states that “it is not reported if this BCF was lipid normalized”. It is further important to note that lipid normalization is not the same as lipid standardization and produces quite different values. Hence, further clarification is required here and the units of the BCF should be presented. Also, it is important to note that the original report was not peer reviewed or published.
• Secondly, section 17 does not give a full account of the literature on the bioconcentration of D5. First, the Drottar (2005) study provides duplicate studies at aqueous D5 concentrations of 1.1 and 15 ug/L, with steady-state BCF values of 7060 (as reported in the proposal) but also 1950 L/kg ww. Secondly, in addition to the Drottar (2005) study, there are 3 other published peer-reviewed studies reporting on the BCF (in units of L/kg wet weight) of D5, with values of 1010 (Opperhuizen et al. 1987) or 1040 (re-analysis by Gobas et al. 2015), 3500 (Annelin and Frye (1989), and values between 4,450 and 4,920 (Parrot et al. 2010). A detailed review of these studies is published in Gobas et al. (2015). A fifth study, i.e. CERI 2010b could not be evaluated by me because it is written in Japanese. However, the 5% lipid standardization carried out here should be revisited as it is incorrect (see next point).
• Third, Figures S3 & S4 in Gobas et al. (2015) show that the BCF of D5 in fathead minnows (data from Parrot et al 2010) does not follow a linear relationship with the lipid content of the fish. Hence, lipid standardization of the BCF to a 5% lipid content, as carried out here, cannot be used and produces erroneous values for the BCF. Lipid standardization assumes that doubling the lipid content results in a doubling of the BCF. This is not the case. The reason is that bioconcentration of D5 in fish is not a simple lipid-water partitioning process as various bioconcentrations studies of D5 have clearly demonstrated, e.g. cyclic siloxanes are biotransformed (Domoradzki et al. 2017). 
• Fourth, it is well recognized that measurement of the BCF with radio-labeled substances overestimates the BCF of the parent substance. This is because radiolabeled breakdown products, which in most cases do not resemble the original D5 structure (Varaprath et al. 2003), are erroneously treated as the original product . 
• Fifth, when discussing depuration half-life’s, it is important not to be selective and also include the values of 3.9 d (Opperhuizen et al. 1987), 8 d (Annelin and Frye 1989), 24 d (Drottar 2005) and distinguish between measured and estimated rates. Also, it is important to provide a reference point for statements like the depuration half-life is long. For example, Opperhuizen et al. (1987) compared the half-life time of 3.9 d for D5 in gold fish to that of more than 40 d for PCB52 in the same study. Clearly, the depuration rate of D5 is much faster than that of PCB52.
PCB52.
I suggest not to cherry-pick data but to be thorough in the proposal; use data that well characterized; apply a weight of evidence analysis to draw conclusions; and avoid manipulating data as explained in my response to section 16. At this point, section 17 does not provide a scientifically balanced and credible account of the bioconcentration behaviour of D5.
References
Annelin RB, Frye CL. 1989. The piscine bioconcentration characteristics of cyclic and linear oligomeric permethylsiloxanes. Science of The Total Environment 83:1-11.
CERI (2010b). Bioconcentration study of decamethylcyclopentasiloxane (test item number K-1842) in carp. Study No 505175. Chemicals Evaluation & Research Institute (CERI) (report in Japanese).
Domoradzki JY, Sushynski JM, Thackery LM, Springer TA, Ross TL, Woodburn KB, Durham JA, and McNett DA. 2017. Metabolism of (14)C-octamethylcyclotetrasiloxane ([(14)C]D4) or (14)C-decamethylcyclopentasiloxane ([(14)C]D5) orally gavaged in rainbow trout (Oncorhynchus mykiss). Toxicology Letters 279(1): 115-124.
Drottar KR. 2005. 14C-Decamethylcyclopentasiloxane (14C-D5): Bioconcentration in the fathead minnow (Pimephales promelas) under flow-through test conditions. Dow Corning Corporation, Midland, Michigan, USA.
Gobas, F.A.P.C., D.E. Powell, K.B. Woodburn, T. Springer, D.B. Huggett. 2015. Bioaccumulation of Decamethylpentacyclosiloxane (D5) in Aquatic and Non-Aquatic Biota: A Review. Environ. Toxicol. Chem. 34 (12), 2703–2714.
Opperhuizen A, Damen HWJ, Asyee GM, Van Der Steen JMD, Hutzinger O. 1987. Uptake and elimination by fish of polydimethylsiloxanes (silicones) after dietary and aqueous exposure. Toxicological & Environmental Chemistry 13:265-285.
Parrott JL, Alaee M, Wang D, Sverko E. 2013. Fathead minnow (Pimephales promelas) embryo to adult exposure to decamethylcyclopentasiloxane (D5). Chemosphere 93:813-818.
Varaprath S, McMahon JM, Plotzke KP. 2003. Metabolites of hexamethyldisiloxane and decamethylcyclopentasiloxane in Fischer 344 rat urine - A comparison of a linear and a cyclic siloxane. Drug Metabolism and Disposition 31:206-214.

		4		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.2 Bioaccumulation		18		Section 18 is incomplete and does not portray the available findings correctly. 
• First, as discussed in detail in Cantu & Gobas (2021), Drottar et al. [2005b] reported steady-state BCFs for D6 of 240 and 1160 L kg-ww⁻¹ and kinetic BCFs of 319 and 1660 L kg-ww⁻¹ in bioconcentration experiments with ¹⁴C radiolabeled D6 in 1.64 (0.34 SD) g fathead minnows (Pimephales promelas) at aqueous concentrations of 4.4 μg L⁻¹ and 0.41 μg L⁻¹, respectively. Approximately 79% of the radioactivity was present as parent D6. Hence, kinetic BCFs of parent D6 in fathead minnows are in the order of 0.79 x 319 = 252 to 0.79 x 1660 = 1311 L kg-ww⁻¹. 
• Secondly, CERI [2010c] measured the BCF of D6 in common carp (Cyprinus carpio) and reported BCFs of 4042 (± 453) and 2344 (± 213) L kg-ww⁻¹ fish. 
• Third, the BCF of 4419 to 12632 mentioned in the proposal is the result of an erroneous growth correction, which is known to produce large errors in BCF values due to a mathematical error and resulting loss of mass balance, producing values that are implausible and not occurring in nature (Gobas and Lee 2019). These values are in error and should not be used.

I highly recommend that reported values are not manipulated using demonstrated erroneous methods and that a weight of evidence analysis is used to draw conclusions. BCFs of D6 in fish greater than 5000 have never been measured or reported.

References: 
Cantu M.A. and F.A.P.C. Gobas. 2021. Bioaccumulation of Dodecamethylcyclohexasiloxane (D6) in Fish. Chemosphere 281(2):130948. DOI:10.1016/j.chemosphere.2021.130948.
CERI (2010c). Test Report 2, 2, 4, 4, 6, 6, 8, 8, 10, 10, 12, 12-Dodecamethyl-cyclohexasiloxane. Chemicals Evaluation and Research Institute, Japan.
Drottar KR (2005b). 14C-Dodecamethylcyclohexasiloxane (14C-D6): Bioconcentration in the Fathead Minnow (Pimphales promelas) under Flow-Through Test Conditions. Unpublished HES Study No. 9882-102. Auburg, MI: Health and Environmental Sciences, Dow Corning Corporation.
Gobas F.A.P.C., Y.S. Lee. 2019. Growth Correcting the BCF and BMF in Bioaccumulation Assessments. Environ. Toxicol. Chem. 38 : 2065–2072.

		5		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.2 Bioaccumulation		19		 This section is not correct. • First, the Dow Corning studies that are referred to in this section are not published peer-reviewed publications. However, the studies reported were included in a peer-reviewed publication in Chemosphere by Woodburn et al. (2013). This publication should be referred to here. However, this publication reports lipid normalized BMFs in units of kg lipid/kg lipid of 0.66 for D4 and 0.85 for D5. Only when the BMFs are growth corrected, the BMF values inflate to 4 and 3.4. However, as Gobas and Lee (2019) have shown, growth correction of BMFs causes large error in the BMF determination, simply due to mathematical error and a corresponding loss of mass balance. I highly recommend that for this evaluation, actually observed BMFs (in units of kg lipid/kg lipid) are used, and not erroneously generated values. The actual laboratory based biomagnification factors of 0.66 and 0.85 are in reasonable agreement with observed trophic magnification factors (TMF) of D4 and D5 in real-world aquatic food-webs, which range between 0.31 to 1.3 kg lipid.kg lipid⁻¹ for D4 and 0.18 to 2.3 kg lipid.kg lipid⁻¹ for D5 (Powell et al. 2009, 2017, 2018; Borga et al. 2012, 2013; McGoldrick et al. 2014;  Jia et al. 2015). In contrast, biomagnification factors calculated with the erroneous growth-correction do not match observed trophic magnification factors of D4 and D5 in aquatic ecosystems because they are biologically implausible, i.e. they cannot occur in nature.
• Secondly, following the BMF-BCF relationship in Lo et al. (2016), lipid normalized biomagnification factors (in units of kg lipid/kg lipid) less than 1, as actually observed in Rainbow trout and Carp, are consistent with BCFs of D4 and D5 in fish less than 5000, as has been observed in the great majority of BCF studies for D4 and D5. For example, the BCF of D4 and D5 can be estimated from the lipid normalized BMFs in units of kg lipid/kg lipid (BMFL) of 0.66 for D4 and 0.85 for D5 using the BCF-BMF relationship in Lo et al. (2016) , i.e.
log BCFww,fd = 1.20(SE 0.11)·log BMFL + 3.72(SE 0.06), n=16, r²=0.90, p < 0.001
producing BCF values of 3188 L/kg ww for D4 and 4318 L/kg ww for D5. Since these BCFs (i.e. BCFWW,fd) are based on freely dissolved concentrations of D4 and D5 in water rather than total concentrations of D4 and D5 in water and D4 and D5 are very hydrophobic substances, actual BCFs as defined in the Stockholm Convention are estimated to be lower than the values of 3188 L/kg ww for D4 and 4318 L/kg ww for D5. The biomagnification factor of D6 in rainbow trout is 0.38 (0.14 SE) kg-lipid/kg-lipid (Gobas and Cantu 2021), resulting in an estimated BCF of D6 of 1643 L/kg ww. BCF estimates for D4, D5 and D6 derived from dietary bioaccumulation studies do not exceed 5000.

I suggest that this section correctly refers to the literature on this topic and avoids making calculations that have been shown to be in error.
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		6		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.2 Bioaccumulation		20		This section on D5 is also incorrect for the same reasons as discussed in response to section 19. Briefly, the Dow Corning study is not a peer reviewed publication. The work is published in a peer reviewed publication in Chemosphere by Woodburn et al. (2013). This publication should be referred to here. This publication reports a lipid normalized BMF for D5 of 0.85 kg lipid/kg lipid. Only when the BMFs are growth corrected, the BMF value inflates to 3.4. However, as Gobas et and Lee (2019) have shown, growth correction of BMFs causes substantial error in the BMF determination, simply due to mathematical error and a corresponding loss of mass balance. The use of erroneous growth-corrected BMFs to then calculate BCFs produces very large errors as the measured BCFs illustrate. No one ever has measured a BCF of D5 of 24620. This value is the result of serial errors. 

I highly recommend using correct math and applying mass-balance principles. 
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		7		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.2 Bioaccumulation		21. Comment Part A		This section is subject to errors and shortcomings. 
First, when evaluating the bioaccumulation data of D4 and D5 in benthic organisms such as Lumbriculus variegatus, it is important to (i) consider the units of the BSAF and (ii) to consider the reference point to which BSAFs are compared to determine whether D5 is bioaccumulative or not. Without this information, it is impossible to arrive at good conclusions. Also, it is important not to derive a BCF from a BSAF without information on the concentration of D5 in water.
• On the first point, I suggest adding the units of the BSAFs reported and using consistent terminology rather than using BSAF and BAF without explaining the difference. As discussed in more detail in Gobas et al (2015),  Krueger et al. (2008b) reported laboratory based bioaccumulation tests of D5 in Lumbriculus variegatus exposed to sediments spiked with D5 following OECD guideline 218. The study involved a 28-d sediment uptake phase followed by a 22-day depuration phase.  Two sub-lethal test concentrations of 20 µg/g dw and 336 µg/g dw were used. Both experiments showed depuration half-life times of 3.6 and 3.4 d, corresponding to depuration rate constants of 0.19 and 0.20 d⁻¹ , respectively. While depuration rates of D5 in the two experiments were similar, uptake rate constants measured in the two experiments differed substantially, i.e. 0.83 kg dw.kg⁻¹  ww.d⁻¹   in the experiment with the lower D5 concentration and 0.092 kg dw.kg⁻¹  ww.d⁻¹  in the experiment with the higher D5 concentration. The BSAF determined in the experiment with the lower 20 μg/g concentration is 0.83 kg dw.kg⁻¹  ww.d⁻¹   / 0.19 d⁻¹  or 4.4 kg dw sediment/kg ww. Since the organic carbon content in the sediments was 3% and the lipid content of the oligochaetes was 1.86%, the lipid and organic carbon normalized BSAF was 4.4 x 0.03 / 0.0186 = 7.1 kg organic carbon/kg lipid. The BSAF at the higher concentration is 0.092 kg dw.kg⁻¹  ww.d⁻¹   / 0.20 d⁻¹  or 0.46 kg dw sediment/kg ww or 0.46 x 0.03 / 0.0186 = 0.74 kg organic carbon/kg lipid. 
• On the second point, the magnitude of chemical bioaccumulation from sediments is often expressed by the BSAF, which has units of either kg sediment dw/kg organism ww or kg organic carbon/kg lipid. The latter units are often preferred for lipid soluble substances including D4, D5 and D6 because they provide direct insights into whether the substance bioaccumulates in a thermodynamically recognized manner. Organic carbon has an average sorptive capacity for many chlorinated organic chemicals (such as PCBs) that is approximately 35% of that of octanol (Seth et al. 1999), which is a surrogate for lipids. As a result, at equilibrium the concentration of the substance in the lipids is 1/0.35 or 2.9 times higher than that in the organic carbon of sediments. This means that BSAF has to exceed 2.9 kg organic carbon/kg lipid to exhibit biomagnification. The KOC of D5 is 105.17  L/kg organic carbon while its KOW is 108.02, indicating that D5 has a much lower sorption capacity for organic carbon in comparison to lipids than many other hydrocarbons of similar KOW [Table 2 of proposal]. In fact, the maximum sorptive capacity of D5 in organic carbon is approximately the product of the aqueous solubility of D5 (i.e., 17 μg/L), the KOC of D5 (i.e. 105.17) and the fraction of organic carbon in the sediment, which is 3% in the Krueger et al. (2008) study, or 75 mg/kg organic carbon. In essence, D5 is 10^8.02/10^5.17 (i.e. KOW/KOC) or 708 times more soluble in octanol than in organic carbon. In comparison, PCBs are only approximately 2.9 times more soluble in octanol than in organic carbon.  This implies that D5 only biomagnifies if the BSAF exceeds 708 kg organic carbon/kg lipid, while PCBs show evidence of biomagnification if the BSAF exceeds 2.9 kg organic carbon/kg lipid (Gobas et al. 2015). Since the BSAF has been measured by Krueger et al. (2008b) at 0.74 and 7.1 kg organic carbon/kg lipid, which is approximately a 100 to 1000 fold than the 708 kg organic carbon/kg lipid, this is clearly not the case. For D4, the same basic thermodynamic principle applies. The maximum sorptive capacity of D4 in organic carbon is approximately the product of the aqueous solubility of D4 (i.e., 56 μg/L), the KOC of D4 (i.e. 104.22) and the fraction of organic carbon in the sediment is 3% in the Krueger et al. (2008b) study. The sorptive capacity of organic carbon for D4 is 28 mg/kg organic carbon and D4 is 106.49/104.22 (i.e. KOW/KOC) or 186 times more soluble in octanol than in organic carbon. This implies that D4 only biomagnifies if the BSAF exceeds 186 kg organic carbon/kg lipid. This is also not the case.
• On the third point, the key assumption in the derivation of the BCF values for D4 and D5 from the BSAF values is not that the exposure was mainly from the pore water, but what is assumed regarding the concentration of D4 and D5 in the pore water. This is not explained in the proposal and it was not measured in the study. The BCF values of 7000 to 11,000 and 2400 to 10,000 L/k are therefore conjecture. I suggest removing it altogether. Regarding the proposal’s reference to calculations of BSAF values for D4 ranging from 0.7 to 2.2 in Chironomus tentans in Environment Canada, Health Canada (2008a), it would be appropriate not to exclude that the authors emphasize that “ The BSAF value may thus be over-estimated due to the presence of D4 on sediments within the gut of the invertebrates.” Perhaps, this can still be added.

				3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria				21. Comment Part B		The comparison of the BSAF data in Kierkegaard et al. (2011) of D4 and D5 to those for PCB 180 (presumably to make the point that D4 and D5 are more bioaccumulative than PCB180) is missing the point made by Kierkegaard et al (2011), and similar to that explained in Gobas et al. (2015) and again in this comment, that D4 and D5 have “a >100 times stronger tendency to partition into lipid rather than into organic carbon, while PCB 180 partitions to a similar extent into both matrices.[Quote from Kierkegaard et al 2011]” Also, Kierkegaard et al (2011) recognizes that D4 and D5 do not biomagnify while PCB180 does (e.g. Figure 3 and text in Kierkegaard et al. 2011) and state that PCBs biomagnify and D5 biodilutes. I do not think that the Kierkegaard study supports the proposal that D4 and D5 biomagnify. On the contrary.  Perhaps, this can be added to the proposal.
The calculations of van Egmond (2010) are not documented in peer-reviewed publications and the BCF calculations are not based on measured water concentrations but estimates based on equilibrium assumptions that cannot be confirmed and may not even apply because the BCF is the Stockholm Convention is not defined based on freely dissolved concentrations in water that generally result from chemical equilibrium calculations. Also, the BCFs referred to are not the same as the BCFs considered by the Stockholm Convention for a second reason as the BCFs in the Stockholm Convention are defined based on uptake from water in absence of dietary uptake while the BCFs calculated here include dietary uptake.
The reference Kierkegaard and McLachlan 2010 refers to a conference presentation and is not reported in the peer-reviewed literature. What bioaccumulation metric is being referred to here is unclear. However, any comparison between the bioaccumulation behaviour of D5 and PCB180 should be viewed within the context of Kierkegaard et al. (2011), which is also discussed above in this comment, or Kierkegaard et al. (2013, 2013b) which emphasize the absence of biomagnification of D4 and D5. Since PCB180 is well known to biomagnify in aquatic and terrestrial food-chains while D4 and D5 do not do this, it is clear that bioaccumulation of D5 is not similar to that of PCB-180. 
The study by Kierkegaard et al. (2013a) reports a B ratio, which is an unconventional metric that is difficult to interpret without further thermodynamic analysis. The authors do provide additional explanation and recognize the effect of the low sorptive capacity of sediments for D5 relative to that of PCB-180 and also recognize that D5 biodilutes in the food-web. The comment in the paper that the TMF is not a good metric for evaluating bioaccumulation is not supported by appropriate analysis and it ignores the fact that sediment concentrations are not used in the derivation of a TMF. The effect of the low sorptive capacity of siloxanes on the behaviour of siloxanes in the food-web can be taken into account in a fugacity or chemical activity based analysis, e.g. which supports the absence of biomagnification of D5 (Gobas et al. 2015). 
The proposal does not cite a companion paper to the Kierkegaard et al (2013a) study in the same Chemosphere issue, i.e. Kierkegaard et al. (2013b), which is a study in the Baltic Sea. Its major conclusion was that “The concentrations of D4, D5 and D6 in grey seal blubber were lower than the lipid normalized concentrations in herring, indicating that they do not biomagnify in grey seals.” 
The authors of the Kierkegaard studies specifically state that D4 and D5 do not biomagnify but biodilute; that D4 and D5 do not bioaccumulate similar to PCB-180 (which does biomagnify and does not exhibit low sorption in sediments). I suggest that the proposal is revised to be  consistent with the materials cited and inclusive of relevant papers on this issue.
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		8		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.2 Bioaccumulation		22		Like section 21, this section is also subject to errors and shortcomings. Once again, it is crucial to report the units of the BSAF when interpreting bioaccumulation metrics and to provide a meaningful reference point to determine whether D4, D5 and D6 are bioaccumulative or not. The BSAF of 1 (units unclear) in the proposal does not inform on the biomagnification potential of D4, D5 or D6. 
Repeating my response on section 21, the magnitude of chemical bioaccumulation from sediments is often expressed by the BSAF with units of either kg sediment dw/kg organism ww or kg organic carbon/kg lipid. The latter units are often preferred because they provide direct insights into whether the substance bioaccumulates in a thermodynamically recognized manner. 
Organic carbon has an average sorptive capacity for many chlorinated organic chemicals (such as PCBs) that is approximately 35% of that of octanol (Seth et al. 1999), which is a surrogate for lipids. As a result, at equilibrium the concentration of the substance in the lipids is 1/0.35 or 2.9 times higher than that in the organic carbon of sediments. This means that BSAF has to exceed 2.9 kg organic carbon/kg lipid to exhibit biomagnification. The KOC of D5 is 105.17  L/kg organic carbon while its KOW is 108.02, indicating that D5 has a much lower sorption capacity for organic carbon in comparison to lipids than many other hydrocarbons of similar KOW [Table 2 of proposal]. In fact, the maximum sorptive capacity of D5 in organic carbon is approximately the product of the aqueous solubility of D5 (i.e., 17 μg/L), the KOC of D5 (i.e. 105.17) and the fraction of organic carbon in the sediment, which is 3% in the Krueger et al. (2008) study, or 75 mg/kg organic carbon. In essence, D5 is 108.02/105.17 (i.e. KOW/KOC) or 708 times more soluble in octanol than in organic carbon. In comparison, PCBs are only approximately 2.9 times more soluble in octanol than in organic carbon.  This implies that D5 only biomagnifies if the BSAF exceeds 708 kg organic carbon/kg lipid, while PCBs show evidence of biomagnification if the BSAF exceeds 2.9 kg organic carbon/kg lipid (Gobas et al. 2015). Clearly, this is not the case.
It is important to add that the authors of the Powell et al. (2009, 2012) studies did not conclude from their data that D4, D5 and D6 biomagnify. Their conclusion was that D4, D5 and D6 do not biomagnify. 
When reporting on the BSAFs of D5 in Adventfjorden, it is important to state a major confounding factor, namely the spatial differences in concentration in the sampling area in the vicinity of a point source. Warner et al (2010) do emphasize this in their paper when they state “Decreasing concentration of D5 in sediment collected away from waste water outlet in Adventfjorden indicates that the local settlement of Longyearbyen is a point source to the local aquatic environment.” Spatial differences in concentration make it very difficult (if not impossible) to determine accurate and reliable BSAFs for D5 in highly mobile fish that can be used to assess the bioaccumulative nature of D5.
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		9		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.2 Bioaccumulation		23		It is correct to state that in many aquatic food-web studies for D4, D5 and D6, biomagnification is not observed and that actually the opposite of biomagnification, i.e. trophic dilution is observed. 
Probably, one of the most convincing published peer-reviewed papers on the biomagnification behaviour of cyclic siloxanes is Powell et al. (2017), which the authors may not have been aware of as it is not cited in the proposal. This study is particularly convincing because it analysed D5 and PCB 180 in the same biological samples, allowing the bioaccumulation behaviour of D5 to be studied relative to that of PCB180. The difference in the food-web biomagnification behaviour between D5 and PCB180 is striking and shows that D5 does not biomagnify but biodilutes while PCB180 biomagnifies. This study could be added to the proposal. 
As this section specifically refers to pelagic food-web and could be interpreted in terms of pelagic food-webs being different from other food-chains, it is important to note that Powell et al. (2010b) specifically looked at this issue and did not find differences in the TMF in pelagic versus demersal food-webs in Oslo fjord. For example, TMFs for D4, D5 and D6 in the Inner Oslofjord Demersal food-web were respectively 0.5, 0.3 and 0.6 while in the Inner Oslofjord Pelagic food-web TMFs were 0.7 0.4 0.7, hence showing no differences of significance. Also, Powell et al. (2017) conclude that “Comparison of results for Tokyo Bay to results from other studies indicated that bioaccumulation of cVMS was not related to type of food web (pelagic vs demersal), environment (marine vs freshwater), species composition, or location".
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		10		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.2 Bioaccumulation		24		This section misses key information on the TMFs of D4, D5 and D6. A summary of the TMF studies of D4, D5 and D6 can be found in Table S1 of Cantu and Gobas (2021). Also, Kim et al. (2019) re-analyzed data from a food-web study by Xue et al (2019) in Northeastern China with very low sample size
The TMF of 2.7 for D6 in Lake Mjosa is only found if observations in Whitefish are excluded from the analysis. If all data are included, then the TMF is 1.46 and not statistically different from 1. Also, the TMF of D6 in Lake Randsfjorden is only significantly different from one if Whitefish data excluded. Eliminating data from an analysis is not good practice and compromises the results.    
Furthermore, as discussed in Gobas et al. (2015), the lack of common sampling areas for the species considered in the TMF calculation (in Lake Mjøsa) and the presence of point sources such as a waste water treatment plant that can cause concentration gradients in the sampling area (in Lake Randsfjorden) can cause error in the TMF determination. Hence, these studies are of poor quality, and further impacted, as noted in section 24 of the proposal, by small sample size, lack of whole fish analysis and concentrations that poorly represent concentrations in whole fish. Poor experimental design and data analysis can explain why these studies do not conform with all the other TMF studies that universally show that the TMF of D6 is less than 1, indicating no biomagnification.
When summarizing the reported TMF data for D4, D5 and D6 in Table S1 of Cantu and Gobas (2021) and counting the Inner Oslo fjord and Outer Oslo fjord as two studies (hence ignoring the differentiation between sampled, demersal and pelagic), one can see that for D4 there are 0 out of 9 studies showing TMFs that are statistically greater than 1; for D5 there are 3 out of 5 studies exhibiting TMFs that are statically greater than 1 (but only if certain are removed from the analyses) and for D6 there are 2 out 9 studies (but once again only if certain are removed from the analysis) showing a TMF that is statistically greater than 1. The studies in Lake Mjøsa and Lake Randsfjorden clearly stand out because of their compromised design and analysis as described above and even so, do not indicate trophic magnification of D4. 

In scientific reporting it is important to recognize study limitations and their implications. Perhaps, this can be added as it is important for deriving appropriate conclusions from the data. 
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		11		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.2 Bioaccumulation		25		This section includes some major problems with the reporting of the data for the purpose of drawing conclusions on the biomagnification potential of D4, D5 and D6. 
• First, manipulating data in the form of excluding certain data is not a credible approach. 
Also, this section does not adequately represent the findings in the McGoldrick et al. (2014). The authors state: “TMF estimates were highly dependent on the inclusion/exclusion of the organisms occupying the highest and lowest trophic levels and were >1 for D4 and D5, indicating biomagnification, in only 1 of the 5 food web configurations investigated and were <1 in the remaining 4 food web configurations.” In terms of weight of evidence, the paper does not support the conclusion that the D4 and D5 biomagnify in the Lake Erie food-web.
• Secondly, the reporting of confidence intervals of the TMF rather than the p-values of the regression from which the TMF is not conducive to determining whether D4, D5 and D6 biomagnify or not. The confidence interval of the mean reflects the uncertainty in the estimate of the mean. It is not correct to interpret the confidence intervals of the mean slope from a linear regression  in terms of a probability that the TMF>1. In a TMF study, the hypothesis testing is done by determining the p-value of the regression of the logarithm of lipid normalized concentrations of D4, D5 or D6 and trophic position. If the TMF > 1 and the p-value is less than 0.05, then there is scientifically recognized evidence that the substance biomagnifies. I suggest revisiting this section following basic hypothesis testing and corresponding statistical methods. The various papers cited in the proposal do that. There is no reason not to use the information provided in the papers.  It also makes the interpretation of the data much easier.

		12		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.2 Bioaccumulation		26		To provide a non-biased assessment, it is important to add to this section  that the authors also reported that: “In this study, no significant correlations between lipid normalized concentrations and trophic levels were found for D4, D6 and D7 (Figure 2, R = 0.14 and p = 0.16 for D4, R = 0.01 and p = 0.92 for D6, R = −0.15 and p = 0.12 for D7).” Clearly, this evidence is relevant here and informs on the lack of biomagnification of D4, D6 and also D7.

		13		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.2 Bioaccumulation		27		The reference to the TMF in Lake Champlain in section 27 ignores the authors’ conclusion (Powell et al. 2014b) that “Reliable trophic magnification factors (TMFs) could not be obtained for cVMS or PCB in the aquatic food web of Lake Champlain. Experimental sampling design, concentration gradients, and species migration patterns across a study area have a large impact on the determination of TMF. The complexity of Lake Champlain and the occurrence of concentration gradients and variable species migrations patterns across the study area, were likely the major contributing factors that prevented reliable field TMFs to be obtained. This situation was further complicated by the experimental sampling design, which did not include collection of benthic macro invertebrates and allowed samples to be collected from numerous areas in the lake rather than limiting sample collection to the areas of highest exposure.”
In this case, it is good reporting to put the findings into context. Obviously the authors did not think that there TMFs were reliable. I assume this will be fixed. 
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		14		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.2 Bioaccumulation		28		• First, it is important to state the units for the BMF. For the BMF to inform on the biomagnification of lipid soluble substances such as D4, D5 and D6, they have to be expressed in units of kg lipid/kg lipid. 
• Secondly, it needs to be pointed out that field-based BMFs are often unreliable metrics for biomagnification because they do not adequately capture the diet composition of predators in the environment. 
• Thirdly, when referring to the Powell et al. (2009a) study, it is important not to cherry pick the data. Table 11 of the report shows that there are  BMFs reported for 18 species. For D6, 17 out these 18 BMFs are lower than 0.2, most of them <0.1. For D5, 16 out 18 BMFs were less than 1. For D4, 14 out 18 BMFs were less than 1. Furthermore, the authors provide trophic level corrected BMFs in Table 11 of their report that shows that there is not a single BMF of D6 above 1 and only 1 BMF out of 18 for D5 and 2 out of 18 for D4. 
Also, the authors conclude: “TMF values < 1 are indicative of materials that do not biomagnify and are considered to be non-bioaccumulative. Consequently, these results from Lake Pepin conclusively demonstrated that D4, D5, and D6 do not biomagnify in natural aquatic environments and confirmed that D4, D5, and D6 are not bioaccumulative materials.”
Clearly, section 28 does not provide a balanced and accurate account of the study cited and can, for an unsuspecting reader without access to the report, can result in wrong conclusions.
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Powell DE, Woodburn KB, Drottar K, Durham J and Huff DW (2009a). Trophic dilution of cyclic volatile methylsiloxane (cVMS) materials in a temperate freshwater lake. Unpublished HES Study No. 10771-108, Health and Environmental Sciences, Dow Corning Corporation, Auburn. Study submitted to CES (Centre Européen des Silicones, European Chemical Industry Council (CEFIC)).


		15		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.2 Bioaccumulation		29		• First, this section also does not state the units for the BMF. For the BMF to inform on the biomagnification of lipid soluble substances such as D4, D5 and D6, the BMFs have to be expressed in units of kg lipid/kg lipid. 
• Secondly, it needs to be pointed out BMFs that are derived in the cited study are often unreliable metrics for biomagnification because they do not adequately capture the diet composition of predators. This is also the case in the Powell et al., 2009c and 2010b studies. The cod-shrimp and cod-herring BMFs do not recognize that cod consumes multiple diet items and not only shrimp or only herring. For this reason, it is better to investigate the TMF than the BMF as it takes all diet items into account and contains far less error.  This is done by the authors who report in Table 8 that TMFs of D4, D5 and D6 in the Inner and Outer Oslofjord are between 0.2 and 0.6 and are less than 1 in statistically significant manner (p<0.05) showing with a high level of confidence that D4, D5 and D6 do not biomagnify. 
•Third, it is important in the proposal to discuss the limitations of metrics such as the BMF and not confuse the reader with information with large errors (Confidence intervals) while much better information (p-values) with minimal error is available from the same study and which directly speaks to the biomagnification potential of D4, D5 and D6. I suggest more rigorous scientific reporting, focusing on proper hypothesis testing. This is needed to provide a scientifically meaningful document. 
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Powell DE, Durham J, Huff DW, Böhmer T, Gerhards R and Koerner M (2009c). Interim Report: Bioaccumulation and trophic transfer of cyclic volatile methylsiloxanes (cVMS) materials in the aquatic marine food webs in inner and outer Oslofjord, Norway. Health and Environmental Sciences, Dow Corning Corporation, Auburn. Unpublished study submitted to CES (Centre Européen des Silicones, European Chemical Industry Council (CEFIC)).

		16		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.2 Bioaccumulation		31		This section is making an error in the application of statistics that generates erroneous conclusions. 
The reporting of confidence intervals of the TMF rather than the p-values of the regression from which the TMF is not conducive to determining whether D4, D5 and D6 biomagnify or not. 
The confidence interval of the mean reflects the uncertainty in the estimate of the mean. It is not correct to interpret the confidence intervals of the mean slope from a linear regression  in terms of a probability that the TMF>1. The TMF is what it is and the confidence limits represents the level of uncertainty in the study’s determination of its true value.  The confidence limits of the mean BMF are the wrong metric to consider here. In a TMF study, the hypothesis testing is done by determining the p-value of the regression of the logarithm of lipid normalized concentrations of D4, D5 or D6 and trophic position. If the TMF > 1 and the p-value is less than 0.05, then there is scientifically recognized evidence that the substance biomagnifies. 

I suggest revisiting this section following basic hypothesis testing and corresponding statistical methods. This is because the error that is made can be very big. For example, with regards to the study in Tokyo Bay, Powell et al. (2017) in a peer-reviewed publication state: “There was no evidence from any of the regression models to suggest biomagnification of cVMS in Tokyo Bay. Rather, the regression models indicated that trophic dilution of cVMS, not trophic magnification, occurred across the sampled food web.” The authors of the Powell et al. (2017) can be very confident about their conclusions because they used the correct method for hypothesis testing. The proposal does not and generates the wrong conclusion. 
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Powell D.E., Noriyuki Suganuma, Keiji Kobayashi, Tsutomu Nakamura, Kouzo Ninomiya, Kozaburo Matsumura, Naoki Omura, Satoshi Ushioka. 2017. Trophic dilution of cyclic volatile methylsiloxanes (cVMS) in the pelagic marine food web of Tokyo Bay, Japan. Science of The Total Environment 578: 366-382.


		17		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.2 Bioaccumulation		32		• First, it is not clear what the basis is for the statement that different conclusions can be drawn depending on the food chain configuration that is assumed. Maybe this section refers to the study by McGoldrick who reported “TMF estimates were highly dependent on the inclusion/exclusion of the organisms occupying the highest and lowest trophic levels and were >1 for D4 and D5, indicating biomagnification, in only 1 of the 5 food web configurations investigated and were <1 in the remaining 4 food web configurations.” This statement is not correct and not in line with scientific practices. The issue here is not that different conclusions can be drawn from the data, the issue how an hypothesis (i.e. Do D4, D5 and D6 biomagnify in the food-chain) is tested.  
This point is quite important. The scientific approach recognizes that every measurement is associated with error. To ensure that error is not resulting in an erroneous conclusion, the data are tested using (almost always) a statistical test. This basic scientific process is not applied here. For determining the biomagnification potential of D4, D5 and D6, I recommend relying on the TMF studies since they do provide a statistical test in the form of the p-value of the regression. However, removal of data from the linear regression should not be tolerated (this is cheating and not amenable to find the truth) and consideration should be given to the limitations of field studies such as spatially or temporally variable concentrations that interfere with the TMF measurement. 

The result of a non-scientific approach is that there is a high probability that erroneous conclusions are reached. The latter is not without precedent. A government appointed scientific review board in Canada corrected an assessment of the bioaccumulation, toxicity and risk of D5 by Environment Canada, who also did not apply scientifically valid methodologies and arrived at a stunningly wrong conclusion about the bioaccumulation, toxicity and risk of D5.

		18		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.2 Bioaccumulation		33		The fact that D4, D5 and D6 have been measured in a range of biota samples does not mean that these substances are biomagnifying. Evaluating concentrations data in various organisms and media from different locations and different time frames is difficult and requires using special techniques. For example, Gobas et al (2015), who used a fugacity based analysis to avoid  the problem of comparing “apples to oranges” when different types of concentrations are compared (such as is done in the proposal). The data showed that the highest fugacities are observed in invertebrates, smaller values in fish, even smaller values in birds and even smaller values in marine mammals, indicating a general drop of the fugacity of D5 in biota with increasing trophic levels. In addition, the study showed that fugacities of D5 in water and sediments are higher than those in biota, providing further evidence of biodilution of D5 in the global environment. 

I suggest that in the proposal, it is clarified that the presence of siloxanes in the environment does not mean that they biomagnify and that the results in the Gobas et al. (2015) study are acknowledged and included as they are relevant here and provide a more advanced analysis on this topic than what is presented.
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		19		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.4.1 Adverse effects to the environment		72		Section 72 needs to be revisited as it presents large errors in the application of the science of toxicology included in the Stockholm Convention.
• First, when establishing the occurrence of adverse effects, it is key to present a comparison of toxicity or ecotoxicity data with detected or predicted levels of a chemical. This is because a key toxicological principle states that “The dose makes the poison” (Latin: dosissola facit venenum 'only the dose makes the poison', Paracelsus 1538). This basic comparison of exposure and toxicity data is not provided in this section. This section therefore does not demonstrate or predict adverse effects in the environment. It is key that this is emphasized as this may not be immediately clear to non-toxicologists. 
• Secondly, as section 72 states, there are no effects seen for D5 and D6 in any studies involving aquatic organisms. And no-effect concentrations of D4 are reported at concentrations up to approximately 10% of its solubility. What this means is that even when the globe is “saturated” with D5 and D6, there are no expected effects on aquatic organisms. And for D4, only when more than 10% of is saturation is reached, there are possible effects. Concentrations of D4, D5 and D6 in the environment are not even remotely close to their saturation levels (Fairbrother and Woodburn 2016, Gobas et al. 2015). The fact that even the maximum possible concentrations of cyclic siloxanes are not associated with adverse effects, makes D5 and D6 among the safest industrial chemicals that exist! And D4 a close second. This was also the conclusion of a Scientific Board of Review in Canada on D5 which concluded in sections 294 and 295 that: “There is no evidence to demonstrate that Siloxane D5 is toxic to any organisms tested up to the limit of solubility in any environmental matrix. The Board is of the opinion that Siloxane D5 will not accumulate to sufficiently great concentrations to cause adverse effects in organisms in air, water, soils, or sediments. Consequently, taking into account the intrinsic properties of Siloxane D5 and all of the available scientific information, the Board concluded that Siloxane D5 does not pose a danger to the environment. Furthermore, the Board concluded that, based on the information before it, the projected future uses of Siloxane D5 will not pose a danger to the environment.” Fairbrother et al. (2015) provide further peer-reveiwed evidence that supports this. A fugacity based risk evaluation (Gobas et al. 2015) shows that levels of D5 in fish are more than about 7 orders of magnitude lower than available NOECs for D5? 
Clearly, the presentation of information in section 72 in support of the occurrence of adverse effects embeds a huge error and (sorry to say) complete ignorance of the main principle of toxicology. I highly recommend revisiting this section before its publication.
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		20		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.4.1 Adverse effects to the environment		73		It is important to add to the proposal that any exceedance of the EQS of the EU Water Framework Directive is not evidence of the occurrence of adverse effects. The EU Water Framework Directive establishes a framework for the protection of inland surface waters, transitional waters, coastal waters and groundwater. It aims to prevent and reduce pollution, promote sustainable water use, protect and improve the aquatic environment and mitigate the effects of floods and droughts. However, it is not a framework that identifies adverse effects. 
As for D5 and also D6, there have been no studies indicating toxicity in fish or birds (that might be feeding on fish) or plants, at concentrations below the aqueous solubility (Fairbrother et al. 2015). Even above the solubility, NOECs show that D5 is often not causing adverse effects (Fairbrother et al. 2015). 
Since Risk is normally referred to as;

Risk = Exposure x Hazard

and if the hazard is zero, then there is zero risk. As section 76 details, no adverse effects have been observed in an avian reproduction test (OECD TG 206) using Japanese quail (Coturnix coturnix japonica) at concentrations up to 1,000 mg/kg feed (Stafford, 2012), which is more than 1000 times greater than the EQS value of 833 ug/kg referred to in section 73 and well above the sorptive capacity of feed for D5. 
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		21		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.4.1 Adverse effects to the environment		74		This section should be revisited because it includes the following errors:
• First, it is not correct to state that D4 is toxic to sediment organisms without referring to the exposure levels experienced by organisms in the environment. The basic rule in toxicology is that the dose makes the poison and that any risk characterization requires a recognition of exposure levels. For adverse effects to occur, the NOEC needs to be exceeded. This point is very relevant for D4. In essence, the concentration of D4 has to be close to its absolute maximum value, roughly 10% of its solubility (in water) or sorptive capacity (in sediments). This is next to impossible to reach in the environment, especially on a global level and of course is not reached (Fairbrother and Woodburn 2016).
• Secondly, the statement that “D5 is also toxic to sediment organisms.” is incorrect. Fairbrother et al. (2015) completed a detailed peer reviewed study of the toxicity of D5 in benthic organisms and concluded that: “Laboratory and field studies show that D5 is not toxic to aquatic organisms or benthic invertebrates up to its solubility limit in water or porewater or its sorptive capacity in sediment.” And  “Comparison of lipid-normalized internal concentrations with measured concentrations in benthos indicates that field-collected organisms do not achieve toxic levels of D5 in their tissues, suggesting negligible risk". The study shows that the NOECs are above the solubility and refer to observations that were made when sediment organisms were exposed above solubility limits and hence to neat D5, which organisms around the globe are not exposed to, with the possible exception near silicone manufacturing facilities.

A Scientific Board of Review in Canada on D5 arrived at the same conclusion when they state in sections 294 and 295 that: “There is no evidence to demonstrate that Siloxane D5 is toxic to any organisms tested up to the limit of solubility in any environmental matrix. The Board is of the opinion that Siloxane D5 will not accumulate to sufficiently great concentrations to cause adverse effects in organisms in air, water, soils, or sediments.”

• The third error that is made is to assign effects observed above the solubility involving neat D5 to dissolved D5 below the solubility. In essence the stressor that causes effect above the solubility is different from that below the solubility. Hence it is not correct to apply a safety or uncertainty factor to effect metrics measured above the solubility to generate toxicity reference values below the solubility because the stressor above solubility is different from that below solubility. It is not correct to use observations of toxicity of one stressor, i.e. neat D5, to another, i.e. dissolved D5. The same applies to the statements made regarding D6. The problem with exceeding the solubility is well recognized in the field of toxicology and these basic errors should be fixed up before a formal proposal is considered. 

The toxicology of siloxanes is completely misrepresented in this section because of these errors. In essence, substances that do not show effects at even the highest possible concentrations are turned into very toxic substances. This is a complete failure of risk assessment. 
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		22		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.4.1 Adverse effects to the environment		75		
This section is further evidence of a lack of recognition of basic toxicological principles or the scientific literature on this topic. Fairbrother et al. (2015) investigated the long-term toxicity tests on two plant species (barley Hordeum vulgare and durum wheat Triticum durum), springtails Folsomia candida and earthworms Eisenia Andrei. This work could be cited. The authors reported:
“Comparison of lipid-normalized internal concentrations with measured concentrations in benthos indicates that field-collected organisms do not achieve toxic levels of D5 in their tissues, suggesting negligible risk. Exposure to D5 resulted in a slight reduction of root biomass in barley at test concentrations 2 orders of magnitude greater than measured D5 levels in biosolids-amended soils and more than twice as high as the maximum calculated sorptive capacity of the soil. No effects were observed in soil invertebrates
exposed to similar concentrations, indicating that D5 poses a de minimis risk to the terrestrial environment. High rates of metabolism and elimination of D5 compared with uptake rates from food results in biodilution in the food web rather than biomagnification, culminating in de minimis risk to higher trophic level organisms via the food chain. A fugacity approach substantiates all conclusions that were made on a concentration basis.”

The authors conclude that:
“An analysis of the currently available toxicity data on D5 indicates a lack of effect on survival, growth, and development in several species at all concentrations up to the aqueous solubility or maximum sorptive capacity of D5, and in some cases, even at concentrations above the solubility and maximum sorptive capacity. In essence, this means that based on currently available information, D5 can be expected to cause no effects in the environment in any circumstance with the possible exception of D5 spills.”

The paper further provides some insights that may be useful in the further consideration of the proposal: Fairbrother et al. (2015) state “First, it demonstrates that a substance that in a that in a first screening appears to be of serious environmental concern due to its high KOW and low aqueous solubility can be innocuous in the environment. This suggests that assessments based on persistence-bioaccumulation-toxicity criteria are not always accurate in identifying substances of environmental concern.”
On another note, the assumption made here that D5 may be lost quickly from soil appears to confuse the high volatility of D5 from its pure phase with its high log Koa is 4.96 (Table 2) that suggests that loss to air may not be fast. 
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Fairbrother A.E., Burton A., Klaine S.J., Powell D.E., Staples C.A., Mihiach E., Woodburn K.B., F.A.P.C. Gobas. 2015. Characterization of ecological risks from environmental releases of decamethylcyclopentasiloxane (D5). Environ Toxicol Chem. 34 (12), 2715–2722.

		23		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.4.1 Adverse effects to the environment		76		Without repeating my comments on sections 72-75, the concentrations of D5 of up to 1,000 mg/kg feed, which showed no adverse effects in Japanese quail, exceed the sorptive capacity of D5 in feed by many, many fold. This means that these concentrations cannot be found in nature. Given that even these concentrations are non-toxic should be a clear message regarding the lack of potential of D5 to cause adverse effects. In my opinion, the section on adverse effects to the environment is grossly incorrect and inconsistent with the literature and the science of toxicology. I highly recommend redoing this section altogether. 
   









Sheet3

		105.17





Sheet2

		1. Introduction 		3.1 Persistence

		2. Chemical identity		3.2 Bioaccumulation

		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.3 Potential for long-range environmental transport

		4. Statement of the reasons for concern and need for global action		3.4 Adverse effects

		5. References		3.4.1 Adverse effects to the environment

		6. Appendix		3.4.2 Adverse effects to human health






image13.emf
ref_61_public.zip


74E25F8D.zip


Comments by McLachlan & Wania.pdf




 1 



Comments on the 
"European Union proposal to list Octamethylcyclotetrasiloxane (D4), 



Decamethylcyclopentasiloxane (D5) and Dodecamethylcyclohexasiloxane (D6) in Annex B 
to the Stockholm Convention on Persistent Organic Pollutants" 



 
by 



 
Michael S. McLachlan1 and Frank Wania2 



1Department of Environmental Science, Stockholm University, SE-106 91 Stockholm, Sweden 
2Department of Physical and Environmental Sciences, University of Toronto Scarborough, 1265 



Military Trail, Toronto, Ontario, Canada M1C 1A4 
 
 
Comments on Section 3.3 Potential for Long Range Transport 
 
1. Accepting that cVMSs fulfill the LRTP criterion of the Stockholm Convention 
("potential for adverse effects as a result of LRT") could jeopardize the future viability of 
the Convention 
 
Paragraph 55 of the proposal suggests that "considering the high global volumes of these 
substances even a low percentage of deposition and transfer to a receiving matrix (water 
(including sediment) or soil) is of potential concern for remote areas." This point is reiterated in 
paragraph 66, when the Committee for Risk Assessment of ECHA is invoked as noting "that due 
to the high volume of total emissions into air of D4 and D5 from all uses and dissipation from 
WWTP, even if deposition rates were low, this exposure route would be a potential source of 
concern (including in remote areas). Similar conclusions can be drawn for D6 due to its similar 
physico-chemical properties" and "that because of the PBT/vPvB properties of D4, D5 and D6, 
the atmospheric redeposition does not need to be a significant source of D4, D5 and D6 to cause 
concerns and to require minimisation of the emissions into the atmosphere (ECHA, 2019)." 
 
This argument violates the raison d’etre for the Stockholm Convention. The Convention exists to 
address chemical pollution that requires coordinated international action because of significant 
long-range transboundary transport. According to the above argument, any HPV chemical which 
has PBT properties would be subject to inclusion in the Convention, regardless of whether it is 
subject to significant long-range transboundary transport. This is because some fraction of 
almost any substance emitted to air will be transported to remote areas. Furthermore, some 
portion of almost any substance transported to remote areas will be deposited to surface media 
and accumulate there. The above argument is clearly invalid in the context of the Convention. 
 
If we want to avoid globally regulating almost any HPV substance emitted to air, then we need to 
decide on a threshold for transfer potential. If we were to decide that cVMS lie above that 
threshold, then this threshold would be very low, more than 4 orders of magnitude lower than for 
existing POPs. This would mean that very many HPV chemicals would be subject to regulation 
under the Stockholm Convention.  
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We note that during the nomination of UV328 the case for LRT was in part made on the basis of 
simulations with the OECD Pov and LRTP Screening Tool, that indicated that UV328 (which is 
particle-bound in the atmosphere) is subject to LRT. However, any substance with a log KOA > 
11 will be largely particle bound in the atmosphere and yield LRTP metrics in the OCED Tool 
that indicate potential for LRT.  
 
If it is accepted that UV328 and D4, D5, and D6 fulfill the LRTP criterion of the Convention, 
the case could be made for the LRT of almost any chemical, no matter how volatile or 
involatile. This could well jeopardize the acceptance of the Convention and lead to it 
becoming irrelevant. We are not being facetious with this argument. The LRTP criterion is 
central to the Stockholm Convention, as it is the justification for global (rather than national) 
action. If this criterion can no longer serve to discriminate between chemicals requiring global 
action from those that don't, the Convention could become non-functional. 
 
Paragraph 70 
In this concluding paragraph, the argument for LRT rests on not being able to rule out 
"deposition (wet deposition (via rain and snow), gaseous deposition (in particular on foliage) and 
dry aerosol-bound deposition (including on inorganic aerosols))", implying that the mere 
possibility for atmospheric deposition is sufficient and that the extent of such deposition is 
irrelevant. This argument is seriously flawed as of course any chemical released to the 
atmosphere will partition to some extent from the gas phase to condensed phases, including 
atmospheric particles, rain droplets, the snow surface and plant foliage. (The ECHA proposal 
recognises as much when it is correctly states in paragraph 66: "For volatile compounds released 
to the air there will always be some partitioning between the air and surface media (ECHA, 
2019)"). Accordingly, these atmospheric deposition processes cannot be ruled out for any 
chemical released to the atmosphere. It is impossible to make a scientifically defensible 
argument based on the fact that such deposition is possible, or is in fact occurring. It IS possible 
and it IS occurring. The only logical conclusion is that a decision needs to be made on how much 
deposition is unacceptable. 
 
Remarkably, in the case of the cVMS, we are in a position to defensibly estimate the extent of 
different types of atmospheric deposition. 
• The value of the work by Xu and Vogel (2021) is not the insight "that deposition from air to 



snow followed by a transfer from snow to water or soil is possible for D4 and D5" (paragraph 
55) (because that is a given), but that it provides the ability to quantify these processes and 
judge them to be negligible and not able to explain the concentrations in Antarctic surface 
media reported by Sanchís et al. (2015a). 



• The value of the work by Kim and Xu (2016) is not the insight "that some aerosols such as 
carbon black, sea salt, quartz, illite, mica, hematite reversibility interacted with D4 and/or 
D5." (paragraph 58) (because that is a given), but the ability to quantify the extent of 
deposition with atmospheric particles made from these materials and judge it to be negligible. 



• While it is plausible that "that the rate of gaseous deposition for VMS to foliage was higher 
compared to other deposition processes" (paragraph 65), the availability of reliable saturation 
vapour pressures and KOA values for the cVMS allows us to judge their accumulation in plant 
foliage as a result of diffusive gas exchange with the atmosphere to be negligible.  
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2. Scavenging with snow is not an important atmospheric deposition process for cVMS  
 
Paragraphs 53 to 55 address the question whether snow scavenging can contribute to the 
deposition of cVMS in remote regions. This existence of this deposition pathway has been 
hypothesized by Sanchís et al. (2015a) in order to explain the levels of cVMS measured in 
Antarctic surface media. (Note that no measurements of cVMS in snow have been reported by 
Sanchís et al.). Two lines of evidence have since been used to investigate the plausibility of this 
explanation. The first are theoretical estimates of the scavenging capacity of snow for cVMS by 
Mackay et al. (2015) based on adsorption constants to the snow KSA surface estimated with a 
polyparameter linear free energy relationship (ppLFER) by Roth et al. (2004). The second are 
laboratory experiments by Xu and Vogel (2021) measuring these adsorption constants to the 
snow surface, which are recounted in paragraph 53. Both lines of evidence concur that this 
deposition pathway is of very minor importance and cannot explain the levels of cVMS 
recorded in Antarctica. 
 
In paragraph 54, the proposal seeks to cast doubt on these investigations with three arguments: 
1. the high uncertainty of the adsorption constants measured by Xu and Vogel (2021) arising 



from experimental shortcomings. (First seven lines of paragraph 54) 
2. the discrepancy between scavenging ratios estimated for naphthalene using the approach by 



Mackay et al. (2015) and those measured by Zhang et al. (2015) in Northern Alberta (next 
nine lines of paragraph 54, this is an argument adopted from Sanchís et al. (2015b)'s response 
to Mackay et al. (2015)) 



3. the discrepancy between scavenging ratio for cVMS estimated by Mackay et al. (2015) and 
Xu and Vogel (2021) (remainder of paragraph 54) 



None of these argument holds up to scrutiny. 
 
Argument 1: This argument states that "only one benchmark compound (cyclopentanone) was 
used in the study, which has a known low snow sorption coefficient. The study could have been 
performed with several reference compounds having different snow sorption coefficients from 
low to high values." This is a misreading of measurement techniques that rely on a reference 
compound with a known value of the parameter to be measured (here cyclopentanone with a 
known KSA). In such cases, minimal benefit is derived from multiple reference compounds, and 
certainly not from reference compounds with a value of the parameter that deviates strongly from 
the values to be measured (e.g., a compound with a high KSA). What is important is that the 
parameter value of the reference compound is similar to that of the target compounds, which is 
the case in Xu and Vogel (2021): The log(KSA/m) for cyclopentanone of -2.81 is very similar to 
that of D4 (-3.03) and D5 (-2.27). In other words, it was not a shortcoming, but a necessity that a 
benchmark with "known low snow sorption coefficient was employed." 
 
The second identified uncertainty of the study by Xu and Vogel (2021), namely "that  
aluminum-lined bags used for gas preparation and dosing seemed to have increased the 
hydrolysis rate of the D4 and D5 under the open chemical hood experiment" has no bearing on 
the reported results on sorption to snow, because the use of such bags only applied to the 
experiment studying the transfer of D4 and D5 from snowpack to meltwater, not to the 
determination of sorption to snow. 
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Argument 2: This argument reads: "The derived WS for naphthalene is according to Sanchís et 
al. (2015b) three orders of magnitude lower than the field measures (4.6 × 105), suggesting that 
WS for VMS could be significantly higher than these estimates." This field measurement is taken 
from Zhang et al. (2015). Zhang et al. (2015) indeed reported a total snow scavenging ratio for 
naphthalene of 4.6x105. However, this value cannot be trusted, because the air sampling 
technique used by Zhang et al. (2015) suffered from very serious break-through losses of 
naphthalene ("Breakthrough tests were conducted on pairs of PUF plugs. The mass of 
naphthalene on the backup PUF was 59±2% of the total mass on the pair of PUF plugs for air 
sampling volumes ranging from 595 to 810 m3 at 25° C.") Such breakthrough leads to serious 
underestimation of air concentrations, which in turn leads to overestimated scavenging ratios. 
(Note that neither Franz and Eisenreich (1998) nor Wania et al. (1999) have reported snow 
scavenging ratios for naphthalene for this reason). Clear indication that the scavenging ratio for 
naphthalene reported by Zhang et al. (2015) is too high can also be gleaned when looking at the 
snow scavenging ratios that Zhang et al. (2015) reported for a series of PAHs of decreasing 
volatility (see grey bars in figure below). The value for naphthalene reported does not fit the 
trend, i.e., the scavenging ratio for naphthalene is not consistent with the other scavenging ratios 
reported by Zhang et al. (2015). 



 
We estimated gas scavenging ratios for the PAHs at -6.8 °C using equation 4 in Lei and Wania 
(2004), KSA values estimated using the ppLFER by Roth et al. (2004), experimental solute 
descriptors for the PAHs by Sprunger et al. (2007) and a specific snow surface areas of 0.1 m2g-1 
(range 0.036 to 0.158 m2 g-1, as observed by Legagneux et al. 2002). This essentially mimics the 
approach taken by Mackay et al. (2015). These gas scavenging ratios are superimposed onto the 
Figure from Zhang et al. (2015) reporting total snow scavenging ratios (see red bars and white 
whiskers in Figure above). 
 
The estimated gas scavenging ratios are ca. 0.5 to 1 log unit lower than the measured total (gas 
and particle) scavenging ratios, but they capture the variability between the different PAHs very 
well. Also, we would expect the estimated scavenging ratios to be smaller than the measured 
ones, because of the potential contribution of particle scavenging (Zhang et al. write: "small 
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mass fraction in particulate phase could increase its overall scavenging ratio (Wt) dramatically 
compared to the pure gas-phase scavenging ratio (Wg) due to the much higher value of Wp than 
Wg in the literature". The measured scavenging ratios could also be larger because of 
temperatures lower than -6.8 °C and larger specific snow surface areas. 
 
In summary, there is little reason to accept the hypothesis that a method that is using 
(estimated or measured) sorption constant to the ice surface to estimate snow scavenging 
ratios for organic vapour would lead to underestimations of several orders of magnitude.  
 
Argument 3: This argument states: "The snow scavenging ratio for D6 derived by Mackay et al. 
(2015a) is much higher than the values derived by Xu and Vogel (2021) for D4 (WT=1.03) and 
D5 (WT=5.07) at comparable temperature and SAI (-6.8°C and SAI of 1000), thus further 
highlighting the uncertainty of the KiA and WT values derived by Xu and Vogel (2021) for D4 
and D5." Because of its larger size and therefore larger sorption constant to snow, scavenging 
ratios for D6 of course should be much larger than scavenging ratios for D4 and D5. However, 
the postulated disagreement between Mackay et al. (2015) and Xu and Vogel (2021) can be 
properly quantified and assessed. 
 
Scavenging ratio are defined in very different ways (e.g., for snow on the ground or snow falling 
in the atmosphere) and are strongly dependent on assumptions regarding the properties of the 
snow (most notably its specific surface area). Whether Mackay et al. (2015) and Xu and Vogel 
(2021) findings are indeed in disagreement is therefore best explored comparing the measured 
and estimated sorption coefficients to the snow surface KSA. Because Mackay et al. (2015) only 
reported numerical values of KSA for L3 and D6, we used the UFZ LSER website (Ulrich et al., 
2017) to predict KSA with the ppLFER by Roth et al. (2004) and the solute descriptors for D4, D5 
and D6 from Endo and Goss (2014). 
 
log(KSA/m) at -6.8 °C ppLFER estimated 



(Ulrich et al. 2017) 
measured  
(Xu & Vogel 2021) 



D4 -2.91 -3.03 
D5 -1.81 -2.27 
D6 -0.46  



 
The estimated and measured KSA for D4 falls within 0.12 log units of each other. The 
discrepancy for D5 is only 0.46 log units. Considering the uncertainty inherent in the estimation 
and measurement of such sorption constants, these levels of agreement are extremely good. In 
other words, far from casting doubt on the KSA values from these studies, their level of 
agreement bolsters confidence in their validity.  
 
More importantly, none of these values is compatible with a snow scavenging efficiency 
sufficiently high to explain the measurements of Sanchís et al. (2015a). For example, 
combining equation 4 in Lei and Wania (2004) with the measured KSA values by Xu and Vogel 
(2021) and a specific snow surface areas of 0.1 m2 g-1 (range 0.036 to 0.158 m2 g-1, Legagneux et 
al. 2002), yields gas scavenging ratios at -6.8 °C of 102.7 (102.3 to 102.9) for D5 and102.0 (101.5 to 
102.2) for D4 - many orders of magnitude below the values floated by Sanchís et al. (2015a). 
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Paragraph 54 
The sentence "As a consequence, there is uncertainty associated with the derived snow sorption 
coefficient (KiA) values and snow scavenging ratios (WT) by Xu and Vogel (2021)." is 
meaningless and should be deleted. Every measured and estimated property has associated 
uncertainty. 
 
Paragraph 54 
The section "Sanchís et al. (2015b), back-calculated the snow scavenging ratio [...] The derived 
WS for naphthalene is according to Sanchís et al. (2015b) three orders of magnitude lower than 
the field measures (4.6 × 105), suggesting that WS for VMS could be significantly higher than 
these estimates." should be deleted because the argument is based on a flawed field-measured 
scavenging ratio for naphthalene that is too high by several orders of magnitude. 
 
Paragraph 54 
The phrase "thus further highlighting the uncertainty of the KiA and WT values derived by Xu 
and Vogel (2021) for D4 and D5." should be deleted as a properly performed comparison of the 
estimates by Mackay et al. (2015) and the measured values by Xu and Vogel highlights that they 
are in excellent agreement and both support the same conclusion as to the unimportance of snow 
scavenging of D4 and D5. 
 
 
3. Deposition with aerosols consisting of inorganic material is not an important 
atmospheric deposition process for cVMS  
 
Paragraph 51 asserts that several LRT assessment models "do not account for the deposition 
potential of cVMS from aerosols consisting of inorganic material such as minerals or crystalline 
particles". This is further discussed in paragraphs 56 to 58, which are largely based on the work 
by Kim and Xu (2016), who have studied the adsorption of D4 and D5 to various mineral 
surfaces that may be occurring in atmospheric particles. A simple calculation shows that 
adsorption of cVMS to such surfaces is negligible under any conceivable global 
atmospheric condition and therefore will not contribute notably to atmospheric deposition. 
 
Paraphrasing Kim and Xu (2016), paragraph 56 reads: "Values of apparent aerosol–air partition 
coefficients (Kp) ranged 0.09–50.4 L/m2 for D4 and 2.1–284 L/m2 for D5 with carbon black 
having the largest values." By combining these Kp values with atmospheric total aerosol surfaces 
areas ST, we can estimate the percentage of D4 and D5 that will be particle-bound in the 
atmosphere using: 



%	𝑜𝑛	𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒𝑠	 = 	
1



1 + 1
𝐾!𝑆"



 



Quoting Whitby, Bidleman (1988) reports typical ST values of 4.2x10-7 cm2/cm3 (clean 
continental background air), 1.5x10-6 cm2/cm3 (average background air) and 1.1x10-5 cm2/cm3 
(urban air). Using these data and paying attention to the required unit conversion, we can 
estimate the following percentages of D4 and D5 that are particle-adsorbed (the ranges are 
calculated using the reported ranges in KP): 
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Atmosphere Compound From To 
clean D4 0.0000004% 0.0002% 
 D5 0.00001% 0.001% 
average D4 0.000001% 0.001% 
 D5 0.00003% 0.004% 
urban D4 0.00001% 0.006% 
 D5 0.0002% 0.03% 



 
In other words, under the most extreme conditions, namely D5 equilibrating with an aerosol (i) at 
concentrations encountered in highly polluted urban air and (ii) made up entirely of black 
carbon, a mere 0.03% of D5 would be particle bound. However, in reality only a small fraction 
of urban aerosol is black carbon and even the surface area of that black carbon is largely 
inaccessible to D5, because it will be coated with secondary organic aerosol (see, e.g. Pignatello 
et al. 2006). Therefore, the real fraction of cVMS in air adsorbed to such surfaces will be even 
smaller. While the particle bound fraction would be higher at lower temperatures, they would 
remain negligible. Accordingly, such particles do not contribute to the deposition of cVMs from 
the atmosphere. 
 
The numerical values of the adsorption of D4 and D5 to various surfaces therefore did not 
demonstrate that "sorption of cVMS to atmospheric inorganic aerosols should be accounted for 
in the deposition potential of these substances" (paragraph 58). Neither can the validity of the 
modelling predictions (OECD Pov and LRTP Screening Tool, GloboPOP model, ACP) be 
questioned on the basis of not accounting for "sorption on inorganic particles in aerosols, nor the 
possible formation of D4 following transformation of sorbed D5 on aerosol surface" (paragraph 
58). 
 
Paragraph 52 
In paragraph 52 it is suggested that because of the failure to "account for the deposition potential 
of cVMS from aerosols consisting of inorganic material such as minerals or crystalline particles" 
(paragraph 51) model-calculated, target-oriented metric of long-range transport potential "are 
considered to be underestimated for D4, D5, and D6". No evidence is provided to show that 
stronger sorption to particles would notably increase target-oriented metrics. Let us entertain the 
hypothetical possibility of cVMS sorption to inorganic material results in sorption to atmospheric 
particles being ten times greater than described in the OECD Pov and LRTP Screening Tool. We 
have estimated various LRTP metrics for D5 with the Tool, using the default parameterization 
and a parameterization where the sorption capacity of the aerosol (ZQ) is hypothetically increased 
by an order of magnitude. The results are summarized in the following table: 
 
 CTD TE log F1 log F2 log F3 
D5 (default) 3431 km 0.0067 -2.59 -4.40 -5.35 
D5 (enhanced sorption) 3431 km 0.0067 -2.59 -4.40 -5.35 



 
The increased sorption results in no change in any of the LRTP metrics. 
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Paragraph 52 should be deleted, because no evidence is provided that accounting for an 
enhanced sorption of cVMS to inorganic particles would indeed cause an underestimation of 
their model-estimated metrics of long-range transport potential. 
 
Paragraph 50 
Here, caution in accepting model-derived metrics of long-range transport potential is advised 
"considering uncertainties in the input parameters used in the models such as the half-lives in 
water and soil which are not available for D4, D5 and D6." Half-lives of cVMS in water and soil 
are available and the empirical evidence on the rates of degradation in these environmental 
media is documented in paragraphs 8 and 11 of the proposal. 
 
In order to explore whether the LRTP metric calculated for D5 with the OECD Pov and LRTP 
Screening Tool are sensitive to the values of the degradation rates in soil and water, we 
calculated those metrics with default half-lives in soil (HLwater = 996 hours, HLsoil = 302 hours) 
and with half-lives hypothetically increased ten-fold (HLwater = 9960 hours, HLsoil = 3020 hours). 
The results are summarized in the following table: 
 
 CTD TE log F1 log F2 log F3 
D5 (default) 3431 km 0.0067 -2.59 -4.40 -5.35 
D5 (reduced surface media degradation) 3440 km 0.0068 -2.59 -4.27 -4.52 



 
The effect of uncertainties in the persistence of D5 in surface media of one order of magnitude 
on the calculated CTD, TE and F1 is negligible and minor for the remotely transferred emission 
fraction F2 (increase by 0.13 log units). Only the remotely accumulated emission fraction F3 
will increase if D5 is assumed to be much more persistent in surface media.  
 
Paragraph 47 
The experimental studies cited for the atmospheric half-lives of the cVMS due to reaction with 
atmospheric hydroxyl radicals are incomplete. Reaction rates of cVMS with OH radicals have 
also been reported by Xiao et al. (2015), Safron et al. (2015), and Bernard et al. (2018). 
• R. Xiao, I. Zammit, Z. Wei, W.-P. Hu, M. MacLeod, R. Spinney. Kinetics and mechanism of 



the oxidation of cyclic methylsiloxanes by hydroxyl radical in the gas phase: an experimental 
and theoretical study. Environ. Sci. Technol., 2015, 49, 13322–13330. 



• A. Safron, M. Strandell, A. Kierkegaard, M. MacLeod. Rate constants and activation energies 
for gas‐phase reactions of three cyclic volatile methyl siloxanes with the hydroxyl radical. Int. 
J. Chem. Kinetics, 2015, 47, 420–428. 



• F. Bernard, D. K. Papanastasiou, V. C. Papadimitriou, J. B. Burkholder. Temperature 
dependent rate coefficients for the gas-phase reaction of the OH radical with linear (L2, L3) 
and cyclic (D3, D4) permethylsiloxanes. J. Phys. Chem. A, 2018, 122, 4252–4264. 



 
4. Monitoring data does not show the cVMS have accumulated in remote sediments via 
long-range transport  
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Paragraph 70 asserts that “D4, D5 and D6 have been measured in environmental and biota 
samples from remote regions (Arctic and Antarctic), indicating that the substances have the 
potential for long-range environmental transport.” To support this conclusion for sediment, four 
sources of data are cited in paragraph 63. No reference is provided for one of the sources 
("MAREANO programmes") so we cannot assess it. The data from the other three sources are 
presented without appropriate context, and as a result the wrong conclusions are drawn. This 
context is either apparent from the complete dataset or presented by the authors.  
 
Evenset et al. (2009). These authors reported that no siloxanes were detected in sediment 
samples. This is confirmed by their data table, where the only detections were in field blanks. 
 
ECCC (2022). This document provides concentration ranges for D4 in sediment from the 
Atlantic and Pacific Oceans. No information is provided on the sampling sites or QA/QC in the 
document. However, in addition to the marine sediment, the ECCC document provides data for 
cVMS in sediments collected adjacent to wastewater treatment plants and from water bodies 
with an extremely high anthropogenic impact. The upper limits of the concentrations in the 
marine sediments (61 ng/g dw), which is provided as evidence of contamination due to LRT in 
paragraph 63, is very similar to the upper limits of the concentrations measured in the Detroit 
River and Hamilton Harbour (63 ng/g dw), Montreal (97 ng/g dw), and in sediment from the 
plume of a Montreal wwtp (67 ng/g dw), while it is higher than the maximum level measured in 
a second study of Hamilton Harbour (12 ng/g dw). The ECCC document does not claim that the 
measured concentrations in marine sediments are the result of long-range transport. This is not 
surprising, as it is not plausible that the concentration in a remote environment as a result of 
long-range transport is equal to the highest concentrations measured in waters with very high 
anthropogenic impact. There is convincing evidence in the literature that cVMS concentrations 
in sediment decrease rapidly as you move away from sources areas (e.g., the comparison of 
coastal and inner lake locations in Lake Ontario in ECCC, and the comparison of concentrations 
in sediment and recipient size in Kierkegaard et al. (2013)). There are many possible 
explanations for the high concentration in the most contaminated marine sediment samples such 
as proximity to emission sources or sample contamination, but long-range transport is not one of 
them.  
 
Panagopoulos Abrahamsson et al. (2020). These authors explain most of their observations 
through proximity to sources. Paragraph 63 cites only the upper range of those data that the 
authors could not fully explain by proximity to known strong sources. The proposal neglects to 
consider that the authors state that these data had poorer QC (only one of the three kinds of field 
blanks was collected). Furthermore, the proposal fails to consider that there was only one field 
blank for 14 sediment samples that were collected on different days over a 2-month period.  
Given that contamination during sampling is a notorious problem when conducting trace analysis 
of cVMS in remote areas, these data are very uncertain. Notably, the authors of the study did not 
attribute their observations to long-range transport but rather discussed potential sources in the 
sampled area. 
 
In addition to this misrepresentation of the data for remote sediments, the proposal fails to 
present the wealth of data showing concentrations in areas that are moderately impacted by local 
cVMS sources that are lower than the concentrations that paragraph 63 purports are caused by 
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long-range transport, such as the Svalbard data in Papagopoulos Abrahmsson et al., the data for 
Mälaren in Kierkegaard et al. (2013), or the data for Lake Opeongo and Lake Ontario (Kingston 
Basin, inner lake locations) provided in ECCC (2022). Instead of weighing the available 
evidence, important information for assessing the hypothesis that cVMS have accumulated in 
remote sediments due to long-range transport is withheld. 
 
In summary, paragraph 63 presents no substantial evidence to support the claim that cVMS have 
accumulated in remote sediments due to long-range transport. This significantly weakens the 
case for including cVMS in the Stockholm Convention, since it is only in sediments that cVMS 
are persistent. 
 
Paragraph 61 
This paragraph uses the observation by Panagopoulos Abrahamsson et al. (2020) “that the 
concentrations of D4 in the sediment samples were slightly higher than what one would expect 
based on the wastewater emissions” to postulate that long-range transport of D4 was occurring. 
First, it is not scientifically defensible to base a hypothesis on a slight difference given the large 
uncertainties involved. Second, the hypothesis remains a hypothesis because no evidence was 
presented to support it. This paragraph should be deleted. 
 
Paragraph 64 
This paragraph cites one of us (McLachlan) as stating “that it is possible that deposition with 
snow is the major process of removal from the air under conditions of heavy snowfall and low 
phototransformation”. Using this statement as evidence to support the hypothesis that snow 
deposition causes high levels of contamination in the Arctic is inappropriate because: i) the 
statement was speculative and not backed up by evidence; ii) the statement does not suggest that 
snow deposition could result in a large flux from the atmosphere to surface media. This 
statement and the accompanying discussion should be removed. 
 
Paragraph 65 
This paragraph cites the work of one of us (McLachlan) to conclude that “the gaseous deposition 
of cVMS has likely contributed to the concentrations of cVMS found in vegetations from 
Antarctica”. This takes our work out of context. The fact that gaseous deposition to vegetation is 
possible does not mean that it is significant. The cited paper (McLachlan, 2018) carefully points 
out that net gaseous deposition depends on the partitioning properties of the vegetation, and 
concludes that net deposition is expected to be low. This is not consistent with the conclusion in 
paragraph 65 that gaseous deposition contributed to the high levels reported in Antarctic 
vegetation. This paragraph should be rewritten to correctly reflect the science presented in 
McLachlan (2018). Due to the low KOA of the cVMS, vegetation should be in a partitioning 
equilibrium with the gas phase. Then, according to equation 10: 
 
CA = CV/KVA 
 
where CA is the concentration in air, CV is the concentration in vegetation, and KVA is the 
vegetation/air partition coefficient. KVA (expressed in m3 air/m3 dry vegetation) for lichen can be 
estimated as (vL + 0 0.035vN) KOA where vL is the lipid content and vN the non-lipid content of 
the dry vegetation (Kelly and Gobas, 2003)). Using a log KOA value of 5 for D5 at 25 °C, 
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corrected to 6 at 5 °C, and a lipid content of 0.067 g lipid/g dw (the highest value for lichen 
reported by Sanchís et al., 2015a) yields a KVA value at 5 °C of 100000 m3 air/m3 dry vegetation. 
This can be compared with a maximum D5 concentration in Antarctic vegetation reported by 
Sanchís et al. of 55 ng/g dw, which equals 35000000 ng/m3 dry vegetation assuming a density of 
0.64 kg/L for dry plant matter (Kelly and Gobas, 2001). Using the above equation, this means 
that the observed concentration in vegetation would correspond to a concentration in air of 350 
ng/m3. This is 480 times higher than the average D5 concentration measured during later summer 
on Svalbard (0.73 ng/m3), a region that is much more proximate to cVMS emission regions than 
the Antarctic (Krogseth et al., 2013). This illustrates that the concentrations in vegetation 
reported by Sanchís et al. (2015a) cannot be attributed to gaseous deposition. 
 
An analogous assessment can be conducted for gaseous deposition to soil. A partitioning 
equilibrium with air is also expected for soil due to the low KOA of the cVMS. KSoilA, the soil:air 
partition coefficient (m3 air/m3 dry soil), can be estimated vOC KOA, where vOC is the organic 
carbon content of the dry soil (Hippelein and McLachlan, 2000). Using KOA as above and an 
organic carbon content of 0.026 (the highest value reported by Sanchís) yields a KSoilA of 26000 
m3 air/m3 dry soil. This can be compared with a maximum D5 concentration in Antarctic soil 
reported by Sanchís et al. (2015a) of 110 ng/g dw, which equals 290000000 ng/m3 dw assuming 
a density of 2.6 kg/L for dry soil. Using the above equation, this means that the observed 
concentration in soil would correspond to a concentration in air of 11000 ng/m3, which is 15000 
times higher than the D5 concentration in air in Svalbard. Hence the cVMS concentrations 
reported in soil by Sanchís et al. (2015a) can also not be explained by gaseous deposition. The 
higher gaseous deposition velocities noted in paragraph 65 also mean that atmospheric 
deposition via other mechanisms would be rapidly compensated by gaseous transport back to the 
atmosphere (volatilization), so they could also not explain the reported concentrations in soil. 
 
5. Monitoring data provides only limited evidence that cVMS have accumulated in remote 
biota via long-range transport  
 
As noted above, paragraph 70 asserts that “D4, D5 and D6 have been measured in environmental 
and biota samples from remote regions (Arctic and Antarctic), indicating that the substances 
have the potential for long-range environmental transport.” To support this conclusion for biota, 
five sources of data are cited in paragraph 63. One of the sources (Campbell et al.) is not publicly 
accessible, so we cannot assess it. As with the data for sediment, the data from the other four 
sources are presented without appropriate context, and as a result the wrong conclusions are 
drawn.  
 
Evenset et al. (2009). Of 45 data points for D4, D5 and D6 in bird liver samples, 41 were below 
the MDL. The remaining four data points were very close to the MDL. The MDL is a limit set so 
that the probability that a measured value was caused by contamination is low. However, 
repeated analysis of the same sample will give a small fraction of the resulting data points 
exceeding the limit, just by chance. Therefore, conclusions about the existence of contamination 
close to the MDL must always be based on consideration of all measurements. This was not done 
here; 90% of the measurements were ignored and it was concluded that the remaining four data 
points prove that cVMS have accumulated in these birds. Furthermore, while presenting the data 
points above the MDL the report fails to mention that all of them come from Kongsfjorden, 
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which has local sources of cVMS emissions as discussed in Warner et al. (2010). Hence even the 
10% of the data above the MDL do not provide evidence that cVMS have accumulated in these 
birds via long-range transport. 
  
The same study reports cVMS concentrations in fish. The authors provide no comments on the 
possible sources of the chemicals in this study. However, the same authors repeated their 
sampling and measurements of cVMS in the same region the following year, and in that paper 
they attribute the contamination to local sources (Warner et al., 2010). 
 
Warner et al. (2010). This paper reports the levels of cVMS in fish from 3 fjords on Svalbard. 
The authors measured a clear gradient between the fjords which correlated with local sources of 
cVMS emissions, which led the authors to conclude that local emissions were responsible for the 
measured residues. Only three of 15 data points at the most remote site were above the MDL, 
and the authors also suggest that these low concentrations were due to local sources. 
 
Warner et al. (2013). This study was conducted with fish from the same waters as Warner et al. 
(2010). Its primary purpose was interlaboratory comparison. The observed concentrations were 
similar to those of Warner et al. (2010). The authors did not discuss the sources of the cVMS 
observed in the fish, presumably because they had discussed it in their previous paper.  
 
Huber et al. (2015). In this study, cVMS were studied in birds’ eggs from two islands on the 
Norwegian coast. Of the 54 data points, 48 were non-detects. A detection rate of 11% is at best 
very weak evidence of contamination of the biota. 
 
The other source used to support this conclusion is the work of Sanchís et al. (2015a) (paragraph 
64). Much is written in the document to defend the credibility of this controversial paper, but 
nothing is written to show that it alone is more credible than all of the other work that has been 
done. A range of studies in the Arctic (discussed above) have failed to detect background 
contamination due to long-range transport, at concentrations as low as <1.5 ng/g ww for D5 in 
fish (Warner et al., 2010). Background concentration of D5 in Swedish fish are <0.2 ng/g ww 
(Kierkegaard et al., 2013). Levels in krill measured by Sanchís et al. (2015a) were 30 ng/g ww, 
>20 times higher than in the Arctic and >150 times higher than in Sweden, both of which are 
much more proximate to strong cVMS source regions. There is a plausibility gap with the 
Sanchís et al. (2015a) data, reinforced by the inconsistencies around the associated soil and 
vegetation data (as discussed above), that makes it scientifically unjustifiable to conclude that 
they override all of the evidence showing that accumulation in biota due to long-range transport 
must be very small. 
 
The six authors of the Sanchís et al. (2015a) study have collectively published two additional 
papers on cVMS: one on cVMS in wastewater, surface water and sediments (Sanchís et al., 
2013) and one on cVMS in market and river fish, both with samples from Spain (Sanchís et al., 
2016). Sanchís et al. (2015a) describes measurements that are among the most challenging ever 
attempted with respect to cVMS in the global environment, conducted by a research group with 
no prior (or subsequent) experience in making measurements of cVMS in remote environments. 
The ten authors of the two comments raising concerns about the validity of the Sanchís et al. 
study (Warner et al., 2015, Mackay et al., 2015) have collectively published >85 papers on the 
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topic of cVMS in the environment, including virtually all of the studies on cVMS in remote 
environments elsewhere. 
 
Paragraph 67 
While we have addressed the lack of evidence to support the first sentence, two other statements 
deserve comment:   



- “As a consequence, it cannot be ruled out…” Not being able to rule something out is the 
signal to start scientific inquiry. Here it is used instead to draw conclusions. This is 
fundamentally wrong. 



- “The authors further stated that no human settlements exist in Liefdefjorden, with cruise 
ship traffic during the summer being the only human influence impacting this fjord. 
These findings indicate that the long-range transport of D4, D5 and D6 (via air and/or 
water/oceanic currents) has contributed to the concentrations found in the sculpins.” 
There is no logical connection between these two sentences. The second sentence is only 
true if good evidence can be provided to show that ship traffic cannot explain the levels 
found in sculpins. No such evidence is provided. 



 
Finally, we note that we are troubled by the audacity of the proposal drafters in not only ignoring 
the interpretation of the scientist authors who know the study area, did the sampling and 
generated the data, but also adopting diametrically opposed interpretations. 
 
 
Comments on Section 3.1 Persistence 
 
Paragraph 6 
Missing entirely from the whole section on persistence, is any information on the environmental 
fate process responsible for the degradative removal of the largest fraction of cVMS emitted to 
the environment and therefore on the fate process that determines the overall persistence of 
cVMS in the environment. This is the reaction of cVMS with photooxidants, most notably OH 
radicals. This omission is bizarre, especially considering the large body of scientific work aimed 
at quantifying the rate constants for these reactions. 
 
Paragraph 7 
This paragraph should report information for the relevant loss processes from soil, not just the 
irrelevant ones. While leaching from soil is not a significant process for cVMS in the 
environment, volatilization from soil will be an important loss process. The KOA values are low 
(Brooke et al., 2009).  
 
Paragraph 9 
This paragraph is missing essential information to place persistence in sediment in the context of 
long-range transport. For cVMS to be distributed to sediment to any significant extent, emission 
needs to occur to water, and the recipient water body must have low exchange with the 
atmosphere compared with sediment deposition. Emissions to air or chemical that volatilizes 
from surface media to air will largely stay in air and be degraded there (Panagopoulos and 
MacLeod, 2018). 
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Paragraph 11 
Degradation of cVMS in soil is not particularly relevant as cVMS will not reside in soils. They 
volatilize (Brooke et al., 2009, p. 111). 
 
Paragraph 14 
Overall, the section on persistence lacks balance. Very central information about environmental 
persistence is lacking. Also, it fails to clarify where in the environment persistence is important, 
namely in sediment accumulation zones proximate to and downstream of sources of cVMS 
emissions to water, and it fails to demonstrate that this contamination scenario (or any other for 
that matter) is relevant in a long-range transport context. 
 
Persistence in remote regions that cVMS have reached as a result of long-range transport is not 
discussed at all. An argument could be made that cVMS are not persistent in remote regions that 
they have reached by long range transport, primarily because they do not accumulate in sediment 
under this scenario (see above).  
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			Template for providing comments on the draft scientific dossier for an EU proposal by the European Commission to list D4, D5 and D6 in Annex B to the Stockholm Convention on POPs  
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			Comment No.			Section (use drop-down menu)			Sub section (use drop-down menu)			Paragraph number (first relevant line number as integer only; in case of multiple lines, indicate them in the comment field)			Comment                                                                                                                       NOTES: (i) if your comment is for proposing addition or deletion of text please give details of the preceding and following current text so it is clear where the revision is to be made; (ii) if the comment relates to several paragraph numbers please list ALL paragraph numbers or the range of paragraphs [in this field, NOT in Column D].


			1			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.1 Persistence			6			Missing entirely from the whole section on persistence, is any information on the environmental fate process responsible for the degradative removal of the largest fraction of cVMS emitted to the environment and therefore on the fate process that determines the overall persistence of cVMS in the environment. This is the reaction of cVMS with photooxidants, most notably OH radicals. This omission is bizarre, especially considering the large body of scientific work aimed at quantifying the rate constants for these reactions.


			2			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.1 Persistence			7			This paragraph should report information for the relevant loss processes from soil, not just the irrelevant ones. While leaching from soil is not a significant process for cVMS in the environment, volatilization from soil will be an important loss process. The KOA values are low (Brooke et al., 2009).


			3			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.1 Persistence			9			This paragraph is missing essential information to place persistence in sediment in the context of long-range transport. For cVMS to be distributed to sediment to any significant extent, emission needs to occur to water, and the recipient water body must have low exchange with the atmosphere compared with sediment deposition. Emissions to air or chemical that volatilizes from surface media to air will largely stay in air and be degraded there (Panagopoulos and MacLeod, 2018).


			4			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.1 Persistence			11			Degradation of cVMS in soil is not particularly relevant as cVMS will not reside in soils. They volatilize (Brooke et al., 2009, p. 111).


			5			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.1 Persistence			14			Overall, the section on persistence lacks balance. Very central information about environmental persistence is lacking. Also, it fails to clarify where in the environment persistence is important, namely in sediment accumulation zones proximate to and downstream of sources of cVMS emissions to water, and it fails to demonstrate that this contamination scenario (or any other for that matter) is relevant in a long-range transport context.

Persistence in remote regions that cVMS have reached as a result of long-range transport is not discussed at all. An argument could be made that cVMS are not persistent in remote regions that they have reached by long range transport, primarily because they do not accumulate in sediment under this scenario (see above).

References for this section

Brooke, D. N., Crookes, M. J., Gray, D., Robertson, S., 2009. Environmental Risk Assessment Report: Decamethylcyclopentasiloxane. Environment Agency of England and Wales, Bristol. https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/290561/scho0309bpqx-e-e.pdf.


			6			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.3 Potential for long-range environmental transport			55			This argument violates the raison d’etre for the Stockholm Convention. The Convention exists to address chemical pollution that requires coordinated international action because of significant long-range transboundary transport. According to the above argument, any HPV chemical which has PBT properties would be subject to inclusion in the Convention, regardless of whether it is subject to significant long-range transboundary transport. This is because some fraction of almost any substance emitted to air will be transported to remote areas. Furthermore, some portion of almost any substance transported to remote areas will be deposited to surface media and accumulate there. The above argument is clearly invalid in the context of the Convention.

If we want to avoid globally regulating almost any HPV substance emitted to air, then we need to decide on a threshold for transfer potential. If we were to decide that cVMS lie above that threshold, then this threshold would be very low, more than 4 orders of magnitude lower than for existing POPs. This would mean that very many HPV chemicals would be subject to regulation under the Stockholm Convention. 

We note that during the nomination of UV328 the case for LRT was in part made on the basis of simulations with the OECD Pov and LRTP Screening Tool, that indicated that UV328 (which is particle-bound in the atmosphere) is subject to LRT. However, any substance with a log KOA > 11 will be largely particle bound in the atmosphere and yield LRTP metrics in the OCED Tool that indicate potential for LRT. 

If it is accepted that UV328 and D4, D5, and D6 fulfill the LRTP criterion of the Convention, the case could be made for the LRT of almost any chemical, no matter how volatile or involatile. This could well jeopardize the acceptance of the Convention and lead to it becoming irrelevant. We are not being facetious with this argument. The LRTP criterion is central to the Stockholm Convention, as it is the justification for global (rather than national) action. If this criterion can no longer serve to discriminate between chemicals requiring global action from those that don't, the Convention could become non-functional.


			7			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.3 Potential for long-range environmental transport			70			In this concluding paragraph, the argument for LRT rests on not being able to rule out "deposition (wet deposition (via rain and snow), gaseous deposition (in particular on foliage) and dry aerosol-bound deposition (including on inorganic aerosols))", implying that the mere possibility for atmospheric deposition is sufficient and that the extent of such deposition is irrelevant. This argument is seriously flawed as of course any chemical released to the atmosphere will partition to some extent from the gas phase to condensed phases, including atmospheric particles, rain droplets, the snow surface and plant foliage. (The ECHA proposal recognises as much when it is correctly states in paragraph 66: "For volatile compounds released to the air there will always be some partitioning between the air and surface media (ECHA, 2019)"). Accordingly, these atmospheric deposition processes cannot be ruled out for any chemical released to the atmosphere. It is impossible to make a scientifically defensible argument based on the fact that such deposition is possible, or is in fact occurring. It IS possible and it IS occurring. The only logical conclusion is that a decision needs to be made on how much deposition is unacceptable.

Remarkably, in the case of the cVMS, we are in a position to defensibly estimate the extent of different types of atmospheric deposition.
•	The value of the work by Xu and Vogel (2021) is not the insight "that deposition from air to snow followed by a transfer from snow to water or soil is possible for D4 and D5" (paragraph 55) (because that is a given), but that it provides the ability to quantify these processes and judge them to be negligible and not able to explain the concentrations in Antarctic surface media reported by Sanchís et al. (2015).
•	The value of the work by Kim and Xu (2016) is not the insight "that some aerosols such as carbon black, sea salt, quartz, illite, mica, hematite reversibility interacted with D4 and/or D5." (paragraph 58) (because that is a given), but the ability to quantify the extent of deposition with atmospheric particles made from these materials and judge it to be negligible.
•	While it is plausible that "that the rate of gaseous deposition for VMS to foliage was higher compared to other deposition processes" (paragraph 65), the availability of reliable saturation vapour pressures and KOA values for the cVMS allows us to judge their accumulation in plant foliage as a result of diffusive gas exchange with the atmosphere to be negligible.


			8			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.3 Potential for long-range environmental transport			54			Paragraphs 53 to 55 address the question whether snow scavenging can contribute to the deposition of cVMS in remote regions. This existence of this deposition pathway has been hypothesized by Sanchís et al. (2015) in order to explain the levels of cVMS measured in Antarctic surface media. (Note that no measurements of cVMS in snow have been reported by Sanchís et al.). Two lines of evidence have since been used to investigate the plausibility of this explanation. The first are theoretical estimates of the scavenging capacity of snow for cVMS by Mackay et al. (2015) based on adsorption constants to the snow KSA surface estimated with a polyparameter linear free energy relationship (ppLFER) by Roth et al. (2004). The second are laboratory experiments by Xu and Vogel (2021) measuring these adsorption constants to the snow surface, which are recounted in paragraph 53. Both lines of evidence concur that this deposition pathway is of very minor importance and cannot explain the levels of cVMS recorded in Antarctica.

In paragraph 54, the proposal seeks to cast doubt on these investigations with three arguments:
1.	the high uncertainty of the adsorption constants measured by Xu and Vogel (2021) arising from experimental shortcomings. (First seven lines of paragraph 54)
2.	the discrepancy between scavenging ratios estimated for naphthalene using the approach by Mackay et al. (2015) and those measured by Zhang et al. (2015) in Northern Alberta (next nine lines of paragraph 54, this is an argument adopted from Sanchís et al. (2015b)'s response to Mackay et al. (2015))
3.	the discrepancy between scavenging ratio for cVMS estimated by Mackay et al. (2015) and Xu and Vogel (2021) (remainder of paragraph 54)
None of these argument holds up to scrutiny.


			9			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.3 Potential for long-range environmental transport			54			Argument 1: This argument states that "only one benchmark compound (cyclopentanone) was used in the study, which has a known low snow sorption coefficient. The study could have been performed with several reference compounds having different snow sorption coefficients from low to high values." This is a misreading of measurement techniques that rely on a reference compound with a known value of the parameter to be measured (here cyclopentanone with a known KSA). In such cases, minimal benefit is derived from multiple reference compounds, and certainly not from reference compounds with a value of the parameter that deviates strongly from the values to be measured (e.g., a compound with a high KSA). What is important is that the parameter value of the reference compound is similar to that of the target compounds, which is the case in Xu and Vogel (2021): The log(KSA/m) for cyclopentanone of -2.81 is very similar to that of D4 (-3.03) and D5 (-2.27). In other words, it was not a shortcoming, but a necessity that a benchmark with "known low snow sorption coefficient was employed."

The second identified uncertainty of the study by Xu and Vogel (2021), namely "that 
aluminum-lined bags used for gas preparation and dosing seemed to have increased the hydrolysis rate of the D4 and D5 under the open chemical hood experiment" has no bearing on the reported results on sorption to snow, because the use of such bags only applied to the experiment studying the transfer of D4 and D5 from snowpack to meltwater, not to the determination of sorption to snow.


			10			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.3 Potential for long-range environmental transport			54			Argument 2: This argument reads: "The derived WS for naphthalene is according to Sanchís et al. (2015b) three orders of magnitude lower than the field measures (4.6 × 105), suggesting that WS for VMS could be significantly higher than these estimates." This field measurement is taken from Zhang et al. (2015). Zhang et al. (2015) indeed reported a total snow scavenging ratio for naphthalene of 4.6x105. However, this value cannot be trusted, because the air sampling technique used by Zhang et al. (2015) suffered from very serious break-through losses of naphthalene ("Breakthrough tests were conducted on pairs of PUF plugs. The mass of naphthalene on the backup PUF was 59±2% of the total mass on the pair of PUF plugs for air sampling volumes ranging from 595 to 810 m3 at 25° C.") Such breakthrough leads to serious underestimation of air concentrations, which in turn leads to overestimated scavenging ratios. (Note that neither Franz and Eisenreich (1998) nor Wania et al. (1999) have reported snow scavenging ratios for naphthalene for this reason). Clear indication that the scavenging ratio for naphthalene reported by Zhang et al. (2015) is too high can also be gleaned when looking at the snow scavenging ratios that Zhang et al. (2015) reported for a series of PAHs of decreasing volatility (see grey bars in figure below). The value for naphthalene reported does not fit the trend, i.e., the scavenging ratio for naphthalene is not consistent with the other scavenging ratios reported by Zhang et al. (2015).
 
We estimated gas scavenging ratios for the PAHs at -6.8 °C using equation 4 in Lei and Wania (2004), KSA values estimated using the ppLFER by Roth et al. (2004), experimental solute descriptors for the PAHs by Sprunger et al. (2007) and a specific snow surface areas of 0.1 m2g-1 (range 0.036 to 0.158 m2 g-1, as observed by Legagneux et al. 2002). This essentially mimics the approach taken by Mackay et al. (2015). These gas scavenging ratios are superimposed onto the Figure from Zhang et al. (2015) reporting total snow scavenging ratios (see red bars and white whiskers in Figure above).

The estimated gas scavenging ratios are ca. 0.5 to 1 log unit lower than the measured total (gas and particle) scavenging ratios, but they capture the variability between the different PAHs very well. Also, we would expect the estimated scavenging ratios to be smaller than the measured ones, because of the potential contribution of particle scavenging (Zhang et al. write: "small mass fraction in particulate phase could increase its overall scavenging ratio (Wt) dramatically compared to the pure gas-phase scavenging ratio (Wg) due to the much higher value of Wp than Wg in the literature". The measured scavenging ratios could also be larger because of temperatures lower than -6.8 °C and larger specific snow surface areas.

In summary, there is little reason to accept the hypothesis that a method that is using (estimated or measured) sorption constant to the ice surface to estimate snow scavenging ratios for organic vapour would lead to underestimations of several orders of magnitude. 


			11			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.3 Potential for long-range environmental transport			54			References for previous comment: Franz T. P., Eisenreich S. J. Snow Scavenging of Polychlorinated Biphenyls and Polycyclic Aromatic Hydrocarbons in Minnesota. Environ. Sci. Technol. 1998, 32, 12, 1771–1778, DOI: 10.1021/es970601z.

Legagneux L., Cabanes A., Domine F. Measurement of the specific surface area of 176 snow samples using methane adsorption at 77K. J. Geophys. Res. 2002, 107, D17, Art. No. 4335, DOI: 10.1029/2001JD001016.

Roth C. M., Goss K.-U., Schwarzenbach R. P. Sorption of diverse organic vapors to snow. Environ. Sci. Technol. 2004, 38, 15, 4078−4084, DOI: 10.1021/es0350684.

Zhang L., Cheng I., Muir D., Charland J.-P. Scavenging ratios of polycyclic aromatic compounds in rain and snow in the Athabasca oil sands region. Atmos. Chem. Phys. 2015, 15, 1421−1434, DOI: 10.5194/acp-15-1421-2015.

Sprunger L., Proctor A., Acree W. E., Abraham M. H. Characterization of the sorption of gaseous and organic solutes onto polydimethyl siloxane solid-phase microextraction surfaces using the Abraham model. J. Chromatogr. A 2007, 1175, 2, 162-173, DOI: 10.1016/j.chroma.2007.10.058.


			12			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.3 Potential for long-range environmental transport			54			Argument 3: This argument states: "The snow scavenging ratio for D6 derived by Mackay et al. (2015a) is much higher than the values derived by Xu and Vogel (2021) for D4 (WT=1.03) and D5 (WT=5.07) at comparable temperature and SAI (-6.8°C and SAI of 1000), thus further highlighting the uncertainty of the KiA and WT values derived by Xu and Vogel (2021) for D4 and D5." Because of its larger size and therefore larger sorption constant to snow, scavenging ratios for D6 of course should be much larger than scavenging ratios for D4 and D5. However, the postulated disagreement between Mackay et al. (2015) and Xu and Vogel (2021) can be properly quantified and assessed.

Scavenging ratio are defined in very different ways (e.g., for snow on the ground or snow falling in the atmosphere) and are strongly dependent on assumptions regarding the properties of the snow (most notably its specific surface area). Whether Mackay et al. (2015) and Xu and Vogel (2021) findings are indeed in disagreement is therefore best explored comparing the measured and estimated sorption coefficients to the snow surface KSA. Because Mackay et al. (2015) only reported numerical values of KSA for L3 and D6, we used the UFZ LSER website (Ulrich et al., 2017) to predict KSA with the ppLFER by Roth et al. (2004) and the solute descriptors for D4, D5 and D6 from Endo and Goss (2014).

log(KSA/m) at -6.8 °C	ppLFER estimated (Ulrich et al. 2017)	measured 
(Xu & Vogel 2021)
D4	-2.91	-3.03
D5	-1.81	-2.27
D6	-0.46	

The estimated and measured KSA for D4 falls within 0.12 log units of each other. The discrepancy for D5 is only 0.46 log units. Considering the uncertainty inherent in the estimation and measurement of such sorption constants, these levels of agreement are extremely good. In other words, far from casting doubt on the KSA values from these studies, their level of agreement bolsters confidence in their validity. 

More importantly, none of these values is compatible with a snow scavenging efficiency sufficiently high to explain the measurements of Sanchís et al. (2015). For example, combining equation 4 in Lei and Wania (2004) with the measured KSA values by Xu and Vogel (2021) and a specific snow surface areas of 0.1 m2 g-1 (range 0.036 to 0.158 m2 g-1, Legagneux et al. 2002), yields gas scavenging ratios at -6.8 °C of 102.7 (102.3 to 102.9) for D5 and102.0 (101.5 to 102.2) for D4 - many orders of magnitude below the values floated by Sanchís et al. (2015).


			13			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.3 Potential for long-range environmental transport			54			References for previous comment:

Lei Y. D., Wania F. Is rain or snow a more efficient scavenger of organic chemicals? Atmos. Environ. 2004, 38, 3557-3571, DOI: 10.1016/j.atmosenv.2004.03.039

Endo S., Goss K.-U. Predicting Partition Coefficients of Polyfluorinated and Organosilicon Compounds using Polyparameter Linear Free Energy Relationships (PP-LFERs). Environ. Sci. Technol. 2014, 48, 5, 2776–2784, DOI: 10.1021/es405091h.

Ulrich N., Endo S., Brown T.N., Watanabe N., Bronner G., Abraham M. H., Goss K.-U. UFZ-LSER database v 3.2.1 [Internet], Leipzig, Germany, Helmholtz Centre for Environmental Research-UFZ. 2017 [accessed on 08.08.2023]. Available from http://www.ufz.de/lserd



			14			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.3 Potential for long-range environmental transport			54			The sentence "As a consequence, there is uncertainty associated with the derived snow sorption coefficient (KiA) values and snow scavenging ratios (WT) by Xu and Vogel (2021)." is meaningless and should be deleted. Every measured and estimated property has associated uncertainty.


			15			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.3 Potential for long-range environmental transport			54			The section "Sanchís et al. (2015b), back-calculated the snow scavenging ratio [...] The derived WS for naphthalene is according to Sanchís et al. (2015b) three orders of magnitude lower than the field measures (4.6 × 105), suggesting that WS for VMS could be significantly higher than these estimates." should be deleted because the argument is based on a flawed field-measured scavenging ratio for naphthalene that is too high by several orders of magnitude.


			16			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.3 Potential for long-range environmental transport			54			The phrase "thus further highlighting the uncertainty of the KiA and WT values derived by Xu and Vogel (2021) for D4 and D5." should be deleted as a properly performed comparison of the estimates by Mackay et al. (2015) and the measured values by Xu and Vogel highlights that they are in excellent agreement and both support the same conclusion as to the unimportance of snow scavenging of D4 and D5.


			17			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.3 Potential for long-range environmental transport			51			Paragraph 51 asserts that several LRT assessment models "do not account for the deposition potential of cVMS from aerosols consisting of inorganic material such as minerals or crystalline particles". This is further discussed in paragraphs 56 to 58, which are largely based on the work by Kim and Xu (2016), who have studied the adsorption of D4 and D5 to various mineral surfaces that may be occurring in atmospheric particles. A simple calculation shows that adsorption of cVMS to such surfaces is negligible under any conceivable global atmospheric condition and therefore will not contribute notably to atmospheric deposition.

Paraphrasing Kim and Xu (2016), paragraph 56 reads: "Values of apparent aerosol–air partition coefficients (Kp) ranged 0.09–50.4 L/m2 for D4 and 2.1–284 L/m2 for D5 with carbon black having the largest values." By combining these Kp values with atmospheric total aerosol surfaces areas ST, we can estimate the percentage of D4 and D5 that will be particle-bound in the atmosphere using:
% on particles =  1/(1+1/(K_p S_T ))
Quoting Whitby, Bidleman (1988) reports typical ST values of 4.2x10-7 cm2/cm3 (clean continental background air), 1.5x10-6 cm2/cm3 (average background air) and 1.1x10-5 cm2/cm3 (urban air). Using these data and paying attention to the required unit conversion, we can estimate the following percentages of D4 and D5 that are particle-adsorbed (the ranges are calculated using the reported ranges in KP):


			18			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.3 Potential for long-range environmental transport			51			continued from previous comment: Atmosphere	Compound	From	To
clean	D4	0.0000004%	0.0002%
	D5	0.00001%	0.001%
average	D4	0.000001%	0.001%
	D5	0.00003%	0.004%
urban	D4	0.00001%	0.006%
	D5	0.0002%	0.03%

In other words, under the most extreme conditions, namely D5 equilibrating with an aerosol (i) at concentrations encountered in highly polluted urban air and (ii) made up entirely of black carbon, a mere 0.03% of D5 would be particle bound. However, in reality only a small fraction of urban aerosol is black carbon and even the surface area of that black carbon is largely inaccessible to D5, because it will be coated with secondary organic aerosol (see, e.g. Pignatello et al. 2006). Therefore, the real fraction of cVMS in air adsorbed to such surfaces will be even smaller. While the particle bound fraction would be higher at lower temperatures, they would remain negligible. Accordingly, such particles do not contribute to the deposition of cVMs from the atmosphere.

The numerical values of the adsorption of D4 and D5 to various surfaces therefore did not demonstrate that "sorption of cVMS to atmospheric inorganic aerosols should be accounted for in the deposition potential of these substances" (paragraph 58). Neither can the validity of the modelling predictions (OECD Pov and LRTP Screening Tool, GloboPOP model, ACP) be questioned on the basis of not accounting for "sorption on inorganic particles in aerosols, nor the possible formation of D4 following transformation of sorbed D5 on aerosol surface" (paragraph 58).

Bidleman T. F. Atmospheric processes - wet and dry deposition of organic compounds are controlled by their vapor particle partitioning. Environ. Sci. Technol. 1988, 22, 361–367, DOI: 10.1021/es00169a002

Pignatello J. J., Kwon S., Lu Y. Effect of Natural Organic Substances on the Surface and Adsorptive Properties of Environmental Black Carbon (Char):  Attenuation of Surface Activity by Humic and Fulvic Acids. Environ. Sci. Technol. 2006, 40, 24, 7757–7763, DOI: 10.1021/es061307m.


			19			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.3 Potential for long-range environmental transport			52			In paragraph 52 it is suggested that because of the failure to "account for the deposition potential of cVMS from aerosols consisting of inorganic material such as minerals or crystalline particles" (paragraph 51) model-calculated, target-oriented metric of long-range transport potential "are considered to be underestimated for D4, D5, and D6". No evidence is provided to show that stronger sorption to particles would notably increase target-oriented metrics. Let us entertain the hypothetical possibility of cVMS sorption to inorganic material results in sorption to atmospheric particles being ten times greater than described in the OECD Pov and LRTP Screening Tool. We have estimated various LRTP metrics for D5 with the Tool, using the default parameterization and a parameterization where the sorption capacity of the aerosol (ZQ) is hypothetically increased by an order of magnitude. The results are summarized in the following table:

	CTD	TE	log Phi1	log Phi2	log Phi3
D5 (default)	3431 km	0.0067	-2.59	-4.40	-5.35
D5 (enhanced sorption)	3431 km	0.0067	-2.59	-4.40	-5.35

The increased sorption results in no change in any of the LRTP metrics.



			20			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.3 Potential for long-range environmental transport			52			continued from previous comment:

Paragraph 52 should be deleted, because no evidence is provided that accounting for an enhanced sorption of cVMS to inorganic particles would indeed cause an underestimation of their model-estimated metrics of long-range transport potential.



			21			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.3 Potential for long-range environmental transport			50			Here, caution in accepting model-derived metrics of long-range transport potential is advised "considering uncertainties in the input parameters used in the models such as the half-lives in water and soil which are not available for D4, D5 and D6." Half-lives of cVMS in water and soil are available and the empirical evidence on the rates of degradation in these environmental media is documented in paragraphs 8 and 11 of the proposal.

In order to explore whether the LRTP metric calculated for D5 with the OECD Pov and LRTP Screening Tool are sensitive to the values of the degradation rates in soil and water, we calculated those metrics with default half-lives in soil (HLwater = 996 hours, HLsoil = 302 hours) and with half-lives hypothetically increased ten-fold (HLwater = 9960 hours, HLsoil = 3020 hours). The results are summarized in the following table:

	CTD	TE	log Phi1	log Phi2	log Phi3
D5 (default)	3431 km	0.0067	-2.59	-4.40	-5.35
D5 (reduced surface media degradation)	3440 km	0.0068	-2.59	-4.27	-4.52

The effect of uncertainties in the persistence of D5 in surface media of one order of magnitude on the calculated CTD, TE and Phi1 is negligible and minor for the remotely transferred emission fraction Phi2 (increase by 0.13 log units). Only the remotely accumulated emission fraction Phi3 will increase if D5 is assumed to be much more persistent in surface media. 


			22			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.3 Potential for long-range environmental transport			47			The experimental studies cited for the atmospheric half-lives of the cVMS due to reaction with atmospheric hydroxyl radicals are incomplete. Reaction rates of cVMS with OH radicals have also been reported by Xiao et al. (2015), Safron et al. (2015), and Bernard et al. (2018).
•	R. Xiao, I. Zammit, Z. Wei, W.-P. Hu, M. MacLeod, R. Spinney. Kinetics and mechanism of the oxidation of cyclic methylsiloxanes by hydroxyl radical in the gas phase: an experimental and theoretical study. Environ. Sci. Technol., 2015, 49, 13322–13330.
•	A. Safron, M. Strandell, A. Kierkegaard, M. MacLeod. Rate constants and activation energies for gas‐phase reactions of three cyclic volatile methyl siloxanes with the hydroxyl radical. Int. J. Chem. Kinetics, 2015, 47, 420–428.
•	F. Bernard, D. K. Papanastasiou, V. C. Papadimitriou, J. B. Burkholder. Temperature dependent rate coefficients for the gas-phase reaction of the OH radical with linear (L2, L3) and cyclic (D3, D4) permethylsiloxanes. J. Phys. Chem. A, 2018, 122, 4252–4264.


			23			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.3 Potential for long-range environmental transport			63			Paragraph 70 asserts that “D4, D5 and D6 have been measured in environmental and biota samples from remote regions (Arctic and Antarctic), indicating that the substances have the potential for long-range environmental transport.” To support this conclusion for sediment, four sources of data are cited in paragraph 63. No reference is provided for one of the sources ("MAREANO programmes") so we cannot assess it. The data from the other three sources are presented without appropriate context, and as a result the wrong conclusions are drawn. This context is either apparent from the complete dataset or presented by the authors. 

Evenset et al. (2009). These authors reported that no siloxanes were detected in sediment samples. This is confirmed by their data table, where the only detections were in field blanks.

ECCC (2022). This document provides concentration ranges for D4 in sediment from the Atlantic and Pacific Oceans. No information is provided on the sampling sites or QA/QC in the document. However, in addition to the marine sediment, the ECCC document provides data for cVMS in sediments collected adjacent to wastewater treatment plants and from water bodies with an extremely high anthropogenic impact. The upper limits of the concentrations in the marine sediments (61 ng/g dw), which is provided as evidence of contamination due to LRT in paragraph 63, is very similar to the upper limits of the concentrations measured in the Detroit River and Hamilton Harbour (63 ng/g dw), Montreal (97 ng/g dw), and in sediment from the plume of a Montreal wwtp (67 ng/g dw), while it is higher than the maximum level measured in a second study of Hamilton Harbour (12 ng/g dw). The ECCC document does not claim that the measured concentrations in marine sediments are the result of long-range transport. This is not surprising, as it is not plausible that the concentration in a remote environment as a result of long-range transport is equal to the highest concentrations measured in waters with very high anthropogenic impact. There is convincing evidence in the literature that cVMS concentrations in sediment decrease rapidly as you move away from sources areas (e.g., the comparison of coastal and inner lake locations in Lake Ontario in ECCC, and the comparison of concentrations in sediment and recipient size in Kierkegaard et al. (2013)). There are many possible explanations for the high concentration in the most contaminated marine sediment samples such as proximity to emission sources or sample contamination, but long-range transport is not one of them. 


			24			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.3 Potential for long-range environmental transport			63			Continued from previous comment: Panagopoulos Abrahamsson et al. (2020). These authors explain most of their observations through proximity to sources. Paragraph 63 cites only the upper range of those data that the authors could not fully explain by proximity to known strong sources. The proposal neglects to consider that the authors state that these data had poorer QC (only one of the three kinds of field blanks was collected). Furthermore, the proposal fails to consider that there was only one field blank for 14 sediment samples that were collected on different days over a 2-month period.  Given that contamination during sampling is a notorious problem when conducting trace analysis of cVMS in remote areas, these data are very uncertain. Notably, the authors of the study did not attribute their observations to long-range transport but rather discussed potential sources in the sampled area.

In addition to this misrepresentation of the data for remote sediments, the proposal fails to present the wealth of data showing concentrations in areas that are moderately impacted by local cVMS sources that are lower than the concentrations that paragraph 63 purports are caused by long-range transport, such as the Svalbard data in Papagopoulos Abrahmsson et al., the data for Mälaren in Kierkegaard et al. (2013), or the data for Lake Opeongo and Lake Ontario (Kingston Basin, inner lake locations) provided in ECCC (2022). Instead of weighing the available evidence, important information for assessing the hypothesis that cVMS have accumulated in remote sediments due to long-range transport is withheld.

In summary, paragraph 63 presents no substantial evidence to support the claim that cVMS have accumulated in remote sediments due to long-range transport. This significantly weakens the case for including cVMS in the Stockholm Convention, since it is only in sediments that cVMS are persistent.

Kierkegaard A., Bignert A., McLachlan M.S. Bioaccumulation of decamethylcyclopentasiloxane in perch in Swedish lakes. Chemosphere 2013, 93 (5), 789–793, DOI: 10.1016/j.chemosphere.2012.10.050


			25			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.3 Potential for long-range environmental transport			61			This paragraph uses the observation by Panagopoulos Abrahamsson et al. (2020) “that the concentrations of D4 in the sediment samples were slightly higher than what one would expect based on the wastewater emissions” to postulate that long-range transport of D4 was occurring. First, it is not scientifically defensible to base a hypothesis on a slight difference given the large uncertainties involved. Second, the hypothesis remains a hypothesis because no evidence was presented to support it. This paragraph should be deleted.


			26			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.3 Potential for long-range environmental transport			64			This paragraph cites one of us (McLachlan) as stating “that it is possible that deposition with snow is the major process of removal from the air under conditions of heavy snowfall and low phototransformation”. Using this statement as evidence to support the hypothesis that snow deposition causes high levels of contamination in the Arctic is inappropriate because: i) the statement was speculative and not backed up by evidence; ii) the statement does not suggest that snow deposition could result in a large flux from the atmosphere to surface media. This statement and the accompanying discussion should be removed.


			27			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.3 Potential for long-range environmental transport			65			This paragraph cites the work of one of us (McLachlan) to conclude that “the gaseous deposition of cVMS has likely contributed to the concentrations of cVMS found in vegetations from Antarctica”. This takes our work out of context. The fact that gaseous deposition to vegetation is possible does not mean that it is significant. The cited paper (McLachlan, 2018) carefully points out that net gaseous deposition depends on the partitioning properties of the vegetation, and concludes that net deposition is expected to be low. This is not consistent with the conclusion in paragraph 65 that gaseous deposition contributed to the high levels reported in Antarctic vegetation. This paragraph should be rewritten to correctly reflect the science presented in McLachlan (2018). Due to the low KOA of the cVMS, vegetation should be in a partitioning equilibrium with the gas phase. Then, according to equation 10:

CA = CV/KVA

where CA is the concentration in air, CV is the concentration in vegetation, and KVA is the vegetation/air partition coefficient. KVA (expressed in m3 air/m3 dry vegetation) for lichen can be estimated as (vL + 0 0.035vN) KOA where vL is the lipid content and vN the non-lipid content of the dry vegetation (Kelly and Gobas, 2003)). Using a log KOA value of 5 for D5 at 25 °C, corrected to 6 at 5 °C, and a lipid content of 0.067 g lipid/g dw (the highest value for lichen reported by Sanchís et al., 2015) yields a KVA value at 5 °C of 100000 m3 air/m3 dry vegetation. This can be compared with a maximum D5 concentration in Antarctic vegetation reported by Sanchís et al. of 55 ng/g dw, which equals 35000000 ng/m3 dry vegetation assuming a density of 0.64 kg/L for dry plant matter (Kelly and Gobas, 2001). Using the above equation, this means that the observed concentration in vegetation would correspond to a concentration in air of 350 ng/m3. This is 480 times higher than the average D5 concentration measured during later summer on Svalbard (0.73 ng/m3), a region that is much more proximate to cVMS emission regions than the Antarctic (Krogseth et al., 2013). This illustrates that the concentrations in vegetation reported by Sanchís et al. cannot be attributed to gaseous deposition.


			28			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.3 Potential for long-range environmental transport			65			References for previous comment:

Kelly B. C., Gobas F. A. P. C. Bioaccumulation of Persistent Organic Pollutants in Lichen−Caribou−Wolf Food Chains of Canada's Central and Western Arctic. Environ. Sci. Technol. 2001, 35, 2, 325–334, DOI: 10.1021/es0011966

Kelly B. C., Gobas F. A. P. C. An Arctic Terrestrial Food-Chain Bioaccumulation Model for Persistent Organic Pollutants. Environ. Sci. Technol. 2003, 37, 13, 2966–2974, DOI: 10.1021/es021035x

Krogseth I. S., Kierkegaard A., McLachlan M. S., Breivik K., Hansen K. M., Schlabach M. Occurrence and seasonality of cyclic volatile methyl siloxanes in Arctic air. Environ. Sci. Technol. 2013, 47, 1, 502–509, DOI: 10.1021/es3040208

McLachlan M. S. Atmospheric Fate of Volatile Methyl Siloxanes. In: Homem V., Ratola N. (eds) Volatile Methylsiloxanes in the Environment. The Handbook of Environmental Chemistry, vol 89. Springer, Cham, 2018. DOI: 10.1007/698_2018_371.


			29			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.3 Potential for long-range environmental transport			65			continued from previous comment: An analogous assessment can be conducted for gaseous deposition to soil. A partitioning equilibrium with air is also expected for soil due to the low KOA of the cVMS. KSoilA, the soil:air partition coefficient (m3 air/m3 dry soil), can be estimated vOC KOA, where vOC is the organic carbon content of the dry soil (Hippelein and McLachlan, 2000). Using KOA as above and an organic carbon content of 0.026 (the highest value reported by Sanchís) yields a KSoilA of 26000 m3 air/m3 dry soil. This can be compared with a maximum D5 concentration in Antarctic soil reported by Sanchís et al. (2015) of 110 ng/g dw, which equals 290000000 ng/m3 dw assuming a density of 2.6 kg/L for dry soil. Using the above equation, this means that the observed concentration in soil would correspond to a concentration in air of 11000 ng/m3, which is 15000 times higher than the D5 concentration in air in Svalbard. Hence the cVMS concentrations reported in soil by Sanchís et al. (2015) can also not be explained by gaseous deposition. The higher gaseous deposition velocities noted in paragraph 65 also mean that atmospheric deposition via other mechanisms would be rapidly compensated by gaseous transport back to the atmosphere (volatilization), so they could also not explain the reported concentrations in soil.


			30			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.3 Potential for long-range environmental transport			63			As noted above, paragraph 70 asserts that “D4, D5 and D6 have been measured in environmental and biota samples from remote regions (Arctic and Antarctic), indicating that the substances have the potential for long-range environmental transport.” To support this conclusion for biota, five sources of data are cited in paragraph 63. One of the sources (Campbell et al.) is not publicly accessible, so we cannot assess it. As with the data for sediment, the data from the other four sources are presented without appropriate context, and as a result the wrong conclusions are drawn. 

Evenset et al. (2009). Of 45 data points for D4, D5 and D6 in bird liver samples, 41 were below the MDL. The remaining four data points were very close to the MDL. The MDL is a limit set so that the probability that a measured value was caused by contamination is low. However, repeated analysis of the same sample will give a small fraction of the resulting data points exceeding the limit, just by chance. Therefore, conclusions about the existence of contamination close to the MDL must always be based on consideration of all measurements. This was not done here; 90% of the measurements were ignored and it was concluded that the remaining four data points prove that cVMS have accumulated in these birds. Furthermore, while presenting the data points above the MDL the report fails to mention that all of them come from Kongsfjorden, which has local sources of cVMS emissions as discussed in Warner et al. (2010). Hence even the 10% of the data above the MDL do not provide evidence that cVMS have accumulated in these birds via long-range transport.
 
The same study reports cVMS concentrations in fish. The authors provide no comments on the possible sources of the chemicals in this study. However, the same authors repeated their sampling and measurements of cVMS in the same region the following year, and in that paper they attribute the contamination to local sources (Warner et al., 2010).



			31			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.3 Potential for long-range environmental transport			63			continued from previous comment: Warner et al. (2010). This paper reports the levels of cVMS in fish from 3 fjords on Svalbard. The authors measured a clear gradient between the fjords which correlated with local sources of cVMS emissions, which led the authors to conclude that local emissions were responsible for the measured residues. Only three of 15 data points at the most remote site were above the MDL, and the authors also suggest that these low concentrations were due to local sources.

Warner et al. (2013). This study was conducted with fish from the same waters as Warner et al. (2010). Its primary purpose was interlaboratory comparison. The observed concentrations were similar to those of Warner et al. (2010). The authors did not discuss the sources of the cVMS observed in the fish, presumably because they had discussed it in their previous paper. 

Huber et al. (2015). In this study, cVMS were studied in birds’ eggs from two islands on the Norwegian coast. Of the 54 data points, 48 were non-detects. A detection rate of 11% is at best very weak evidence of contamination of the biota.


			32			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.3 Potential for long-range environmental transport			64			The other source used to support this conclusion is the work of Sanchís et al. (paragraph 64). Much is written in the document to defend the credibility of this controversial paper, but nothing is written to show that it alone is more credible than all of the other work that has been done. A range of studies in the Arctic (discussed above) have failed to detect background contamination due to long-range transport, at concentrations as low as <1.5 ng/g ww for D5 in fish (Warner et al., 2010). Background concentration of D5 in Swedish fish are <0.2 ng/g ww (Kierkegaard et al., 2013). Levels in krill measured by Sanchís et al. were 30 ng/g ww, >20 times higher than in the Arctic and >150 times higher than in Sweden, both of which are much more proximate to strong cVMS source regions. There is a plausibility gap with the Sanchís et al. (2015a) data, reinforced by the inconsistencies around the associated soil and vegetation data (as discussed above), that makes it scientifically unjustifiable to conclude that they override all of the evidence showing that accumulation in biota due to long-range transport must be very small.

The six authors of the Sanchís et al. (2015a) study have collectively published two additional papers on cVMS: one on cVMS in wastewater, surface water and sediments (Sanchís et al., 2013) and one on cVMS in market and river fish, both with samples from Spain (Sanchís et al., 2016). Sanchís et al. (2015a) describes measurements that are among the most challenging ever attempted with respect to cVMS in the global environment, conducted by a research group with no prior (or subsequent) experience in making measurements of cVMS in remote environments. The ten authors of the two comments raising concerns about the validity of the Sanchís et al. study (Warner et al., 2015, Mackay et al., 2015) have collectively published >85 papers on the topic of cVMS in the environment, including virtually all of the studies on cVMS in remote environments elsewhere.


			33			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.3 Potential for long-range environmental transport			67			While we have addressed the lack of evidence to support the first sentence, two other statements deserve comment:  
-	“As a consequence, it cannot be ruled out…” Not being able to rule something out is the signal to start scientific inquiry. Here it is used instead to draw conclusions. This is fundamentally wrong.
-	“The authors further stated that no human settlements exist in Liefdefjorden, with cruise ship traffic during the summer being the only human influence impacting this fjord. These findings indicate that the long-range transport of D4, D5 and D6 (via air and/or water/oceanic currents) has contributed to the concentrations found in the sculpins.” There is no logical connection between these two sentences. The second sentence is only true if good evidence can be provided to show that ship traffic cannot explain the levels found in sculpins. No such evidence is provided.

Finally, we note that we are troubled by the audacity of the Commission in not only ignoring the interpretation of the scientist authors who know the study area, did the sampling and generated the data, but also adopting diametrically opposed interpretations.
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		1		Title						The title of the proposal indicates a nomination with the intention of listing D4, D5 and D6 in Annex B of the Stockholm Convention. However, there is no reason to propose a weaker Annex B listing instead of a stronger Annex A listing. Regulatory action has already been taken in the EU for these substances, indicting the availability of alternatives and promoting substitution, and a Stockholm Convention listing would at the earliest come into force five years from now. This means that additional alternatives are very likely to emerge. Therefore, a recommendation for which Annex they should be listed in should wait for the thorough evauation by the POPs Review Committee (POPRC).        
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Guo, J., Zhou, Y., Zhang, B., & Zhang, J. (2019). Distribution and evaluation of the fate of cyclic volatile methyl siloxanes in the largest lake of southwest China. Science of the Total Environment, 657, 87-95.

		3		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.1 Persistence		12		The research mentioned in this paragraph suggests that D4 may be unintentionally produced, which should be further explored during the POPRC review process as it may mean that it would be suitable to also list it in Annex C of the Stockholm convention. This further emphasizes the importance of not preemting the evaluation of the POPRC in regards to which annex(es) these chemicals should be listed in. 
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Guo, W., Dai, Y., Chu, X., Cui, S., Sun, Y., Li, Y. F., & Jia, H. (2021). Assessment bioaccumulation factor (BAF) of methyl siloxanes in crucian carp (Carassius auratus) around a siloxane production factory. Ecotoxicology and Environmental Safety, 213, 111983. https://doi.org/10.1016/j.ecoenv.2021.111983

		5		4. Statement of the reasons for concern and need for global action 						The proposal comprehensively shows that D4, D5 and D6 meet the criteria laid out in Annex D of the Stockholm Convention. IPEN strongly supports a nomination for listing these in Annex A of the Convention. A further assessment of adding these also to Annex C of the Convention should be conducted.
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General comment 


 


The China Association of Fluorine and Silicone Industry (hereafter referred to as CAFSI) 


welcomes the opportunity to provide comments on the technical dossier prepared by ECHA.  


Under REACH, D4, D5 and D6 are restricted for consumer and professional uses, we believe 


current restrictions under REACH is sufficient, the effect of such restrictions needs to be 


verified before moving towards any global action. ECHA’s proposal to nominateD4, D5 and D6 


as new POPs is considered as an improportional and will have significant impact to European 


social economy and potentially harm the interest of European consumers, it will not only 


weaken the innovation and competitiveness of silicone industry but ultimately impact other 


innovative industries that rely on the silicone materials.  


 


As an overall comment, CAFSI experts have identified that the dossier lacks a comprehensive 


review of all the available and especially peer-reviewed published data for D4, D5 and D6. We 


noticed that there are numerous publications have not been considered as evidences, 


therefore conclusions are drawn without taking those available data sets into consideration.  


Section 1.1 Introduction  


The dossier states: “They are manufactured and used in a variety of sectors such as the 


construction (sealants, paints and coatings), automotive (parts and lubricants), electronics, 


pulp and paper, oil and gas, medical and aerospace/defence sectors.”  


• The text in section 1.1 above implies direct use of the monomers D4, D5 and D6 in 


these applications, however in most cases it is silicone polymers made from monomers 


D4, D5 and D6 that are used in the applications listed.  


 


Technical Portion: (Chemical Identity and Information on D4, D5, D6 and assessment 


whether they fulfil the Annex D screening criteria for Persistence, Bioaccumulation and the 


Potential for Long-Range Transport (LRT)) 


 


• In the dossier of Draft Annex D proposal, it states that ECHA relied upon authoritative 


assessments, peer review and grey literature, there are more than 50 recent peer-


reviewed literature publications and authoritative assessments still missing.  


• Some of the conclusions drawn by dossier does not demonstrate an objective 


assessment, they are based on selected data or selective text from study reports and 


publications or may not have a sound scientific basis.   


➢ For example, the dossier states: “D4 and D5 have a high tendency to adsorb to 


sediments and particles which hinders hydrolysis.” Silicones Europe’s comment: 


Hydrolysis half-life is an intrinsic property of the substance at a given pH and 


temperature. Sorption may influence the contribution of hydrolysis to the fate in a 


specific environment, but sorption does not directly influence hydrolysis. The 


extent to which sorption attenuates hydrolysis (or other processes such as 


volatilization) under specific environ-mental conditions can and should be 
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evaluated quantitatively and objectively through multi-modelling.  


• We notice the obvious bias existence, e.g. the dossier provides a highly critical review of 


the industry studies or studies that do not support meeting the Annex D criteria. 


Meanwhile, it justifies those non-industry studies with the same level of uncertainties, 


they should be taken seriously, and the precautionary principle should be applied.  


• The dossier states in paragraph 32 that “It is apparent that different conclusions can be 


drawn from some studies depending on the food chain configuration that is assumed”, 


there is no further investigation conducted to verify.  


➢ The authoritative assessment by Australia authority pointed out “Substances with 


a log KOA < 6 are not expected to bioaccumulate in air-breathing animals (Kelly, et 


al., 2007). The measured log KOA values for D4, D5 and D6 are all less than 6 which 


indicates that they should not biomagnify in air-breathing animals. This 


expectation has been confirmed experimentally for D5 where respiratory 


elimination of this chemical in rats and humans has been demonstrated (Gobas, et 


al., 2015).” 1  


➢ An independent study (Xu, etal., 2012)2 indicates These methyl siloxanes were 


eliminated from human plasma with half-lives ranging from 2.34 to 9.64 days, that 


demonstrate low tendency of accumulation.  


• The dossier disregards and does not acknowledge the conclusions of scientific experts 


who have already reviewed the monitoring data available on cVMS in remote regions. 


The peer-reviewed and publicly available literature contains reviews indicating that the 


presence of these materials in remote regions is more likely attributed to local sources 


rather than long-range environmental transport3  


• The dossier on several occasions distorts the data by making broad conclusions with no 


basis for the conclusions. 


➢ For example, the dossier states: “Considering the high global volumes of these sub-


stances even a low percentage of deposition and transfer to a receiving matrix 


(water (including sediment) or soil) is of potential concern for remote areas” – Yet, 


no calculation was done to verify this.  


➢ For example, the dossier indicates multiple modes of LRT contribute to the 


presence of cVMS in remote polar regions. Without calculating the potential 


contribution of those modes of LRT to assess, it is difficult to assess whether they 


could lead to detectable concentrations.  


 


Technical Portion (Adverse Effects)   


 


 
1 IMAP Environment Tier II Assessment for Cyclic Volatile Methyl Siloxanes 
2 Xu etal., Environ. Sci. Technol. 2012, 46, 11718−11726 


3 AMAP. (2017). AMAP Assessment 2016: Chemicals of Emerging Arctic Concern. Arctic Monitoring and Assessment 


Programme (AMAP), Oslo, Norway. xvi+353pp.  


Krogseth, I.S.; Warner, N.A. 2019. Volatile Methyl Siloxanes in Polar Regions. Volatile Methylsiloxanes in the Environment. 2019, 
279-313.   
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• According to criteria detailed in Annex D, evidence of adverse effect to human health or 


the environment, or data that indicate the potential for adverse effects to human 


health and the environment4 needs to be provided, any nomination of new POPs 


should carefully exam all available evidences and review if evidence is relevant to 


human. Here we support our sister organization Silicone Europe’s opinion and does not 


believe this has been demonstrated,  


➢ The dossier relies on the presence of any toxicity seen in laboratory studies 


including when dosing levels are much higher than solubility limits of cVMS and 


significantly higher than any concentrations found in the remote environment to 


allude cVMS cause adverse effects  


➢ In addition, Assessment of the human health and environmental impacts of 


chemicals, including cyclic siloxanes, as part of the Inventory Multitiered 


Assessment and Prioritisation (IMAP) framework conducted by Australian 


authority, the health assessment for D4 and D5 completed with conclusion: For D5, 


there are no critical health effects for D5.   


• The dossier has mischaracterized the mode of action of D4 reproductive toxicity and 


uterine effects as being relevant to humans, when it is well established that rodents 


and human differ significantly in regulation of this pathway.  


• The dossier does not follow the requirements of the text of Annex D that indicates 


where possible a comparison of the toxicity or ecotoxicity data with detected level of a 


chemical should be done.  


➢ The dossier carries out no comparison of the measured data in remote regions to 


the effect levels. Such a comparison would demonstrate there is no potential for 


adverse effects in remote regions.  


  


 
4 Annex D states:  


“(e) Adverse effects:  


i (i) Evidence of adverse effects to human health or to the environment that justifies consideration of the chemical within 


the scope of this Convention; or  


ii (ii) Toxicity or ecotoxicity data that indicate the potential for damage to human health or to the environment  


2. The proposing Party shall provide a statement of the reasons for concern including, where possible, a comparison of 
toxicity or ecotoxicity data with detected or predicted levels of a chemical resulting or anticipated from its long-range 
environmental transport, and a short state-ment indicating the need for global control.”   







 


                                                                                


地址：北京市朝阳区北三环东路 19号蓝星大厦 6层 邮编：100029  电话：10-64443598 


 


About China Association of Fluorine and Silicone Industry  
 


China Association of Fluorine and Silicone Industry (hereinafter referred to as “CAFSI”) was 


established in January, 1988 and registered at China Ministry of Civil Affairs, Which is the 


national first level industry association with the status of legal person. CAFSI is a non-profit 


social organization, and under the management and industry guidance by Ministry of Civil 


Affairs and the State-owned Assets Supervision and Management Committee of the State 


Council. 


 


CAFSI aims at service for the member companies and safeguard the legitimate rights and 


interests of the industry, play the role of a link bridge, actively participates in the formulation 


of national laws and regulations, policy advice, planning and development. To help the 


government to do industrial policy guidance, and assist to form and revise the industry 


standard, industry access conditions, industry technical specifications, to guide the industry 


to the fast and healthy, sustainable development, defend the security of industry. To help the 


government strengthen the international compliance responsibility of the industry, reflect 


the demands of industry and enterprises. Represent the industry to participate in the 


international collective bargaining to safeguard the interests of the enterprise. Actively 


organize the investigation, respondent and defense work for the foreign double reverse and 


intellectual property damage, defend the legitimate rights and interests of industries and 


enterprises, and guarantee the enterprise's healthy development. 


 


At the same time, CAFSI pay attention to standardize the behavior of the industry, and 


formulate the industry honest and trustworthy convention, the green development and self-


discipline convention; carry out the implementation, certification, appraisal and recognition 


activities for the industry standards. Organize and promote the development of industry 


production, research and development, new technologies, new processes, new products and 


new equipments. Research and judge the current situation of development and solve the 


common problems of the industry, to promote the industry and international 


communication and cooperation. In promoting industry development, CAFSI gives full play to 


the function of service, communication, guidance and coordination, self-discipline and 


supervision, etc; to make CAFSI to become indispensable to the enterprises and government. 


CAFSI under the Organic Silicone Professional Committee, Organic Fluorine Professional 


Committee, Inorganic Fluorine Professional Committee and Fluorine Silicon Coating 


Professional Committee. 


 


At present, CAFSI has 525 members covering silicone related production, research & 


development, trading business. CAFSI was rated as 3A by the social organization of the China 


Ministry of Civil Affairs, and CAFSI is China's only community organization of the national 


fluorine and silicone industry. 
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JBCE’S POSITION ON THE DRAFT SCIENTIFIC DOSSIER (ANNEX D) FOR 
AN EU PROPOSAL FOR THE LISTING OF D4, D5 AND D6 IN ANNEX B 


TO THE CONVENTION 


INTRODUCTION 


Being a cross-sector association with member companies operating in different industries and 
stages in the supply chain (electronics, chemicals, polymer, automotive, machinery, 
semiconductor, wholesale trade, precision instruments, pharmaceutical, steel, nonferrous metal, 
textiles, ceramics, and glass products), JBCE welcomes the opportunity to contribute to the 
discussion regarding the draft scientific dossier (Annex D) for an EU proposal for the listing of 
D4, D5 and D6 in Annex B to the Convention. 


KEY MESSAGES 


On a general note, JBCE understands that the draft scientific dossier for D4, D5 and D6 is in line 
with the target of having “a zero-pollution ambition for a toxic-free environment” which was 
proposed in the “Chemicals Strategy for Sustainability - Towards a Toxic-Free Environment- 
(CSS)”. However, despite agreeing with and supporting its concept and purpose to protect 
human health and the environment, we would like to point out that the currently proposed 
restriction raises various issues which need to be addressed in terms of scientific reasoning and 
socio-economic impact, as highlighted by various companies across different impacted sectors 
represented by JBCE. 


Our main points of concern are listed below. 


 


• Silicone polymers made from raw materials including D4, D5 and/or D6 with special 
properties such as excellent heat resistance, low thermal conductivity, thermal stability, 
electrical insulation, gas permeability, non-stickiness and oil resistance are widely used 
in a variety of industries all over the world. The products which use silicon polymers (i.e. 
EV batteries, coatings, lubricants, cables, solar cell connectors, sensors, PV panels, LED 
lighting, medical devices, food contact materials as well as analytical and measurement 
equipment) are necessary applications to reach the goals of the European Green Deal, 
to protect human health and foster innovation, they therefore play a very important role 
in society.  


 
• JBCE is seriously concerned that POPs nomination of D4, D5 and D6 will lead to strict 


restrictions on the production, use, and trade of silicone polymers. In particular, in 
electrical and electronic equipment (EEE), the components and the parts using silicone 
polymers are the key technologies enabling the special performance and the products’ 
reliability. The manufacturers of EEE would have to find alternative substances if silicone 
polymers were to become subject to restrictions under Annex B to the convention. 
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However, finding alternative substances with the same special properties as silicone 
polymers would be extremely difficult. Even if a potential alternative substance for 
silicone polymers could be identified, it is not given that it could become a real and viable 
alternative in final products. It would still need to be proven whether the final product 
shows the same level of performance after the design change. It needs to be considered 
that many industrial sectors of course must comply with chemical and environmental 
regulations, but in addition also with sector-specific stringent product-related regulations 
as well as performance and safety standards. 
 


• JBCE urges ECHA to carefully consider the risk assessment about the release of D4, D5 
and D6 to environmental media from all the applications using silicone polymers and the 
socio-economic analysis if silicone polymers become subject to restrictions under Annex 
B to the convention. Furthermore, we believe that setting specific derogations for the 
applications using silicone polymers similar to the ones in the Stockholm Convention 
decision for UV-3281 should be considered. 


  


ABOUT JBCE 


Founded in 1999, Japan Business Council in Europe (JBCE) is a leading European organization 


representing the interests of 100 multinational companies of Japanese parentage active in 


Europe. Our members operate across a wide range of sectors, including information and 


communication technology, electronics, chemicals, automotive, machinery, wholesale trade, 


precision instruments, pharmaceutical, textiles, and glass products.  


For more information: https://www.jbce.org/ / E-mail: info@jbce.org   


EU Transparency Register: 68368571120-55 


 


 
1 https://www.pops.int/TheConvention/ConferenceoftheParties/Meetings/COP11/tabid/9310/Default.aspx 



https://www.jbce.org/

mailto:info@jbce.org

https://ec.europa.eu/transparencyregister/public/consultation/displaylobbyist.do?id=68368571120-55

https://www.pops.int/TheConvention/ConferenceoftheParties/Meetings/COP11/tabid/9310/Default.aspx
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Table 1.  D4 HQ values for measured concentra�ons in Canadian wastewater receiving waters. 



 



 



 



Vertebrate Vertebrate Invertebrate Invertebrate Algal Algal
From Wang et al. (2013) From Wang et al. (2013) Lowest Highest Lowest Highest Lowest Highest 



Lowest observed receiving Highest observed receiving Measured Measured Algal Conc/NOEC Conc/NOEC Conc/NOEC Conc/NOEC Conc/NOEC Conc/NOEC
Compound water Conc (µg/L)a water Conc (µg/L) Vertebrate NOEC (µg/L) Invertebreate NOEC EC10 Value or HQlowest or HQhighest or HQlowest or HQhighest or HQlowest or HQhighest



D4 0.0045 0.023 4.4 b 7.9 c Solubi l i ty l imit, 51 µg/L d 1.02E-03 5.23E-03 5.70E-04 2.91E-03 8.82E-05 4.51E-04
a If concentration is less than detection limit, concentration assumed to be 50% of detection limit.
b Measured D4 NOEC level of 4.4 µg/L from embryo-larval deveopemnt study (93 days) with rainbow trout, Sousa et al. (1995)
c Measured D4 NOEC level of 7.9 µg/L from Daphnid reproducdtion study (3 generation, 21 days), Sousa et al. (1995)
d Measured D4 EC10 at water saturation level (51 µg/L) with algae (Raphidocelis subcapitata ), Trac et al. (2018)
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Comments on the items in 3.3 Potential for long-range environmental transport 
Paragraph 49 
Breivik et al. (2022) introduced novel metrics in the Emissions Fractions Approach (EFA) to evaluate long-
range environmental transport (LRET). The metrics included environmentally dispersed fraction (ϕ1), 
remotely transferred fraction (ϕ2), and remotely accumulated fraction (ϕ3). Among these, ϕ3 holds 
particular significance for the assessment of LRET within the Stockholm Convention framework. The 
original EFA developed by Breivik et al. (2022) computed the metrics based on three fundamental 
emission scenarios, involving emissions solely to air, water, or soil, with a focus on the worst-case 
scenario. While these elemental emission scenarios provided valuable insights into LRET behaviors, the 
calculation using realistic emission scenarios is deemed superior for obtaining more accurate metrics and 
reducing prediction errors and thus risk of false negatives/positives at a higher tier (Breivik et al., 2012). 
To address this, the EFA model has been enhanced by incorporating predictions with realistic emission 
scenarios. Furthermore, the revised model allows for the input of all appropriate partition values (KOW, 
KAW, KOA, and KOC), as the original EFA model assumed KOC = 0.35×KOW, which is not suitable for volatile 
methylsiloxanes (VMS) according to the measured values (Whelan and Kim, 2022; Xu et al., 2014). With 
the application of realistic emission scenarios, the revised model indicates significantly lower values for 
ϕ2 and ϕ3 of the cyclic volatile methylsiloxanes (cVMS) compared to those calculated using the three 
individual elemental emissions (SI-1). Specifically, the transfer (ϕ2) and accumulation (ϕ3) of cVMS on 
the surface of polar regions are found to be 50 (=101.7) - 126 (=102.1) times smaller with realistic 
emissions than those predicted with individual emission scenarios and much smaller than those of 
current persistent organic pollutants (POPs). 
 



Paragraph 50 
While the half-lives of D4, D5, and D6 have been measured and estimated, uncertainties still exist 
regarding the input parameters. To address this, we conducted sensitivity analyses by varying the base 
values with factors ranging from 0.2 to 5 (SI-2). The environmentally dispersed fractions (ϕ1) for D4, D5, 
and D6 showed an increasing trend with longer half-lives in air, but their values were not influenced 
significantly by half-lives in water or soil. In most cases, the ϕ1 values were slightly higher than the 
threshold value (i.e., 10–3.1). Regarding the remotely transferred fractions (ϕ2), we observed that for D4 
and D5, they increased as the half-lives in air and water increased, with increments ranging from 0.4 to 
0.6 log units and 0.2 to 1.0 log units at higher half-life values, respectively. However, the ϕ2 value for D6 
remained relatively stable across all media and half-life variations. As for the remotely accumulated 
fractions (ϕ3), they showed an increasing pattern with longer half-lives in water but remained stable 
with varying half-lives in air and soil. 
Overall, the ϕ2 and ϕ3 values for D4, D5, and D6 were consistently more than two orders of magnitude 
lower than the threshold values (i.e., 10–4.1 and 10–5.1, respectively) for all tested half-life ranges. These 
results indicate that the transfer and accumulation of cyclic volatile methylsiloxanes (cVMS) on the 
surface of polar regions would be significantly smaller compared to the current POPs across the range of 
half-lives tested. 
 



Paragraph 51 
The EFA model and the OECD Pov and LRTP Screening Tool incorporate 'generic' aerosols as a sub-
compartment in air. While recognizing the need for further investigation concerning inorganic aerosols 
like minerals or crystalline particles, we conducted a sensitivity analysis to assess the potential 
contribution of 'generic' aerosols to LRET in the revised EFA model. In this investigation, we explored the 
impact of two critical parameters, namely aerosol volume fraction and KOA values, on the mass 
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distribution of D4, D5, and D6 on aerosols and the new LRET metrics. The results of the study (SI-3) 
revealed that the transport of cVMS by aerosols is projected to be minimal, except in scenarios where 
the aerosol volume fraction in the atmosphere reaches unusually high levels. Nonetheless, even in 
instances of temporarily elevated aerosol concentrations in specific locations, such events would not 
substantially contribute to dispersion, transfer, and accumulation of cVMS to polar regions. 
 



Supporting Information 
SI-1: the Emissions Fractions Approach with realistic emissions of D4, D5, and D6 



• Model inputs of D4, D5, and D6 (Whelan and Kim, 2022): partition coefficients and half-lives at 
25 °C 



cVMS MW log Kaw log Kow logKoa log Koc 
HL_Air 



(h) 
HL_Water 



(h) 
HL_Soil 



(h) 
Realistic Emission 
(Air:Water:Soil) 



D4 296.6 2.74 6.98 4.24 4.22 172 93.5 127 96.7%:1.6%:1.6% 



D5 370.8 3.16 8.09 4.93 5.17 166 1691 302 94.5%:0.8%:4.7% 



D6 444.9 3.01 8.87 5.86 5.35 127 9624 9624 58%:2%:40% 



 



• Model outcomes of logarithmic ϕ1, ϕ2, and ϕ3 
o Fractions in blue are the maximum values from three emission scenarios to Air, Water, 



and Soil. 
o Fractions in red are values from realistic emission scenarios. 



 D4 D5 D6 



log Air Water Soil Real Air Water Soil Real Air Water Soil Real 



ϕ1 -2.58 -3.96 -2.58 -2.59 -2.59 -2.95 -2.60 -2.60 -2.71 -2.78 -2.71 -2.71 



ϕ1 -7.70 -5.18 -7.70 -6.89 -7.71 -4.36 -7.71 -6.43 -8.55 -4.50 -8.51 -6.20 



ϕ1 -11.62 -8.75 -11.63 -10.50 -10.38 -6.04 -10.35 -8.14 -9.49 -5.33 -9.45 -7.03 



 



• Plots of EFA metrics (from the table above) under four emission scenarios 
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SI-2: Sensitivity of LRET to half-lives of cVMS in air, water, and soil 
• Adjustment factors (fAdj) to base half-lives (HL0): 0.2 to 5 (fast to slow degradation) 



o HLi = HL0,i × fAdj 
o Realistic emission scenarios were used. 



• Results of LRET metrics at varying half-lives in air, water, and soil 
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SI-3: contributions of aerosols to LRET 
• Model inputs 



o Volume fractions are varied from 2×10–11 (default) to 2×10–8: three orders of magnitude 
different. 



o Values of log KOA are varied by –1 to +1 from the base values. 



• Mass fraction vs. log KOA and volume fraction of aerosols 
o Mass distribution is linearly proportional to KOA and volume fraction. 



 
 



• Sensitivity to log KOA 
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• Sensitivity to volume fraction of aerosols: default volume fraction of aerosol = 2×10–11 
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This annex was provided by UK to support the proposed TAB entry on the interpretation 



of liver effects, available in S-CIRCABC (https://webgate.ec.europa.eu/s-



circabc/w/browse/85748090-25b8-4c7a-9184-2c7b7c0a645b). This annex has not been 



endorsed as such, but the Human Health WG (WG-IV-2018) generally agreed with the 



principles presented. 



 



Background 



Hepatocellular hypertrophy and/or increased liver weight are frequently observed in toxicological 



studies, particularly those conducted in rodents.  The toxicological relevance of hepatocellular 



hypertrophy and/or increased liver weight is a common point for discussion at technical meetings, 



where the outcome on the decision regarding adversity may be central to the derivation of reference 



values for use in the risk assessment.  It is noted that the interpretation of these commonly observed 



effects, in some instances, lacks consistency.  



There are a number of publications that offer guidance on the interpretation of effects on the liver, 



including reviews by the JMPR (20061, 20152) and the ESTP (European Society of Toxicological 



Pathology), 20123.  These documents generally follow the same principles but none provide a clear 



level for the associated increased relative (to body weight) liver weight which will be considered 



adverse or adaptive. Notwithstanding this, some interpret the JMPR (2006, 2015) documents to imply 



that any increase in relative liver weight not associated with liver toxicity should be considered 



adaptive. Similarly, some interpret the ESTP (2012) review to indicate that an increase in relative liver 



weight up to 50%, not associated with liver toxicity should be considered adaptive. There are, 



however, other national or international regulatory bodies that clearly indicate which degree of 



increased liver weight should be considered adverse. EFSA for example, considers that isolated liver 



weight increases of up to 20% not accompanied by any histopathological changes are not adverse but 



liver weight increases > 10% accompanied by histopathological or clinical-chemistry changes are 



adverse (unpublished list of decisions). The German Commission for the Investigation of Health 



Hazards of Chemical Compounds in the Work Area (MAK Kommission) considered a statistically 



significant liver weight increase of 20 % as adverse. Similarly, a statistically significant enzyme 



induction (CYP content) of 1.5-fold was considered adverse (e.g. Documentation of the MAK Value for 



3,5-Di-tert-butyl-4-hydroxyphenylpropionsäureoctadecylester4). Clearly, harmonisation among 



different regulatory bodies is lacking. 



                                                           
1 FAO/WHO, 2006: Pesticide residues in food - 2006. Report of the Joint Meeting of the FAO Panel of Experts on Pesticide 
Residues in Food and the Environment and the WHO Core Assessment Group on Pesticide Residues. 
http://www.fao.org/fileadmin/templates/agphome/documents/Pests_Pesticides/JMPR/JMPRrepor2006.pdf  
2 WHO, 2015: Pesticide residues in food: WHO Core Assessment Group on Pesticide Residues. Guidance document for 
WHO monographers and reviewers WHO/HSE/GOS/2015.1, 1-106 pp. 
http://www.who.int/foodsafety/publications/jmpr_guidance_document_1.pdf  
3 Hall AP et al., 2012: Liver Hypertrophy: A Review of Adaptive (Adverse and Non-adverse) Changes—Conclusions from the 
3rd International ESTP Expert Workshop. Toxicol Pathol 40: 971-994 
4   http://onlinelibrary.wiley.com/doi/10.1002/3527600418.mb208279d0060/pdf 
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Therefore, the following proposal for a harmonised position on the interpretation of hepatocellular 



hypertrophy /enzyme induction/ liver weight is made.    



Considerations 



It is proposed that the definition of adverse and adaptive histopathological effects on the liver, as 



described in the Guidance document (JMPR 2015) for WHO monographers and reviewers2, is adopted 



for the toxicological evaluation of biocides, as summarised below. If possible, such guidance could be 



also harmonised with the approach taken for pesticides by EFSA.  



An adaptive response, in the field of toxicology, could be described as the process whereby a cell or 



organism responds to a xenobiotic so that the cell or organism will survive in the new environment 



that contains the xenobiotic without impairment of function (Keller et al. 20125). 



The adaptive response in the case of liver hypertrophy can be defined as a dose-dependent activation 



of cytochromes by an exogenous chemical leading to increases in drug metabolizing enzymes that 



promote the metabolic transformation and excretion of the activating compounds. As such, the 



adaptive change can result in a new functional steady state in a tissue or organ allowing the organism 



to respond to environmental change and, although not necessarily desirable, is usually beneficial.  



The definition of adverse and adaptive histopathological effects on the liver in the JMPR (2015) 



document does not provide a clear level for the associated increased relative (to body weight) liver 



weight which should be considered adverse or adaptive. However, the same document, in a section 



on effects within normal biological variation, indicates that increases in relative (to body weight) liver 



weights in rats and mice ≤ 15% without further effects observed at (histo)pathology should not be 



considered adverse as such degree of increase has been seen in controls in numerous studies and is 



considered part of normal biological variation. Although, so far, for biocides, an increase in liver weight 



≥10% when compared to concurrent controls has been considered adverse, the empirical data which 



support an increase in relative (to body weight) liver weight up to 15% to be part of normal biological 



variation provide a robust argument to move away from 10%. Nevertheless, it has to be noted that 



when there is an increase of a group mean value by 15%, the number of individual animals showing a 



liver weight outside the range that is considered as normal will inevitably increase. This should be 



taken into accounted in study evaluation and may justify deviating from the rules proposed in this 



document. 



More specifically, the JMPR (2015) document states that data collected from United States National 



Cancer Institute/National Toxicology Program studies (B6C3F1 mouse: Marino, 2012a6; F344 rat: 



Marino, 2012b7) could be used as a basis for the normal organ weight distribution. As most data were 



reported for studies with an average duration of 3 months (i.e. the average age at necropsy was about 



20 weeks), the data from this subset of studies should be considered primarily. The following 



coefficient of variation has been reported and could provide a rough estimate for the threshold of 



adversity of a toxicological effect on relative (to body weight) liver weights:  



 
Mouse and Rat 



                                                           
5 Keller et al (2012) 
6 Marino D (2012a). Absolute and relative organ weight trends in B6C3F1 mice. J Toxicol Environ Health A. 75(3):148–69. 
7 Marino D (2012b). Age-specific absolute and relative organ weight distributions for Fischer 344 rats. J Toxicol Environ Health 
A. 75(24):1484–516. 
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Liver, relative weight: < 15% 



 
“Effects observed in toxicological studies within the range of normal biological variation should be 



reported and discussed carefully in the health evaluation, but these effects will normally not be 



regarded as adverse, for the purpose of identifying reference points for establishing health-based 



guidance values.  Particularly useful would be the comparison of measurements taken at different 



time points during the study.” For further details on the data and analysis supporting this coefficient 



of variation, the reader is referred to the two publications by Marino (2012a; b). It is noted that 



although, at present, no such analysis has been performed for other strains of mice and rats and for 



other laboratories, a coefficient of variation of 15% was supported for both species, indicating that 



strain variability is most likely to be of little significance. As it regards other laboratories, it is believed 



that, considering the large database of studies analysed, spanning different environmental conditions 



at the NTP laboratories, inter-laboratory variability is also most likely to be low. 



Combining the arguments on the adaptive nature of the hypertrophy from the JMPR (2015) document 



with the empirical data showing that an increase in relative (to body weight) liver weight up to 15% is 



part of normal biological variation (also from JMPR, 2015), the following criteria are proposed. 



In summary, a weight of evidence approach should be used to interpret liver findings (e.g. 



hepatocellular hypertrophy).  Hepatocellular hypertrophy, enzyme induction and the possibly 



associated increase in relative (to body weight) liver weight might be morphological reactions to a 



chemical substance and do not necessarily characterize or indicate liver damage.  The following 



principles should be followed in the final assessment of liver hypertrophy/weight increase:  



 By default and in the absence of further suitable information, an increase in mean relative (to 



body weight) liver weight > 10% is considered as adverse and a LOAEL is set at the 



corresponding dose level. In the presence of further information, however, refinement is 



possible.  



 A non-adverse/adaptive effect on the liver is identified at doses that induce hepatocellular 



hypertrophy, enzyme induction (predominantly CYP isoforms) and/or mean relative (to body 



weight) liver weight changes ≤ 15% (as compared to concurrent controls),  in the absence of 



histopathological liver damage (e.g. necrosis, inflammation, fibrosis, degeneration, 



vacuolation, pigmentation, etc. but not limited to these) and relevant clinical chemistry 



changes (e.g. toxicologically significantly increased alanine aminotransferase, aspartate 



aminotransferase, alkaline phosphatase, bilirubin, etc.). The histopathological description of 



the hepatocellular hypertrophy should be complemented by a severity score, localization of 



the observation (e.g. centrilobular, periportal, etc.) and staining characteristics of the 



cytoplasma (e.g. eosinophilia, ground glass appearance, etc.). This 15% level for relative 



weight increase should not be interpreted as a rigid cut-off limit but more as a guidance value. 



A weight of evidence approach and expert judgement should always be applied. 



 To be able to conclude that an increase in mean relative (to body weight) liver weight up to 



15% is not adverse, there should be results available on the complete set of histopathological 



investigations of the liver and of the clinical chemistry parameters required in the relevant 



OECD guidelines (i.e. concentration of plasma total protein and albumin, activities of at least 



two enzymes indicative of hepatocellular effects – i.e. alanine aminotransferase (ALT), 



aspartate aminotransferase (AST), alkaline phosphatase (ALP), gammaglutamyltransferase 
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(GGT) or glutamate dehydrogenase (GD) – and concentration of bile acids and cholesterol; and 



under certain circumstances, concentrations of bilirubin). In the absence of this complete set 



of data, it is not possible to conclude that the effect is not adverse. 



 The highest dose at which only such non-adverse changes occur should be identified as the 



NOAEL in terms of reference value setting.  The non-adverse effects should be mentioned for 



transparency and it should be considered whether adaptive pathological liver changes occur 



at the same dose level after longer exposure times.  If that is the case, the NOAEL identified 



in the short-term study should not be altered and might still be useful when setting short-



term/medium-term AELs. Nevertheless, a more appropriate NOAEL should be established 



from the longer-term study for long-term AEL setting if pathological liver changes/clinical-



chemistry/mean relative (to body weight) liver weight increase > 15% appear.  



 If hepatotoxicity, as characterized by toxicologically significant changes in histopathology (up 



to hyperplasia and tumours) and/or clinical chemistry and/or mean relative (to body weight) 



liver weight increase > 15% (when compared to concurrent controls), occurs at doses higher 



than those causing liver hypertrophy, then the LOAEL for the study should be the dose that 



elicits hepatotoxicity (or some other relevant toxicity found in the study).  



 When judging the toxicological significance of the mean relative (to body weight) liver weight 



increase, consideration could be given to potential outliers (i.e. individual animals with 



unusually low/high values). 



 However, it is important to recognize when the limits to the homeostatic responses (such as 



increased liver weight and hypertrophy due to the increased metabolism capacity caused by 



the chemical exposure) have been exceeded. In those cases the effect may be considered 



adverse.  
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Summary and discussion of carcinogenicity 



 



Summary 



Only one carcinogenicity study is available and is therefore the key study. 



In a 2-year study, five groups of male and female F344 rats were exposed to 0, 10, 30, 



150, or 700 ppm of D4, 6 hours/day, 5 days/week (Battelle, 2004).  Animals were grouped into 



subgroups as follows: 



Subgroup A: animals were exposed for 6 months and then sacrificed for the determination of D4 



in blood, fat, and liver for validation of the D4 PBPK model.  



Subgroup B: animals were exposed for one year and then sacrificed. 



Subgroup C: animals were exposed for one year and were observed for an additional year to 



determine possible reversibility of any effects.  



Subgroup D: animals were exposed for two years.  



 



Subgroup C and D animals were sacrificed at two years. A complete histopathology examination 



was performed on all animals that were either sacrificed or died in extremis.  



 



Subgroup A Results: 



Subgroup A animals were used for the analysis of D4 levels in blood, fat, and liver in order to 



validate the physiologically based pharmacokinetic (PBPK) model developed for D4. These data 



will not be reported here but are available if requested. 



 



Subgroup B Results: 



In male and female animals exposed to D4 for one year and then sacrificed, there was a significant 



increase in absolute and relative (i.e., organ: body weight or organ: brain weight ratios) liver weight 



at 150 and 700 ppm. This result is consistent with known phenobarbital-like effects of D4 and in 



line with other repeat-dose studies. Furthermore, there was an increase in absolute and relative 



kidney weight in male and female rats at 700 ppm only. 



 



Subgroup C Results: 



In male animals exposed to D4 for one year and then observed for one year without further 



exposure, there was an increase in mean liver: body weight ratio at 700 ppm with no accompanying 



histopathological findings associated with this relative liver weight increase. Females in this 



subgroup had a significant increase in absolute and relative uterine weight at 10 ppm only. One 



female rat in the 150 ppm exposure subgroup had a large endometrial adenocarcinoma, which 



contributed to the high mean and standard deviation values for uterine weights in this particular 



exposure subgroup. One female in the 30 ppm exposure group had an endometrial adenoma. Since 



these findings occurred only at intermediate exposure concentrations following one year of 



exposure and one year of recovery, it is unlikely that they are related to D4 exposure. Organ 



weights taken at two years tend to be highly variable and are, therefore, unreliable. 



  











 



 
             



 



 



 



 



 



Subgroup D Results: 



The percent survival rate of animals exposed for two years to D4 was decreased at 700 ppm. 



Survival rate was 38% in treated males compared to 58% for controls and was 58% for treated 



females compared to 72% for controls. This effect on mortality was likely due to the incidence of 



early onset F344 rat-specific mononuclear cell leukemia (MNCL) that occurred at 700 ppm. 



However, the overall incidence of MNCL diagnosed at histopathological examination of both 



intercurrent deaths and terminal sacrifice animals was 68% for males at 700 ppm compared to 72% 



in the control group and 30% for females at 700 ppm compared to 23% in the control group. 



 



Statistically significant increases in absolute and relative kidney weight were observed for both 



male (700 ppm) and female (150 and 700 ppm) rats exposed for two years. These increases in 



kidney weights may reflect the observed increases in severity of chronic nephropathy observed 



during microscopic examination of the tissues from this subgroup of animals. Chronic nephropathy 



is generally considered to be an age-related phenomenon in F344 rats with little or no relevance to 



humans.  



 



Statistically significant increases in absolute and relative liver weight were observed in female rats 



exposed to D4 at 150 and 700 ppm and in male rats at 700 ppm for two years. This finding was 



accompanied by centrilobular hypertrophy in male rats only consistent with the known mode of 



action of D4 for liver effects.  



 



An increase in absolute (46%) and relative (54%) uterine weight was seen in female rats at 700 



ppm of exposure for two years.  Histopathologically, the total incidence of cystic endometrial 



hyperplasia in females in the 700 ppm exposure group was approximately 50% with a mean 



severity grade of 2.5, compared to a 19% incidence of cystic endometrial hyperplasia (grade 1.7) 



in the control group. Interestingly, 40% of the 25 female rats in the 700 ppm group that died prior 



to the 2-year terminal sacrifice (i.e., the intercurrent mortalities) had cystic endometrial hyperplasia 



with a grade of two or greater.  The increases in incidence and severity grade were statistically 



significant (p < 0.01).  Four of the 35 female animals in the 700 ppm dose group that survived to 



two years were diagnosed with endometrial adenomas (Table 1).  No uterine adenomas were 



diagnosed in the intercurrent mortality animals (i.e., 0/25) in this exposure group and no 



endometrial adenomas were diagnosed in any other exposure group (0, 10, 30, 150 ppm) within 



Subgroup D or in any other Subgroup (A, B, or C) except for 1 female rat in the 30 ppm recovery 



group. The Peto or Poly3 (Peto et al. 1980; Bailer and Portier,1988) statistical analyses for trend 



indicate a level of significance at p<0.0008 and p<0.0001, respectively. Pair-wise comparison of 



incidence for treated versus control rats did not show statistical significance.  It should be noted 



that at sacrifice following 1 year of exposure (Subgroup B), there was no increase in the incidence 



of either cystic endometrial hyperplasia or tumours of any kind. 



  











 
             



 



 



             



 



 



Table 1- Results of the D4 2-year Chronic Bioassay  



       



 Exposure      



Concentration              



(ppm D4)  



2-Year Exposure Group             



(Subgroup D) 
1-Year Exposure/Recovery Group 



(Subgroup C) 
 



 



Cystic 



Endometrial 



Hyperplasia1 



Endometrial 



AdenomaC or 



Adenocarcinoma 



Cystic 



Endometrial 



Hyperplasia1 



Endometrial 



Adenoma or 



Adenocarcinoma 
 



 
0 



11/59                 



(1.7) 
0/59 



1/20                  



(2.0) 
0/20 



 



 
10 



8/59                     



(1.8) 
0/59 



6/20                



(2.0)ab 
0/20 



 



 
30 



5/59                        



(1.8) 
0/59 



4/20                



(2.5) 
1/20             



(adenoma)  



 
150 



13/60                   



(1.8) 
0/60 



3/20                   



(3.0) 
1/20 



(adenocarcinoma)  



 
700 



30/60                   



(2.5)ab 
4/60           



(adenoma) 
3/20                



(1.7) 
0/20 



 



 
aStatistically different incidence from control (Poly3 Test, p < 0.05)  



 
bStatistically different incidence/severity grade from control (Jonckheere-Terpstra Test,  p < 0.05)  



 
cStatistical trend across exposure levels (Peto Test,  p < 0.05)  



 
1Incidence (mean severity grade)  



 



 



Discussion 



Reproductive physiology  



To understand the possible mode-of-action for uterine adenomas following exposure to D4, it is 



important to look at the events that happen in an aging female F344 rat compared to humans.  



 



Reproductive Senescence in F344 Rats 



As female Fischer 344 rats reach 12 months of age or above, normal estrous cycling ends and over 



the ensuing months, they may enter into a short period of constant estrous (Nishijima et al. 2013, 



Brown and Leininger 1992), followed by repetitive pseudopregnancy and eventually anestrus. 



Constant estrous is characterized by persistently elevated estrogen levels (Lu et al. 1979; Lu et al. 



1980; Lu et al. 1981; Brown and Leininger 1992). Repetitive pseudopregnancy is characterized by 



sustained progesterone and prolactin levels (Smith et al. 1975; Huang et al. 1975, Huang et al. 



1976; Huang et al. 1978; Lu et al. 1980; Demarest et al. 1982; Peluso 1992; Peluso and Gordon 



1992) and in anestrus, ovarian activity ceases (Huang et al. 1976; Cooper et al. 1986; Peluso and 



Gordon 1992). Remaining in constant estrous for any sustained period of time is relatively 



uncommon for Fischer 344 rats (Nagaoka et al. 1994). Pseudopregnancy occurs at a much higher 











 



 
             



 



 



 



 



 



incidence in the aging female Fischer 344 rat (Gonzalo et al. 2017; Saiduddin and Zassenhaus 



1976; Estes and Simpkins 1982; Peluso and Gordon 1992).  



 



With normal aging in the female Fischer 344 rat, blood prolactin levels increase and dopaminergic 



inhibition of prolactin secretion via the tuberoinfundibular dopaminergic (TIDA) neurons 



decreases (Gonzalo et al. 2017; Ascheim 1976, Demarest et al. 1982; Demarest et al. 1985; 



Reymond 1990).  Prolactin maintains corpus luteum function and stimulates the synthesis of 



progesterone (Demarest et al. 1982; Neumann 1991). As a consequence, aging female Fischer 344 



rats enter a state of pseudopregnancy in which elevated progesterone levels are sustained 



(Demarest et al. 1982; Peluso and Gordon 1992). In pseudopregnancy, the corpora lutea persist 



and continue to secrete progesterone rather than regress, as occurs in a rat that is cycling normally 



(Peluso and Gordon 1992). A pseudopregnancy episode usually lasts about 2 weeks, although 



longer durations are possible. Animals that become pseudopregnant usually do so multiple times 



(Demarest et al. 1982; Peluso and Gordon 1992). As with pregnancy, pseudopregnancy is 



associated with high levels of progesterone and prolactin and low levels of estrogen, luteinizing 



hormone (LH), and follicle stimulating hormone (FSH) (Smith et al. 1975; Huang et al. 1976; 



Huang et al. 1978; Lu et al. 1980; Demarest et al. 1982; Peluso and Gordon 1992; Gonzalo et al. 



2017). Pseudopregnancy episodes and elevation in progesterone occurs as early as 12 months of 



age (Nagaoka et al. 1994). Consequently, in the aging female Fischer 344 rat, the effects of high 



levels of progesterone relative to estrogen (e.g., a decreased estrogen/progesterone ratio (E2/P4)) 



from repetitive pseudopregnancy would be the predominate signal to the endometrium. This is in 



contrast to reproductive senescence in women who show declines in both prolactin and 



progesterone after menopause.  



 



As female Fischer 344 rats enter reproductive senescence, there are age-related changes in the 



reproductive cycle and in the uterus. A period of marked physiological changes and onset of a 



reproductive senescence that is unique to the F344 rat are distinctly different from human and they 



are often associated with increased endogenous E2 from ovarian cysts (Dekant et al. 2017). 



Normal age-related changes observed in the uterus include endometrial hyperplasia, uterine 



stromal polyps, and endometrial adenomas (Leininger and Jokinen 1990). There are two types of 



endometrial hyperplasia (Leininger and Jokinen 1990). The first type, diffuse cystic endometrial 



hyperplasia, is thought to result from prolonged estrogen stimulation from ovarian cysts and is not 



believed to be preneoplastic (Leininger and Jokinen 1990). Focal glandular hyperplasia 



(adenomatous hyperplasia), however, may be a precursor to neoplasia. Uterine stromal polyps, the 



most common uterine tumour in rats, form in response to prolonged progesterone stimulation 



(Leininger and Jokinen 1990).  



 



Literature reporting on the background incidence of uterine endometrial adenomas and 



adenocarcinomas suggests that endometrial adenomas are considered to be very rare in the Fischer 



344 rat regardless of strain and substrain (Dekant et al. 2017a; Nishijima et al. 2013; Goodman et 



al. 1979; Haseman et al. 1998; Solleveld et al. 1984; Maekawa et al. 1983; Maekawa et al. 1999). 



In contrast a wide range of background incidence of uterine endometrial adenocarcinoma has been 



reported (Kuroiwa et al. 2013; Nyska et al. 1994).  The incidence appears to be highly dependent 



on the strain, sub-strain, and other factors (e.g., diet and environmental). 











 
             



 



 



             



 



 



 



Mode of Action Investigations (Dekant et al. 2017a and Dekant et al. 2017b) 



Chemical-induced carcinogenesis may result from genetic toxicity (e.g., gene mutation) or from a 



nongenotoxic stimulus referred to as epigenetic carcinogenicity.  The following focus areas were 



assessed by Dekant et al. 2017 a and b. 



1. Genotoxicity 



2. Epigenetic (Nongenotoxic) 



a. Direct endocrine 



b. LH surge modulation leading to cycle disruption 



c. Dopamine Agonist activity 



Genotoxicity 



 



The genotoxicity of D4 has been evaluated using a variety of in vitro and in vivo test systems using 



guideline compliant protocols. Studies for chromosome effects or DNA damage were negative in 



vitro and in vivo. The predominance of negative findings demonstrates that D4 is not genotoxic 



(Dekant et al. 2017a; Isquith et al. 1982, 1988a, 1988b, 1998c). 



 



In the Ames test, D4 was tested, with and without Aroclor 1254-induced rat liver S9 metabolic 



activation, with tester strains TA98, TA100, TA1535, TA1537 and TA1538. At concentrations up 



to 5.0 mg/plate there was no evidence of a mutagenic response either in the absence or in the 



presence of S9 metabolic activation. All 5 bacterial strains exhibited a mutagenic response to the 



appropriate positive control substances. 



 



Treatment of cultured Chinese Hamster Ovarian (CHO) cells at concentrations of D4 ranging from 



0.003 to 0.01 mg/ml in the absence of a rat liver S9 metabolic activation system and from 0.003 to 



0.03 mg/ml in the presence of the metabolic activation system did not result in statistically 



significant or dose-related increases in the frequencies of chromosomal aberrations. 



 



D4 was tested for its potential to produce significant increases in the frequency of Sister Chromatid 



Exchanges (SCE) in cultured CHO cells. Five concentrations of D4 ranging from 0.00003 to 0.03 



mg/ml in the absence of metabolic activation and from 0.003 to 0.03 mg/ml in the presence of 



metabolic activation were used. The concentrations were selected on the basis of a preliminary 



cytotoxicity study. No statistically significant increases in the mean numbers of SCE/chromosome 



and SCE/cell were observed (p<0.05). However, statistically significant increases in the mean 



numbers of SCE/chromosome and SCE/cell were observed in the presence of S9 metabolic 



activation at each of three concentrations evaluated. Linear regression analysis indicated that there 



was no evidence of a dose-related response, and as the increases were of such small magnitude, 



they were considered not to be of biological relevance. 



 



An in vivo study was conducted to assess the ability of D4 to increase the incidence of 



chromosomal aberrations in the bone marrow of male and female SD rats at 6 hours and 24 hours 



following inhalation exposure to D4 vapor for 6 hours per day for 5 consecutive days at a nominal 



concentration of 700 ppm. Among D4 exposed females, the mean incidence of chromosomal 



aberrations was 1.2% at both the 6-hour and 24 hour sampling times. The mean incidence of 



chromosomal aberrations was 1.0% and 1.2% for D4 exposed males at the 6-hour and 24-hour 











 



 
             



 



 



 



 



 



sampling times, respectively. Positive controls treated by intraperitoneal injection with 30 mg/kg 



cyclophosphamide and exposed to filtered air using the same exposure regimen had mean 



chromosome aberrations of 16.9% (male) and 13.4% (female). Therefore, D4 was considered not 



to be clastogenic in SD rats. D4 was tested in an extended dominant lethal assay in SD rats. Groups 



of 15 males received 100, 500 or 1000 mg D4/kg/day by oral gavage for 5 days/week for 8 weeks 



prior to mating. Uterine dissection of the pregnant females 14 days after confirmation of mating 



revealed no evidence of a treatment-related effect on corpora lutea or implant counts or on litter 



size. A positive control group utilizing triethylenemelamine produced a significant reduction in 



fertility, an increase in dead implants and a decrease in litter size, thus validating the test system. 



Therefore, this extended test gave no evidence of D4 inducing chromosomal damage in germinal 



tissue. 



 



Therefore, based on the above studies, a genotoxic mode of action for the formation of D4-



induced endometrial adenoma in female Fischer 344 rats is not considered a viable mode of 



action. 



 



Epigenetic 



In the two year chronic bioassay with D4, the presence of cystic endometrial hyperplasia and 



uterine adenoma in the 700 ppm exposure group was hypothesized to be result of increased 



exposure to endogenous estrogen.  Though the driver for the proposed D4-induced estrogenic 



stimulation of uterine endometrium leading to cystic hyperplasia and uterine adenoma is unclear, 



there are data that provide important insight.    



 



There are two types of endometrial hyperplasia (Leininger and Jokinen 1990) found in the rat.  The 



first type, diffuse cystic endometrial hyperplasia, is thought to result from prolonged estrogen 



stimulation from ovarian cysts and is not believed to be preneoplastic (Leininger and Jokinen 



1990).  Focal glandular hyperplasia (adenomatous hyperplasia), however, may be a precursor to 



neoplasia and may be related to direct estrogenic stimulation. Diffuse cystic endometrial 



hyperplasia does not spontaneously occur in high incidence in the F344 rat (Leininger and Jokinen, 



1990). This is due in large part to the characteristics of reproductive senescence in the Fischer 344 



rat (persistent pseudopregnancy, high circulating levels of prolactin and progesterone, and low 



circulating levels of estrogen). Two potential modes of action that may lead to elevated 



endogenous estradiol are modulation of the LH surge and dopamine agonism.  These more relevant 



modes of action will be discussed in more detail below, however for completeness a review of D4 



direct endocrine activity is included as well.     



 



a) Direct Endocrine Activity 



 



To understand the potential for an epigenetic carcinogenicity mode of action, as may arise from a 



direct sustained response to D4 on the endometrial cells, D4 was assessed for direct endocrine 



activity (Jean et al. 2005a: Quinn et al. 2007a; He et al. 2003; McKim et al. 2001). The 



investigations indicated that D4 has an apparent weak estrogenic/antiestrogenic activity; however 











 
             



 



 



             



 



 



there was a lack of effects on sensitive markers within the reproductive studies (Siddiqui et al. 



2007; Meeks et al. 2007). The apparent inconsistency in activity is good evidence of the very weak 



potency of this material.  D4 was also found not to have progestagenic, androgenic or anti-



androgenic activity (Quinn et al. 2007a).  A series of experiments have been conducted to examine 



the ability of D4 to disrupt endocrine pathways (Jean et al. 2005a: Quinn et al. 2007a, 7b; He et 



al. 2003; McKim et al. 2001). Weak anti-estrogenic activity was observed in an oral gavage study 



with both Fischer 344 and Sprague-Dawley rats (McKim et al. 2001) and in an in vivo uterotropic 



assay with Fischer 344 strain exposed via whole body inhalation exposure (Quinn et al. 2007a). 



He et al. 2003 demonstrated that in the mouse D4 induced an increased wet uterine weight and an 



increased uterine peroxidase activity, a marker for estrogenic activity after oral administration.  In 



addition, ovariectomized estrogen receptor-α knockout mice showed no increases in uterine 



weights when orally exposed to D4 or estradiol (He et al. 2003).  In a study in human MCF-7 cells 



D4 expressed dose dependent estrogenic effect with no significant anti-estrogenic activity (Quinn 



et al. 2007a).  D4 did not show androgenic activity in the Herschberger assay with male Fischer 



344 rats through whole body D4 inhalation (Quinn et al. 2007a).  In in vitro ligand binding assays, 



assessment of receptor binding to calf uterine progesterone receptor and to recombinant human 



progesterone receptor (alpha and beta forms) gave no indication for binding of D4 to the 



progesterone receptor (Jean et al. 2005a). Also, assessment of D4 in the cell-based reporter gene 



assay gave no indication of progesterone receptor (recombinant human progesterone receptor-ß) 



activation (Jean et al. 2005a). 



While D4 does have an apparent weak estrogenic/antiestrogenic activity (He et al. 2003; Quinn et 



al. 2007a, McKim et al. 2001), there are many observations in the reproductive studies (Siddiqui 



et al. 2007; Meeks et al. 2007) that are inconsistent with this activity, indicating the very weak 



potency of this material. These observations are summarized below: 



• No effects on male primary or accessory reproductive organs 



• No effects on sperm counts, sperm production rate, sperm motility or morphology 



• No effects on vaginal patency, balanopreputial separation, or anogenital distance 



• No visceral or gross abnormalities seen in any offspring 



• No effects on male reproductive performance 



• No effect on the ability of females to become pregnant after mating 



• No effects on the ability of the pregnant females to carry their litters to term 



• No effect on the females’ behavior or ability to nurse their young or nurture the offspring 



to weaning. 



 



Endpoints such as vaginal patency, balanopreputial separation, and anogenital distance are all 



sensitive endpoints designed to assess estrogenicity. Further, the lack of effects on male 



reproductive organs and sperm counts, sperm production rate, sperm motility or morphology also 



call into question any role for inherent D4 estrogenicity in the uterine tumor mode of action. 



 



In summary, although D4 has very weak estrogenic/antiestrogenic activity as explained above, 



there were no reported indications of estrogenic or anti-estrogenic effects in male rats, in estrogen-



sensitive tissues in females, or in hormone related developmental landmarks, including anogenital 



distance, in rat pups in a two-generation reproductive developmental study with D4.  Based on the 



above, Dekant et al. 2017a concluded that “It is unlikely that the very weak activity of D4 in 











 



 
             



 



 



 



 



 



estrogenic assays is responsible for the increase in the endometrial proliferative lesions seen in the 



2-year chronic bioassay”.  



 



Therefore, the weight of evidence suggests that D4 estrogenicity is not related to the 



production of uterine tumours. 



 



b) Modulation of LH surge  



D4 was shown to inhibit the pre-ovulatory LH surge causing a delay in ovulation, persistent 



follicles and a prolonged exposure to elevated estrogen in the adult rat (Quinn et al. 2007b).  This 



study was conducted to assess the effect of D4 on the pre-ovulatory LH surge, to assess the ability 



of D4 to block or delay ovulation, and to evaluate the effects of exposure to D4 on other hormones 



related to normal reproductive function. Whole body vapor inhalation exposure of rats to D4 (700 



or 900 ppm) resulted in an increased number of rats with suppressed pre-ovulatory LH surge 



compared to controls, where the number of the rats that failed to ovulate appeared to be within the 



normal range (25-30%) (Aschheim 1983; Lu, 1983; Cooper and Goldman, 1999). Evaluation of 



individual animal plasma LH data indicated that failure of a LH surge at 6 p.m. on the day of 



proestrus was accompanied by blocked or reduced ovulation. Additionally, there were higher 



levels of plasma estradiol on the morning of presumptive estrus in most of the rats.  Persistent 



mature follicles in D4-exposed animals continued to secrete estradiol and thus had higher E2 levels 



on the morning of estrus as a result of an attenuated LH surge and blocked ovulation. Conversely, 



control and D4-exposed rats that exhibited a LH surge, ovulated normally and had lower plasma 



E2 levels than the corresponding treatment group with a suppressed LH surge. In addition, the D4 



treated ovulators had slightly higher E2 levels on the morning of estrus compared to the controls. 



This may be due to the slight trend towards retention of large follicles in both ovulating and non-



ovulating treated animals. In assessing the role of modulation of the LH surge from a human 



relevance standpoint it is important to look at species differences in the pre-ovulatory LH surge 



and ovulation.  



Species Differences in Pre-Ovulatory LH Surge and Ovulation: Major species differences have 



evolved with regard to the neuroendocrine control of ovulation (Plant, 2012).  In the rodent, the 



timing of the preovulatory LH surge is determined by the brain, being triggered by a discharge of 



Gonadotropin-releasing hormone (GnRH) induced by a circadian neural signal that is coupled to 



the light dark cycle and gated by an action (positive feedback) of estradiol in the pre-optic area 



(POA) that, in part, is exerted on the population of kisspeptin neurons in the anteroventral 



periventricular nucleus (AVPV). Operation of this LH surge inducing neuroendocrine system may 



be readily blocked by barbiturate anesthesia. During the perinatal period, the surge inducing 



system is disrupted (masculinized) by exposure to testicular androgens that remodel neuronal 



circuitry in the POA; a normal developmental event that leads to the male hypothalamus being 



unable to respond to the positive feedback of estradiol in the rat.    



In the primate, on the other hand, the control system governing the preovulatory LH surge is 1) 



located in the medial basal hypothalamus (MBH)-pituitary unit, 2) emancipated from control by 



the POA, 3) not subjected to programming by testicular androgens during perinatal development, 



and 4) resistant to the inhibitory action of barbiturate on neuronal activity. As in the rodent, ovarian 



estradiol exerts a positive feedback action on gonadotropin secretion and plays a key role in 











 
             



 



 



             



 



 



triggering the LH surge, but in contrast to the rodent any circadian input to the timing of the LH 



surge may be overridden by increasing the magnitude of the estradiol signal. The positive feedback 



action of estradiol in the monkey is mediated at the level of both the MBH (to discharge GnRH) 



and pituitary (to enhance pituitary responsiveness to GnRH), but in women positive feedback at 



the level of the MBH may be less significant. In both species of primate, the hypothalamic and 



pituitary sites of the positive feedback action of estradiol appear redundant and spontaneous 



ovulation may be induced by pituitary feedback alone.  



In previous studies, as noted above, when evaluating the effect of D4 on the LH surge, higher 



levels of plasma estradiol was seen on the morning of presumptive estrus in most of the D4-



exposed animals.  In addition, histopathology confirmed the presence of persistent mature follicles 



in D4-exposed animals that would continue to secrete estradiol and thus leading to higher estradiol 



levels on the morning of estrus as a result of an attenuated LH surge and blocked ovulation. 



In addition, as discussed below, a chronic aged-animal study (WIL Research Laboratories, 2013) was 



conducted to evaluate the effects of chronic exposure to D4 in the aging Fischer 344 rats.  D4 exposure 



in this animal model produced a higher percentage of days for which the vaginal lavages exhibited 



a more estrogenic character. The estrogenic effects of D4 persisted throughout the study. The 



higher percentage of days in proestrus/estrus in the D4 group appeared to be the result of prolonged 



estrogenic phases during the first half of the study followed by increased cycling (i.e., greater 



numbers of times in proestrus/estrus) during the second half of the study. The increased number 



of estrogenic days demonstrated by vaginal cytology in the early exposure phase could be related 



to LH surge suppression as this finding was also seen in D4 treated animals during the LH surge 



suppression study. This increase, even intermittent, would increase the lifetime estrogenic signal 



to estrogen sensitive tissues such as the uterus and vaginal tissue. As noted previously there are 



two types of endometrial hyperplasia (Leininger and Jokinen 1990) found in the rat. The first type, 



diffuse cystic endometrial hyperplasia, is thought to result from prolonged estrogen stimulation 



from ovarian cysts and is not believed to be preneoplastic (Leininger and Jokinen 1990). The 



increase in total incidence of cystic endometrial hyperplasia in D4-treated subgroup D (2 year D4 



treated animals) females in the chronic bioassay study (Battelle., 2004) at 700 ppm was 50% with 



a mean severity grade of 2.5, compared to a 19% incidence (grade 1.7) in the control group and 



indicates an elevated endogenous estradiol which may have resulted from a modulation of the LH 



surge overtime.   



 



The ability of D4 to modulate the pre-ovulatory LH surge and the subsequent increase in 



endogenous estradiol associated with this effect suggests that modulation of the pre-



ovulatory LH surge could be responsible for the increased incidence of cystic endometrial 



hyperplasia and uterine adenomas.   



 



c) Dopamine Agonism-Like Activity 



Dopamine agonists, such as bromocriptine, can inhibit the prolactin secretion from the pituitary in 



rats causing luteolysis and a reduction in progesterone resulting in an increase in the 



estrogen:progesterone ratio (Alison et al. 1990; Dekant et al. 2017a). This increase in the 



estrogen/progesterone ratio leads to persistent estrogen stimulation of the endometrium, which 











 



 
             



 



 



 



 



 



ultimately may lead to endometrial tumours. Virtually all dopamine agonists including 



bromocriptine have been reported to produce uterine cystic endometrial hyperplasia and uterine 



tumours in rats following chronic administration (NDA, 17-962). This carcinogenic effect has not 



been demonstrated in any other species including humans (Burek et al. 1988). Clinical studies with 



bromocriptine show no effect on follicle stimulating hormone, luteinizing hormone, estrogen 



levels, progesterone levels, or endometrial histopathology in women. Most importantly, there is 



no increase in cancer risk in women that have taken bromocriptine for years for the treatment of 



hyperprolactinemia. Based on these differences and the lack of effects seen in the clinical studies, 



the tumorgenic effect of dopamine agonists in female rats is considered a species-specific effect 



with no risk to human health (Burek et al. 1988). Drugs and chemicals that reduce prolactin 



increase the incidence of endometrial tumours in old rats but not in humans (Neumann, 1991). 



 



A dopamine agonism-like mode of action as the basis for D4-induced uterine effects has been 



investigated utilizing a variety of in vitro and in vivo model systems (Jean 2004, Jean 2005b, 



Thackery 2009, Llames 2010, Elias 2010). A number of studies have been completed to date to 



better understand how D4 may be interacting in the aged Fischer 344 rat to increase the incidence 



of uterine cystic hyperplasia and adenomas. Jean (2005b, 2005c, 2005d) investigated the potential 



for D4 and D5 to act as pituitary dopamine receptor agonists using an in vivo rat model. Groups of 



female Fischer 344 rats (6-10 rats/ group, 8 in most groups; weight minimum = 90 g) were used. 



The model was explained as follows: Female Fischer 344 rats were pretreated with reserpine 



(depletes dopamine in the brain). Dopamine is a key regulator of serum prolactin levels, because 



dopamine released from the hypothalamus activates dopamine D2-receptors on the pituitary gland 



to inhibit the secretion of prolactin. Thus, reserpine-induced dopamine depletion results in a 



persistent and marked increase in serum prolactin levels. The administration of bromocriptine 



(dopamine receptor agonist) under these conditions results in a marked decrease in serum 



prolactin. However, if the rat is treated with sulpiride (dopamine receptor antagonist) prior to 



treatment with bromocriptine, the decrease in serum prolactin may be partially or completely 



blocked. This outcome serves to demonstrate that the actions of each agent are related to their 



interaction with/competition for the dopamine receptor. Rats pretreated with reserpine were 



exposed (nose-only, vapor inhalation) to 700 ppm D4 for 6 h. Ovariectomized rats that were not 



pretreated with reserpine served as controls. There was also a reserpine-treated control group. 



Trunk blood was obtained immediately after exposure for prolactin analysis. Two separate 



experiments were performed. A sulpiride (dopamine receptor antagonist) pretreatment group was 



added to the second experiment to determine whether D4 acts at the level of the receptor. In each 



experiment, exposure to 700 ppm D4 reduced serum prolactin levels to those of control rats (non-



reserpine treated, ovariectomized rats). This reduction amounted to more than 80% relative to the 



reserpine-treated control group. Sulpiride administration prior to D4 exposure (experiment 2) 



blocked the prolactin-lowering activity of D4, indicating that D4 is a dopamine D2-receptor 



agonist.  It was concluded that serum prolactin levels were significantly decreased in reserpine-



pretreated rats after a single 6 h vapor inhalation exposure to 700 ppm D4. Jean (2005c, 2005d) 



conducted a study to screen for the potential of D4 as pituitary dopamine D2-receptor agonists, 



using an in vitro cell line (MMQ cells) derived from rat pituitary tumor. This cell line was selected 



as the test system because it produces and secretes prolactin and expresses functional dopamine 



D2-receptors. The model system used requires an inducer, such as maitotoxin, to elevate prolactin 











 
             



 



 



             



 



 



secretion. Maitotoxin-induced prolactin secretion is dopamine D2-receptor agonist-sensitive, 



allowing for assessment of test materials as dopamine D2-receptor agonists.  



MMQ cells propagated in the laboratory produced and secreted prolactin, with and without 



induction by maitotoxin. Maitotoxin (1.5 and 3 ng/ml) induced less than a 2-fold increase in 



prolactin secretion over the course of a 30-minute incubation. Pretreatment with 1 μM dopamine 



reduced (> 70%) the maitotoxin-induced increase in prolactin secretion. D4 completely inhibited 



maitotoxin-induced prolactin secretion at a nominal concentration of 10 μM. Whether or not this 



action was receptor-mediated has not been confirmed in this system. A series of additional studies 



were completed to further explore the ability of D4 to interact in the dopamine pathway.   



The ability of D4 to compete with known receptor ligand for binding to human recombinant forms 



of dopamine receptors D1, D2, D3, D4, and D5 were evaluated (Thackery, 2009).  Competitive 



binding was observed only for the dopamine D2 receptor.  However the competition was minimal 



(16 – 20% maximum) and occurred at high nominal concentrations (0.5 – 5 mM D4).  As a 



consequence, the response with the D2 receptor was considered equivocal. Another dopamine 



receptor binding study was initiated utilizing rat striatal membranes to assess the potential for D4 



to interact with and activate the dopamine D2 receptor by evaluating the interaction of D4 with the 



D2 receptor and the D2 receptor second messenger protein (GTPyS) (Baker, 2010).   There was no 



D2 receptor binding or activation but there was a suppression of the basal activity GTPyS activity. 



An additional study utilzing the MMQ pituitary cell line further assessed D2 receptor activation as 



indicated by suppression of cellular cAMP production following exposure to D4 (Domoradzki, 



2011). Utilizing alteration of forskolin-induced  cAMP production as the marker of dopamine D2 



receptor activation, it was demonstrated that the dopamine agonistic effect of D4 was not mediated 



through activation of the dopamine receptor (the activity was not inhibited by inclusion of a 



dopamine receptor antagonist and the effect was not lost following pertussis toxin uncoupling of 



the G-protein and receptor). Instead, D4’s effects appeared associated with competitive inhibition 



of forskolin activation of adenylate cyclase.  



A series of in vivo studies were also conducted that provide equivocal results.  An in vivo study 



was conducted (Llames, 2010) utilizing the reserpine-treated rat model to assess the impact of a 



single exposure of 700 ppm D4 on circulating prolactin following exposure.  There was a slight 



increase in serum prolactin levels immediately following exposure with subsequent depression.  



An aged Fischer 344 rat model was utilized (Elias, 2010) to evaluate the effect of a 5-day exposure 



of D4 on circulating prolactin levels in aged (> 20 month old) female Fischer 344 rats following 



exposure.  In this study there was a slight increase in prolactin immediately following exposure.  



The short-term in vitro and in vivo studies conducted to date to assess dopamine receptor 



interaction have not demonstrated direct interaction with the D2 receptor as an strong agonist but 



have indicated possible interaction with aspects of the D2 pathway (suppression of basal GTPyS 



activity in Fischer 344 rat striatal membranes; suppression of cellular cAMP production in the 



MMQ cell line; increase in prolactin immediately following exposure with subsequent depression 



in the reserpine rat model; slight increase in prolactin immediately following exposure in the aged 



Fischer 344 rat model) that may be suggestive of indirect interaction in this system. This more 



recent work has demonstrated some slight alterations in the dopamine activation pathway and 











 



 
             



 



 



 



 



 



modulation of prolactin levels following exposure to D4 that may still be suggestive of partial 



agonist/antagonist activity but the subtlety of these changes prevent further assessment. 
 



The effects described above were not conclusive. A chronic aged-animal study (Wil Research 



Laboratories, 2013) was conducted to evaluate the effects of chronic exposure to D4 in the aging 



Fischer 344 rats. This included a comparison with administration of a known dopamine agonist 



(positive control) and evaluation of more sensitive endpoints, such as hormone levels and cyclicity, 



to inform on other potential modes of action.  



 



The objective of the chronic aged-animal study was to evaluate the effects of chronic exposure on 



aging female Fischer 344 rats to pergolide (dopamine receptor agonist at 3 dose concentrations) 



and D4 at 700 ppm. Specifically the intent was to assess the effects on hormones known to 



influence uterine tissue stimulation and on key events that define the dopamine agonism mode of 



action. Exposures were initiated when animals were approximately 12 months of age and 



terminated when animals were 24 months of age. Effects on hormones (prolactin, estrogen, 



progesterone, corticosterone) were evaluated relative to cyclicity status to better understand trends 



over time. Effects on estrogen blood metabolite profiles compared to controls were evaluated at 



terminal sacrifice.  



 



High-dose pergolide (4.5 ppm) exposure produced markedly different effects on estrous cyclicity 



and extended estrus in aged female rats compared to the lower doses of pergolide (0.0045 and 



0.045 ppm). Pergolide exposure, particularly at dietary concentrations of 0.045 and 4.5 ppm, was 



associated with a higher percentage of days in which the vaginal lavages exhibited a more 



estrogenic character. This greater number of days in an estrogenic state was due to higher 



incidences of cycling (i.e., more times in estrus) at 0.045 and 4.5 ppm as well a prolonged 



estrogenic phase during each cycle (greater number of consecutive days in proestrus/estrus) at 4.5 



ppm. There were no apparent effects on the number of days in estrus at 0.0045 ppm pergolide. The 



differences noted at the highest dose level of 4.5 ppm corresponded with a marked and consistent 



reduction in circulating prolactin, which correlated with increased relative numbers of corpora 



lutea in the ovary. In contrast, prolactin values were increased at the mid-dose pergolide level of 



0.045 ppm and similar to control values at the lowest pergolide concentration of 0.0045 ppm. 



Changes in circulating levels of estradiol (increased) and progesterone (decreased) were noted at 



pergolide exposure levels of 0.045 and 4.5 ppm such that the ratio of estradiol to progesterone 



(E2:P4) was generally increased throughout the study. These hormonal changes are consistent with 



the administration of a potent dopamine D2-receptor agonist. 



 



D4 exposure produced a higher percentage of days for which the vaginal lavages exhibited a more 



estrogenic character. The estrogenic effects of D4 persisted throughout the study. The higher 



percentage of days in proestrus/estrus in the D4 group appeared to be the result of prolonged 



estrogenic phases during the first half of the study followed by increased cycling (i.e. greater 



numbers of times in proestrus/estrus) during the second half of the study. However, in contrast to 



pergolide, D4 exposure generally had little to no effect on circulating baseline levels of prolactin 



or progesterone, and despite the clear estrogenic effect on the vaginal tissues, estradiol levels in 











 
             



 



 



             



 



 



the D4 group were persistently lower than control values throughout the study. The hormonal 



status of these D4-exposed females suggests that a low E2:P4 ratio was present throughout the 



study. In contrast to the higher incidence of uterine tumours observed in a previous rodent chronic 



bioassay with D4, the incidences of neoplastic lesions in the examined uterine tissues were similar 



to those in the control group.  



While there were clear differences between the D4 treated animals and control animals and some 



of those differences (effects on cytology) had some aspects that were similar to pergolide, there 



were observed differences between the D4 and pergolide groups.    



In previous studies as noted above when evaluating the effect of D4 on the LH surge, higher levels 



of plasma estradiol was seen on the morning of presumptive estrus in most of the D4-exposed 



animals.  In addition, histopathology confirmed the presence of persistent mature follicles in D4-



exposed animals that would continue to secrete estradiol and thus leading to higher estradiol levels 



on the morning of estrus as a result of an attenuated LH surge and blocked ovulation. In this study 



plasma estradiol levels in the D4 group were persistently lower than control values throughout the 



study when evaluated in the late afternoon with no synchronizing to cycle.  This more recent result 



suggests that understanding endogenous estrogen synthesis/metabolism may be important. 



Decreased overall circulating levels of estradiol may be related to D4’s effects on P450 enzymes 



in the liver responsible for metabolism of estradiol or may be related to D4 alteration of the 



hypothalamus pituitary axis via feedback mechanisms leading to a reduction of circulating 



estradiol levels.  In addition, the D4 treated animals exhibited an increase in circulating 



corticosterone levels. The increase in circulating corticosterone levels in these same samples may 



also be indicative of D4 alteration of the hypothalamus pituitary axis via feedback mechanisms.  



However, increased corticosterone levels may also be a non-specific stress response associated 



with D4 exposure such as respiratory irritation for instance.  



The WIL Research Laboratories (2013) study in Fischer 344 rats did not provide a clear 



understanding of a potential mode of action for cystic endometrial hyperplasia and adenomas 



following chronic D4 exposure.   However the effect seen on cyclicity was similar (although not 



identical) to the dopamine agonist pergolide and was consistent with previous studies where D4 



modulated the LH surge and subsequently led to higher levels of plasma estradiol on the morning 



of presumptive estrus in most of the D4-exposed animals.   This increase, even intermittent would 



increase the lifetime estrogenic signal to estrogen sensitive tissues such as the uterus and vaginal 



tissue.    



Taken as a whole, the mode of action data on D4 to explore dopamine agonism indicate that 



D4 may be acting via a dopamine receptor agonist-like mechanism.  Like dopamine receptor 



agonists, mode of action studies show that D4 decreases pituitary lactotroph release of 



prolactin in vitro and modulates circulating prolactin levels in vivo, an effect that can be 



competed for by dopamine receptor agonists.  Further studies in vitro confirm the effect but 



suggest it may be an effect on one or more downstream components of the dopamine signal 



transduction pathway.  Studies in aged animals show that the effects of D4 on estrus cyclicity 



are also somewhat similar although not identical to the effect seen with a dopamine agonist 



pergolide.   



 











 



 
             



 



 



 



 



 



Dekant et al. 2017b recently concluded that the dopamine activity mode of action was best 



supported for development of uterine lesions after D4 inhalation in rats.  In addition, because the 



dopamine activity mode of action was the best supported it was taken forward to the assessment 



of human relevance.  When evaluating human relevance of the molecular initiating/key events, 



the chain of key steps is broken due to the absence of an association between a decrease in 



prolactin and the LH surge in humans. Therefore, the dopamine activity mode of action for 



proliferative endometrial lesions was considered not relevant to humans, based on lack of a role 



for prolactin in human ovulatory function. 



 



The following information is taken into account for any carcinogenicity hazard / risk assessment: 



Inhalation exposure to D4 for up to 24 months induced an increased incidence of endometrial 



adenomas and cystic endometrial epithelial hyperplasia in the uteri of rats exposed to 700 ppm for 



24 months in female Fischer 344 rats (Battelle, 2004)  The NOAEL for carcinogenic effects was 



150 and ≥700 ppm in females and males, respectively. 



 



Summary 



 



Though the mode of action responsible for induction of uterine adenomas in the female F344 rat 



has not been confirmed, the subtlety of the effects following exposure to D4 and described above 



may prevent further assessment and definition of a precise mode of action. However, the available 



data provide important insight into the potential human relevance of the uterine tumours in rats.  



Relevant findings include:     



• D4 has not been shown to be mutagenic or genotoxic in the in vitro and in vivo 



experimental models designed to evaluate this potential.   



• No tumours were associated with chronic D4 exposure to male F344 rats and no organs 



other than the uterus developed treatment related tumours in female F344 rats following 



chronic D4 exposure.  



• Uterine cystic endometrial epithelial hyperplasia and adenoma in the female F344 rat 



arose during the 2nd year of exposure, a period of marked changes in physiology and 



onset of a reproductive senescence that is unique to the F344 rat and distinctly different 



from human and often associated with an increased endogenous estradiol from ovarian 



cysts. 



• Uterine cystic endometrial epithelial hyperplasia and adenoma in the female F344 rat 



that arose during the 2nd year of exposure was only seen at the high dose exposure 



indicating a threshold response.  



• The uterine changes reported were benign and non-metastatic, with no evidence of 



progression to malignancy, even at terminal sacrifice following two-years of 



exposure.  Unlike glandular epithelial focal hyperplasia, cystic epithelial hyperplasia is 



generally not considered a precursor lesion to malignancies. 



• The apparent affinity of D4 for the estrogen receptor and progesterone receptor is low 



to non-existent as determined in various in vitro and in vivo experimental efforts.  It is 











 
             



 



 



             



 



 



also uncertain if the demonstrated weak estrogenic responses observed with D4 are 



involved in the uterine effects that developed in the aging F344 rat in response to 



chronic D4 exposure (either in the chronic bioassay or in the chronic aged animal study) 



as there were no other indications of a weak estrogenic response in either males 



(chronic bioassay) or females (chronic bioassay and chronic aged animal study) from 



these studies. 



• Although demonstration of D4 as a direct dopamine agonist was not achieved, there 



were slight alterations in the dopamine activation pathway and modulation of prolactin 



levels following exposure to D4 that may be suggestive of partial agonist/antagonist 



activity but the subtlety of these changes prevent further assessment.  



• It is well established that D4 exposure inhibits ovulation and can prolong exposure of 



the uterine endometrium to endogenous estrogen in the rat. In addition, in the chronic 



aged animal study, D4 exposure produced a higher percentage of days for which the 



vaginal lavages exhibited a more estrogenic character.   The higher percentage of days 



in proestrus/estrus in the D4 group appeared to be the result of prolonged estrogenic 



phases during the first half of the study (consistent with the LH surge study) followed 



by increased cycling (i.e., greater numbers of times in proestrus/estrus) during the 



second half of the study.  If alteration of the LH surge with subsequent prolonged 



exposure of the uterine endometrium to endogenous estrogen is responsible for cystic 



endometrial hyperplasia and adenomas, it is considered unlikely this would occur in 



the human due to the marked differences in reproductive function, brain regulation of 



LH secretion, and the mechanism of reproductive aging and the hormonal environment 



of reproductive senescence in the rat verses humans. (Plant, 2012).  



More detailed investigations are also underway to better understand the dose-toxicity relationships. 



Toxicokinetic studies evaluating the linearity of the kinetics of D4 following exposure across 



concentration levels similar to those used in the toxicity studies will be assessed to evaluate the 



relevance of these effects at non-linear high doses relative to actual human exposures. Sarangapani 



et al. 2002 developed a pharmacodynamic extension to a physiologically based pharmacokinetic 



(PBPK) model to characterise dose-response behaviours following inhalation exposure to D4. This 



evaluation showed that at exposures greater than ∼300ppm in rats there was an apparent saturation 



of liver enzymes with subsequent decreasing liver metabolism, suggesting that effects seen above 



this exposure concentration are of questionable toxicological relevance when compared to actual 



human or environmental exposures.  



In addition, the inability to identify a specific initiating event leading to either the reproductive 



effects or the uterine tumours suggests that these effects may be due to high-dose nonspecific 



toxicity. Nonspecific toxicity effects are only seen at very high exposure levels and do not have a 



classic dose-toxicity response relationship. The dose-toxicity response is often very steep as seen 



with the D4 carcinogenicity effects, where the effects are only seen at very high exposure 



concentrations with only a few animals being affected. The other characteristic of these 



nonspecific responses is that no one molecular initiating event or early key event can be identified 



when investigating the mode-of-action.   



Industry has carried out numerous studies to identify a precise mode-of-action of modulating the 



LH surge and initiating the uterine tumours in rodents to no avail (Franzen et al. 2017, Jean et al. 











 



 
             



 



 



 



 



 



2017, and Dekant et al. 2017). As the response is so subtle even at these high concentrations, it 



was not possible to identify the molecular initiating event and/or early key events leading to 



modulation of the LH surge or the uterine tumours. This further calls into to question the specificity 



of these effects. If concentrations to humans or in the environment can never reach these unrealistic 



concentrations that lead to potential nonspecific toxicity, these hazards cannot occur. 



 



CONCLUSION 



The following information is taken into account for any carcinogenicity hazard / risk 



assessment: 



These results from the available studies are all consistent with a mode of action for uterine 



tumorigenesis that is not relevant for humans.  
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Summary and discussion of reproductive toxicity 



Effects on fertility 



The two-generation study (WIL Research, 2001a) was selected as the key study because it is of 



reliability score 1, the most recently conducted and the only two-generation study available. Other 



reliable reproductive studies are available, but they were one-generation, range-finder studies or 



mechanistic studies and provide supporting information only of the main effects seen in the two-



generation study. Effects on female rat fertility were identified in the two-generation study (WIL 



Research, 2001a). An effect on fertility that occurred at ovulation was apparently due to the result 



of suppression/delay in the pre-ovulatory LH surge and a reduced number of ovulated eggs (Quinn 



et al., 2007). These effects are characterised by the following: 



1) The effects were reported in female rats at concentrations of 500 ppm and greater. These effects 



included decreases in the number of corpora lutea, with an associated decrease in number of uterine 



implantation sites, total number of pups born and the mean live litter size. Based on the results of 



the study, the reproductive NOAEC for D4 was determined to be 300 ppm. 



2) In addition to the main findings summarized above, in the two-generation study at 500 and 700 



ppm, increased estrous cycle length in F1 females at 700 ppm and increased pituitary gland weights 



were also noted (WIL Research 2001a).  



Two multi-dose studies conducted at 0, 70, 300, 500 and 700 ppm allow supporting evidence for 



the NOAECs. In one study (WIL Research, 1997a), reductions in reproductive parameters were 



recorded only at 700 ppm, while in the other study (WIL Research, 1998), reduced implantation 



sites and viable foetuses and increased pre-implantation losses were noted at 500 and 700 ppm. In 



addition, a slightly reduced numbers of corpora lutea were found at 300 ppm. However, as the 



reduction in corpora lutea was marginal at 300 ppm (14.6/dam vs. 16.2/dam in controls) without a 



clear dose-dependent related response, and within the range of values in historical control database, 



therefore the NOAEC was still considered to be 300 ppm based on the two-generation study. 



Overall, based on these findings, a NOAEC of 300 ppm (3640 mg/m3) was determined for 



reproductive effects.  



 



Discussion 



It is important to consider the species differences in reproductive cycle regulation when assessing 



the potential relevance of the mode of action for D4 in inducing the noted reproductive effects in 



Sprague-Dawley (SD) rats. 











 
             



 



 



 



 



 



Reproductive Cycle Regulation in the Rat: 



The rodent has a short estrous cycle that lasts for 4 or 5 days (Meites et. al., 1978). The rat estrous 



cycle is divided into four phases that roughly correlate to the 4 days of the estrous cycle: diestrus 



I, diestrus II, proestrous and estrus. In contrast to human females, approximately 12 ovarian 



follicles develop in rodents with increases in follicle development and estradiol secretion occurring 



on the occasion of diestrus II through the time of ovulation on the day of estrus. Estradiol levels 



are highest in the rodent during the normal estrous cycle. The pre-ovulatory LH surge, which 



occurs later in proestrus stage, is brief, well timed, coupled to the light cycle, and driven by the 



brain (Nequin, et al., 1974).  Following ovulation on the day of estrus, progesterone concentrations 



increase and remain elevated through the early stages of diestrus II.  The corpus luteum is very 



short lived in the rodents, lasting only about 2 days. 



Coitus in the rodent establishes a neuroendocrine memory circuit that results in diurnal and 



nocturnal surges of prolactin that persists for 11 to 14 days. These daily prolactin surges provide 



the signal for maintenance of the corpus luteum and pregnancy in the rodent (Gorospe and 



Freeman, 1984; Simpkins et al., 1983; Arey et al., 1989; Jean et al., 2017). 



Reproductive Cycle Regulation in the Human Female: 



Adult human and non-human primate species females have long menstrual cycles, lasting 



approximately 28 days. The menstrual cycle is divided into three phases that are associated with 



underlining endocrine events:  



a. the follicular phase,  



b. the peri-ovulatory phase,  



c. the luteal phase. 



The follicular phase begins with the onset of menstrual cycle and continues for about 14 days, 



ending with ovulation. Low estrogens and progestins characterize the initial portion of this phase 



of the menstrual cycle. While follicular development occurs during the entire follicular phase, 



serum estradiol concentration begins to increase around seven days prior to ovulation. This 



increase in estradiol is caused by the development of a single Graffian follicle. From this time until 



ovulation, there is a progressive increase in estradiol concentrations (Ross, 1981).  



During the peri-ovulatory period, an elevation in serum estradiol (>150 pg/ml) for 24 to 36 hours 



is required to induce a pre-ovulatory LH surge and the resulting ovulation of the ovum from the 



Graffian follicle. The LH surge is also the signal for lutenization of follicular cells into luteal cells 



of the corpus luteum. The peri-ovulatory LH surge lasts 2.5 to 3 days (Ross, 1981). 



The luteal phase begins at ovulation and is predominated by increased secretion of progesterone 



and estrogens from the corpus luteum. After 14 days, the corpus luteum dies (unless it is rescued 



by human chorionic gonadotropin (HCG) from the developing placenta). This death of the corpus 











             



 



 



             



 



 



luteum results in a precipitous decline of both estrogens and progestins that leads to menstrual 



cycle. HCG is the signal for pregnancy in women (Ross, 1981). 



Species Differences in Pre-Ovulatory LH Surge and Ovulation:  



Major species differences have evolved with regard to the neuroendocrine control of ovulation 



(Plant, 2012). In the rodent, the timing of the preovulatory LH surge is determined by the brain, 



being triggered by a discharge of GnRH induced by a circadian neural signal that is coupled to the 



light dark cycle and gated by an action (positive feedback) of estradiol in the pre-optic area (POA) 



that, in part, is exerted on the population of kisspeptin neurons in anteroventral periventricular 



nucleus (AVPV).  The function of this LH surge inducing neuroendocrine system may be readily 



blocked by barbiturate anesthesia. During the perinatal period, the surge inducing system is 



disrupted (masculinized) by exposure to testicular androgens that remodel neuronal circuitry in the 



POA; a normal developmental event that leads to the male hypothalamus being unable to respond 



to the positive feedback of estradiol in the rat. 



In the primate, the control system governing the preovulatory LH surge is 1) located in the MBH-



pituitary unit, 2) emancipated from control by the POA, 3) not subjected to programming by 



testicular androgens during perinatal development, and 4) resistant to the inhibitory action of 



barbiturate on neuronal activity.   As in the rodent, ovarian estradiol exerts a positive feedback 



action on gonadotropin secretion and plays a key role in triggering the LH surge, but in contrast to 



the rodent any circadian input to the timing of the LH surge may be overridden by increasing the 



magnitude of the estradiol signal.  The positive feedback action of estradiol in the monkey is 



mediated at the level of both the MBH (to discharge GnRH) and pituitary (to enhance pituitary 



responsiveness to GnRH). However, in women positive feedback at the level of the MBH may be 



less significant.  In both primate species, the hypothalamic and pituitary sites of the positive 



feedback action of estradiol appear redundant and spontaneous ovulation may be induced by 



pituitary feedback alone. 



Differences in the regulation of the pre-ovulatory LH surge and the criticality of timed events with 



regard to rat versus human support that the observed high-dose effect of D4 on female rat fertility 



should not be considered relevant to humans. Therefore, the current understanding of estrus 



cyclicity and neural/hormonal regulation of ovulation in humans suggests that the effects of D4 on 



fertility as seen in the SD rat are not relevant (Dekant et al., 2017a). 



Mode of Action Investigations 



Exposure Period Criticality:  



A study was performed to identify timing of the reproductive cycle where D4 may be exerting its 



effect on litter size in female SD rats (WIL, 1999) The main aim of the study was to gain 



knowledge of the timing of D4 action that might provide insight into the potential mode of action 











 
             



 



 



 



 



 



of D4 on litter size in the SD rat.  Four groups of female rats were exposed to D4 by whole body 



inhalation for 6 hrs/day according to the following schedule: 



• Overall Phase: Groups of 24 female SD rats were exposed by inhalation to D4 at 



concentrations of 70, 300, 500, or 700 ppm (0.20, 0.87, 1.44, or 2.02 g/kg bw/day, 



respectively, assuming 100% absorption) beginning at least 28 days prior to mating 



and continuing through gestation day (GD) 19. 



• Ovarian Phase: Sixty female rats were exposed to 700 ppm beginning 31 days prior to 



mating and stopping three days prior to mating. 



• Fertilisation Phase: Sixty female rats were exposed to 700 ppm three days prior to 



mating and continuing through GD3 



• Implantation Phase: Sixty females were exposed to 700 ppm from GD2 through GD5. 



 



Overall, the major observations were: a reduction in the number of corpora lutea (500 and 700 



ppm), reduction in the number of uterine implantation sites and foetuses (500 and 700 ppm), an 



increase in pre-implantation loss (500 and 700 ppm), and increased post-implantation loss (700 



ppm).  



 



In the fertilisation phase study, the number of corpora lutea, uterine implantation sites, and viable 



foetuses were reduced at 700 ppm (the only dose tested) while the mean pre-implantation and post-



implantation losses were increased. The effects on corpora lutea and intrauterine survival were 



similar for both the fertilization phase in which exposure began 3 days pre-mating and continued 



through gestation day 3 and the overall phase in which exposure began 28 days pre-mating and 



continued through gestation day 19 (WIL, 1999). 



 



No significant effects were noted on the number of corpora lutea or indices of intrauterine survival 



in females exposed at 700 ppm in the ovarian and implantation phase studies. In the ovarian phase 



study, when exposures began 31 days pre-mating and were terminated three days pre-mating, no 



effects were seen on uterine implantation sites, viable foetuses, or on any other reproductive 



parameter measured. This indicates the effects are totally reversible following cessation of 



exposure to high concentrations of D4.  



The study results clearly demonstrated that the reproductive effect of D4 was dependent upon 



exposure to D4 during the ovulation/fertilization phase of the cycle. 



Effect of D4 inhalation on the LH surge  



Studies were performed to investigate the effect of D4 exposures on the LH surge. The effects of 



D4 on LH surge and other reproductive hormones were assessed in female rats (Quinn et al, 



2007a). In another study, the comparative in vitro and in vivo effects of the estrogenic, androgenic, 











             



 



 



             



 



 



and progestagenic potential of D4 were assessed (Quinn et al, 2007b). D4 was shown to inhibit the 



pre-ovulatory LH surge causing a delay in ovulation, persistent follicles, and a prolonged exposure 



to elevated estrogen in the adult Sprague-Dawley (SD) rat. Whole body vapor inhalation exposure 



of rats to D4 at 700 ppm or 900 ppm resulted in an increased number of rats with suppressed pre- 



ovulatory LH surge compared to controls, whereas the number of the rats that failed to ovulate 



appeared to be within the normal range (25–30%) (Aschheim, 1983; Lu, 1983; Cooper and 



Goldman, 1999). It is important to note that a concentration of 900 ppm D4 is the highest possible 



vapor concentration that can be reliably generated in a short term exposure and a concentration of 



700 ppm D4 was the highest vapor concentration reliably generated in long term reproductive 



studies. Evaluation of individual animal plasma LH data indicated that failure of the LH surge at 



6 p.m. on the day of proestrus was accompanied by blocked or reduced ovulation. Persistent mature 



follicles in D4-exposed animals continued to secrete estradiol leading to higher estradiol (E2) 



concentrations on the morning of estrus as a result of an attenuated LH surge and blocked 



ovulation. The D4 treated ovulators had slightly higher E2 concentrations on the morning of estrus 



compared to the controls. These findings might have been due to retention of large follicles in both 



ovulating and non-ovulating treated animals. An increased number of estrogenic days 



demonstrated by vaginal cytology in the early exposure phase could have been related to LH surge 



suppression as this finding was also seen in D4 treated animals during the LH surge suppression 



study. Hormone evaluation in shorter term studies that evaluated estradiol levels just following 



suppression of LH surge in cycling animals demonstrated an increase in circulating estradiol as 



compared to control animals that had ovulated. This increase would increase the lifetime exposure 



of estrogen- sensitive tissues including uterus and vagina. Cystic endometrial hyperplasia 



(Siddiqui et al., 2007) results from prolonged estrogen stimulation and is not believed to be 



preneoplastic in the absence of atypia (Leininger and Jokinen, 1990). A study in F344 rats 



attempted to evaluate effects of D4 inhalation exposure on LH, prolactin, FSH, and estradiol 



concentrations (WIL Research Laboratories, Inc.,2001b). This study was confounded by cycle 



disruption in control and D4-exposed animals after a 4-day exposure regimen, preventing 



interpretation of potential compound-associated effects. The cycle disruption was attributed to 



stress associated with the inhalation procedure, perhaps related to environmental noise. 



Endocrine or estrogenic activity  



The ability of D4 to interact with endocrine pathways was assessed in a series of studies (McKim 



et al., 2001a; He et al., 2003; Jean et al., 2005; Quinn et al., 2007a). The potential estrogenicity of 



D4 was studied in uterotrophic assays in vivo and in vitro in both an estrogen responsive reporter 



cell line and by estrogen-receptor binding studies (McKim et al., 2001b; He et al., 2003; Quinn et 



al., 2007b). D4 has very weak estrogenic and antiestrogenic activity and a low affinity for estrogen 



receptor-a, five to six orders of magnitude below that of the positive control ethinylestradiol. D4 



did not show androgenic activity in the Herschberger assay with male F344 rats through whole 



body D4 inhalation (Quinn et al., 2007b). In in vitro ligand binding assays including assessment 



of receptor binding to calf uterine progesterone receptor and to recombinant human progesterone 



receptor (alpha and beta forms), there was no indication of binding of D4 to the progesterone 



receptor (Jean et al., 2005). Assessment of D4 in a cell-based reporter gene assay showed no 



activation of recombinant human progesterone receptor-b (Jean et al., 2005). Although D4 has 



weak estrogenic/antiestrogenic activity (He et al., 2003; Quinn et al., 2007b; McKim et al., 2001b), 



there were no reported indications of estrogenic or anti-estrogenic effects in male rats, in estrogen-



sensitive tissues in females, or in hormone-related developmental landmarks, including anogenital 





https://www.sciencedirect.com/science/article/pii/S0378427417300103#bbib0510








 
             



 



 



 



 



 



distance, in rat pups in a two-generation reproductive developmental study with D4. It is unlikely 



that the very weak activity of D4 in estrogenic assays is responsible for the increase in the 



endometrial proliferative lesions seen in the 2-year chronic bioassay. 



At certain exposure levels estrogens activate release of LH from the pituitary, but at high or 



prolonged exposure is expected to suppress pituitary LH by altering gonadotropin-releasing 



hormone (GnRH) production from the hypothalamus (Tng, 2015). There is no data support for an 



effect of D4 on gonadotropin releasing hormone production by rat hypothalamic explants (Meeker, 



2009). The last two key events are identical in both a dopamine activity and an estrogenic mode 



of action for D4-induced effects on female rat fertility. In addition to the very low scores for 



experimental support, the estrogen mode of action pathway cannot be supported based on the break 



in the chain of key events. Even if the broken chain is ignored, this mode of action scored only 



18.7% of the possible maximum, clearly inferior to the dopaminergic activity mode of action 



(Dekant and Bridges, 2016a;b). 



Dopamine activity  



Interaction of D4 with the dopamine system causes increased dopamine activity. Increased 



dopaminergic activity may result in decreased prolactin and impairment in ovulation and corpus 



luteum function in rats (Bachelot and Binart, 2007). Inhibition/delay of ovulation and/or 



inadequate corpus luteum formation results in decreased mating and decreased fertility. There is 



inadequate evidence for a direct interaction of D4 with dopamine receptor(s) suggesting that post 



receptor events are more likely (Dekant et al., 2017b; Franzen et al., 2017; Jean and Plotzke, 2017). 



However, a mode of action based on dopamine activity is supported by studies showing dopamine-



like effects of D4 in in vitro systems (Dekant et al., 2017; Franzen et al., 2017; Jean, 2005; Jean 



and Plotzke, 2017) and an observed decrease in prolactin, secretion of which is inhibited by 



dopamine, in in vivo experiments (Dekant et al., 2017b; Franzen et al., 2017; Jean, 2005; Jean and 



Plotzke, 2017; Quinn et al., 2007a). The downstream key events (decreased prolactin and LH 



surge) in this mode of action have been well established for D4 using in vivo studies. However, 



one of the available datasets on the prolactin decrease and/or the decreased LH surge did not 



demonstrate an effect (Dekant et al., 2017a; Elias, 2010; Jean and Plotzke, 2017). 



A dopamine-related mode-of-action was considered as an explanation for the observed effects of 



D4 on the uterus in rats after inhalation exposure to 700 ppm D4 for two years. Dopamine agonists 



inhibit prolactin secretion from the pituitary in rats, causing estrogen dominance resulting in 



persistent endometrial stimulation that ultimately induces proliferative endometrial lesions (Alison 



et al., 1990). Studies investigating the role of dopamine agonism were performed in two animal 



model systems (reserpine-pretreated female rats and aging female F344 rats) and in vitro (Dow 



Corning Corporation, 2005b, 2009a, 2010a,b; Jean et al., 2005). Reserpine administration to rats 



depletes brain dopamine, blocks the dopamine inhibition of prolactin secretion into blood, and 



induces a pronounced increase in circulating prolactin, providing a model to investigate the 



potential for a chemical to interact with the dopamine D2-receptor. In the aging F344 rat, altered 



hypothalamic control of dopamine causes elevated prolactin secretion and gives rise to increased 



prolactin concentrations in blood. Administration of dopamine receptor agonists also reduces 



prolactin in this system. 











             



 



 



             



 



 



Support for the dopamine agonist mode of action was obtained after D4 inhalation in reserpine-



treated rats (Dow Corning Corporation, 2005c). Reserpine administration to rats caused a six-fold 



increase in prolactin concentration. D4-inhalation (nose-only, 700 ppm for six hours) reduced this 



reserpine-induced increase in prolactin concentration by 85% in samples taken at the end of the 



inhalation exposure (Fig. 2) (Dow Corning Corporation, 2010b). Administration of the dopamine 



receptor antagonist sulpiride prior to treatment blocked the D4 effect on serum prolactin providing 



support for the conclusion that D4 has dopamine agonist-like effects on the pituitary in rats. A 



series of in vitro studies determined the ability of D4 to stimulate prolactin release from specific 



cells and evaluated D4 affinity for dopamine receptors (Dow Corning Corporation, 2009b). While 



D4 completely blocked maitotoxin-induced prolactin secretion in MNQ-cells, a direct interaction 



of D4 with dopamine receptors was not established (Dow Corning Corporation, 2009b; Baker, 



2010; Dow Corning Corporation, 2011). Therefore, D4 is unlikely to interact directly with 



dopamine receptors. 



 



Effect of D4 inhalation on estrous cycles  



Exposure of cycling adult female F344 rats to D4 by whole-body inhalation at 700 ppm for 35 



days resulted in estrous cycle prolongation to 5.7 days compared to 5.0 days in control animals. 



The increased cycle length was attributable to an increase in time in diestrus. By the end of the 



treatment period, 17 of 20 D4- treated animals and all 20 control animals were cycling normally. 



D4 treatment was associated with an increase in large follicles in animals sacrificed in estrus. The 



large follicles might have represented unovulated follicles that continued to secrete E2, and there 



was a statistically significant increase in serum E2 concentration on the morning of estrus in D4-



treated animals (30.5 pg/mL as compared to 26.6 pg/mL in controls). F344 females treated with 



D4 from 11 to 25 months of age with monitoring of estrous cycle stage by daily vaginal lavage 



showed an increased time in an estrogenic state compared to controls, and females were in an 



estrogenic state for more consecutive days than controls (Fig. 3) (WIL, 2013; Jean et al., 2016). 



The larger cumulative number of days of endogenous estrogen exposure is expected to increase 



the risk of endometrial hyperproliferation. Data on circulating prolactin levels were collected, but 



because blood samples were taken only at three to four week intervals and were not normalized to 



estrous cycle phase, these data are not informative. Histomorphology of the uterine and vaginal 



tissue at 24 months was consistent with the cyclicity data suggesting an increase in endogenous 



estrogenic influence. 



The following information is taken into account for any hazard / risk assessment: 



In the key inhalation two-generation reproductive toxicity study in rats (WIL Research 2001a), 



statistically significant reductions in mean live litter sizes and mean number of pups born were 



observed in the 500 and 700 ppm D4 groups for the F0 animals, and statistically significant 



reductions were noted for the first mating period in the F1 animals for the mean live litter size in 



the 500 and 700 ppm groups and for mean number of pups born in the 700 ppm group. When the 



F1 males were paired with unexposed females, no effects on reproductive performance were 



observed. In the F1 generation, mating indices were reduced in the 700 ppm group for the first and 



second matings (statistically significant for the females in both matings and for males in the second 



mating). Fertility indices were statistically significantly reduced in the 700 ppm group for the first 



F1 mating period. In the second F1 mating period, male and female fertility indices were 



statistically significantly reduced in the 500 and 700 ppm groups. The male and female fertility 











 
             



 



 



 



 



 



indices for the second F1 mating were also reduced in a non-exposure responsive manner in the 



70 and 300 ppm groups, although the differences from the control group were not statistically 



significant. Microscopic evaluation of the ovaries, uterus, vagina, mammary gland and pituitary 



gland from the 0, 70, 300, 500, and 700 ppm F1 females suggested a subtle non-exposure 



responsive effect characterized by perturbation of the estrous cycle and accelerated reproductive 



senescence in F1 (but not F0) females at 70, 300, and 500 ppm, with a more obvious effect at 700 



ppm. The NOAEC for reproductive toxicity was therefore 300 ppm, and the NOAEC for general 



toxicity was 300 ppm based on reduced body weight gain in adult animals. 



Differences in the regulation of the pre-ovulatory LH surge and the criticality of timed events with 



regard to rat versus human support the conclusion that the observed high-dose effect of D4 on 



female rat fertility should not be considered relevant to humans. The effects on fertility associated 



with inhalation exposure to high vapour concentrations of D4 are attributed to an effect on the 



female and specific to exposure surrounding the ovulatory phase (WIL 1999).  Research to further 



define these associations has demonstrated that D4 exposure increases the incidence of females 



expressing a delayed/suppressed pre-ovulatory LH surge and ovulation (Control: 21%; 700 ppm 



D4: 58%; 900 ppm D4: 69%) (Dow Corning Corporation 2002a; WIL 2001b).  The pre-ovulatory 



LH surge and ovulation are critically connected in the rat as is well established in the literature.  



An insufficient or blocked pre-ovulatory LH surge fails to induce ovulation in the rat and results 



in the spectrum of fertility effects as seen with D4 (Quinn et al. 2007a). Therefore, the current 



understanding of estrus cyclicity and neural/hormonal regulation of ovulation in humans suggests 



that the effects of D4 on fertility as seen in the SD rat are not relevant to human health.  



Recent independent expert reviews of the mammalian toxicity data and the exposure data have 



clearly concluded D4 does not present a risk to human health (Dekant et al., 2017; Franzen et al., 



2017; Jean and Plotzke, 2017).  



Quinn et al., 2007a demonstrated that a relevant explanation for the reproductive effects observed 



in the rats exposed to D4, was induction of a delay or decrease of the LH surge necessary for 



optimal timing of ovulation. Major species differences have evolved with regard to the 



neuroendocrine control of ovulation (Plant, 2012). The control system governing the preovulatory 



LH surge is very different in rats compared to humans. Therefore, the current understanding of 



estrus cyclicity and neural/hormonal regulation of ovulation in humans suggests that the effects of 



D4 on fertility observed in the rat are unlikely to be relevant to humans. It is also important to note 



that the reproductive effects were only seen following exposure to the highest exposure 



concentrations of D4 (500 and 700 ppm).  



In the rodent, the timing of the preovulatory LH surge is determined by the brain, being triggered 



by a discharge of gonadotrophic releasing hormone (GnRH) induced by a circadian neural signal 



that is coupled to the light/dark cycle and gated by a positive feedback action of estradiol in the 



pre-optic area (POA) of the hypothalamus. In addition, in rodents, operation of this LH surge-



inducing neuroendocrine system may be readily blocked by barbiturate anesthesia similar to 



phenobarbital. 



 











             



 



 



             



 



 



In the primate, the control system governing the preovulatory LH surge is located in the medial 



basal hypothalamus-pituitary unit and is emancipated from control by the POA in the 



hypothalamus. In contrast to the response in rats, the primate control system is resistant to the 



inhibitory action of barbiturates on neuronal activity. Ovarian estradiol exerts a positive feedback 



action on gonadotropin secretion and plays a key role in triggering the LH surge in rats, but in 



contrast to the rodent, any circadian input to the timing of the LH surge may be overridden by 



increasing the magnitude of the estradiol signal. The hypothalamic and pituitary sites of the 



positive feedback action of estradiol appear redundant and spontaneous ovulation may be induced 



by pituitary feedback alone in both species of primate (monkey and human),. Therefore, the current 



understanding of estrus cyclicity and neural/hormonal regulation of ovulation in humans suggests 



that the effects of D4 on fertility as observed in the rat are unlikely to be relevant to humans (Plant, 



2012). 



Extensive research has been conducted to understand the potential mode of action of the 



reproductive endpoints in female rats and whether these endpoints are relevant to human health 



(Franzen et al., 2017, Dekant et al., 2017a,  Dekant et al., 2017b and Jean et al. 2017),  



 



Dekant et al., 2017a, concluded:  



 



“It is likely that cycle disruption occurred over time in female rats exposed to D4 due to either an 



inhibition by D4 of pituitary prolactin production (Fig. 1) and/or through modulation of the LH 



surge leading to an increased endogenous E2 signal to the uterus. Neither mechanism would be 



relevant to human risk due to differences between rat and human in pituitary control of the female 



reproductive cycle (Quinn et al., 2007a; Plant, 2012; Klaunig et al., 2016).”  



 



Figure 1.  Proposed alteration in estrus cycle mode of action for D4 induced rat (reproduced 



from Dekant et al, 2017a, Figure 4) 



 



Although D4 is not a direct dopamine agonist, there were subtle alterations in the dopamine 



activation pathway and modulation of prolactin concentrations following exposure to D4 that were 



suggestive of some interference with this pathway. This could account for both the reproductive 



and the uterine tumours seen following exposure to high concentration of D4. Dekant et al., 2017a 











 
             



 



 



 



 



 



also commented that “the subtlety of the effects following exposure to D4 may prevent further 



assessment and definition of a precise mode of action”.  



Dekant et al., 2017b concluded that the mode of action that best explains the adverse effects of D4 



on fertility in female rats is a dopamine activity mode of action that is not relevant to humans. 



While binding of D4 to the dopamine receptor may be considered possible in humans the available 



data do not support a direct interaction of D4 with the dopamine receptor (Dekant et al.,2017; 



Franzen et al., 2017; Jean and Plotzke, 2017). Regardless of the molecular initiating event, an 



increase in dopamine activity that decreases prolactin in humans is not relevant to human ovulation 



or corpus luteum maintenance, because prolactin is not important in ovulation in primates. 



Prolactin null mice have irregular estrous cycles and do not conceive (Bachelot and Binart, 2007). 



When these mice ovulate, the corpus luteum does not form normally and if conception occurs, 



pregnancy does not continue. By contrast, prolactin is not important in primate ovulation and, 



indeed, excessive prolactin interferes with ovulation, even if the excess is transient and clinically 



unapparent (Suginami et al., 1986). Dopamine agonist medications are used to treat ovulatory 



disturbances attributed to prolactin excess in women (Anon, 2004). Because there are no data 



suggesting that D4 binds to the dopamine receptor and because dopamine agonism does not 



interfere with ovulation in women, the species differences in this key event break the chain. 



Therefore, the mode of action that best explains the adverse effects of D4 on fertility in female rats 



is not relevant to humans. 



 



Lastly more detailed investigations are underway to better understand the dose-toxicity 



relationships. Toxicokinetic studies evaluating the linearity of the kinetics of D4 following 



exposure across concentration levels similar to those used in the toxicity studies will be assessed 



to  evaluate the relevance of these effects at non-linear high doses relative to actual human 



exposures. Sarangapani et al., 2002 developed a pharmacodynamic extension to a physiologically 



based pharmacokinetic (PBPK) model to characterize dose-response behaviours following 



inhalation exposure to D4. This evaluation showed that at exposures greater than ∼300ppm (the 



NOAEC in the reproductive studies), there was an apparent saturation of liver enzymes with 



subsequent decreasing liver metabolism, suggesting that effects seen above this exposure 



concentration are of questionable toxicological relevance when compared to actual human or 



environmental exposures. In addition, the inability to identify a specific initiating event leading to 



either the reproductive effects or the uterine tumours suggests that these effects may be due to 



high-dose nonspecific toxicity. Nonspecific toxicity effects are only seen at very high exposure 



levels and do not have a classic dose-toxicity response relationship. The dose-toxicity response is 



often very steep as seen with the D4 reproductive effects, where the effects are only seen at very 



high exposure concentrations with only a few animals being affected. The other characteristic of 



these nonspecific responses is that no one molecular initiating event or early key event can be 



identified when investigating the mode-of-action.  Industry has carried out numerous studies to 



identify a precise mode-of-action of modulating the LH surge in rodents to no avail (Franzen et 



al., 2017, Jean et al., 2017, and Dekant et al., 2017a).  As the response is so subtle even at these 



high concentrations, it was not possible to identify the molecular initiating event and/or early key 



events leading to modulation of the LH surge. This further calls into to question the specificity of 



these effects.  If concentrations to humans or in the environment can never reach these unrealistic 



concentrations that lead to potential nonspecific toxicity, these hazards cannot occur.   











             



 



 



             



 



 



Developmental toxicity 



Five reliability score 1 studies conducted in the same year are available for developmental toxicity 



(International Research and Developmental Corporation (IRDC), 1993a; b; c; d; e). Two of these 



studies are range-finding studies, so were excluded from being key studies (IRDC, 1993d; e). One 



of the studies (IRDC, 1993b) tested a restricted number of animals, so was also excluded from 



being the key study. 



Either one of the remaining two studies could have been selected as the key study (IRDC, 1993a; 



c). 



In the key inhalation prenatal developmental toxicity study (IRDC, 1993a) New Zealand white 



rabbits (20 animals/dose) were exposed to D4 whole body at concentrations of 100, 300, 500 ppm 



on gestation days 6 to 18. No substance related mortality; no adverse antemortem or necropsy 



findings, and no substance related effects on body weight gain were observed in any exposure 



group. 



Statistically significant reductions in maternal food consumption were noted in the highest 



exposure group during the first and second exposure intervals (gestation days 6-9 and 9-12) when 



compared with the controls. Food consumption was also slightly reduced, relative to the control 



group, in that group during the third interval (gestation days 12-15) and during the overall exposure 



interval (gestation days 6-19). These reductions were considered to be treatment-related. Mean 



postimplantation loss (resorptions) was slightly increased in the highest exposure group when 



compared with the controls, but were well within the historical control range. This finding was not 



attributed to treatment. There were no treatment-related differences in the number of viable fetuses 



per dam or mean fetal body weight. There were no treatment-related malformations or 



developmental variations. Therefore, the NOAEC for developmental toxicity was ≥500 ppm. The 



NOAEC for maternal toxicity was 300 ppm based on reduced food consumption in the highest 



dose group. 



In the supporting inhalation prenatal developmental toxicity study (IRDC, 1993c) CD rats (30 



animals/dose) were exposed to D4 whole body at concentrations of 100, 300, 700 ppm on gestation 



days 6 to 15. No deaths occurred and there were no exposure-related signs of toxicity. There was 



statistically significantly decreased body weight gain in the highest exposure group over gestation 



days 6-16, 9-12 and over the entire gestation period (gestation days 0-20). All animals in the high 



exposure group lost weight on gestation days 6-9. A statistically significantly reduced food 



consumption occurred in the high exposure group during exposure and over the entire gestation 



period. Pregnancy rates were not different to controls in all exposure groups. Only one animal of 



the low dose group had whole litter resorption, a finding that was not considered to be treatment-



related. All c-section parameters, including embryo lethality, litter sizes, sex distribution of fetuses 



and fetal body weight were comparable between control values and treated groups. The mean 



maternal liver weights in the treated groups were comparable with those of the control group. 



There were no treatment-related malformations or developmental variations. The NOAEC for 



maternal toxicity was 300ppm, based on reduced food consumption and body weight gain. The 



NOAEC for developmental toxicity was ≥700 ppm. 



The other supporting studies also gave negative results for effects on development, including 



teratogenicity. 











 
             



 



 



 



 



 



The following information is taken into account for any hazard / risk assessment: 



In the key inhalation developmental toxicity study in rabbits (IRDC, 1993a), D4 did not affect fetal 



developmental and the NOAEC for this endpoint was therefore greater than the highest 



concentration tested (500 ppm; 6066 mg/m3). The NOAEC for maternal toxicity was 300 ppm 



based on reduced food consumption in the highest dose group. 



Justification for classification or non-classification 



D4 has a harmonised classification as Reproductive Category 2 in Annex VI of Regulation 



1272/2008, based on the previous available data, for its demonstrated effects on female fertility in 



rats.  This is derived from research that has shown the fertility effects are associated with exposure 



of the female rat during the critical ovulatory phase and that exposure during the ovulatory phase 



induces a delay/suppression of the pre-ovulatory LH surge and subsequent ovulation.  More recent 



research and expert reviews have acknowledged the differences in the regulation of the pre-



ovulatory LH surge and the criticality of timed events with regard to rat versus human as well as 



extensive mechanism of action research support that the observed high-dose effect of D4 on female 



rat fertility should not be considered relevant to humans. 



The available data suggest that D4 does not require classification for effects on development or 



male fertility. 
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General Business 



Understanding Silicone Chemistry – Examples of key differences between the cyclic 



volatile methyl siloxanes (cVMS) that lead to differences in fate and hazard profiles. 



 



Silicones and cyclic volatile methyl siloxanes (cVMS) like D4, D5, and D6 have unique 



physical/chemical properties due to this ‘hybrid’ nature, namely an inorganic backbone chain 



of successive silicon and oxygen atoms (Si-O-Si units) and organic entities such as the methyl 



groups on the Si atoms of these three siloxanes.  The inorganic Si-O backbone drives the 



unique properties of silicone polymers and makes this type of chemistry distinctly different 



from carbon-based chemistry.  Among other properties that drive the differences in chemical 



and environmental behaviours are the large molecular volumes of even one Si-O unit (10 atoms 



per Me2SiO unit) and only a moderate ability to accept hydrogen bonds; stronger Si-O bond 



energies compared with a C-O bond, a wider Si-O bond angle relative to that of the C-O bond, 



and shorter than expected. bond lengths.  The nature of the silicon-oxygen bond makes 



siloxane molecules flexible, which results in weak interactions between siloxane molecules.  



The addition of the dimethyl moieties in the dimethyl-siloxane group found in CVMS further 



confer unique physico-chemical properties to the Si-O backbone.  While D4, D5, and D6 vary 



in the specifics of their physical/chemical properties and therefore their environmental 



behaviours, the siloxanes’ characteristics lead to differences in siloxanes’ capacity to interact 



with the environmental media such as water and organic carbon in soil/sediment and lipids in 



biota, compared to the carbon-based volatile hydrophobic organic compounds for which the 



POP/PBT criteria were developed. This is illustrated by the lower surface tension, viscosity and 



vapor pressure of siloxanes compared to hydrocarbons of similar molecular weight, in addition 



to differences in Henry’s Law constants that create differences in the volatile nature of these 



substances.  



Consequently, siloxanes possess a different combination of solubility and partitioning 



properties that influence their distribution and fate in the environment. The unique 



combinations of properties contribute to the distinct differences of the behaviour of cVMS in 



the environment compared to other volatile hydrophobic chemicals, including the ability of 



benthic, pelagic and terrestrial species to biotransform these cyclic siloxanes, which prevents 



build up in food webs and biomagnification. This is in stark contrast to the organochlorine 



chemicals for which the BCF criteria were derived.   



As discussed above D4, D5 and D6 all have unique physical chemical properties due to their 



‘hybrid’ nature, namely an inorganic backbone chain of successive silicon and oxygen atoms 



(Si-O-Si units) and organic entities on the Si atoms of the chain that drives the behaviour of D4, 



D5 and D6 in the environment.  Although D4, D5 and D6 all have this unique molecular 



structure there are clear differences in these three substances in chemical structure and 



physical/chemical properties that lead to differences in how these three substances behave in 



the environment not only from carbon-based substances, but from each other as well.  











 



General Business 



First concerning structure, all three substances are cyclic but the addition of even one Si-O unit 



impacts the reactivity, molecular weight, molecular volume and key physical chemical 



properties of the substances.  This is evident when looking at the summary of physical chemical 



properties as shown in Table 2 Summary of physical chemical properties for D4, D5 and D6 in 



the ECHA dossier.  It is important to note that although all three substances have limited water 



solubility, are highly lipophilic, will bind to organic carbon and will partition to air from water, 



soil and lipid, and are biotransformed, they exhibit these properties at different degrees.  This 



impacts their environmental profile and presence in environmental media and biota.  For 



example, D4 is more volatile and more reactive in water and sediment compared to D5 and 



D6. This allows D4 to clear more rapidly from these compartments limiting presence and 



exposure in those compartments (Krogseth et al., 2017 and Kim et al., 2018) 



In addition, when D4 is taken up into biota, D4 is more rapidly biotransformed (Cantu M and 



Gobas F. 2019 SETAC, Cantu M and Gobas F. 2021, Woodburn et al. 2013, Domoradzki et al. 



2017a, Selck et al., 2022a, 2022b, and D'Amico et al., 2022 and 2023, SETAC presentations; 



Varaprath et al., 1999; Plotzke et al.,2000; Andersen et al., 2001; Sarangapani et al., 2003; 



Dobrev et al., 2008; Domoradzki et al. 2017b; Meeks 2022; Schmitt et al., 2022) and volatilized 



in exhaled air in air breathing organisms (Plotzke et al.,2000; Andersen et al., 2001; 



Sarangapani et al., 2003; Dobrev et al., 2008; Domoradzki et al. 2017b; Meeks 2022; Schmitt 



et al., 2022; Andersen 2008), limiting exposure to biota under realistic environmental relevant 



conditions. D5 and D6 are less volatile and reactive compared to D4 and may have an increased 



presence in compartments such sediment but due to their even lower water solubility, 



significant binding to organic carbon, and still appreciable partitioning to air, they will not be 



found at significant concentrations in surface water and their increasing molecular weight and 



size limits their bioavailability (D6 even more so than D5) to biota in the aquatic compartment 



(Domoradzki et al. 2017a; Cantu M and Gobas F. 2019 SETAC, Cantu M and Gobas F. 2021; 



Selck et al., 2022a, 2022b, and D'Amico et al., 2022 and 2023, SETAC presentations; ).  In 



addition, for all three cyclics the low level that is taken up by biota will be biotransformed 



(D4>D5>D6) and eliminated from biota as water soluble degradation products or eliminated 



as parent in exhaled air in air breathing organisms (Tobin et al. 2008; Reddy et a;, 2008;)). It is 



these difference in behaviors which also leads to difference in the toxicity profiles of these 3 



cVMS.  Examples have been provided in our detailed comments.   



Given these differences it is important to assess each substance based on its own properties 



and these differences should be acknowledged and taken into consideration when assessing 



the potential to meet the criteria of Annex D under the Stockholm Convention.  
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			Template for providing comments on the draft scientific dossier for an EU proposal by the European Commission to list D4, D5 and D6 in Annex B to the Stockholm Convention on POPs  

(Please use this format as it is in the interests of fast processing and consolidation of all comments)

Do not add extra columns or change the formatting






			Comment No.			Section (use drop-down menu)			Sub section (use drop-down menu)			Paragraph number (first relevant line number as integer only; in case of multiple lines, indicate them in the comment field)			Comment  NOTES: (i) if your comment is for proposing addition or deletion of text please give details of the preceding and following current text so it is clear where the revision is to be made; (ii) if the comment relates to several paragraph numbers please list ALL paragraph numbers or the range of paragraphs [in this field, NOT in Column D].


			1			1. Introduction 			1			1			"They have been grouped for the purposes of this proposal as they have a similar chemical structure and hazard profile and D4, D5 and D6 could substitute each other which could lead to regrettable substitution".  

Although there are some similarities in both the structure and hazard profiles there are also distinct differences in their physical chemical properties that influence both the fate in the environment and the hazard profiles that should be taken into account and acknowledged.  In our detailed comments we have provided a few examples where these differences play a role.  

One key example is in the hazard profile of these substances.  With D4, which has the greatest water solubility, you do see some aquatic toxicity at least in the laboratory setting where D4 is maintained in the water compared to the environment where it will either volatilize, hydrolyze or bind to sediment.  For D5 and D6 there is no aquatic toxicity even in a laboratory study.  

Similarly on the human health, D4 has demonstrated greater systemic oral Bioavailability compared to D5 and D6.  This is not at all surprising given the smaller molecular weight and volume, greater solubility and lower lipophilicity.  

A robust assessment of these differences will demonstrate how these substances do differ and why those differences matter when considering if the meet the Annex D criteria under Stockholm. 
 





			2			1. Introduction			1			1			"They are manufactured and used in a variety of sectors such as the construction (sealants, paints and coatings), automotive (parts and lubricants), electronics, pulp and paper, oil and gas, medical and aerospace/defence sectors".  

Please correct as the identified uses above refers mostly to uses of silicone polymers and not direct uses of D4, D5 and D6. The referenced uses are for polymers manufactured from the cyclic monomers and are not direct uses of D4, D5 and D6.


			3			1. Introduction			1			2			1) "According to Environment Canada, Health Canada (2008abc), the application of D4-, D5- and D6-containing pesticides on crops and the disposal of sewage sludge on agricultural lands, by incineration and by deposit in landfills will result in the release of D4, D5 and D6 to environmental media. 2) Monitoring data indicate that D4, D5 and D6 are widely dispersed in the environment and are found in remote regions."  

1) For the first sentence identified above, it is unclear which use "will result in the release of D4, D5, D6 to environmental media"  
2) For the second sentence identified, all monitoring data available on these substances should be assessed for reliability and in remote regions assessed for being associated with a potential source.  This should be done to ensure the reliability of the data and that the presence is representative of long range transport (LRT).  There are published evalutions that have done this critical evaluation and have concluded that the presence reported in the identified remote regions were most likely a result of local sources (AMAP 2017, Krogseth and Warner 2019).


			4			1. Introduction			1			4			"The proposal is based on the PBT/vPvB assessments performed at the EU level under the REACH Regulation (ECHA 2018a,b,c), information from peer-reviewed scientific journals as well as grey literature."  

Please note that this proposal/dossier is missing a significant number of studies in the EU REACH Registration dossier and from the peer review literature.  In addition this proposal/dossier often has misrepresented what is present in the REACH registration dossiers or in the peer review literature on these substances by selecting text and data points that supports meeting the Annex D criteria but either ignores or overlooks other conculsions by authors or actual data that counter the conclusions of meeting the Annex D criteria.  A robust dossier should represent all data in an integrated weight of evidence manner.  We have highlighted in our detailed comments where significant data is missing and have provide the citations.  


			5			2. Chemical identity						5			"Table 2. Overview of physicochemical properties for D4, D5 and D6 - Henry’s Law Constant (Pa m3/mol) - 1.21 × 106 at 25 °C ": The log Kow value quoted for D4 in the ECHA dossier is not the key value in the Reconsile EU REACH dossiers (key value for Log Kow is 6.98 at 21.7°C).  Please change to 21.7 °C (same as dimensionless log Kaw); or 1.35 x 10^6 Pa m^3/mol at 25°C based on temperature dependence of log Kaw (Xu & Kropscott, 2014).


			6			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.1 Persistence			8			"D4 and D5 have a high tendency to adsorb to sediments and particles which hinders hydrolysis".                      Hydrolysis half-life is an intrinsic property of the substance at a given pH and temperature. Sorption may influence the contribution of hydrolysis to the fate in a specific environment, but sorption does not directly influence hydrolysis. The extent to which sorption attenuates hydrolysis (or other processes such as volatilization) under specific environmental conditions can and should be evaluated quantitatively and objectively through multi-media chemical fate modeling.  For example, Kim et al., 2018 demonstrated that In case of a cessation of emissions, multimedia modelling studies show a relatively fast initial reduction in concentrations even in sediment, which is caused by the degradation of the airborne cyclics.


			7			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.1 Persistence			12			"There is some evidence that D4 is a transient degradation product of polydimethylsiloxane (PDMS) in contact with soil, while the principal degradation products are silanols prior to complete mineralisation (Herner et al. 2002). Thus, in addition to release of residual D4 from PDMS manufacture, there may be de novo synthesis of D4 occurring in landfills and agricultural lands where sewage sludge containing PDMS is spread (Environment Canada, Health Canada, 2008a)"      

The statement that D4 may be formed as a degradation product of PDMS in soil is not supported by evidence. The citation "Herner et al. 2002" could not be found  and may be the book chapter by Hirner et al. 2002. No evidence to support the formation of D4 in PDMS degradation can be found in this reference although a study of PDMS degradation by soil clay minerals by Xu (1998) has been reviewed in this book chapter. It needs to be pointed out that Xu (1998) has found that D4 can be formed during PDMS degradation in soil materials, but only under some specific lab conditions. Specifically, when the soil clay was wetted during the degradation process of PDMS after the high concentration siloxanols were formed as transient degradation products (Dimer diol, trimer diols and tetramer diol), these siloxanols were found to be converted back to cyclics.  However, the author (Xu, 1998) has specifically examine the possibility of this process under field conditions and concluded that degradation kinetics of transient siloxanols are faster than the kinetics of their formation in the real soil.  Therefore, the accumulation of the transient siloxanols and thus formation of D4 through the interruption of PDMS degradation is not feasible in the natural environment.  

It is important to assess all data available on PDMS degradation before coming to a conclusion about the relevancy of the generation of VMS via degradation of PDMS in the environment.  For example, for clay minerals with significant PDMS degradation rates at 100% RH (such as Al-SAz-1), an increase in humidity also changed the composition of the degradation products. For example, at 100% RH, the VMS such as D3, D4, and D5 formed as intermediates of PDMS degradation. They may be desorbed from clay surfaces and vaporized to the air. At 32% RH, most VMS were adsorbed on clay surfaces and converted to DMSD as degradation progressed. Further, higher humidity decreased the bonding of DMSD to clay. The specific combination of conditions for VMS formation, high moisture, and rapid PDMS degradation rate seldom exists in natural soils, explaining why VMS were not found in soil samples and would not occur in the natural environment (S. Xu, Env Sci Technol. 1998, 32, 3162-3168).


			8			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.1 Persistence			13			"Reaction products in all compartments are expected to be silanols (e.g. dimethylsilanediol)."   

When degradation of cVMS  occurs in the atmosphere  dimethylsilanediol is not the major degradation product. Instead, cyclosiloxanols with various degree of hydroxylation are predominant.  Secondly, cyclosiloxanols undergo degradation continuously in the gas phase although these hydroxylated siloxanols might be removed through wet/dry deposition.  


						3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.1 Persistence			14			"The Annex D criteria for Persistence 1. (b)(i) and (ii) are considered to be met. ." The major concern with suspected P or vP chemicals is that if an unsuspected concern is demonstrated, that it would require many years to remove that chemical from the environment after a restriction or ban on its use.  This is supported by McLachlan, 2018 who indicates, “Persistence is a criterion that is indirectly related to exposure levels, as a persistent chemical will have higher concentrations in the environment than a non-persistent chemical emitted at the same rate.  However, the inclusion of persistence among the screening criteria was much more strongly motivated by its relevance as an indicator of reversibility.”  In this regard, it is important to understand the overall distribution and fate of cyclics in the environment, which is dictated by their unique physico-chemical properties due mainly to the inorganic backbone chain of Si-O-Si units.  Since cyclics are predominately released to air, and will partition readily to air when released to other compartments (the major compartment) where they are degraded more rapidly than in other matrices, their presence in the environment is much shorter (months) than the classical vP chemicals and would be considered easily reversible if sources were to cease. (Kim et al, 2018).  In case of a cessation of emissions, multimedia modelling studies (Kim et al., 2018) show a relatively fast initial reduction in concentrations even in sediment, which is caused by the degradation of the airborne cyclics.  All three have a low overall Persistence (Pov) as predicted by the OECD tool.   In addition, recent work showed biotransformation of cyclics by sediment organisms (Selck and Forbes, 2018. Selck et al., 2022a,2022b, and D'Amico et al., 2022 and 2023, SETAC presentations). Determination of a specific half-life measured in a standard OECD 308 may be misleading.  Sediment concentrations in the environment are significantly impacted by degradation in air due to the unique partitioning properties of cyclics.  In addition, the recent work showing biotransformation of cyclics by sediment organisms (Selck and Forbes, 2018. Selck et al., 2022a,2022b, and D'Amico et al., 2022 and 2023, SETAC presentations) could have a significant impact on the sediment half-life in the real world environment.  As indicated in Selck et al., 2018 “Persistence is evaluated by measuring the compound’s microbial degradation half-lives in water, sediment or soil (in the absence of eukaryotes)", which leads to the conclusion by the authors that “interactions between microbes and eukaryotes enhance microbial activity, which may further increase microbial degradation, thereby decreasing P below what is measured in standard tests.”  Although the question of using a single compartment half-life for determining P or vP still exists, time should be taken to assess the impact of this new data on the half-life in sediment for any consideration of meeting Annex D criteria. Multimedia modelling allows incorporation of all of these factors to understand the reversibility of these substances.    


			9			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.2 Bioaccumulation			16			Paragraphs 16-20: Gobas and Lee (2019) examined the growth-correction methods utilized in OECD fish laboratory BCF/BMF guideline 305 and concluded "that the OECD‐305‐recommended growth correction of BCFs and BMFs causes error, is unnecessary, and should be revisited because the current method described in the OECD-305 guideline violates the mass-balance assumption".  With both BCFs and BMFs, the authors noted that growth-corrected BCFs and BMFs are approximately 3 to 5 times greater than the BCFs/BMFs of slow-growing or non-growing fish (see Figure 3 of Gobas and Lee, 2019).  Applied to cVMS, this extent of overestimation of BCF values would produce actual cVMS BCF values of <5000 L kg−1 in virtually all cases and <2000 L kg−1 in many cases.  Likewise, the overestimate of cVMS BMF values would produce actual cVMS BMF values of <1 in virtually all reported cases.  For example, Gobas and Lee (2019) re-examined the dietary BMF data (OECD 305 design with rainbow trout) on D4 and D5 from Woodburn et al. (2013) using their methods to examine BMF values using actual uptake/depuration kinetics.  They determined the dietary BMF of D4 and D5 with rainbow trout to be 0.34 and 0.33, respectively, compared to OECD 305-recommended growth-corrected BMFs (BMFNG) of D4 and D5 of 1.7 and 0.97, respectively.  These data support the authors’ contention that growth-corrected BMFs are 3-5 times greater than the “actual BMFs”.  The author’s attribute this overestimation of the BCF and BMF to the “calculation of the BCF and BMF uses the uptake rates of a growing fish (in the numerator) but the depuration kinetics of a nongrowing fish (in the denominator).  The BCFs and BMFs that are derived using this method of growth correction should be regarded as suspicious because they have no basis in reality”.  The calculations of Gobas and Lee (2019) demonstrate for D4 and D5 dietary BMF values <1 is based on simple fish uptake/depuration kinetics is realistic, compared to growth-corrected kinetic BMF values >1 that appear to violate the mass-balance assumption.  An additional example exists for D4, where a study by CERI (2011) with slow-growing carp produced a D4 BMF of 0.37 ± 0.04.  The attached Figures 1 and 2 from Bernardo et al., 2022 may be graphically re-intrepretted using this information from Gobas and Lee. (2019), lowering BCF/BMF values by approximately a factor of 3-5.  
 







			10			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.2 Bioaccumulation			19			"In laboratory fish dietary studies, for D4 a dietary BMF of 4.6 (growth corrected kinetic value, lipid normalised..." It is ideal to conduct BCF/BMF studies with non-growing fish. However, rainbow trout in the study of Dow Corning (2007) grew >10 times during the test period (i.e., 11 weeks). The growth rate was 81% of total depuration rate. Due to the fast growth of the fish, the BMF values are less reliable than those with slow growing fish. In contrast, with a slow-growing carp in CERI (2011), the BMF of D4 was 0.37-0.41 (or 0.51-0.51 with growth correction). In addition, no-growth correction on the metrics has been suggested by Gobas and Lee (2019) who demonstrated that growth corrected kinetic BCF & BMF values can violate the rules of mass balance and result in skewed data. So, the non-growth corrected BMF of D4 was 0.86 (vs. growth corrected BMF of 4.6). Thus, BMF values obtained from non- or slow-growing fish with no growth correction are more consistent and reliable. Another lab-controlled dietary study showed a BMF of 0.10 for slowly growing, two-year old goldfish (Carassius auratus) under steady-state conditions (Opperhuizen et al., 1987).  In subsequent analysis of the data from the Dow Corning (2007) study, Woodburn et al. (2013) determined an elimination half-life of 20 days which was independent of growth dilution at the beginning of depuration where significant fish growth did not occur resulting in a lipid normalised empirical BMF of 0.66.   


						3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.2 Bioaccumulation			19			"The predicted growth-corrected BCF values using method 1 models (as refer to in the OECD TG 305 guidance (OECD, 2017))" The possibility of estimating a Bioconcentration Factor (BCF) value from a Biomagnification Factor (BMF) study is discussed in the Guidance Document on Aspects of OECD TG 305 (OECD, 2017). The document presents four fundamental methods that can be used to estimate BCF values from BMF studies. The BCF Estimation Tool (version 2) incorporates the first three methods, which include several sub-models. Method 1 utilizes inputs of fish weight only, while a combination of fish weight and a logarithm of the octanol-water partition coefficient (log KOW) is used in some sub-models. However, estimating the rate constant for respiratory uptake (k1) is influenced not only by fish weight but also by chemical properties and environmental conditions. It should be noted that respiratory and dietary uptakes of chemicals are independent pathways or weakly correlated at best, making the estimation of one from the other unreliable (Methods 1 & 3). Additionally, using depuration rate constants from a BMF study alone is insufficient to estimate BCFs (Method 2). The guidance document recommends testing all models in the tool since there is no single best model for predicting BCFs from BMFs. The reliability of each sub-model has not been fully assessed due to the limited size of training sets, and the range of model outcomes is wide, spanning two orders of magnitude. Therefore, selecting the best or most appropriate value is challenging, even though estimation is considered "possible" in certain cases. Further, clear scientific support is needed to validate this approach for estimating BCFs.  


			11			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.2 Bioaccumulation			20			"For D5, a dietary BMF up to 3.9 (lipid-normalised kinetic value minus the contribution from the digestive tract) was measured in Rainbow Trout Oncorhynchus mykiss (Dow Corning, 2006b)…"  It is ideal to conduct BCF/BMF studies with non-growing fish. However, rainbow trout in the study of Dow Corning (2006) grew >10 times during the test period (i.e., 11 weeks). The growth rate was 74% of total depuration rate. Due to the fast growth of the fish, the BMF values are less reliable that those with slow growing fish. In contrast, with a slow-growing carb in 12CERI (2011), the BMF of D5 was 0.92-0.96 (or 0.48 with growth correction). In addition, no-growth correction on the metrics has been suggested by 8Gobas and Lee (2019) who demonstrated that growth corrected kinetic BCF & BMF values can violate the rules of mass balance and result in skewed data. So, the non-growth corrected BMF of D5 was 1.0 (vs. growth corrected BMF of 3.9). Thus, BMF values obtained from non- or slow-growing fish with no growth correction are more consistent and reliable. Another lab-controlled dietary study showed a BMF of 0.08 for slowly growing, two-year old goldfish (Carassius auratus) under steady-state conditions (Opperhuizen et al., 1987). In subsequent analysis of the data from the Dow Corning (2007) study, Woodburn et al. (2013) determined an elimination half-life of 17 days which was independent of growth dilution at the beginning of depuration where significant fish growth did not occur resulting in a lipid normalised empirical BMF of 0.85.   


						3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.2 Bioaccumulation			20			"The results are based on total 14C measurements, although a similar value would be expected for the parent compound".

It is not accurate that "a similar value would be expected for the parent compound".  Metabolism does occur in fish  with D4, D5 and D6 at a sufficient rate to affect elimination leading to low bioaccumulation, i.e. BMFs <1. (Cantu M and Gobas F. 2019 SETAC, Cantu M and Gobas F. 2021, Woodburn et al. 2013, Domoradzki et al. 2017). 



						3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.2 Bioaccumulation			24			“Results of this study are uncertain considering that the number of samples analysed was relatively small. Furthermore, … present in whole fish.” Various factors can contribute to the trophic magnification of chemicals, including biological aspects like biotransformation and dietary uptake, as well as environmental factors such as spatial concentration gradients (that lead to variations in exposure levels), seasonal effects, and the absence of a steady-state condition. Both studies of Borgå et al. (2013a and 2013b) collected biota samples from different locations in the aquatic environments that would exhibit considerable exposure level gradients due to varying distances from WWTPs from populated areas. Since the TMF values were derived with an assumption that all biota species would be exposed to the same environmental conditions so that chemical transfers could be determined throughout the food web, the uneven environmental conditions might undermine the accuracy of TMF calculations. Although p-values for the logC-TL regressions were found to be <0.05, the r-square values of cVMS were generally lower compared to other persistent compounds. This discrepancy suggests biota concentrations cannot be satisfactorily explained solely by trophic levels. Addressing the concern of spatial concentration gradients, 16Kim et al. (2016) explored potential biases in TMF determination. Therefore, ensuring uniform exposure levels for the biota species under investigation for TMF determination emerges as a crucial requirement.


			12			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.2 Bioaccumulation			27			The cited report on TMFs of cVMS in Lake Champlain actually contained the following conclusions: "Reliable trophic magnification factors (TMFs) could not be obtained for cVMS or PCB in the aquatic food web of Lake Champlain. Experimental sampling design, concentration gradients, and species migration patterns across a study area have a large impact on the determination of TMF. The complexity of Lake Champlain and the occurrence of concentration gradients and variable species migrations patterns across the study area, were likely the major contributing factors that prevented reliable field TMFs to be obtained. This situation was further complicated by the experimental sampling design, which did not include collection of benthic macro invertebrates and allowed samples to be collected from numerous areas in the lake rather than limiting sample collection to the areas of highest exposure. Modeling illustrated that study areas with homogenous exposure conditions and concentrations are best suited to determine TMFs that accurately represent the bioaccumulative properties of cVMS and other substances." Thus, the reported TMF values should be considered inconclusive yet.


			13			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.2 Bioaccumulation			28			"Biomagnification factor (BMF) of 1−20 for D4 in midge larvae, burrowing mayfly and two fish species; BMF of 1.1−5.3 for D5 in midge larvae and burrowing mayfly and a BMF of 1.6 for D6 in midge larvae in Lake Pepin in the USA (Powell et al., 2009a)".The feeding matrix in Table 8 of Powell et al. (2009a) indicated that a few species feed on exclusively sediment and/or plankton, such as midge larvae (80% sediment detritus/20% plankton), burrowing mayfly (75% sediment detritus/25% plankton), Gizzard shad (95% plankton/5% midge), Gizzard shad (YOY) (100% plankton), and emerald shiner (70% plankton/30% others). The sediment concentrations normalized to TOC were used in the calculation of BMFs with plankton as prey because plankton was not collected. As a result, the calculated BMF values for these five species, as reported in Table 11, were equivalent or very close to BSAF values and should not be compared to true BMFs that are ratios of lipid-normalized concentrations between predator and prey. Thus, the calculated BMF values cited in paragraph 28 are completely unreliable. In addition, the D4 concentrations were all below the method detection limit in all of the sediment samples. BSAF values of D4 would then have extremely high uncertainty. All of the remaining 13 predator/prey BMF values were < 1. It is also important to note that this study was conducted to assess trophic magnification, and the data demonstrated that TMFs for the three cVMS materials were all < 1 (range 0.1 to 0.3) indicating trophic dilution across the aquatic food web.


			14			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.2 Bioaccumulation			29			"...the probability of a BMF>1 is 81%) for Atlantic cod-shrimp in Oslofjord, Norway (Powell et al., 2009c and 2010b)."  The publication can be referenced instead of Powell et al., 2009c and 2010b which were interim reports.   The peer review publication, Powell et al., (2018) Sci Tot Env, 622-623, p. 127-139 is inclusive of the interim reports and contains the final analysis of all the data.  The publication concluded that "Trophic magnification factors (TMF) for D4, D5, and D6 were <1.0 (range 0.3 to 0.9) and were consistent between the Inner and Outer Oslofjord, indicating that exposure did not impact TMF across the marine food web. There was no evidence to suggest biomagnification of cVMS in the Oslofjord. Rather, results indicated that trophic dilution of cVMS, not trophic magnification, occurred across the sampled food webs."


			15			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.2 Bioaccumulation			30			"Interpretation of these BMFs is complicated by the low levels found in the lowest parts of the food chain and by the high and variable analytical background concentrations which introduced some uncertainties into the data."  It is also important to note that the authors indicated that although Lake Opeongo is remotely situated from any significant sources of cVMS materials originating from sewage and runoff, it was observed to be a very popular location for canoeing and camping. Use of personal care products during recreational activities could not be definitely excluded as a potentially significant source of cVMS materials to the lake. 

In addition, the authors noted that non-detection of the cVMS materials in surface sediments, sediment cores, and zooplankton suggested that atmospheric deposition did not appear to represent a significant source of D4, D5 and D6 to Lake Opeongo. The low levels of D4, D5, and D6 that were detected in fish likely originated from personal care products used during recreational activities that were presumably rinsed off the body directly into the water column of the lake. Regardless of the source of entry, these preliminary results indicated that concentrations of the cVMS materials in the sediments and biota of Lake Opeongo were low and were typically less than or equal to the analytical limits of detection.


			16			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.2 Bioaccumulation			31			The result from the interim report (Powell, 2012) is part of the published paper of Powell et al. (2017, Sci Tot Env, 578, p. 366-382). Caution must be exercised when assessing BMF values obtained from field samples due to potential variations in the varying exposure levels and the 1-on-1 prey-predator relationship caused by fluctuations in food availability. Instead of relying on individual BMF values, evaluating the TMF which represents the mean for all BMFs in a food-web, would provide more valuable understanding. The findings of Powell et al. (2017) supported trophic dilution of cVMS in Tokyo Bay's food-web, contrasting with the results obtained from benchmark and reference chemicals.


			17			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.2 Bioaccumulation			32			" It is apparent that different conclusions can be drawn from some studies depending on the food chain configuration that is assumed. However, it is important to note that high bioaccumulation in a part of the food chain may have unpredictable effects throughout other parts of the food chain as well." The variability of TMF across distinct food-webs is acknowledged. The amplification of bioaccumulation within a specific segment of the food-web might not uniformly propagate throughout, contingent on the individual rates of uptake and depuration exhibited by each species. In essence, TMF stands as the ultimate metric delineating the propensity of chemical transfer within the entirety of the food-web.


			18			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.2 Bioaccumulation			36			"Furthermore, D4, D5 and D6 were detected in 11 out of 49 samples of human breast milk from ‘normal’ Swedish woman who had never had breast implants."  The study should not be deemed reliable because the breast milk samples were primarily collected for analysis of phthalates and acidified with 1M phosphoric acid (125 uL/mL) which would have hydrolysed the siloxanes and any other silicones present in the sample containers which would introduce false positive detections. The method was not validated for subsequent analysis of VMS including the potential of false positive artefact formation. In addition, the purge and trap sample processing and analysis method utilized in this study can produce artefacts from tubing, Tenax TA, N2 gas, thermal desorption unit, GC column made of 5% phenyl groups in PDMS, etc.  (22Gerhard et al. 2022). There was no quality control, procedural blanks included or any mention of how detection limits were set. Results are unreliable.    Proposed addition in bold: "cVMS were detected in the plasma samples from general population in northern China (n=519) in 2012–2014 at 1.10–5.95 ng/mL (df = 3.7%), 1.98–6.22 ng/mL (detection frequency (df) = 3.7%)".  This study should be considered unreliable for the analysis of siloxanes.  


			19			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.2 Bioaccumulation			38			This general comment refers to paragraphs 38-46. The description of the toxicokinetic profile for the three compounds is largely incomplete, which leads to erroneous and unsubstantiated conclusions. Details are provided for each of the following sections separately. It is not clear why in some cases, only 14-year-old assessments from national authorities are referenced, when complete (and more up-to-date) toxicokinetic information is available to ECHA in the REACH dossier. In addition, various peer-reviewed publications were not considered in the assessment. This specifically includes in-depth toxicokinetic assessments of all ADME-related aspects via PBPK modelling for D4 and D5, covering inhalation, dermal and oral exposure, in rats (two different strains for D4) and humans. The PBPK model was carefully reviewed and assessed by SCCS (2016) (SCCS/1549/15 Final version of 29 July 2016), who confirmed the high underlying confidence in accordance with the respective WHO IPCS Guideline (“Characterization and Application of Physiologically based pharmacokinetic models in risk assessment“) and concluded that the model is suitable for human risk assessment. References are provided in each paragraph.  
All previous assessments by regulators (and more) that are cited in paragraphs 38-46 consistently conclude that, based on all available toxicokinetic information, there is no concern for bioaccumulation for any of the three substances. As cited elsewhere in the comments, these assessment results are corroborated by several peer-reviewed publications. It is not clear why these important conclusions are omitted from this summary. 


			20			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.2 Bioaccumulation			39			Inhalation absorption of D5 is incompletely/incorrectly reported and should be stated as 2-3 %, as summarized in the D5 REACH Dossier (Basic toxicokinetics/005 supporting). For D6, no inhalation toxicokinetic study is available that could inform on inhalation absorption, and the estimate is solely based on comparison with D4 and D5, as summarized in Environment Agency (2009c).


			21			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.2 Bioaccumulation			39			The description of dermal absorption is incorrect and incomplete. 
Firstly, regarding D4, directly after 24 h exposure, not “around 1 %” but consistently less than 1% dermal absorption was observed both in vivo and in vitro in three reliable and relevant studies (Klimisch Code 1 or 2), as summarised in the REACH dossier (1: Zareba et al. (2002). doi: 10.1159/000063547, summarised in the REACH dossier under Dermal Absorption/002 Supporting and 2: Jovanovic et al., 2008; doi:10.1016/j.yrtph.2007.11.003, summarised in the REACH dossier under Dermal Absorption/001 Key and 003 Supporting). 
Secondly, the reported percentages represent worst case scenarios measured directly after cessation of exposure. The three studies show consistently that 24h post-dosing, >90 % of the initially absorbed D4 and D5 had evaporated from skin back into the ambient air. PBPK modelling confirms that skin acts as a separate compartment in case of the cyclic methylsiloxanes, allowing diffusion from skin back to the skin surface, followed by subsequent evaporation (Reddy et al., 2007; DOI: 10.1093/toxsci/kfm174). Supported by human data (reported in the D4 REACH Dossier under Dermal Absorption/Supporting 005 and in the D5 REACH Dossier under Dermal Basic toxicokinetics 007), the model shows that only 0.12 %/0.3 % of D4 (men/women) and 0.05 % of D5 reaches systemic circulation, respectively. 
The assessment was confirmed by SCCS for both D4 and D5 (SCCS/1241/10 and SCCS/1549/15).
Furthermore, the in vivo and human studies were conducted under semi-occluded (animals) or occluded (human) conditions. Dermal absorption under (semi-)occluded conditions is more likely, owing to several factors (see e.g. Zhai and Maibach (2001). For industrial use, non-occluded exposure conditions are more realistic (OECD, 2022; ENV/JM/MONO(2011)36/REV). Therefore, the actual dermal absorption is likely to be lower.


			22			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.2 Bioaccumulation			39			Reporting of oral absorption values for D4 is incomplete. Oral absorption for D4 is 12-77 %, not 50-77 %. Its vehicle dependency is summarized in the D4 REACH Dossier under Basic Toxicokinetics/006 Supporting, and in Franzen et al. (2017), doi: 10.1016/j.toxlet.2017.06.007.


			23			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.2 Bioaccumulation			39			The oral absorption values for D5 is incompletely reported. The correct and complete value should be presented as 17-20 % based on the D5 REACH Dossier (see Basic Toxicokinetics/001 Key)


			24			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.2 Bioaccumulation			39			For D6, oral absorption values are incompletely reported. In rats, oral absorption of 12-15 % has been found (see D5 REACH Dossier, Basic Toxicokinetics/002 Key). The study reporting slightly less than 12 % is considered more reliable and relevant; for example, 4 times more animals have been used for the assessment, and both sexes were studied. 
Oral absorption in pregnant rabbits was also investigated after oral gavage. Although insufficient levels of radioactivity in plasma did not allow a mass balance calculation, oral absorption of 2 % was estimated based on urinary excretion. Due to excretion and re-uptake of D6 via feces, this value is likely to be over-predicted (see D6 REACH Dossier Basic Toxicokinetics/001 Key)


			25			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.2 Bioaccumulation			39			"Absorbed D4, D5 and D6 is distributed widely throughout the body, with some preferential storage in fat for D4 and D5". Although it is true that the cVMS are lipophilic and will distribute to fat, they are also eliminated  via exhalation of parent and metabolism in the liver with excretion of water soluble metabolites in the urine and therefore do not bioaccumulate (Andersen et al., 2008). 


			26			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.2 Bioaccumulation			40			The statement “According to the opinion of the Scientific Committee on Consumer Safety (or SCCS), there is evidence that D4 accumulates in adipose tissue (SCCS, 2010).” is incorrect. While SCCS (2010) correctly notes higher levels of D4 in fat during study duration, no assessment on (bio)accumulation of D4 in adipose tissue is made. D5, however, is evaluated for potential bioaccumulation in the cited document, with SCCS concluding “Because D5 is rapidly eliminated by pulmonary and metabolic clearance, tissue concentrations, even in fat, do not increase with repeated exposures.” The conclusion for D5 was later confirmed in the SCCS Opinion on decamethylcyclopentasiloxane in cosmetic products (SCCS/1549/15, Final version of 29 July 2016).  Since relevant D5 pharmacokinetic properties (including logKow, blood:air partitioning and Km; see e.g. McMullin et al. (2016), doi:10.1016/j.yrtph.2015.12.010) would suggest slower elimination than D4, it can be safely concluded that  no concern for bioaccumulation of D4 was considered by SCCS (2010) in their assessment either. 


			27			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.2 Bioaccumulation			41			 Information is missing for D4 and D5. The pharmacokinetic properties in D4 and D5 have been investigated in various rat studies that are mentioned elsewhere in this dossier, and also in the following key publications (all summarized in the REACH dossier), which were not considered/referenced: 
 Plotzke et al. (2000). Metab Dispos. 2000 Feb;28(2):192-204  
Burns-Naas et al. (2002). doi: 10.1080/10915810252826000
 Jovanovic et al. (2008) doi: 10.1016/j.yrtph.2007.11.003 
Tobin et al., (2008). doi/full/10.1080/08958370801935075
 Domoradzki et al., 2017. doi.org/10.1016/j.toxlet.2017.05.002
Meeks et al. (2022). doi: 10.1016/j.toxlet.2022.09.001
Schmitt et al. (2023). doi: 10.1016/j.toxlet.2022.10.008

In addition, inhalation kinetics of D4 were assessed in humans (Utell et al., 1998, doi: 10.1006/toxs.1998.2483).

The pharmacokinetic profile of D4 and D5, including elimination kinetics, are also described in detail via PBPK modelling in the following peer reviewed publications:
 Andersen et al. (2001) doi: 10.1093/toxsci/60.2.214
 Reddy et al. (2003) doi:10.1093/toxsci/kfg001
Reddy et al. (2008) doi.org/10.1093/toxsci/kfm174
Dobrev et al. (2008) doi: 10.1080/08958370801903743 
Sarangapani et al. (2003) doi: 10.     
Burns-Naas et al. (2002). doi: 10.1080/10915810252826000
Jovanovic et al. (2008) doi: 10.1016/j.yrtph.2007.11.003 
Tobin et al., (2008). doi/full/10.1080/08958370801935075
Domoradzki et al., 2017. doi.org/10.1016/j.toxlet.2017.05.002
Meeks et al. (2022). doi: 10.1016/j.toxlet.2022.09.001
Schmitt et al. (2023). doi: 10.1016/j.toxlet.2022.10.008

In addition, inhalation kinetics of D4 were assessed in humans (Utell et al., 1998, doi: 10.1006/toxs.1998.2483).

The pharmacokinetic profile of D4 and D5, including elimination kinetics, are also described in detail via PBPK modelling in the following peer reviewed publications:
Andersen et al. (2001) doi: 10.1093/toxsci/60.2.214
Reddy et al. (2003) doi:10.1093/toxsci/kfg001
Reddy et al. (2008) doi.org/10.1093/toxsci/kfm174
Dobrev et al. (2008) doi: 10.1080/08958370801903743 
Sarangapani et al. (2003) doi: 10.1093/toxsci/71.1.41
Reddy et al. (2008). doi: 10.1093/toxsci/kfn125
McMullin et al. (2016) doi: 10.1016/j.yrtph.2015.12.010
Campbell et al. (2017). doi:10.1016/j.toxlet.2017.04.002
Campbell et al. (2023) doi: 10.1016/j.toxlet.2022.12.014
As noted elsewhere, the PBPK model has been externally assessed by SCCS (SCCS, 2015), who confirmed high confidence of the model output in line with WHO Guidance (2010).
This is one of the most robust data sets combined with multiple iterations of the PBPK model to fully characterized the pharmaocokinetic behavior of a chemical substance.  This is important in assessing any potential for risk to humans when considering the toxicity of D4 that has been demonstrated in unrealistic laboratory conditions and clearly supports that D4 even with hazards identified in these laboratory studies is not a risk for human health (Gentry et al., 2017)


			28			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.2 Bioaccumulation			41			While half-lives of parent D5 for some tissues are provided, reporting half-lives out of context does not sufficiently describe the kinetics of cyclics as assessed via various kinetic studies and PBPK modelling. All studies consistently describe bi-phasic elimination both of D4 and D5. Within minutes/hours post-exposure, a rapid decrease of parent in plasma is observed. In humans, 95 % of inhaled D4 was reported to be eliminated within 10 minutes (Franzen et al., 2017, doi:10.1016/j.toxlet.2017.06.007). This first phase of elimination is driven by both exhalation and rapid metabolic clearance. Details, including blood:air partition coefficients and enzyme kinetics, are provided in the references provided in previous comments. The half-lives cited in this subsection only describe the terminal elimination half-lives (second phase). Moreover, the available pharmacokinetic information suggests that elimination kinetics may be dose-dependent (faster elimination at lower doses) (Franzen et al., 2017)


			29			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.2 Bioaccumulation			43			The statement “The main routes of elimination for D4 and its metabolites are in the urine and exhaled air, and faeces (ECHA's dissemination website for D4)” is not correct. D4 is not found in urine (Varaprath et al., 1999, Drug Metab Dispos 27(11):1267-73; Plotzke et al., 2000); Domoradzki et al., 2017; Schmitt et al., 2023). Exhalation is the primary elimination route for both parent D4 and D6.


			30			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.2 Bioaccumulation			44			The statement “Given the route-specific nature of D4 pharmacokinetics, oral pharmacokinetic data collected is not as useful in understanding the bioavailability or tissue kinetics of D4. The oral pharmacokinetic data therefore, may not be practical for  safety assessments and can lead to misleading or erroneous conclusions (as cited in SCCS, 2010).” 

This may lead to inaccurate interpretation without the necessary context. The SCCS’ objective was the safety assessment of dermal and inhalation exposure, which were accurately described as the two primary exposure routes for cosmetic products. As described by the SCCS, the pharmacokinetic properties of D4 (and D5, as well as presumably D6) are route-specific. The available oral pharmacokinetic studies (and the PBPK model based on these data) are well-suited for the use in safety assessments addressing oral exposure but are not applicable for assessing the human health safety of cosmetics as the relevant route of exposure for these products is dermal or inhalation.   


			31			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.2 Bioaccumulation			44			The last sentence (describing D5) only refers to oral exposure of D5. Like D4, D5 was assessed in SCCS (2010), as well as in SCCS (2016) (SCCS/1549/15 Final version of 29 July 2016). As described for D4, the described route-specificity, as well as lack of concern for bioaccumulation, was highlighted in both SCCS opinions. 


			32			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.2 Bioaccumulation			46			The statement “Finally, toxicokinetic data indicate that there is evidence that D4 and D5 accumulate in adipose tissue/fat of rats.” is incorrect. While increased concentrations in fat were indeed reported for both D4 and D5 in rat studies, due to high lipid solubility, abundant elimination (both via exhalation and metabolic/urinary clearance) of both D4 and D5 prevent bioaccumulation, as conclusively shown by the published kinetic studies (also summarised in the REACH dossiers for D4 and D5) and PBPK modelling (references provided elsewhere in the comments). After careful assessment of all available information, the lack of bioaccumulation was confirmed for all three cyclics in regulatory reviews (D4: Environmental Agency, 2009a, D5: Environmental Agency, 2009b, SCCS (2010 and 2016), D6: Environmental Agency, 2009c) as well as in peer-reviewed publications ( see e.g. D4: Franzen et al., 2017; D4 and D5: Andersen et al., 2008). 

Via PBPK modelling, Andersen et al. (2008) showed conclusively that elimination rather than lipophilicity drives bioaccumulation. For volatile lipophilic compounds it could be shown that – in addition to metabolic clearance – elimination via exhalation is a key driver in toxicokinetic behaviour, preventing volatile compounds from bioaccumulation. D4 and D5 served as case studies in this generic assessment. 
More recently, Franzen et al. (2017) concluded for D4: “Collectively, the results from these studies demonstrate that D4 is readily absorbed and reaches systemic circulation rapidly following inhalation exposure. The results also indicate that D4 is unlikely to accumulate in the fat, even though it is lipophilic, primarily due to three excretion mechanisms: ready clearance as water soluble metabolites from the tissues via the urine; exhalation of parent D4; and to a lesser extent, excretion of parent D4 in the feces.”


			33			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.2 Bioaccumulation			46			"However, biomagnification or trophic magnification (BMF or TMF>1) is possible for some pelagic food webs" The TMF>1 may not necessarily be due to this system being a pelagic food web but more to do with the presence of exposure gradients.      

"It "is important to note that high bioaccumulation in a part of the food chain may have unpredictable effects throughout other parts of the food chain as well. " Please provide scientific support for this statement.     

 "Finally, toxicokinetic data indicate that there is evidence that D4 and D5 accumulate in adipose tissue/fat of rats" This is not correct please see the comments concerning the toxicokinetics assessments above.  Andersen et al.,  2008 clearly demonstrated that D4 and D5 were not bioaccumulating .

In addition Andersen et al. 2008 is included in the Reconsile EU REACH registration dossiers. Terrestrial bioaccumulation (including the data from Andersen et al. 2008) is discussed in the D4 and D5 dossiers, concluding that the substances have a high rate of depuration through exhalation and biotransformation indicating that they do not have a potential for biomagnification in air-breathing organisms or terrestrial food webs. Links to the relevant sections disseminated dossiers are below:
https://echa.europa.eu/de/registration-dossier/-/registered-dossier/15289/5/4/3
https://echa.europa.eu/de/registration-dossier/-/registered-dossier/14807/5/4/3


			34			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.3 Potential for long-range environmental transport			49			"... and 1860−8640 km for D6" This is out of order since the predicted half life of D6 is in the order of D4>D5>D6


			35			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.3 Potential for long-range environmental transport			49			Breivik et al. (2022) introduced novel metrics in the Emissions Fractions Approach (EFA) to evaluate long-range environmental transport (LRET). The metrics included environmentally dispersed fraction (ϕ1), remotely transferred fraction (ϕ2), and remotely accumulated fraction (ϕ3). Among these, ϕ3 holds particular significance for the assessment of LRET within the Stockholm Convention framework. The original EFA developed by 50Breivik et al. (2022) computed the metrics based on three fundamental emission scenarios, involving emissions solely to air, water, or soil, with a focus on the worst-case scenario. While these elemental emission scenarios provided valuable insights into LRET behaviors, the calculation using realistic emission scenarios is deemed superior for obtaining more accurate metrics and reducing prediction errors and thus risk of false negatives/positives at a higher tier (Breivik et al., 2012).
To address this, the EFA model has been enhanced by incorporating predictions with realistic emission scenarios. Furthermore, the revised model allows for the input of all appropriate partition values (KOW, KAW, KOA, and KOC), as the original EFA model assumed KOC = 0.35×KOW, which is not suitable for volatile methylsiloxanes (VMS) according to the measured values (51Whelan and Kim, 2022; 52Xu et al., 2014). With the application of realistic emission scenarios, the revised model indicates significantly lower values for ϕ2 and ϕ3 of the cyclic volatile methylsiloxanes (cVMS) compared to those calculated using the three individual elemental emissions (SI-1). Specifically, the transfer (ϕ2) and accumulation (ϕ3) of cVMS on the surface of polar regions are found to be 50-126 times smaller with realistic emissions than those predicted with individual emission scenarios and much smaller than those of current persistent organic pollutants (POPs). See more in supporting information.


			36			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.3 Potential for long-range environmental transport			50			While the half-lives of D4, D5, and D6 have been measured and estimated, uncertainties still exist regarding the input parameters. To address this, we conducted sensitivity analyses by varying the base values with factors ranging from 0.2 to 5. The environmentally dispersed fractions (ϕ1) for D4, D5, and D6 showed an increasing trend with longer half-lives in air, but their values were not influenced significantly by half-lives in water or soil. In most cases, the ϕ1 values were slightly higher than the threshold value (i.e., 10^–3.1). Regarding the remotely transferred fractions (ϕ2), we observed that for D4 and D5, they increased as the half-lives in air and water increased, with increments ranging from 0.4 to 0.6 log units and 0.2 to 1.0 log units at higher half-life values, respectively. However, the ϕ2 value for D6 remained relatively stable across all media and half-life variations. As for the remotely accumulated fractions (ϕ3), they showed an increasing pattern with longer half-lives in water but remained stable with varying half-lives in air and soil.
Overall, the ϕ2 and ϕ3 values for D4, D5, and D6 were consistently more than two orders of magnitude lower than the threshold values (i.e., 10^–4.1 and 10^–5.1, respectively) for all tested half-life ranges. These results indicate that the transfer and accumulation of cyclic volatile methylsiloxanes (cVMS) on the surface of polar regions would be significantly smaller compared to the current POPs across the range of half-lives tested. See more in supporting information.




			37			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.3 Potential for long-range environmental transport			50			"...in the models such as the half-lives in water and soil which are not available for D4, D5 and D6" It is unclear why the author of this dossier makes this statement.    Half-lives in all relevant compartments are extensively described in the individual Reach Dossiers, under section 4.1 “Degradation” of the Chemical Safety Reports. Reliable figures are provided, estimated as well as measured. Degradation in water and in soil are both covered.


			38			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.3 Potential for long-range environmental transport			51			"Furthermore, the OECD Pov and LRTP Screening Tool, GloboPOP model and ACP do not account for the deposition potential of cVMS from aerosols consisting of inorganic material such as minerals or crystalline particles (further discussed below)." It is true that the models do not include inorganic aerosols for the assessment of LRET. When considering the potential for cVMS to interact with inorganic aerosol, it is important to factor sorption capacity (which would be low) and surface reactions. These mechanisms would be included in future modeling, but the EFA model and the OECD Pov and LRTP Screening Tool incorporate 'generic' aerosols as a sub-compartment in air. We conducted a sensitivity analysis to assess the potential contribution of 'generic' aerosols to LRET in the revised EFA model. In this investigation, we explored the impact of two critical parameters, namely aerosol volume fraction and KOA values, on the mass distribution of D4, D5, and D6 on aerosols and the new LRET metrics. The results of the study revealed that the transport of cVMS by aerosols is projected to be minimal, except in scenarios where the aerosol volume fraction in the atmosphere reaches unusually high levels. Nonetheless, even in instances of temporarily elevated aerosol concentrations in specific locations, such events would not substantially contribute to dispersion, transfer, and accumulation of cVMS to polar regions. See more in supporting information. 


			39			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.3 Potential for long-range environmental transport			52			"Therefore, the transfer efficiency (TE), transfer potential, and ACP reported above (Wania, 2003, 2006; Environment Canada, Health Canada, 2008a,b,c; Gouin, 2010; Xu and Wania, 2013 and Breivik et al., 2022) are considered to be underestimated for D4, D5 and D6." Where is the scientific support for this?  As indicated above if you are considering the contribution one must also address the significance of the sorption capacity and the reaction potential on the surface of the inorganic aerosol.  


			40			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.3 Potential for long-range environmental transport			54			"There are identified uncertainties with the study of Xu and Vogel (2021). The aluminum-lined bags used for gas preparation and dosing seemed to have increased the hydrolysis rate of the D4 and D5 under the open chemical hood experiment."  This has been discussed in the paper, it only decreases the volatilization loss, but increases the total amount remaining in water and soil since the volatility of the degradation products are low and will not be susceptible to volatilization loss. In other words, this will not have any effects on "underestimation of snow scavenging" but would be more likely to overestimate the potential.                                                                                            


			41			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.3 Potential for long-range environmental transport			54			"The study could have been performed with several reference compounds having different snow sorption coefficients from low to high values. As a consequence, there is uncertainty associated with the derived snow sorption coefficient (KiA) values and snow scavenging ratios (WT) by Xu and Vogel (2021)"                                             
To test the systems a compound predicted to have similar sorption coefficient was used. The measured sorption coefficients of D4 and D5 actually were smaller than that of this reference compound. Any possible error would mostly come from any error in the sorption coefficient of the reference compound. However, such uncertainty should be relatively small and could not explain the difference between the calculated snow scavenging ratio by Sanchis et al. and the measured value. Take D5 as an example: the estimated value of snow scavenging ratio of 62000 is more than 3 orders of magnitude of the value measured by Xu and Vogel et al., (2021).  This kind of difference could not be explained simply by the "measurement" uncertainty. 


			42			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.3 Potential for long-range environmental transport			54			 "Sanchís et al. (2015b) calculated snow scavenging ratios (WS) of 89, 62 000, and 120 for L3, D6, and naphthalene (having a similar vapor pressure as cVMS), respectively (derived by using a snow surface area of 0.37 m2/g and assuming a snow density of 0.3 kg/L instead of an SAI of 1000). The derived WS for naphthalene is according to Sanchís et al. (2015b) three orders of magnitude lower than the field measures (4.6 × 105), suggesting that WS for VMS could be significantly higher than these estimates."      There is no scientific basis  provided to support the statement suggesting that "WS for VMS could be significantly higher than these estimates".   It is difficult to understand the logic that since there is an observed discrepancy in the estimated and measured snow scavenging ratio for naphthalene that the discrepancy observed for D4 and D5 should also be valid because naphthalene and D5 have similar vapor pressure.   Vapor pressure is only one variable in the complex equation that links the physiochemical property of a compound to their snow scavenging and transfer from snow to snow melt.  However, the partitioning from air to water is not controlled by "vapor pressure", but controlled by KAW, or the ratio of the saturated vapor pressure and water solubility. For example, D4 and D5 had the saturated vapor pressures 26 and 5 times higher than that of Naphthalene, but ~200 and 600 times lower water solubility than the solubility of Naphthalene. D4 and D5 have KAW values 4 to 5 orders of magnitude higher than Naphthalene. That large difference is relevant to their transfer to snow melt, not "the vapor pressure".   

What this data demonstrates is that there is a discrepancy between an estimated value and a laboratory derived value. There is no scientific basis to assume that the uncertainty lies on the laboratory derived value.  



			43			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.3 Potential for long-range environmental transport			54			"...thus further highlighting the uncertainty of the KiA and WT values derived by Xu and Vogel (2021) for D4 and D5".   The polyparameter linear free energy relationship used by 63Mackay et al. (2015) is derived based on data with non-organosilicone compounds as training set therefore there is also uncertainty that should be considered in that derivation.  


			44			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.3 Potential for long-range environmental transport			55			"Considering the high global volumes of these substances even a low percentage of deposition and transfer to a receiving matrix (water (including sediment) or soil) is of potential concern for remote areas"  The original discussion had already taken into consideration the consequence of the large emission. This is done by calculating the snow scavenging effects based on the predicted air concentrations in Antarctica. The discusssion in the paper from Xu and Vogel (2021) already took this into consideration.  Please see the report on measureed air concerntrations.  NILU report titled "Cyclic volatile methyl siloxanes in the Antarctic atmosphere"


			45			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.3 Potential for long-range environmental transport			55			"Dry aerosol-bound deposition (from aerosols consisting of inorganic and organic particles, and water), wet deposition (via rain and snow) and gaseous deposition (in particular on foliage) are possible ways of deposition of D4, D5 and D6, as discussed below"  As discussed above what is not considered is sorption capacity of these aerosols or the fact that reaction on the surface is very likely.  All of this must be considered when assessing  the significance of a potential mode of deposition.  On the one hand, when talking about the degradation, the aerosol-bound fraction has been ignored.  On the other hand, the sorbed fraction is considered enough to make an impact on the cVMS deposition in the remote region.  The question is what is the flux of aerosol from air to the remote region in dry deposition? Based on that kind flux of aerosol deposition, and the concentration of cVMS on the aerosol particles that are resistant to degradation what would actually deposit to the remote region would most likely be insignificant but no such assessment has been done to evalute this.   (See also comments about the gaseous deposition to foliage (paragraph 65).  


			46			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.3 Potential for long-range environmental transport			57			"Other aerosols, such as those containing kaolinite and sulfates, showed irreversible sorption for the VMS, especially at low concentrations. However, for kaolinite as more D4 and D5 sorbed, the irreversible fraction decreased (or the reversible fraction increased) to 27% (at D5 ∼1100 μg/m²). Furthermore, for kaolinite and sulfates, it is important to note that more and more gas-phase D4 was produced when the gas phase D5 concentration decreased over time. The formation of D4 in this case was related to transformation of sorbed D5 on the aerosol surface into D4" 

Kim and Xu (2006) tested surface transformation of D5 at high sorption densities (>300 µg/m²) on kaolinite with equilibrium concentrations of D5 >2 µg/L. These levels are still very high compared with rural and remote environments, and kaolinite particles are expected to travel only short distances due to its density (2.65 g/cm³) and size (>10 µm). Since the long-range travel of kaolinite particles as well as other primary aerosols are poorly understood so far, more investigation is warranted under more realistic conditions to gain better knowledge on the surface reactions and long-range transport.


			47			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.3 Potential for long-range environmental transport			58			"...Kim and Xu (2016) demonstrate that sorption of cVMS to atmospheric inorganic aerosols should be accounted for in the deposition potential of these substances as some aerosols such as carbon black, sea salt, quartz, illite, mica, hematite reversibility interacted with D4 and/or D5" 

Kim and Xu (2016) had only measured and reported the sorption coefficients of D4 and D5 on the aerosols. They have also examined the catalytical possible effects of the aerosols based on the measured sorption coefficients and the observed sorption and surface-catalyzed degradation. In other words, the aerosols were examined as “catalysts”. It is reasonable to expect the catalytical effects on cVMS degradation especially in the source region because the aerosol concentrations (>20 times higher than that in the remote region) and airborne cVMS concentrations both are much higher in the source region where significant degradation may occur. For long-range transport, the aerosols in this transport mechanism have been viewed as transport vehicles. We suggest that the flux of cVMS by this mechanism could be calculated using the flux of aerosol deposition and the expected sorbed concentrations in the remote environment so that the LRET by mineral aerosols could be quantified accurately. A rough calculation shows that the yearly contributions of dust aerosol deposition to water (100 m deep) concentrations in the polar regions are: D4 0.007 (Arctic) and 0.0004 (Antarctic) ng/L, and D5 0.016 (Arctic) and 0.0097 (Antarctic) ng/L. Similarly, the yearly contributions of dust aerosol deposition to soil (10 cm deep) concentrations in the polar regions are: D4 0.00037 (Arctic) and 0.00002 (Antarctic) ng/g-dw, and D5 0.00085 (Arctic) and 0.00006 (Antarctic) ng/g-dw. Note: Kp's for D4 and D5 are 0.285 and 0.649 m³/g (kaolinite equivalent); Air concentration in polar regions of D4 and D5 are 0.5 and 1.04 ng/m³; fluxes of aerosol deposition are 0.5 and <0.03 g/m²/y in Arctic and Antarctica, respectively. In these calculations, we assumed all cVMS will 100% transfer to the water and soil in the deposition. In reality, some of the sorbed cVMS will undergo degradation on the aerosol surface and some will be volatilized once in contact with water. The net deposition flux should be smaller than these estimated here. The results suggest that deposition potential of D4 and D5 in the polar regions would be small with insignificant contribution to concentrations in water and soil.
F. Dentener, S. Kinne, T. Bond, O. Boucher, J. Cofala, S. Generoso, P. Ginoux, S. Gong, J. J. Hoelzemann, A. Ito, L. Marelli, J. E. Penner, J.-P. Putaud, C. Textor, M. Schulz, G. R. van der Werf, and J.Wilson. Emissions of primary aerosol and precursor gases in the years 2000 and 1750 prescribed data-sets for AeroCom. Atmos. Chem. Phys., 6, 4321–4344, 2006.


			48			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.3 Potential for long-range environmental transport			58			"Furthermore, modelling predictions (OECD Pov and LRTP Screening Tool, GloboPOP model, ACP) described above did not account for sorption on inorganic particles in aerosols, nor the possible formation of D4 following transformation of sorbed D5 on aerosol surface."  This argument ignores the fact that such aerosol effects also will reduce the residence time in air and thus the travel distance. It also ignores the fact that concentrations of aerosols that would arrive at the air compartment in the polar regions, a necessary pre-condition, are extremely low. For that reason, ignoring the aerosol effects may cause overestimation of travel distance due to ignorance of the aerosol effect in the source region but has no effects on the deposition in the polar region because of the low  flux of aerosols reaching such remote regions.   While it is true that the effect of aerosols on LRET has not been fully studied, the argument overlooks the fact that an increase in mass fractions on aerosols could reduce the residence time in air due to greater degradation and thus the travel distance. Furthermore, the perspective neglects the fact that concentrations of aerosols reaching the atmospheric compartment of polar regions, a necessary pre-condition, are generally minimal under typical circumstances. Thus, it is possible that the omission of the aerosol effects would lead to overestimation of travel distance as degradation occurring on the aerosol surface near the source region and the absence of virtual deposition in polar regions are disregarded.


			49			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.3 Potential for long-range environmental transport			59			"monitoring data indicate that long-range environmental transport of D4, D5 to D6, with the potential for transfer to a receiving environment, is possible via air, water and migratory species".     This assumes that all the monitoring data in remote regions is reliable and not a result of artifact, contamination or a local source all of which has been referred to as challenges with remote monitoring data (AMAP 2017 and Krogseth and Warner 2019). This statement has also ignored the majority of data that showed non-detection in remote regions with minimal local source impact. 


			50			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.3 Potential for long-range environmental transport			60			"it cannot be excluded that the long-range transport via river/oceanic currents and/or air may have contributed to the concentrations of cVMS found in the marine sediments. Furthermore, the statement of Panagopoulos Abrahamsson et al. (2020), that the ‘nearby’7 river delta may be a source of cVMS as well as the quantifiable concentrations of D4, D5 and D6 clearly indicate their potential for long range transport via adsorption onto suspended matter and subsequent transport to sediment via rivers and ocean currents." This argument lacks substantiation as it rests on speculation without any supporting evidence. The monitoring protocols outlined by Panagopoulos Abrahamsson et al. (2020) were not specifically tailored to assess the potential long-range transportation facilitated via river/oceanic currents and/or air. While the presence of polycyclic aromatic hydrocarbons (PAHs) and hexachlorohexanes (HCHs) was confirmed in the Mackenzie River delta, VMS were not measured or reported in the same location. Thus, drawing a comparable conclusion for VMS based on findings pertaining to other chemicals lacks validity.


			51			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.3 Potential for long-range environmental transport			61			"Panagopoulos Abrahamsson et al. (2020) further stated that when comparing the wastewater concentrations of cVMS to the sediment concentrations of cVMS in Adventfjorden, it was observed that the concentrations of D4 in the sediment samples were slightly higher than what one would expect based on the wastewater emissions. The authors speculated that this observation could be the result of long-term emissions or emissions other than wastewater (e.g., industrial applications). However, another possibility is the contribution of atmospheric deposition of D4 and an enrichment of the sediment with D4 due to biota carcasses of organisms which bioaccumulate D4."  Significant uncertainties persist concerning the overall emission rates and patterns of VMS, as well as environmental factors such as ocean currents and ice formations. Thus, the assertion that sediment concentrations of D4 surpassed anticipated values solely based on total emissions is not valid. The proximity of the sampling sites near Adventfjorden limits the applicability of the data in comprehending long-range transportation from external sources. To comprehensively address these matters, a more systematic investigation is essential, encompassing atmospheric deposition, enrichment pathways, and other potential pathways.


			52			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.3 Potential for long-range environmental transport			62			"...local sources alone cannot explain the concentrations of D4, D5 and D6 detected in remote areas"   How was it determined that local source alone cannot explain the concentrations? Please explain this. 


			53			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.3 Potential for long-range environmental transport			63			"D4, D5 and D6 have been detected in various media in the Arctic, including in the air at two remote sites (Zeppelin/Ny-Ålesund in Svalbard and Alert, Nunavut in Canada) between 2009 and 2021 (concentrations in the range of nd –35.1 ng/m3 for D4, nd–12.3 ng/m3 for D5 and nd–5.61 ng/m3 for D6, Genualdi et al., 2011; Krogseth et al., 2013; Rauert et al., 2018; Warner et al., 2020; NILU, 2014 to 2022 ; Saini et al., 2023 and Wania et al., 2023), in marine sediment from the Norwegian Arctic seawaters, the Canadian Archipelago, the Arctic Ocean, the Atlantic Ocean and the Pacific Ocean between 2009 and 2021 (concentrations in the range of nd–8.60 ng/g dry weight (dw) (or nd–1.87 ng/g wet weight (ww)) for D4 (and up to 61 ng/g dw or 13.26 ng/g ww in the Pacific), nd–11.5 ng/g dw (or nd–2.5 ng/g ww) for D5 (and up to 87.4 ng/g dw or 19 ng/g ww in the Canadian Archipelago with ‘potential’ local sources), nd–4.6  ng/g dw (or nd–1 ng/g ww) for D6 (and up to 12.42 ng/g dw or 2.7 ng/g ww in the Canadian Archipelago with ‘potential’ local sources); MAREANO programmes  between 2009 and 2021; Evenset et al., 2009; ECCC unpublished and as cited in ECCC, 2022 and Panagopoulos Abrahamsson et al., 2020), in avian and marine biota samples from Svalbard (Liefdefjorden, Billefjorden, Moffen, Nordkappsundet and Bjørnøya) and on the remote islands Sklinna and Røst of the Norwegian coast (concentrations in the range of n.d–9.2 ng/g ww for D4, n.d–19.1 ng/g ww for D5 and n.d–20.5 ng/g ww for D6 between 2008 and 2012 (Evenset et al., 2009; Campbell, 2010; Warner et al., 2010; Warner et al., 2013; Huber et al., 2015)"   Although there are some sporadic reports on the presence of cVMS, there are also more examples of none detected in the same area. The reported presence from many none detect samples is more likely a possible artifact or contamination and not evidence of LRT/deposition.  If it was related to LRT/deposition, we would expect that it should be found consistently. 


			55			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.3 Potential for long-range environmental transport			64			"Furthermore, McLachlan (2018) stated that it is possible that deposition with snow is the major process of removal from the air under conditions of heavy snowfall and low phototransformation. Lower concentrations of cyclic VMS in the air have been observed during major snow events in Toronto (Canada) (Ahrens et al., 2014 as cited in McLachlan, 2018)"  Ahrens et al. had only shown a relationship between the concentration of temperature and did not do any analysis of snow or snowmelt to see if the cVMS can be present in snow and transfered to snow melt. About the snow scavenging, the only direct and relevant evidence is the study published by Xu and Vogel (2021). Ahrens et al. (2014) had only shown a relationship between the cVMS concentrations of temperature in the Toronto region and did not do any analysis of snow or snowmelt to see if the cVMS were present in snow and transferred to snow melt. This is, therefore, a speculation.  The analysis by McLachlan (2018) is an estimation, not a real study of snow scavenging. Even in his analysis using the estimated snow sorption coefficients, McLachlan (2018) found that snow scavenging to remove D4 and D5 from air is a ”very slow” process, although it may be more signifiant for D6. This process will be even slower if the measured snow sorption coefficients from Xu and Vogel (2021) are used in the calculation. Of note, McLachlan (2018) stated that there is removal of some VMS, like D6, by heavy snowfall from air to snow pack, and also pointed out that “it is anticipated that most VMS in the snow pack will volatilize during snow melt, so the net deposition to surface media over a larger time scale will be small.” This last point has been demonstrated by Xu and Vogel 2021 in their snow melting experiment. 


			56			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.3 Potential for long-range environmental transport			65			"McLachlan (2018) further reported that the rate of gaseous deposition for VMS to foliage was higher compared to other deposition processes (however, the dry aerosol-bound deposition rates did not account for possible adsorption to aerosols with inorganic particles such as minerals and crystalline particles). Thus, the gaseous deposition of cVMS has likely contributed to the measured concentrations of cVMS found in vegetations from Antarctica (Sanchís et al., 2015a)." 
McLachlan (2018) is the chapter on Atmospheric Fate of Volatile Methyl Siloxanes from Volatile Methylsiloxanes in the Environment, Homem and Ratola (eds.). These statements are all based on calculations presented in section 3 of this chapter, based on VMS partitioning properties and assumed characteristics of the environment. This statement is a distortion of what is presented by McLachlan. The calculation, which is meant to represent an upper limit on the rate of gaseous deposition to soil or vegetation, shows that the time constant for deposition of a chemical to foliage can be much higher than it is for gaseous deposition to water, as well as other deposition processes. But this larger deposition rate to foliage appears to not be specific to VMS, but instead represents a generic value taken from Ref 24, which is then compared to the estimated rates of the other deposition processes. It is highly misleading to state that "McLachlan further reported that the rate of gaseous deposition for VMS to foliage was higher compared to other deposition processes." A more accurate statement would be, "McLachlan calculated that the upper limit on the rate of gaseous deposition of a chemical (non-specific) to foliage could be much higher than the estimated rate for VMS deposition to water or other deposition processes (e.g., dry aerosol-bound deposition)." But this was not confirmed empirically for VMS substances. 


			57			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.3 Potential for long-range environmental transport			65			"the gaseous deposition of cVMS has likely contributed to the measured concentrations of cVMS found in vegetations from Antarctica (Sanchís et al., 2015a)" The statement is false. As pointed out by McLachlan (2018), “gaseous deposition of VMS is generally expected to be lower. The comparatively low surface media/air partition coefficients for VMS mean that surface media equilibrate rapidly with the VMS in the atmosphere.” Therefore, the range of concentrations of D4, D5 and D6 in air needed to result in the concentrations reported for the foliage can then be estimated based on equilibrium partitioning between lipid in vegetation and the air.  Using the measured temperature dependence of KOA, measured temperature, and lipid content by Sanchis et al. (2015), we have estimated that the air concentration has to be 81-5000 ng m-3 for D4 and 57-3200 ng/m-3 D5 to result in such high concentrations of D4 and D5 reported by Sanchis et al.. These concentrations can be only found in indoor air in source region, The reported D4 and D5 concentrations in the sampling time in Trollhagen stations in the Antarctica are <LOQ and LOD (< 0.02 ng/m-3).   


			58			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.3 Potential for long-range environmental transport			66			"Consequently, deposition of D4, D5 and D6 seems to be possible during periods of lower photolytic activity"       The cVMS degradation does not mostly occur in the polar atmosphere. It occurs on the journey to the polar region.  The airborne cVMS that reach the polar atmosphere is not trapped and will circulate back. Therefore, this assumption that the cVMS will accumulate in the polar atmosphere in the winter time because there is no sunshine there is not accurate. It is there because the removal in the journey has slowed due to the decreased photolytic activity in winter. 


			60			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.3 Potential for long-range environmental transport			66			"Furthermore, the decline in the D5/D4 ratio away from source regions suggests the dominant role of long-range transport in delivering these chemicals to remote areas (Rauert et al., 2018 and Saini et al., 2023" 

Understanding the ratio of D5/D4 is an important aspect for assessing concentrations in air for LRT vs presence due to a local source. Although, the D5/D4 ratio will decrease as said, other factors may also be involved including possible sampling artefact associated with PUF based passive samplers in studies by Rauert et al., 2018 and Saini et al., 2023). We are in the process of drafting a publication on this concept.  


			61			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.3 Potential for long-range environmental transport			67			"Measured concentrations in the Arctic air have been shown to be three orders of magnitude higher than most regulated POPs (NILU, 2022)"

This comparison and reasoning is not scientifically valid. The concentration in air is positively related to cVMS emission rates and half life in air and negatively related to their deposition potential from air.  In addition, If there is a local source for cVMS this comparison become meaningless.  Lastly, different compounds have different effect level concentrations, the comparison of concentrations alone means little to the risk on the environmental and human health.


			62			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.3 Potential for long-range environmental transport			67			"Moreover, sediments have also been suggested to undergo long-range transport with turbidity currents (Kneller et al., 2016)" 

This reference (Kneller et al., 2016) suggests that sediment particles can be transported longer distance in turbulent current in the ocean compared to non-turbulent flow. However, to link this particle transport to cVMS transport in the ocean, one needs to know howa  cVMS-containing sediment plum may be carried to these turbulent currents. What flux of sediment can be transported as well as to what distance and where?  Adsorption/desorption studies have demonstrated when D4, D5 and D6 adsorb to sediment particles, they  have very fast desorption kinetics (Xui et al., 2014) and the desorbed D4, D5 and D6 have relatively fast hydrolysis kinetics in sea water (due to high pH). Therefore, sediment-bound cVMS will be dissipated rapidly once desorbed. Without taking this desorption and degradation into consideration, the long-range transport by ocean current is total speculation.  


			63			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.3 Potential for long-range environmental transport			67			"As a consequence, it cannot be ruled out that sediments containing D4, D5 and D6 (where they are persistent) can be transported over long distances along the sea floor via turbidity currents" 

Based on their potential release scenarios and partitioning properties, two transport media can be considered for cVMS: air and water. However, based on the results of two model simulations, the removal of cVMS from water in the natural environment is rapid. Hence, water cannot be considered as an effective transport medium. For example, using measured partition coefficients (Xu et al., 2014) and media-specific half-lives (Xu and Wania, 2013) as inputs, the characteristic travel distance (CTD), a LRTP metric, of D4 in water is around 9 km by the OECD Tool (Wegmann et al., 2009). Similarly, an estimated CTD value of 167 km could be obtained using the TaPL3 model (Beyer et al., 2000) based on the default conditions including the standard temperature of 25 °C, an average concentration of suspended sediment particulate of 7.5 mg m-3, water depth of 5 m, and water flow velocity of 1 m s-1 (86 km/d). Using the same approach, the CTD values in the water were found to vary from 88 km for D5 to 597 km for D6.
In this modelling assessment, the organic carbon in the suspended particulates (e.g., re-suspended sediment as default conditions) has been considered [as default conditions in the model (Beyer et al., 2000)] and thus this modelling also includes the role that suspended natural sediment particles might play in the LRET of cVMS in water. The estimated short CTD values indicate that the re-suspended sediment particulates in the natural water body could not be an effective carrier for LRET of cVMS, especially for D4 and D5.  


			64			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.3 Potential for long-range environmental transport			67			"The authors further stated that no human settlements exist in Liefdefjorden, with cruise ship traffic during the summer being the only human influence impacting this fjord. " 

Please explain how can the cruise ship traffic can be excluded as a source?


			66			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.3 Potential for long-range environmental transport			69			"Finally, a benchmark exercise was performed in order to compare the concentrations of cVMS with the ones of known POP substance......s In Marine sediment…...VMS concentrations were up to 8.60 ng/g dw for D4, up to 0.17 ng/g dw for D5 and up to 0.8 ng/g dw for D6" 

This comparison is only appropriate if the the presence of cVMS is only from LRT.   If there is a local source for cVMS this comparison become meaningless. 


			67			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.3 Potential for long-range environmental transport			69			"Overall, the benchmark approach indicates that cVMS concentrations are in similar ranges to concentrations of POP substances in marine sediment and seabird eggs."  

This comparison is only appropriate if the the presence of cVMS is only from LRT.   If there is a local source for cVMS this comparison become meaningless. 


			68			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.3 Potential for long-range environmental transport			70			"D4, D5 and D6 have been measured in environmental and biota samples from remote regions (Arctic and Antarctic), indicating that the substances have the potential for long-range environmental transport......monitoring data indicate that long-range environmental transport of D4, D5 to D6, with the potential for transfer to a receiving environment, is possible via air, water and migratory species" 

All monitoring data available on these substances should be assessed for reliability and in remote regions assessed for being associated with a potential source.  This should be done to ensure the reliability of the data and that the presence is representative of long range transport (LRT).  There are published evalutions that have done this critical evaluation and have concluded that the presence reported in the identified remote regions were most likely a result of local sources (AMAP 2017, Krogseth and Warner 2019)


			69			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.3 Potential for long-range environmental transport			70			"The presence of D4, D5 and D6 in remote areas can be explained by atmospheric transport in the gas phase and bound to the atmospheric aerosols, followed by a possible deposition (wet deposition (via rain and snow), gaseous deposition (in particular on foliage) and dry aerosol-bound deposition (including on inorganic aerosols)"                    The amounts of cVMS remaining on the aerosols and the aerosol flux to the polar region is too small to make any effects on the cVMS concentrations in the remote regions.


			70			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.3 Potential for long-range environmental transport			70			"Furthermore, the measured levels of D4, D5 and D6 in deep marine sediments (up to a water depth of 1963 m) from the Norwegian Arctic seawaters, the Canadian Archipelago, the Arctic Ocean, the Atlantic Ocean and the Pacific Ocean indicate the potential of D4, D5 and D6 for long-range transport via the adsorption onto suspended matter and subsequent transport to sediment via water in rivers and ocean currents" 

Presence of these substances even in samples that appear to be far from a source, must be assessed for the possibilty of local source and or contamination or analytical artefact before assuming LRT.

D4, D5 and D6 on sediment particles have very fast desorption kinetics (see Kozerski et al., 2014) and the desorbed D4, D5 and D6 have relatively fast hydrolysis kinetics in sea water (due to high pH). Then the sediment-bound cVMS will be dissipated rapidly. Without taking this desorption and degradation into consideration, the long-range transport by ocean current is total speculation. 


			71			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.3 Potential for long-range environmental transport			70			"Additionally, the presence of D4, D5 and D6 in migratory species in locations distant from known point sources such as Liefdefjorden, Billefjorden, Moffen and Bjørnøya in Svalbard indicate the potential for transfer of these substances to the remote environment via migratory species."                                                                                         
To verify if the substance can be transported by migratory species and transferred to the receiving environment, shouldn't  the non-migratory species in the receiving environment be monitored?  The measurement in the species mentioned in the document only show that you can find the substance in the migratory species that are likely exposed in a source region.  The reported presence in a migratory species does not provide any support that it will transfer to the receiving environment in a remote region.  


			72			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.4 Adverse effects			73			"The measured concentrations were assessed against the Environmental Quality Standard (EQS) values derived in the context of the Water Framework Directive 2000/60/EC implementation in Sweden (833 μg kg−1 for both D4 and D5 based on secondary poisoning risk for predators). When comparing the 5% fat-normalised data with the EQS, the following EQS exceedances for D5 were found: Rhine/Bimmen 2009, 2011; Saar/Güdingen 2017; Saar/Rehlingen 2003–2017; Saale 2007, 2009; Danube/Jochenstein 2005–2009. Thus, in these years feeding on fish caused a secondary poisoning risk to predators." 

It is important to evaluate the data that was used to derived the EQS to understand any uncertainty in the statement "in these years feeding on fish caused a secondary poisoning risk to predators."  As reported in Octamethylcyclotetrasiloxane (D4) EQS DATA OVERVIEW (Sahlin and Agerstrand 2018) the main study used was "The oral study showing lowest effect value was a 14 days rat study with a NOAEL of 25 mg/kg/day for the endpoint of increased liver weight (Dow Corning, 1990 in EA 2009a)."  The authors acknowledged that  "Although, it is unclear whether this effect should be considered adverse." The toxicological relevance of hepatocellular hypertrophy and/or increased liver weight is a common point for discussion at technical meetings and in peer review publications, where the outcome on the decision regarding adversity may be central to the derivation of reference values for use in a risk assessment.  There are a number of publications that offer guidance on the interpretation of effects on the liver, including reviews by the JMPR (20061, 20152) and the ESTP (European Society of Toxicological Pathology), 20123 (ESTP (2012 or Hall et al., 2012)).  The consensus opinion, which holds that increased liver weight in the absence of abnormal histopathological findings is an adaptive metabolic effect, not an adverse effect, is also clear from regulatory guidance (Andrew, 2005; US EPA, 2002; US EPA, 1994). 
The ESTP (2012) workshop/review (Hall et al., 2012) concluded that “that hepatomegaly as a consequence of hepatocellular hypertrophy without histologic or clinical pathology alterations indicative of liver toxicity was considered an adaptive and a non-adverse reaction”. However, they also stated that “this conclusion should normally be reached by an integrative weight of evidence approach”. There are, however, other national or international regulatory bodies that clearly indicate which degree of increased liver weight should be considered adverse. 




			72			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.4 Adverse effects			73			CONTINUED FROM PREVIOUS ROW 78

Recently (Agreed at WG-IV-2018 on 4 July 2018) the EU Biocides Working Group discussed “How should hepatocellular hypertrophy, enzyme induction and liver weight increase be interpreted in toxicological studies in rodents?” They agreed on the following:
“Liver cell hypertrophy and liver weight increase should be considered as potentially adverse effects. However, on a case-by-case basis, hepatocellular hypertrophy leading to ≤15% increased mean absolute or relative liver weight, should not be regarded as adverse, and should not be used for the purpose of defining the LOAEL for that specific study, in the demonstrated absence of all of the following changes: 
- other histopathological findings such as necrosis, inflammation, fibrosis, vacuolation, pigmentation, degeneration, hyperplasia, etc. but not limited to these, 
- other effects that are indicative of specific liver toxicity, such as adverse clinical chemistry changes. 
If relevant and comprehensive histopathological and clinical-chemistry investigations have not been performed or where there is insufficient information to determine whether the observed increase in liver weight is an adaptive or an adverse response, then the default is to assume that the effect is adverse. Mechanistic information such as enzyme induction can be used to support decision making”. The author conclude "In summary, a weight of evidence approach should be used to interpret liver findings (e.g. hepatocellular hypertrophy)." 

It is important to note that extensive mechanistic data (McKim et al., 1998 and McKim et al., 2001;  Falany and Li, 2005; Zhang et al., 2000) exists on D4 that support that the effects seen in the liver following exposure to D4 are considered to be phenobarbital-like and a non adverse adaptive response (Franzen et al., 2017 and Dekant et al., 2017).   


			73			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.4.1 Adverse effects to the environment			74			It is stated that the lowest NOEC for D4 with sediment organisms is <0.73 mg/kg dw from a 28-day study with Lumbriculus variegatus (Krueger et al, 2009).  However, that study had significant flaws, including non-synchronized worms, high pH, and insufficient equilibration time.  In addition, the unbounded NOEC/EC10 from the Krueger et al. study was determined to be a statistical outlier when compared to the many other benthic invertebrate studies available with D4 (Woodburn et al. 2018; Bridges and Solomon, 2016).  Given that this study is unreliable, it is disregarded in the dossier.  The key study by Picard (2009) with L. variegatus determined a NOEC of 13 mg/kg dw.


			74			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.4.1 Adverse effects to the environment			74			"For comparison with pelagic organisms (assuming that the effects occur due to exposure via pore water), the equivalent pore water concentration is estimated to be around 14 μg/L for D5 (below its water solubility of 17.03 μg/L), thus indicating that D5 is toxic to sediment organisms."  This statement is misleading for a number of reasons.  First, the equivalent pore water concentration is actually calculated as 14.79 μg/L ("around" 15 μg/L).  Second, at this calculated pore water concentration there were no effects, since the equilibrium partitioning calculation uses the organic carbon normalized NOEC from the study.  Thus, the statement that the equivalent pore water concentration of 14 μg/L (actually 14.79 μg/L) "indicates that D5 is toxic to sediment organisms" is incorrect.  It actually indicates that it is NOT toxic at that concentration.  In contrast, the equivalent pore water concentration based on the organic carbon normalized LOEC is 33.8 μg/L, significantly above the limit of water solubility of D5 (17 μg/L).  The conclusion that D5 does not exhibit toxicity in sediment organisms below the limit of water solubility is in agreement with conclusions from the Canadian D5 Board of Review (https://www.canada.ca/en/environment-climate-change/services/canadian-environmental-protection-act-registry/historical/public-consultations/notices-objection/report-board-review-decamethylcyclopentasiloxane-siloxane-d5/assessment-nature-extent-danger-environment-posed.html#s5.3), Fairbrother et al. (2015), and Bridges and Solomon (2016).

In addition, the criteria for assessment of sediment and soil toxicity are not clear. The ‘T’ criteria defined in REACH Regulation Annex XIII and the REACH PBT guidance (R11) do not cover sediment or soil.   


						3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.4.1 Adverse effects to the environment			74			"As regards D6, the lowest NOEC for long-term sediment toxicity studies is < 22 mg/kg dw for Chironomus riparius (OECD TG 218, Wildlife International Limited, 2009). In a second study for the same species, no effects were seen with a resulting NOEC ≥620 mg/kg dw (OECD TG 218, Springborn Smithers Laboratories, 2010b)." Similar to the comment with regards to the D4 Lumbriculus study, the response from the D6 Chironomus study conducted with artificial sediment (Wildlife International Limited, 2009) was not replicated when the study was conducted with natural sediment (Springborn Smithers Laboratories, 2010b).  As stated in the paper by Solomon and Bridges (2016), the use of peat as the only source of organic matter in studies with artificial sediment, is a major weakness in sediment studies and does not mimic what might occur in the natural environment.  Unlike the situation for D4, the limited dataset for D6 prevents outlier rejection.  However, the chironomid study with artificial sediment stands in stark contrast to the results of both the chironomid and the Lumbriculus studies with D6 using natural sediments.  Using the NOEC from the Springborn Smithers (2010b) of 260 mg/kg dw, the equivalent pore water concentration is calculated to be 30 μg/L, well above the water solubility of 5.3 μg/L.


			75			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.4.1 Adverse effects to the environment			75			  “As regards toxicity to terrestrial organisms, limited toxicity test data are available for D4 and no data for D6, while D5 is concluded as toxic to soil organisms.” 

A review of the data discussed in this section indicates that there are a number of studies which have not been evaluated in ECHA's dossier on  terrestrial toxicity. Testing for toxicity to terrestrial organisms has been carried out with D6 in earthworms (OECD 222; Smithers Viscient 2021) and soil micro-organisms (OECD 216; Smithers Viscient, 2019a). No effects were observed at the highest concentrations tested (1000 mg/kg and 100 mg/kg respectively). These data are available in the disseminated dossier: https://echa.europa.eu/de/registration-dossier/-/registered-dossier/15811/6/4/1
Testing for toxicity to terrestrial organisms has been carried out with D4 in earthworms (OECD 222) and soil microorganisms (OECD 216), and a plant study (OECD 208) is in progress. The earthworm and soil microorganism data are available in the disseminated dossier: https://echa.europa.eu/de/registration-dossier/-/registered-dossier/15289/6/4/2.

It would appear that only one (non-standard) study with D5 has been considered (Velicogna et al., 2012, reference available in ECHA's dossier). The guideline studies with D5 in earthworm (OECD 222; Smithers Viscient 2015) and in soil microorganisms (OECD 216; Smithers Viscient 2019b) are not discussed; these studies show no effects at the highest concentration tested. The non-standard study (Velicogna et al. 2012) did show some effects at high soil concentrations (lowest IC50 was 209 mg/kg dw for barley). The basis of statement “D5 is concluded as toxic to soil organisms” is not clear; the ‘T’ criteria defined in REACH Regulation Annex XIII and the REACH PBT guidance (R11) do not cover soil.

In addition, the criteria for assessment of sediment and soil toxicity are not clear. The ‘T’ criteria defined in REACH Regulation Annex XIII and the REACH PBT guidance (R11) do not cover sediment or soil, yet the POPs proposal report includes statements such as “concluded to be toxic to sediment organisms” and “toxic to soil organisms” – the basis of these statements is not clear from the discussions in the POPs proposal report.


			76			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.4.1 Adverse effects to the environment			75			Smithers 2021: Dodecamethylcyclohexasiloxane (D6): Chronic Toxicity and Reproduction Test Exposing the Earthworm, Eisenia fetida, in Natural Sandy Loam, Based on OECD Guideline 222 (study report), Testing laboratory: Smithers, 790 Main Street, Wareham, Massachusetts 02571-1037, Owner company; Reconsile REACH Consortium, Cantersteen 47, B-1000 Brussels, Belgium, Study number: 14085.6137, Report date: Feb 10, 2021

Smithers Viscient 2019a: Dodecamethylcyclohexasiloxane (D6) – Determination of the Effects on Soil Microflora Activity (study report), Testing laboratory: Smithers Viscient, 790 Main Street Wareham, Massachusetts, 02571-1037, Owner company; Reconsile REACH Consortium, Av. E. Van Nieuwenhuyse, 6 B-1160, Brussels, Belgium, Study number: 14085.6125, Report date: Aug 1, 2019

Smithers 2020: Octamethylcyclotetrasiloxane(D4)–Determination of the Effects on Soil Microflora Activity (study report), Testing laboratory: Smithers (formerly Smithers Viscient) 790 Main Street Wareham, Massachusetts 02571-1037, Owner company; Reconsile REACH Consortium, Study number: 14085.6123, Report date: May 13, 2020

Smithers 2022: Octamethylcyclotetrasiloxane (D4): Chronic Toxicity and Reproduction Test Exposing the Earthworm, Eisenia fetida, in Natural Sandy Loam, Based on OECD Guideline 222 (study report), Testing laboratory: Smithers 790 Main Street Wareham, Massachusetts 02571-1037, Report no: 14085.6141. Owner company; Reconsile REACH Consortium, Report date: Jul 18, 2022

Smithers Viscient 2015: D5 - Chronic Toxicity and Reproduction Test Exposing the Earthworm Eisenia fetida in Natural Sandy Loam, Based on OECD Guideline 222 (study report), Testing laboratory: Smithers Viscient 790 Main Street Wareham, Massachusetts 02571-1037, Report no: Study No. 14085.6102. Owner company; ReachCentrum SPRL, Report date: Dec 17, 2015

Smithers Viscient 2019b: Decamethylcyclopentasiloxane (D5) – Determination of the Effects on Soil Microflora Activity (study report), Testing laboratory: Smithers Viscient, Av. E. Van Nieuwenhuyse 6 B-1160; Brussels, Belgium, Owner company; Reconsile REACH Consortium, Study number: 14085.6124, Report date: Jul 19, 2019


			78			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.4.2 Adverse effects to human health			77			"The toxicity of D4, D5 and D6 has been evaluated by among others ECHA, US EPA, the Canadian ministries, Scientific Committee on Consumer Safety (SCCS), Danish Environment Protection Agency and UK Environment Agency."

Please note that Australia has also completed Health assessments with no significant identified human health risks.

Australia IMAP Assessment. 2020.  Cyclotetrasiloxane, octamthyl-: human health tier II assessment.  Cyclotetrasiloxane, octamethyl-_Human health tier II assessment.pdf (industrialchemicals.gov.au).

Australia IMAP Assessment. 2020. Cyclopentasiloxane, decamethyl-: human health tier II assessment.  Cyclopentasiloxane, decamethyl-_Human health tier II assessment.pdf (industrialchemicals.gov.au).

Australia IMAP Assessment. 2020.  Cyclohexasiloxane, dodecamethyl-: human health tier II assessment.  Cyclohexasiloxane, dodecamethyl-_Human health tier II assessment.pdf (industrialchemicals.gov.au



			79			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.4.2 Adverse effects to human health			77			Paragraphs 77 -102

It is not clear whether the additional discussions on reprotoxicity and carcinogenicity which are attached to the IUCLID endpoint summaries (in the REACH Registration Dossier for D4) have been considered (files embedded below). These discussions consider many of the publications which SiE reviewers have noted are missing from the ECHA's dossier. 


 
 


			80			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.4.2 Adverse effects to human health			78			Extensive toxicokinetic data is available and published and should be consulted. 

The pharmacokinetic properties in D4 and D5 have been investigated in various rat studies that are mentioned elsewhere in this dossier, and also in the following key publications (all summarized in the REACH dossier), which were not considered/referenced: 
     Plotzke et al. (2000). Metab Dispos. 2000 Feb;28(2):192-204
     Burns-Naas et al. (2002). doi: 10.1080/10915810252826000
     Tobin et al., (2008). doi/full/10.1080/08958370801935075
     Domoradzki et al., 2017. doi.org/10.1016/j.toxlet.2017.05.002
     Meeks et al. (2022). doi: 10.1016/j.toxlet.2022.09.001
     Schmitt et al. (2023). doi: 10.1016/j.toxlet.2022.10.008

In addition, inhalation kinetics of D4 were assessed in humans (Utell et al., 1998, doi: 10.1006/toxs.1998.2483).

The pharmacokinetic profile of D4 and D5, including elimination kinetics, are also described in detail via PBPK modelling in the following peer reviewed publications:

     Andersen et al. (2001) doi: 10.1093/toxsci/60.2.214
     Reddy et al. (2003) doi:10.1093/toxsci/kfg001
     Reddy et al. (2007) doi.org/10.1093/toxsci/kfm174
     Dobrev et al. (2008) doi: 10.1080/08958370801903743 
     Sarangapani et al. (2003) doi: 10.1093/toxsci/71.1.41
     Reddy et al. (2008). doi: 10.1093/toxsci/kfn125
     McMullin et al. (2016) doi: 10.1016/j.yrtph.2015.12.010
     Campbell et al. (2017). doi:10.1016/j.toxlet.2017.04.002
     Campbell et al. (2023) doi: 10.1016/j.toxlet.2022.12.014


			81			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.4.2 Adverse effects to human health			78			Sentence 4: "D4 and D5 are not extensively absorbed by the oral route and therefore, the inhalation route of exposure is more suitable" 

This sentence is not entirely true.  It is correct that inhalation is the more relevant route for human exposure.  However concerning the oral route, absorption is dependant on how dosed and when dosed as a high dose via oral gavage partcularly in an oil vehicle these substances are distributed very differently compared to inhalation and dermal routes.  There is an extensive peer review data base on the toxicokinetics and PBPK modeling that really should be consulted vs making broad general statements.

Proposed text revision:  D4, D5, and D6 are differentially (D4>D5>D6) absorbed by the oral route  and are processed very differently when exposure occurs via the oral route (McMullin et al., 2016; Campbell et al., 2017; and Campbell et al., 2023).  Systemic exposure occurs in a lipid-bound form arising from uptake into the liver and passing into the venous blood rather than uptake as free D4, D5 and D6 limiting exposure via this route and therefore, the inhalation route of exposure is more suitable for human exposure. 


			82			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.4.2 Adverse effects to human health			80			There is a detailed peer review publication available demonstrating modulation of the LH surge and ovulation in rats following exposure to D4: Quinn et al 2007b.  Please add this information into the dossier.


			83			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.4.2 Adverse effects to human health			80			"In rats exposed to D4 via inhalation (whole body) for a single period of six hours a reduction in LH levels were observed" Please add information from  Meeks (2007) to dossier.


			84			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.4.2 Adverse effects to human health			80			4th Sentence; Proposed revisions in red:  "Since LH surge is required for ovulation to occur, decreased fertility in rats being exposed to D4 on proestrus day may have been the result of a reduction in peak serum LH levels. This mechanism is not analogous in rats and humans" (Plant et al 2012).  

In the rodent, the timing of the pre-ovulatory LH surge is determined by the brain, being triggered by a discharge of GnRH induced by a circadian neural signal that is coupled to the light-dark cycle and gated by an action (positive feedback) feedback) of estradiol in the preoptic area (POA) that, in part, is exerted on the population of kisspeptin neurons in the anteroventral periventricular nucleus (AVPV). Operation of this LH surge-inducing neuroendocrine system may be readily blocked by barbiturate anesthesia. 

In contrast to the rodent, any diurnal input to the timing of the LH surge may be overridden by increasing the magnitude of the estradiol signal. The positive feedback action of estradiol in the human is mediated at the level of both the mediobasal hypothalamus (MBH) (to discharge GnRH) and pituitary (to enhance pituitary responsiveness to GRH), but in humans, the site of action of positive estradiol feedback appears to be exerted exclusively at the level of the pituitary. Therefore, the stimulation and control of the release of the pre-ovulatory LH surge is distinctly different in rats and humans. So, it is inappropriate to state the mechanism is analogous in rats and humans.


			85			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.4.2 Adverse effects to human health			81			Sentence 2 "However, in a 90-day inhalation toxicity study in Fisher 344 rats a treatment-related increase in the incidence of ovarian interstitial gland hyperplasia and vaginal mucosal mucification and atrophy in female rats were observed at the top concentration of 233 ppm (3635 mg/m³) (Burns-Naas et al., 1998)."

These changes in the rat are associated with persistent vaginal estrus, which is often found in older rats and can be accelerated by stress. A pathology peer review of this study concluded these changes were most likely secondary to stress as the animals were exposed to a concentration well above the saturated vapor concentration of D5 (leading most likely to a mixed aerosol vapor exposure) and were exposed with no or low humidity which accelerated the stress on the animal.   In virtually all vapor inhalation studies conducted with D5, the highest concentration tested was 160 ppm which is approximately the saturated vapor pressure of D5. Any studies conducted higher than 160 ppm with D5 lead to mixed aerosol vapor. 
 
In addition this effect has no analogy in aging women and therefore is not relevant for human health assessment.


			86			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.4.2 Adverse effects to human health			82			Sentences 4-6 "High oestrogen levels in the ovaries stimulate release of LH from the pituitary gland and stimulates ovulation. The two hormones interact via a feedback loop and therefore are physiologically linked. A relationship between the regulation of LH and oestrogen by D4 impacting effects on reproductive parameters cannot be excluded."  
Please note this is factually incorrect.  The main driving force for the stimulation of mid-cycle luteinizing hormone (LH) release from the pituitary gland is the rise in circulating estrogen levels that precede ovulation. In the early and mid-follicular phases of the menstrual cycle, the developing follicles in the ovary produce increasing amounts of estrogen, specifically estradiol. When estradiol levels reach a certain threshold, typically around the middle of the menstrual cycle, they stimulate a positive feedback mechanism within the hypothalamus-pituitary-gonadal (HPG) axis. The hypothalamus responds to this high estradiol level by releasing more gonadotropin-releasing hormone (GnRH). The increased GnRH stimulates the pituitary to release LH, leading to the LH surge. This surge is what triggers ovulation, or the release of the mature egg from the dominant follicle in the ovary. After ovulation, the ruptured follicle transforms into the corpus luteum, which releases progesterone to prepare the uterus for the possible implantation of a fertilized egg. If fertilization doesn't occur, the corpus luteum degenerates, leading to a dropin progesterone and estrogen and the start of a new menstrual cycle. Thus, the rise in estrogen levels during the follicular phase is the primary driver of the mid-cycle LH surge.  Kisspeptin, a neuropeptide, plays a crucial role in controlling reproductive function through the regulation of gonadotropin-releasing hormone (GnRH) secretion. It's synthesized in neurons in the hypothalamus, and its interaction with its receptor, GPR54 (also known as Kiss1R), is essential for the initiation of puberty and the regulation of fertility. The hypothalamus-pituitary-gonadal (HPG) axis is the key regulatory pathway for reproductive function. In the case of the reproductive cycle, kisspeptin is essential in modulating the GnRH pulses and the LH surge that triggers ovulation. The expression and secretion of kisspeptin are influenced by circulating levels of sex steroids, including estradiol. When estradiol levels rise in the middle of the cycle, it stimulates the production of kisspeptin. This, in turn, acts on the kisspeptin receptor in GnRH neurons to stimulate the release of GnRH from the hypothalamus. The GnRH then acts on the anterior pituitary gland to stimulate the release of LH and follicle-stimulating hormone (FSH). The LH surge leads to ovulation, while FSH is important in the early stages of follicle development. Thus, kisspeptin is integral to the positive feedback loop in which rising estradiol levels lead to the mid-cycle LH surge. It acts as a critical upstream regulator of GnRH and thus indirectly influences LH release.




			87			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.4.2 Adverse effects to human health			82			Sentences 4-6 "High oestrogen levels in the ovaries stimulate release of LH from the pituitary gland and stimulates ovulation. The two hormones interact via a feedback loop and therefore are physiologically linked. A relationship between the regulation of LH and oestrogen by D4 impacting effects on reproductive parameters cannot be excluded."  

Based on the detail discussion in row 87:  Therefore, to suggest that the very weak estrogenic activity of D4 is somehow related to the reduced LH surge in the rat reproductive studies in non-tenable since estrogens drive the hypothalamus to express kisspeptin and GnRH to drive an LH surge and not inhibit an LH surge. D4 is not anti-estrogenic, so this can be excluded as the driving force for the attenuation of the mid-cycle LH surge. 


			88			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.4.2 Adverse effects to human health			82			"D4 is considered to be an endocrine disruptor by CeHoS (Danish Centre on Endocrine Disrupters) (CeHoS, 2018 as cited in DEPA, 2021)."
We disagree with this characterization.  This conclusion by CeHoS was based on considering In vitro and in vivo MoA as "strong for Estrogenic" and Strong for Plausible link when the data summary clearly indicates that "This is based on a study undertaken to screen for potentially endocrine properties of D4 (i.e., estrogenic activity), which indicated that D4 had both a very weak estrogenic and anti-estrogenic activity. The potency of D4 in comparison to other estrogenic substances such as ethinylestradiol (steroid hormone used in p-pills) indicated that D4 is 585,000 times less potent than ethinylestradiol in the rat and 3.7 million times less potent than ethinylestradiol in the Fisher-344 rat strain." 

From even the data summary above it is clear that D4 exhibited insufficient activity in all three assays to affect the human endocrine system and that the activity of D4 was far lower than many naturally occurring substances that have also been tested in these systems. Merely producing a response in these screening assays does not indicate that a substance will act by that mode of action in an intact organism or cause adverse endocrine effects in people or the environment. Instead, one must consider the relative activity with which a chemical produces the response in a screening assay.  Many common substances considered to be “safe", such as chemicals naturally occurring in our diet (e.g., genistein in soybeans and other plants), cholecalciferol (vitamin D), and intermediates of natural human metabolism (e.g., dehydroepiandrosterone (DHEA) derivatives) are much more active than D4 in producing a response in these same screening assays. For example, the relative activity of D4 detected in screening-level assays is hundreds of thousands of times weaker than naturally occurring estrogen and up to 200 times weaker than natural plant estrogens, such as those found in soy. Exposures to many of these natural, ubiquitous substances that are also tested by the screening assays are 100 to 1000 times greater than potential exposures to D4. The World Health Organization (WHO) defines an endocrine disrupting chemical as “an exogenous substance or mixture that alters function(s) of the endocrine system and consequently causes adverse health effects in an intact organism, or its progeny, or (sub) populations.”  The advese effects identified by CeHoS as described below are attributable to alteration of the LH via a nonspecifc MoA and not the very weak activity D4 demonstraed in these screening assays.  In summary, the available evidence indicates that D4 lacks the potential for endocrine activity in humans or the environment (Dekant et al., 2017a,b; Andersen 2021 and Mathews 2021)



			89			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.4.2 Adverse effects to human health			82			Last sentence:  Please note that several studies have been conducted to elucidate the effect of D4 on mid-cycle LH secretion and, subsequently, ovulation as well as mechanistic work to understand how the modulation of LH occurs and the biological relevance  (Quinn et al 2007; Jean et al., 2017; Dekant et al., 2017; Dekant and Bridges 2017) D4 does not bind to the dopamine receptor meaning there is no effect on prolactin secretion through the dopamine receptor. Prolactin is a hormone produced and secreted by the anterior pituitary gland, and it plays multiple roles in the reproductive system, as well as in other physiological processes. In female rats, prolactin is involved in several stages of the reproductive cycle, with its most prominent roles in ovulation, the luteal phase, and pregnancy. In ovulation in the rat estrous cycle, prolactin plays a crucial role in the regulation of ovulation. It has been shown that a surge in prolactin release from the anterior pituitary precedes the LH surge and the subsequent ovulation. The role of prolactin here is not fully understood, but it seems to act in conjunction with other hormones to regulate the release of LH. As noted, D4 is not dopaminergic and does not play a role in prolactin release from the pituitary. Also, as noted, the estrogenic activity of D4 is 3.7 million times less potent than ethinylestradiol. Furthermore, if D4 did act as an estrogen, it would drive the release of LH and not inhibit the pre-ovulatory surge. The effect of D4 on the LH surge in the rat and ovulation seems to be a high-dose non-specific effect. Current work shows that D4 influences membrane fluidity in both the hypothalamus and the pituitary (manuscript in preparation). It has been shown that the alteration in pituitary membrane fluidity inhibits prolactin release from the pituitary (D4 is not dopaminergic), and this will play a critical role in the release of the pre-ovulatory LH surge since prolactin secretion precedes the LH release. Furthermore, D4 increases membrane fluidity of the hypothalamus. It has been shown that this alteration in membrane fluidity inhibits GnRH and kisspeptin release from the hypothalamus. Inhibition of both GnRH and kisspeptin means there is no driving force for the mid-cycle LH surge. A combination of inhibition of prolactin from the pituitary and the inhibition of GnRH and kisspeptin from the hypothalamus points to a non-specific high-dose alteration in membrane fluidity as the likely cause of the attenuation of the mid-cycle LH surge.


			90			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.4.2 Adverse effects to human health			84			"No evidence of D4-mediated developmental toxicity was reported in studies conducted in rats (Unpublished study report, 2001b; Siddiqui et al., 2007; York and Schardein, 1994) and rabbits (Unpublished study report,  1994) with inhalation and oral exposure (see Appendix for details on the studies). In these studies, there were markedly increased post implantation losses and a reduction in the number of live foetuses was observed at the top dose of 1000 mg/kg bw/day. However, these effects were considered secondary to maternal toxicity (decreased food consumption)." 

Note it is not clear which studies that  "these studies" in this statement is refering to.  That  statement is not attributed to the rabbit study, and not related to the rat study so it is unclear.  For example, "in the rabbit study the mean postimplantation loss (resorptions) was slightly increased in the highest exposure group when compared with the controls, but were well within the historical control range. This finding was not attributed to treatment. There were no treatment-related differences in the number of viable fetuses per dam or mean fetal body weight". Rats: D4 did not cause any developmental malformations or variations and therefore the NOAEC for developmental toxicity was ≥700 ppm. 


			91			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.4.2 Adverse effects to human health			88			Sentence 3:  Please note that there is data to demonstrated D4 is not a dopamine agonist (Dekant et al., Jean et al., and Dekant and Bridges 2017). Therefor considering D4 as a Dopamine agonist is a highly unlikely mode of action since D4 does not have dopamine agonist activity. D4 does not bind to the dopamine receptor (Jean et al. 2017). A role for estrous cycle disruption in the genesis of cystic endometrial hyperplasia in the rat D4 chronic toxicity study is consistent with D4 effects in this study as well as other studies (Dekant et al., 2017 and Dekant and Bridges 2027).. Inhalation exposure to D4 resulted in the prolongation of estrous cycles in a rat reproductive study (Siddiqui et al., 2007) and inhibition of the luteinizing hormone surge (Quinn et al., 2007) leading to elevated concentrations of E2 on the morning of estrus. These alterations would be expected to lead to an increased endogenous E2 signal to the uterus over time. Second, any dopamine agonist-like activity following inhalation exposure to D4 that would inhibit prolactin secretion from the pituitary would also result in persistent endogenous estrogen stimulation of the endometrium. Diffuse cystic endometrial hyperplasia, as seen following D4 exposure, is more likely to result from prolonged endogenous estrogen stimulation (Lenninger and Jokinen, 1990). The available information suggests that the induction of benign proliferative endometrial lesions in the rat after chronic D4 inhalation has no relevance for human risk characterization. Due to the absence of genotoxicity of D4 and absence of any appreciable direct hormonal activity of D4, the induction of cystic endometrial hyperplasia and the significant trend for an increased incidence of uterine endometrial adenoma observed across D4 dose levels in the two-year inhalation study are likely due to interferences of D4 with rat estrous cycle control that are only seen at doses that exceed the metabolic capacity of animals and not relevant to women. 
Current work shows that D4 can disrupt the membrane viscosity in both the pituitary and hypothalamus and the that the disruption of the pituitary membrane fluidity inhibits the release of prolactin and not through the interaction of D4 with the dopamine receptor. Furthermore, alteration of the hypothalamic cell membrane fluidity inhibits the release of GnRH and kisspeptin from the hypothalamus. Both effects lead to a non-specific mode of action for both the effects on the inhibition of the pre-ovulatory LH surge and the endometrial adenomas. These effects lead to persistent endogenous estrogen dominance of the endometrial and not from D4’s very very weak estrogenic activity


			92			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.4.2 Adverse effects to human health			89			 Sentence 6:  Suggested revisions in red text:  "Similarly, to D4, D5 may act as a dopamine-agonist or dopamine agonist like and affect prolactin secretion, thus contributing to the observed tumorigenic effects in female rats".

Paragraphs 89-90 - While the SCCS could not exclude this mode of action, neither could they state that this effect was relevant for humans. They also acknowledged the data available that questions them being a dopamine agonist and that should be acknowledged and communicated accurately in all paragraphs.  It has been repeatedly shown that D4 and D5 are not dopamine agonists, so this mode of action can be eliminated and was done so in the WoE paper by Dekant et al., 2017. The relevance of these effects is highly uncertain, and no conclusion can be made as to their relevance for humans. 


			93			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.4.2 Adverse effects to human health			91			Sentence 2: "The principal target organ for D4, D5 and D6 toxicity appears to be the liver with increased liver weight being the key systemic effect reported in five oral toxicity studies following exposure to D4 (one study)( Unpublished study report, 1990a; Environment Agency, 2009a; SCCP, 2010), D5 (two studies)( Unpublished study report, 1990b, 1991a; Environment Canada, 2008b; SCCP, 2015) and D6 (two studies) (Unpublished study report, 2005d; Environment Agency, 2009a)" 

The toxicological relevance of hepatocellular hypertrophy and/or increased liver weight is a common point for discussion at technical meetings and in peer review publications, where the outcome on the decision regarding adversity may be central to the derivation of reference values for use in a risk assessment.  There are a number of publications that offer guidance on the interpretation of effects on the liver, including reviews by the JMPR (20061, 20152) and the ESTP (European Society of Toxicological Pathology), 20123 (ESTP (2012 or Hall et al., 2012)).  The consensus opinion, which holds that increased liver weight in the absence of abnormal histopathological findings is an adaptive metabolic effect, not an adverse effect, is also clear from regulatory guidance (Andrew, 2005; US EPA, 2002; US EPA, 1994). The ESTP (2012) workshop/review (Hall et al., 2012) concluded that “that hepatomegaly as a consequence of hepatocellular hypertrophy without histologic or clinical pathology alterations indicative of liver toxicity was considered an adaptive and a non-adverse reaction”. However, they also stated that “this conclusion should normally be reached by an integrative weight of evidence approach”. There are, however, other national or international regulatory bodies that clearly indicate which degree of increased liver weight should be considered adverse. 




						3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.4.2 Adverse effects to human health			91			CONTINUED FROM PREVIOUS ROW 78

Recently (Agreed at WG-IV-2018 on 4 July 2018) the EU Biocides Working Group discussed “How should hepatocellular hypertrophy, enzyme induction and liver weight increase be interpreted in toxicological studies in rodents?” They agreed on the following:
“Liver cell hypertrophy and liver weight increase should be considered as potentially adverse effects. However, on a case-by-case basis, hepatocellular hypertrophy leading to ≤15% increased mean absolute or relative liver weight, should not be regarded as adverse, and should not be used for the purpose of defining the LOAEL for that specific study, in the demonstrated absence of all of the following changes: 
- other histopathological findings such as necrosis, inflammation, fibrosis, vacuolation, pigmentation, degeneration, hyperplasia, etc. but not limited to these, 
- other effects that are indicative of specific liver toxicity, such as adverse clinical chemistry changes. 
If relevant and comprehensive histopathological and clinical-chemistry investigations have not been performed or where there is insufficient information to determine whether the observed increase in liver weight is an adaptive or an adverse response, then the default is to assume that the effect is adverse. Mechanistic information such as enzyme induction can be used to support decision making”. The author conclude "In summary, a weight of evidence approach should be used to interpret liver findings (e.g. hepatocellular hypertrophy)." 

It is important to note that extensive mechanistic data (McKim et al., 1998 and McKim et al., 2001;  Falany and Li, 2005; Zhang et al., 2000) exists on D4 and D5 that support that the effects seen in the liver following exposure to D4  and D5 are considered to be phenobarbital-like and a non adverse adaptive response (Franzen et al., 2017 and Dekant et al., 2017; Dekant and Klaunig 2016, ).   

Annex to the document ”Interpretation of liver effects” Provided by UK, This annex was provided by UK to support the proposed TAB entry on the interpretation of liver effects, available in S-CIRCABC (https://webgate.ec.europa.eu/s�circabc/w/browse/85748090-25b8-4c7a-9184-2c7b7c0a645b). This annex has not been endorsed as such, but the Human Health WG (WG-IV-2018) generally agreed with the principles presented.


			94			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.4.2 Adverse effects to human health			92			"The LOAEL for both D4 and D5 in relation to increased liver weight in subacute oral repeated toxicity studies in rats was 25 mg/kg bw/day (Environment Agency, 2009a and b)"  All of the D4 studies are Klimisch 4 "not assignable".  D4 rat: In a two-week oral gavage study (DCC, 1990; reliability score 4) a NOAEL could not be determined because the biological/toxicological significance of effects on the liver at the lowest dose was unclear. However, it is the opinion of the study summary author that the liver effects were adaptive, and that effects on terminal body weight were due to dosing error injuries. The other 5 studies (rabbit and rat) had no indication of a liver effect at 25 mg/kg bw. D5: I wasnt able to find the study referred to in the ECHA document. 


			95			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.4.2 Adverse effects to human health			92			"The lowest NOAEL for increased liver weight based on subchronic oral toxicity studies in rats was 300 mg/kg bw/day for D6, with a LOAEL of 1000 mg/kg bw/day which is the highest tested dose in this study (Unpublished study report, 2005d; Environment Agency, 2009c). " Increased absolute and/or relative liver weight in both sexes at all doses (>=100 mg/kg bw/day; statistically significant), with a modest dose-relation in females. It was said that only the relative liver weight in high-dose females exceeded historical control values. ...The observed liver effects (increased absolute and/or relative liver weight in all treated groups and periportal lipidosis at all doses in females) were described as “of minimal toxicologic significance”


			96			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.4.2 Adverse effects to human health			93			Sentence 1:  "Liver enlargement is considered to be relevant in humans." 

This is a overly broad statement and is not true unless the mode of action is known and understood to be relevant to humans.  Liver enlargement is a common adaptive response to rodent toxicity studies.


			97			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.4.2 Adverse effects to human health			93			Sentence 2:  "Liver weight increases greater than 10% were considered by the UK Environment Agency to be outside of normal human variation (in the absence of historical control data to compare with) and therefore to potentially affect human health."  

 The toxicological relevance of hepatocellular hypertrophy and/or increased liver weight is a common point for discussion at technical meetings and in peer review publications, where the outcome on the decision regarding adversity may be central to the derivation of reference values for use in a risk assessment.  There are a number of publications that offer guidance on the interpretation of effects on the liver, including reviews by the JMPR (20061, 20152) and the ESTP (European Society of Toxicological Pathology), 20123 (ESTP (2012 or Hall et al., 2012)).  The consensus opinion, which holds that increased liver weight in the absence of abnormal histopathological findings is an adaptive metabolic effect, not an adverse effect, is also clear from regulatory guidance (Andrew, 2005; US EPA, 2002; US EPA, 1994). The ESTP (2012) workshop/review (Hall et al., 2012) concluded that “that hepatomegaly as a consequence of hepatocellular hypertrophy without histologic or clinical pathology alterations indicative of liver toxicity was considered an adaptive and a non-adverse reaction”. However, they also stated that “this conclusion should normally be reached by an integrative weight of evidence approach”. There are, however, other national or international regulatory bodies that clearly indicate which degree of increased liver weight should be considered adverse. 


						3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.4.2 Adverse effects to human health			93			CONTINUED FROM PREVIOUS ROW 78

Recently (Agreed at WG-IV-2018 on 4 July 2018) the EU Biocides Working Group discussed “How should hepatocellular hypertrophy, enzyme induction and liver weight increase be interpreted in toxicological studies in rodents?” They agreed on the following:
“Liver cell hypertrophy and liver weight increase should be considered as potentially adverse effects. However, on a case-by-case basis, hepatocellular hypertrophy leading to ≤15% increased mean absolute or relative liver weight, should not be regarded as adverse, and should not be used for the purpose of defining the LOAEL for that specific study, in the demonstrated absence of all of the following changes: 
- other histopathological findings such as necrosis, inflammation, fibrosis, vacuolation, pigmentation, degeneration, hyperplasia, etc. but not limited to these, 
- other effects that are indicative of specific liver toxicity, such as adverse clinical chemistry changes. 
If relevant and comprehensive histopathological and clinical-chemistry investigations have not been performed or where there is insufficient information to determine whether the observed increase in liver weight is an adaptive or an adverse response, then the default is to assume that the effect is adverse. Mechanistic information such as enzyme induction can be used to support decision making”. The author conclude "In summary, a weight of evidence approach should be used to interpret liver findings (e.g. hepatocellular hypertrophy)." 

It is important to note that extensive mechanistic data (McKim et al., 1998 and McKim et al., 200;  Falany and Li, 2005; Zhang et al., 2000) exists on D4 and D5 that support that the effects seen in the liver following exposure to D4  and D5 are considered to be phenobarbital-like and a non adverse adaptive response (Franzen et al., 2017 and Dekant et al., 2017; Dekant and Klaunig 2016, ).   

Annex to the document ”Interpretation of liver effects” Provided by UK, This annex was provided by UK to support the proposed TAB entry on the interpretation of liver effects, available in S-CIRCABC (https://webgate.ec.europa.eu/s�circabc/w/browse/85748090-25b8-4c7a-9184-2c7b7c0a645b). This annex has not been endorsed as such, but the Human Health WG (WG-IV-2018) generally agreed with the principles presented.


			98			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.4.2 Adverse effects to human health			93			Sentence 3:  "The incidence and severity of adverse effects observed appear to be greater in short term studies and in longer term studies the effects are generally similar to adaptive and/or reversible."

This actually is a hallmark finding of a clearly adaptive response and not an adverse response.


			99			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.4.2 Adverse effects to human health			93			Sentence 4:  "Female animals were found to be more sensitive to the liver effects mediated by D5 following oral exposure compared to males".

Similar to above in this being consistent with an adaptive non adverse response.  It is well established that there are gender differences in rats on basal P450 levels which were actually demonstrated by McKim et al., 1999 and again supports an adaptive non adverse response in high dose rodent toxicity studies.  


			100			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.4.2 Adverse effects to human health			94			Last sentence:  "Histopathological findings in the liver were reported for D4 (LOAEC 700 ppm)( SCCP, 2010) and D6 (LOAEC 10 ppm; Unpublished study report, 2013) only."  

Please note that histopath findings on D5 are available in studies where liver enlargement is seen including for example in the 28 and 90 day inhalation studies, as well as the 2 year study where liver enlargement was seen at the 6 and 12 months in females and at two years in males (Burns-Naas et al., 1998; Klaunig 2016; and Jean et al., 2016.  In addition in the peer review literature there is a publication (McKim et al. 1999) detailing the induction of hepatic metabolizing enzymes in rats following inhalation exposure to D5.  The authors concluded that the changes in the rat liver enzyme expression were nearly identical to D4and that both are consistent with a phenobarbital like response.


			101			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.4.2 Adverse effects to human health			95			Sentence 1: "Levels of gamma-glutamyl transferase, a marker for liver damage, were increased following inhalation exposure to D5 (LOAEC 49.2 ppm in females and 233 ppm in males; Burns-Naas et al., 1998)." 

Please note that although this was reported in this study the histopathology that was conducted as indicated in the publication (Burns-Naas et al., 1998) show no histopathological changes that could be associated with D5 exposure or supported the changes in this enzyme i.e. no evidence of liver damage at all. Taking one endpoint out of context of the body of data is not appropriate.  Marker such as this enzyme must be correlated with the histopathology and in this case there was no support for liver damage.


			102			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.4.2 Adverse effects to human health			95			Last sentence:  "Significant dose and age dependent induction of liver microsomal CYP2B isoforms in rats following oral exposure to D4 has been reported, which may contribute to liver enlargement (McKim et al., 1998 and McKim et al., 2001;  Falany and Li, 2005; Zhang et al., 2000)." 

There are other peer review reference assessing this and should be included - (McKim et al., 1998 and McKim et al., 2001;  Falany and Li, 2005; Zhang et al., 2000).  These studies clearly show that the liver effects seen following exposure to D4 are considered to be a non adverse adaptive response. 


			103			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.4.2 Adverse effects to human health			96			Sentence 1: "Liver effects were less pronounced in longer term studies (6, 12, or 24 months of exposure) suggesting that this effect may be a short-term, reversible effect. "  

No substance is identified.  It may be assumed this statement relates to D5 from the discussion in the previous paragraph but it would be good to specific for clarity. 


			104			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.4.2 Adverse effects to human health			97			"The lowest NOAEC for increased liver weight based on subchronic inhalation toxicity studies in rats is 10 ppm for D4 (Unpublished study report, 1991b; Environment Agency, 2009a; SCCP, 2005). The lowest NOAEC for liver enlargement is 28 ppm for D5 (Burns-Naas et al., 1998; SCCS, 2010, 2015). " 

As discussed in row 3 and the attached chemistry document, this difference (10 ppm for D4 and 28 ppm for D5) on the effect level concerning liver enlargement between D4 and D5 is is supportive of the fact that physical chemical differences in these substances lead to differences in fate and effects.    


			105			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.4.2 Adverse effects to human health			98			"The nasal cavity was a target organ for inhalation exposure to D5 and D6" 

Similar to the above comment (row110) the differences in the effect level (480 ppm D4, 35 ppm D5 and 1 ppm D6) and the location of the effect  nasal cavity for D6, nasal and upper/lower respiratory tract for D5 and upper/ lower respiratory tract for D4) are also supportive of some very key differences in the physical chemical properties of these three substances leading to differences in fate and effects that need to be considered.


			106			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.4.2 Adverse effects to human health			98			Last sentence:  "These effects are considered adverse and are consistent with effects expected during chronic inhalation of irritating substances."  

Additional review of these effects with D4, D5 and D6 have been completed and a peer review publication (Pauluhn 2021) is available that counters this conclusion. The expert review concluded that the histological effects seen following exposure to cVMS are consistent with direct interaction of the liquid phase of the cVMS with the neuro membranes in the rodent respriatory cavity which is a protective adaptive response. Therefore the response should be considered adaptive rather than adverse.  


			107			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.4.2 Adverse effects to human health			99			Last sentence:  "The effects in the nasal cavity when compared against the criteria for repeated dose inhalation toxicity in the CLP regulation, could mean that the data for D6 would meet the criteria for STOT RE (Category 1) for local effects on the nasal cavity." 

Based on the comment above "Additional review of these effects with D4, D5 and D6 have been completed and a peer review publication (Pauluhn 2021) is available that counters this conclusion. The expert review concluded that the histological effects seen following exposure to cVMS are consistent with direct interaction of the liquid phase of the cVMS with the neuro membranes in the rodent respriatory cavity which is a protective adaptive response. Therefore the response should be considered adaptive rather than adverse." this statement is no longer applicable.


			108			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.4.2 Adverse effects to human health			100			"Chronic interstitial inflammation in the lungs was increased in all treated groups for D4 following inhalation exposure for 90 days. The severity of this finding was increased in female rats of 480 ppm animals and both sexes of highest exposure (883 ppm) group. A NOAEC of 34 ppm was identified for the lung effects (Unpublished study report, 1995)."  

Please see the discussion above that is applicable to effects seen with D4, D5 and D6 in the respiratory tract. Additional review of these effects with D4, D5 and D6 have been completed and a peer review publication (Pauluhn 2021) is available that counters this conclusion. The expert review concluded that the histological effects seen following exposure to cVMS are consistent direct interaction of the liquid phase of the cVMS with the neuro membranes in the rodent respriatory cavity which is a protective adaptive response. Therefore the response should be considered adaptive rather than adverse.


			109			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.4.2 Adverse effects to human health			102			Last sentence:  "Nevertheless, D4 has a harmonised classification as toxic to reproduction category 2 (H361f: suspected of damaging fertility) according to CLH."

This sentence seems inappropriately placed.  The CLH for reproductive category 2 was based on the data available in the reproductives studies before any of the mode of action data become available.  


			110			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.4 Adverse effects			104			Paragraph 104: The document states in part “The adverse effects to the environment are based on harmonised classification of D4 as Aquatic Chronic 1 (very toxic to aquatic life with long lasting effects). D4 is toxic to fish and to aquatic invertebrates. A novel test method using headspace passive dosing indicates that D4 has as a moderate chronic toxicity to algae”.  However, it would be useful to place the purported “very toxic to aquatic life” for D4 in context to environmental exposure reality.  For example, data published by researchers from Environment Canada (Wang et al., 2013) contain measured wastewater treatment plant (WWTP) receiving water concentrations that may be comparable to situations in European WWTP downstream environments.  The concentration data from Wang et al. (2013) included waters receiving effluent from a Canadian siloxane formulator, a likely extreme and rare circumstance.  We may then compare these exposure data to measured chronic no-effect concentration (NOEC) levels for D4 using the simple hazard quotient (HQ) ratio with algal, invertebrate, and vertebrate species (attached Table 1).  




The data from Wang et al. (2013) for D4, D5, and D6 concentrations in Canadian receiving water, ranged from <0.009–0.023 mg L-1, <0.027–1.48 mg L-1, and <0.022–0.151 mg L-1, respectively.  The result is HQ = Environmental concentration/NOEC values for D4 that range from 8.8E-05 to 5.2E-03 (see Table 1); these HQ values indicate a low risk of D4 aqueous exposure to aquatic organisms, which is useful for placing the identification of D4’s “very toxic to aquatic life” classification in context.  


			111			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.4 Adverse effects			104			Paragraph 104:  The document states in part “D4, D5 and D6 are concluded toxic to sediment organisms (toxicity to Lumbriculus variegatus for D4 and to Chironomus riparius for D5 and D6).”  The elevated lipophilicity of these chemicals (Log KOW >6 and Log KOC >4) indicates that sediment sorption is a likely efficient removal mechanism of these compounds from the water column.  Woodburn et al. (2018) performed a quantitative risk assessment of D4/D5/D6 witih benthic invertebrate species.  These researchers used standard risk evaluation methods and a fugacity approach to allow a comparison of divergent field data collected in concentrations expressed on a mass or lipid basis to toxicity levels typically expressed on the basis of volume or mass; both simple HQ and more detailed probabilistic risk assessment (PRA) methods were examined.  The results noted that risk outcomes were consistent between HQ and PRA methods.  No risk was predicted for D4 or D5 and negligible risk (HQ ~1) predicted for D6; sediment fugacities indicate that a negligible risk (1%) exists for benthic species exposed to D6. 


			112			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.4.2 Adverse effects to human health			105			Sentence 3 "possibly involving an endocrine pathway (i.e., estrogenic activity)"  

Please see the comments above.  The mechanistic data available on D4 does not support this.  Dekant et al., 2017a,b; Andersen 2021 and Mathews 2021


			113			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.4.2 Adverse effects to human health			105			Last sentence "however, the available data is limited by the use of a suitable D5 dose range (the concentrations employed were not sufficiently high enough).":  

This is not true.  The highest concentration was the highest achievable vapor concentration based on the saturated vapor concentration for D5. In addition using the PBPK model it is possible to evaluate the free blood concentration of D5 following both inhalation and oral exposure.    Oral dosing at 1000 mg/kg/day is predicted to be associated with a blood concentration of free D5 (the D5 available to interact with the HPA) of 0.02 mg/L, which is similar to the D5 free concentration predicted for an inhalation exposure at 10 ppm D5.  This demonstrates that dosing D5 via inhalation at the highest concentration possible (saturated vapor concentration) provides a much greater exposure than 1000 mg/kg/day oral dose would.  


			114			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.4.2 Adverse effects to human health			106			Last sentence: "The human relevance of these effects cannot be excluded."

 It is not appropriate to state that this effect is relevant for humans in the absence of data, and to say it is relevant for humans is speculation and scientifically unsound. 


			115			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.4.2 Adverse effects to human health			107			"There is sufficient evidence of adversity to human health related to exposure to D4, D5 and D6 by both the inhalation and oral exposure routes. The critical effects associated with these three substances is liver enlargement accompanied with histopathological findings. While histopathological findings in the liver were not reported for D5 this was a result of this parameter not being included for assessment. Effects in the lungs and nasal cavity are consistent with chronic inhalation of irritative substances. These local effects occur at lower doses than liver effects following inhalation exposure and can be considered as the critical effect for D4, D5 and D6. The effects in the nasal cavity when compared against the criteria for repeated dose inhalation toxicity in the CLP regulation, could mean that the data for D6 would meet the criteria for STOT RE (Category 1) for local effects on the nasal cavity."

This entire conclusion is not correct and has failed to consider all the available data summarized in the REACH Registration dossier and the peer review literature concerning the biological relevance and MoA of effects seen.




			116			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.4.2 Adverse effects to human health			107			Sentence 2: "The critical effects associated with these three substances is liver enlargement accompanied with histopathological findings. While histopathological findings in the liver were not reported for D5 this was a result of this parameter not being included for assessment."

Please note that histopath findings on D5 are available in studies where liver enlargement is seen including for example in the 28 and 90 day inhalation studies, as well as the 2 year study where liver enlargement was seen at the 6 and 12 months in females and at two years in males (Burns-Naas et al., 1998; Klaunig 2016; and Jean et al., 2016.  In addition in the peer review literature there is a publication (McKim et al. 1999) detailing the induction of hepatic metabolizing enzymes in rats following inhalation exposure to D5.  The authors concluded that the changes in the rat liver enzyme expression were nearly identical to D4 and that both are consistent with a phenobarbital like response.




			117			3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria			3.4.2 Adverse effects to human health			107			Sentence 3: "Effects in the lungs and nasal cavity are consistent with chronic inhalation of irritative substances. These local effects occur at lower doses than liver effects following inhalation exposure and can be considered as the critical effect for D4, D5 and D6. The effects in the nasal cavity when compared against the criteria for repeated dose inhalation toxicity in the CLP regulation, could mean that the data for D6 would meet the criteria for STOT RE (Category 1) for local effects on the nasal cavity."

This conclusion is no longer appropriate based on the expert review of the respiratory effects with D4, D5 and D6. Additional review of these effects with D4, D5 and D6 have been completed and a peer review publication (Pauluhn 2021) is available that counters this conclusion. The expert review concluded that the histological effects seen following exposure to cVMS are consistent direct interaction of the liquid phase of the cVMS with the neuro membranes in the rodent respriatory cavity which is a protective adaptive response. Therefore the response should be considered adaptive rather than adverse.


			118			4. Statement of the reasons for concern and need for global action			3.4.2 Adverse effects to human health			112			Statement that "Since D4, D5, and D6 demonstrate persistence and long-range transport, measures taken nationally or regionally are not sufficient…"  

A number of authoritative reviews have concluded differently and warrant discussion in dossier. For example for D4:  

In 2009, the UK Environment Agency concluded that these substances were unlikely to meet the POPs criteria under the Stockholm Convention. The UK stated in its Annex XV dossier that “emissions of D4 and D5 to air are unlikely to result in significant re-deposition to surface waters or the terrestrial environment. Therefore, while releases to air can be significant and result in long-range transport to remote regions, they are unlikely to provide a significant route of exposure for biota (organisms).” The UK also stated that it “does not consider the identification of D4 as a POP as necessary to ensure a proportionate level of environmental protection”. 

Similarly, in 2008 the Canadian authorities demonstrated that D4 has a low Arctic Contamination Potential (ACP). 
 In both cases, the authorities pointed to D4’s very low potential for redeposition to the surface in remote areas as the basis for their conclusion. Canada’s analysis stated, “It is therefore concluded that D4 has the potential to be transported over long distances in the atmosphere. However, the modelled transfer efficiency (TE) for D4 is low, which suggests that it lacks the potential to be deposited in water or soil in remote regions. The monitoring results of Lake Opeongo also supported the low atmospheric deposition potential for D4. It is expected that airborne D4 will be eventually degraded by hydroxyl radicals in air.”

This was even acknowledged by the ECHA committees  when they concluded "the POPs Regulation....  would be a less effective, or more costly, means to reduce emissions of D4, D5 and D6 compared to the proposed REACH restriction" and  that "D4 may be included in the POP Regulation in the future, but may be a long and unpredictable process. D5 and D6 cannot be listed as POPs as they are not identified as ‘toxic’"

Lastly, recent  scientific reviews of remote monitring data for cVMS indicate that presence of cVMS in the remote arctic is most likely related to lcoal sources (AMAP 2017, Krogsethe and Warner 2019).  
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This annex was provided by UK to support the proposed TAB entry on the interpretation 




of liver effects, available in S-CIRCABC (https://webgate.ec.europa.eu/s-




circabc/w/browse/85748090-25b8-4c7a-9184-2c7b7c0a645b). This annex has not been 




endorsed as such, but the Human Health WG (WG-IV-2018) generally agreed with the 




principles presented. 




 




Background 




Hepatocellular hypertrophy and/or increased liver weight are frequently observed in toxicological 




studies, particularly those conducted in rodents.  The toxicological relevance of hepatocellular 




hypertrophy and/or increased liver weight is a common point for discussion at technical meetings, 




where the outcome on the decision regarding adversity may be central to the derivation of reference 




values for use in the risk assessment.  It is noted that the interpretation of these commonly observed 




effects, in some instances, lacks consistency.  




There are a number of publications that offer guidance on the interpretation of effects on the liver, 




including reviews by the JMPR (20061, 20152) and the ESTP (European Society of Toxicological 




Pathology), 20123.  These documents generally follow the same principles but none provide a clear 




level for the associated increased relative (to body weight) liver weight which will be considered 




adverse or adaptive. Notwithstanding this, some interpret the JMPR (2006, 2015) documents to imply 




that any increase in relative liver weight not associated with liver toxicity should be considered 




adaptive. Similarly, some interpret the ESTP (2012) review to indicate that an increase in relative liver 




weight up to 50%, not associated with liver toxicity should be considered adaptive. There are, 




however, other national or international regulatory bodies that clearly indicate which degree of 




increased liver weight should be considered adverse. EFSA for example, considers that isolated liver 




weight increases of up to 20% not accompanied by any histopathological changes are not adverse but 




liver weight increases > 10% accompanied by histopathological or clinical-chemistry changes are 




adverse (unpublished list of decisions). The German Commission for the Investigation of Health 




Hazards of Chemical Compounds in the Work Area (MAK Kommission) considered a statistically 




significant liver weight increase of 20 % as adverse. Similarly, a statistically significant enzyme 




induction (CYP content) of 1.5-fold was considered adverse (e.g. Documentation of the MAK Value for 




3,5-Di-tert-butyl-4-hydroxyphenylpropionsäureoctadecylester4). Clearly, harmonisation among 




different regulatory bodies is lacking. 




                                                           
1 FAO/WHO, 2006: Pesticide residues in food - 2006. Report of the Joint Meeting of the FAO Panel of Experts on Pesticide 
Residues in Food and the Environment and the WHO Core Assessment Group on Pesticide Residues. 
http://www.fao.org/fileadmin/templates/agphome/documents/Pests_Pesticides/JMPR/JMPRrepor2006.pdf  
2 WHO, 2015: Pesticide residues in food: WHO Core Assessment Group on Pesticide Residues. Guidance document for 
WHO monographers and reviewers WHO/HSE/GOS/2015.1, 1-106 pp. 
http://www.who.int/foodsafety/publications/jmpr_guidance_document_1.pdf  
3 Hall AP et al., 2012: Liver Hypertrophy: A Review of Adaptive (Adverse and Non-adverse) Changes—Conclusions from the 
3rd International ESTP Expert Workshop. Toxicol Pathol 40: 971-994 
4   http://onlinelibrary.wiley.com/doi/10.1002/3527600418.mb208279d0060/pdf 
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Therefore, the following proposal for a harmonised position on the interpretation of hepatocellular 




hypertrophy /enzyme induction/ liver weight is made.    




Considerations 




It is proposed that the definition of adverse and adaptive histopathological effects on the liver, as 




described in the Guidance document (JMPR 2015) for WHO monographers and reviewers2, is adopted 




for the toxicological evaluation of biocides, as summarised below. If possible, such guidance could be 




also harmonised with the approach taken for pesticides by EFSA.  




An adaptive response, in the field of toxicology, could be described as the process whereby a cell or 




organism responds to a xenobiotic so that the cell or organism will survive in the new environment 




that contains the xenobiotic without impairment of function (Keller et al. 20125). 




The adaptive response in the case of liver hypertrophy can be defined as a dose-dependent activation 




of cytochromes by an exogenous chemical leading to increases in drug metabolizing enzymes that 




promote the metabolic transformation and excretion of the activating compounds. As such, the 




adaptive change can result in a new functional steady state in a tissue or organ allowing the organism 




to respond to environmental change and, although not necessarily desirable, is usually beneficial.  




The definition of adverse and adaptive histopathological effects on the liver in the JMPR (2015) 




document does not provide a clear level for the associated increased relative (to body weight) liver 




weight which should be considered adverse or adaptive. However, the same document, in a section 




on effects within normal biological variation, indicates that increases in relative (to body weight) liver 




weights in rats and mice ≤ 15% without further effects observed at (histo)pathology should not be 




considered adverse as such degree of increase has been seen in controls in numerous studies and is 




considered part of normal biological variation. Although, so far, for biocides, an increase in liver weight 




≥10% when compared to concurrent controls has been considered adverse, the empirical data which 




support an increase in relative (to body weight) liver weight up to 15% to be part of normal biological 




variation provide a robust argument to move away from 10%. Nevertheless, it has to be noted that 




when there is an increase of a group mean value by 15%, the number of individual animals showing a 




liver weight outside the range that is considered as normal will inevitably increase. This should be 




taken into accounted in study evaluation and may justify deviating from the rules proposed in this 




document. 




More specifically, the JMPR (2015) document states that data collected from United States National 




Cancer Institute/National Toxicology Program studies (B6C3F1 mouse: Marino, 2012a6; F344 rat: 




Marino, 2012b7) could be used as a basis for the normal organ weight distribution. As most data were 




reported for studies with an average duration of 3 months (i.e. the average age at necropsy was about 




20 weeks), the data from this subset of studies should be considered primarily. The following 




coefficient of variation has been reported and could provide a rough estimate for the threshold of 




adversity of a toxicological effect on relative (to body weight) liver weights:  




 
Mouse and Rat 




                                                           
5 Keller et al (2012) 
6 Marino D (2012a). Absolute and relative organ weight trends in B6C3F1 mice. J Toxicol Environ Health A. 75(3):148–69. 
7 Marino D (2012b). Age-specific absolute and relative organ weight distributions for Fischer 344 rats. J Toxicol Environ Health 
A. 75(24):1484–516. 
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Liver, relative weight: < 15% 




 
“Effects observed in toxicological studies within the range of normal biological variation should be 




reported and discussed carefully in the health evaluation, but these effects will normally not be 




regarded as adverse, for the purpose of identifying reference points for establishing health-based 




guidance values.  Particularly useful would be the comparison of measurements taken at different 




time points during the study.” For further details on the data and analysis supporting this coefficient 




of variation, the reader is referred to the two publications by Marino (2012a; b). It is noted that 




although, at present, no such analysis has been performed for other strains of mice and rats and for 




other laboratories, a coefficient of variation of 15% was supported for both species, indicating that 




strain variability is most likely to be of little significance. As it regards other laboratories, it is believed 




that, considering the large database of studies analysed, spanning different environmental conditions 




at the NTP laboratories, inter-laboratory variability is also most likely to be low. 




Combining the arguments on the adaptive nature of the hypertrophy from the JMPR (2015) document 




with the empirical data showing that an increase in relative (to body weight) liver weight up to 15% is 




part of normal biological variation (also from JMPR, 2015), the following criteria are proposed. 




In summary, a weight of evidence approach should be used to interpret liver findings (e.g. 




hepatocellular hypertrophy).  Hepatocellular hypertrophy, enzyme induction and the possibly 




associated increase in relative (to body weight) liver weight might be morphological reactions to a 




chemical substance and do not necessarily characterize or indicate liver damage.  The following 




principles should be followed in the final assessment of liver hypertrophy/weight increase:  




 By default and in the absence of further suitable information, an increase in mean relative (to 




body weight) liver weight > 10% is considered as adverse and a LOAEL is set at the 




corresponding dose level. In the presence of further information, however, refinement is 




possible.  




 A non-adverse/adaptive effect on the liver is identified at doses that induce hepatocellular 




hypertrophy, enzyme induction (predominantly CYP isoforms) and/or mean relative (to body 




weight) liver weight changes ≤ 15% (as compared to concurrent controls),  in the absence of 




histopathological liver damage (e.g. necrosis, inflammation, fibrosis, degeneration, 




vacuolation, pigmentation, etc. but not limited to these) and relevant clinical chemistry 




changes (e.g. toxicologically significantly increased alanine aminotransferase, aspartate 




aminotransferase, alkaline phosphatase, bilirubin, etc.). The histopathological description of 




the hepatocellular hypertrophy should be complemented by a severity score, localization of 




the observation (e.g. centrilobular, periportal, etc.) and staining characteristics of the 




cytoplasma (e.g. eosinophilia, ground glass appearance, etc.). This 15% level for relative 




weight increase should not be interpreted as a rigid cut-off limit but more as a guidance value. 




A weight of evidence approach and expert judgement should always be applied. 




 To be able to conclude that an increase in mean relative (to body weight) liver weight up to 




15% is not adverse, there should be results available on the complete set of histopathological 




investigations of the liver and of the clinical chemistry parameters required in the relevant 




OECD guidelines (i.e. concentration of plasma total protein and albumin, activities of at least 




two enzymes indicative of hepatocellular effects – i.e. alanine aminotransferase (ALT), 




aspartate aminotransferase (AST), alkaline phosphatase (ALP), gammaglutamyltransferase 
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(GGT) or glutamate dehydrogenase (GD) – and concentration of bile acids and cholesterol; and 




under certain circumstances, concentrations of bilirubin). In the absence of this complete set 




of data, it is not possible to conclude that the effect is not adverse. 




 The highest dose at which only such non-adverse changes occur should be identified as the 




NOAEL in terms of reference value setting.  The non-adverse effects should be mentioned for 




transparency and it should be considered whether adaptive pathological liver changes occur 




at the same dose level after longer exposure times.  If that is the case, the NOAEL identified 




in the short-term study should not be altered and might still be useful when setting short-




term/medium-term AELs. Nevertheless, a more appropriate NOAEL should be established 




from the longer-term study for long-term AEL setting if pathological liver changes/clinical-




chemistry/mean relative (to body weight) liver weight increase > 15% appear.  




 If hepatotoxicity, as characterized by toxicologically significant changes in histopathology (up 




to hyperplasia and tumours) and/or clinical chemistry and/or mean relative (to body weight) 




liver weight increase > 15% (when compared to concurrent controls), occurs at doses higher 




than those causing liver hypertrophy, then the LOAEL for the study should be the dose that 




elicits hepatotoxicity (or some other relevant toxicity found in the study).  




 When judging the toxicological significance of the mean relative (to body weight) liver weight 




increase, consideration could be given to potential outliers (i.e. individual animals with 




unusually low/high values). 




 However, it is important to recognize when the limits to the homeostatic responses (such as 




increased liver weight and hypertrophy due to the increased metabolism capacity caused by 




the chemical exposure) have been exceeded. In those cases the effect may be considered 




adverse.  
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Comments on the items in 3.3 Potential for long-range environmental transport 
Paragraph 49 
Breivik et al. (2022) introduced novel metrics in the Emissions Fractions Approach (EFA) to evaluate long-
range environmental transport (LRET). The metrics included environmentally dispersed fraction (ϕ1), 
remotely transferred fraction (ϕ2), and remotely accumulated fraction (ϕ3). Among these, ϕ3 holds 
particular significance for the assessment of LRET within the Stockholm Convention framework. The 
original EFA developed by Breivik et al. (2022) computed the metrics based on three fundamental 
emission scenarios, involving emissions solely to air, water, or soil, with a focus on the worst-case 
scenario. While these elemental emission scenarios provided valuable insights into LRET behaviors, the 
calculation using realistic emission scenarios is deemed superior for obtaining more accurate metrics and 
reducing prediction errors and thus risk of false negatives/positives at a higher tier (Breivik et al., 2012). 
To address this, the EFA model has been enhanced by incorporating predictions with realistic emission 
scenarios. Furthermore, the revised model allows for the input of all appropriate partition values (KOW, 
KAW, KOA, and KOC), as the original EFA model assumed KOC = 0.35×KOW, which is not suitable for volatile 
methylsiloxanes (VMS) according to the measured values (Whelan and Kim, 2022; Xu et al., 2014). With 
the application of realistic emission scenarios, the revised model indicates significantly lower values for 
ϕ2 and ϕ3 of the cyclic volatile methylsiloxanes (cVMS) compared to those calculated using the three 
individual elemental emissions (SI-1). Specifically, the transfer (ϕ2) and accumulation (ϕ3) of cVMS on 
the surface of polar regions are found to be 50 (=101.7) - 126 (=102.1) times smaller with realistic 
emissions than those predicted with individual emission scenarios and much smaller than those of 
current persistent organic pollutants (POPs). 
 




Paragraph 50 
While the half-lives of D4, D5, and D6 have been measured and estimated, uncertainties still exist 
regarding the input parameters. To address this, we conducted sensitivity analyses by varying the base 
values with factors ranging from 0.2 to 5 (SI-2). The environmentally dispersed fractions (ϕ1) for D4, D5, 
and D6 showed an increasing trend with longer half-lives in air, but their values were not influenced 
significantly by half-lives in water or soil. In most cases, the ϕ1 values were slightly higher than the 
threshold value (i.e., 10–3.1). Regarding the remotely transferred fractions (ϕ2), we observed that for D4 
and D5, they increased as the half-lives in air and water increased, with increments ranging from 0.4 to 
0.6 log units and 0.2 to 1.0 log units at higher half-life values, respectively. However, the ϕ2 value for D6 
remained relatively stable across all media and half-life variations. As for the remotely accumulated 
fractions (ϕ3), they showed an increasing pattern with longer half-lives in water but remained stable 
with varying half-lives in air and soil. 
Overall, the ϕ2 and ϕ3 values for D4, D5, and D6 were consistently more than two orders of magnitude 
lower than the threshold values (i.e., 10–4.1 and 10–5.1, respectively) for all tested half-life ranges. These 
results indicate that the transfer and accumulation of cyclic volatile methylsiloxanes (cVMS) on the 
surface of polar regions would be significantly smaller compared to the current POPs across the range of 
half-lives tested. 
 




Paragraph 51 
The EFA model and the OECD Pov and LRTP Screening Tool incorporate 'generic' aerosols as a sub-
compartment in air. While recognizing the need for further investigation concerning inorganic aerosols 
like minerals or crystalline particles, we conducted a sensitivity analysis to assess the potential 
contribution of 'generic' aerosols to LRET in the revised EFA model. In this investigation, we explored the 
impact of two critical parameters, namely aerosol volume fraction and KOA values, on the mass 
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distribution of D4, D5, and D6 on aerosols and the new LRET metrics. The results of the study (SI-3) 
revealed that the transport of cVMS by aerosols is projected to be minimal, except in scenarios where 
the aerosol volume fraction in the atmosphere reaches unusually high levels. Nonetheless, even in 
instances of temporarily elevated aerosol concentrations in specific locations, such events would not 
substantially contribute to dispersion, transfer, and accumulation of cVMS to polar regions. 
 




Supporting Information 
SI-1: the Emissions Fractions Approach with realistic emissions of D4, D5, and D6 




• Model inputs of D4, D5, and D6 (Whelan and Kim, 2022): partition coefficients and half-lives at 
25 °C 




cVMS MW log Kaw log Kow logKoa log Koc 
HL_Air 




(h) 
HL_Water 




(h) 
HL_Soil 




(h) 
Realistic Emission 
(Air:Water:Soil) 




D4 296.6 2.74 6.98 4.24 4.22 172 93.5 127 96.7%:1.6%:1.6% 




D5 370.8 3.16 8.09 4.93 5.17 166 1691 302 94.5%:0.8%:4.7% 




D6 444.9 3.01 8.87 5.86 5.35 127 9624 9624 58%:2%:40% 




 




• Model outcomes of logarithmic ϕ1, ϕ2, and ϕ3 
o Fractions in blue are the maximum values from three emission scenarios to Air, Water, 




and Soil. 
o Fractions in red are values from realistic emission scenarios. 




 D4 D5 D6 




log Air Water Soil Real Air Water Soil Real Air Water Soil Real 




ϕ1 -2.58 -3.96 -2.58 -2.59 -2.59 -2.95 -2.60 -2.60 -2.71 -2.78 -2.71 -2.71 




ϕ1 -7.70 -5.18 -7.70 -6.89 -7.71 -4.36 -7.71 -6.43 -8.55 -4.50 -8.51 -6.20 




ϕ1 -11.62 -8.75 -11.63 -10.50 -10.38 -6.04 -10.35 -8.14 -9.49 -5.33 -9.45 -7.03 




 




• Plots of EFA metrics (from the table above) under four emission scenarios 
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SI-2: Sensitivity of LRET to half-lives of cVMS in air, water, and soil 
• Adjustment factors (fAdj) to base half-lives (HL0): 0.2 to 5 (fast to slow degradation) 




o HLi = HL0,i × fAdj 
o Realistic emission scenarios were used. 




• Results of LRET metrics at varying half-lives in air, water, and soil 
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SI-3: contributions of aerosols to LRET 
• Model inputs 




o Volume fractions are varied from 2×10–11 (default) to 2×10–8: three orders of magnitude 
different. 




o Values of log KOA are varied by –1 to +1 from the base values. 




• Mass fraction vs. log KOA and volume fraction of aerosols 
o Mass distribution is linearly proportional to KOA and volume fraction. 




 
 




• Sensitivity to log KOA 
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• Sensitivity to volume fraction of aerosols: default volume fraction of aerosol = 2×10–11 
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Understanding Silicone Chemistry – Examples of key differences between the cyclic 




volatile methyl siloxanes (cVMS) that lead to differences in fate and hazard profiles. 




 




Silicones and cyclic volatile methyl siloxanes (cVMS) like D4, D5, and D6 have unique 




physical/chemical properties due to this ‘hybrid’ nature, namely an inorganic backbone chain 




of successive silicon and oxygen atoms (Si-O-Si units) and organic entities such as the methyl 




groups on the Si atoms of these three siloxanes.  The inorganic Si-O backbone drives the 




unique properties of silicone polymers and makes this type of chemistry distinctly different 




from carbon-based chemistry.  Among other properties that drive the differences in chemical 




and environmental behaviours are the large molecular volumes of even one Si-O unit (10 atoms 




per Me2SiO unit) and only a moderate ability to accept hydrogen bonds; stronger Si-O bond 




energies compared with a C-O bond, a wider Si-O bond angle relative to that of the C-O bond, 




and shorter than expected. bond lengths.  The nature of the silicon-oxygen bond makes 




siloxane molecules flexible, which results in weak interactions between siloxane molecules.  




The addition of the dimethyl moieties in the dimethyl-siloxane group found in CVMS further 




confer unique physico-chemical properties to the Si-O backbone.  While D4, D5, and D6 vary 




in the specifics of their physical/chemical properties and therefore their environmental 




behaviours, the siloxanes’ characteristics lead to differences in siloxanes’ capacity to interact 




with the environmental media such as water and organic carbon in soil/sediment and lipids in 




biota, compared to the carbon-based volatile hydrophobic organic compounds for which the 




POP/PBT criteria were developed. This is illustrated by the lower surface tension, viscosity and 




vapor pressure of siloxanes compared to hydrocarbons of similar molecular weight, in addition 




to differences in Henry’s Law constants that create differences in the volatile nature of these 




substances.  




Consequently, siloxanes possess a different combination of solubility and partitioning 




properties that influence their distribution and fate in the environment. The unique 




combinations of properties contribute to the distinct differences of the behaviour of cVMS in 




the environment compared to other volatile hydrophobic chemicals, including the ability of 




benthic, pelagic and terrestrial species to biotransform these cyclic siloxanes, which prevents 




build up in food webs and biomagnification. This is in stark contrast to the organochlorine 




chemicals for which the BCF criteria were derived.   




As discussed above D4, D5 and D6 all have unique physical chemical properties due to their 




‘hybrid’ nature, namely an inorganic backbone chain of successive silicon and oxygen atoms 




(Si-O-Si units) and organic entities on the Si atoms of the chain that drives the behaviour of D4, 




D5 and D6 in the environment.  Although D4, D5 and D6 all have this unique molecular 




structure there are clear differences in these three substances in chemical structure and 




physical/chemical properties that lead to differences in how these three substances behave in 




the environment not only from carbon-based substances, but from each other as well.  















 




General Business 




First concerning structure, all three substances are cyclic but the addition of even one Si-O unit 




impacts the reactivity, molecular weight, molecular volume and key physical chemical 




properties of the substances.  This is evident when looking at the summary of physical chemical 




properties as shown in Table 2 Summary of physical chemical properties for D4, D5 and D6 in 




the ECHA dossier.  It is important to note that although all three substances have limited water 




solubility, are highly lipophilic, will bind to organic carbon and will partition to air from water, 




soil and lipid, and are biotransformed, they exhibit these properties at different degrees.  This 




impacts their environmental profile and presence in environmental media and biota.  For 




example, D4 is more volatile and more reactive in water and sediment compared to D5 and 




D6. This allows D4 to clear more rapidly from these compartments limiting presence and 




exposure in those compartments (Krogseth et al., 2017 and Kim et al., 2018) 




In addition, when D4 is taken up into biota, D4 is more rapidly biotransformed (Cantu M and 




Gobas F. 2019 SETAC, Cantu M and Gobas F. 2021, Woodburn et al. 2013, Domoradzki et al. 




2017a, Selck et al., 2022a, 2022b, and D'Amico et al., 2022 and 2023, SETAC presentations; 




Varaprath et al., 1999; Plotzke et al.,2000; Andersen et al., 2001; Sarangapani et al., 2003; 




Dobrev et al., 2008; Domoradzki et al. 2017b; Meeks 2022; Schmitt et al., 2022) and volatilized 




in exhaled air in air breathing organisms (Plotzke et al.,2000; Andersen et al., 2001; 




Sarangapani et al., 2003; Dobrev et al., 2008; Domoradzki et al. 2017b; Meeks 2022; Schmitt 




et al., 2022; Andersen 2008), limiting exposure to biota under realistic environmental relevant 




conditions. D5 and D6 are less volatile and reactive compared to D4 and may have an increased 




presence in compartments such sediment but due to their even lower water solubility, 




significant binding to organic carbon, and still appreciable partitioning to air, they will not be 




found at significant concentrations in surface water and their increasing molecular weight and 




size limits their bioavailability (D6 even more so than D5) to biota in the aquatic compartment 




(Domoradzki et al. 2017a; Cantu M and Gobas F. 2019 SETAC, Cantu M and Gobas F. 2021; 




Selck et al., 2022a, 2022b, and D'Amico et al., 2022 and 2023, SETAC presentations; ).  In 




addition, for all three cyclics the low level that is taken up by biota will be biotransformed 




(D4>D5>D6) and eliminated from biota as water soluble degradation products or eliminated 




as parent in exhaled air in air breathing organisms (Tobin et al. 2008; Reddy et a;, 2008;)). It is 




these difference in behaviors which also leads to difference in the toxicity profiles of these 3 




cVMS.  Examples have been provided in our detailed comments.   




Given these differences it is important to assess each substance based on its own properties 




and these differences should be acknowledged and taken into consideration when assessing 




the potential to meet the criteria of Annex D under the Stockholm Convention.  
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Summary and discussion of reproductive toxicity 




Effects on fertility 




The two-generation study (WIL Research, 2001a) was selected as the key study because it is of 




reliability score 1, the most recently conducted and the only two-generation study available. Other 




reliable reproductive studies are available, but they were one-generation, range-finder studies or 




mechanistic studies and provide supporting information only of the main effects seen in the two-




generation study. Effects on female rat fertility were identified in the two-generation study (WIL 




Research, 2001a). An effect on fertility that occurred at ovulation was apparently due to the result 




of suppression/delay in the pre-ovulatory LH surge and a reduced number of ovulated eggs (Quinn 




et al., 2007). These effects are characterised by the following: 




1) The effects were reported in female rats at concentrations of 500 ppm and greater. These effects 




included decreases in the number of corpora lutea, with an associated decrease in number of uterine 




implantation sites, total number of pups born and the mean live litter size. Based on the results of 




the study, the reproductive NOAEC for D4 was determined to be 300 ppm. 




2) In addition to the main findings summarized above, in the two-generation study at 500 and 700 




ppm, increased estrous cycle length in F1 females at 700 ppm and increased pituitary gland weights 




were also noted (WIL Research 2001a).  




Two multi-dose studies conducted at 0, 70, 300, 500 and 700 ppm allow supporting evidence for 




the NOAECs. In one study (WIL Research, 1997a), reductions in reproductive parameters were 




recorded only at 700 ppm, while in the other study (WIL Research, 1998), reduced implantation 




sites and viable foetuses and increased pre-implantation losses were noted at 500 and 700 ppm. In 




addition, a slightly reduced numbers of corpora lutea were found at 300 ppm. However, as the 




reduction in corpora lutea was marginal at 300 ppm (14.6/dam vs. 16.2/dam in controls) without a 




clear dose-dependent related response, and within the range of values in historical control database, 




therefore the NOAEC was still considered to be 300 ppm based on the two-generation study. 




Overall, based on these findings, a NOAEC of 300 ppm (3640 mg/m3) was determined for 




reproductive effects.  




 




Discussion 




It is important to consider the species differences in reproductive cycle regulation when assessing 




the potential relevance of the mode of action for D4 in inducing the noted reproductive effects in 




Sprague-Dawley (SD) rats. 















 
             




 




 




 




 




 




Reproductive Cycle Regulation in the Rat: 




The rodent has a short estrous cycle that lasts for 4 or 5 days (Meites et. al., 1978). The rat estrous 




cycle is divided into four phases that roughly correlate to the 4 days of the estrous cycle: diestrus 




I, diestrus II, proestrous and estrus. In contrast to human females, approximately 12 ovarian 




follicles develop in rodents with increases in follicle development and estradiol secretion occurring 




on the occasion of diestrus II through the time of ovulation on the day of estrus. Estradiol levels 




are highest in the rodent during the normal estrous cycle. The pre-ovulatory LH surge, which 




occurs later in proestrus stage, is brief, well timed, coupled to the light cycle, and driven by the 




brain (Nequin, et al., 1974).  Following ovulation on the day of estrus, progesterone concentrations 




increase and remain elevated through the early stages of diestrus II.  The corpus luteum is very 




short lived in the rodents, lasting only about 2 days. 




Coitus in the rodent establishes a neuroendocrine memory circuit that results in diurnal and 




nocturnal surges of prolactin that persists for 11 to 14 days. These daily prolactin surges provide 




the signal for maintenance of the corpus luteum and pregnancy in the rodent (Gorospe and 




Freeman, 1984; Simpkins et al., 1983; Arey et al., 1989; Jean et al., 2017). 




Reproductive Cycle Regulation in the Human Female: 




Adult human and non-human primate species females have long menstrual cycles, lasting 




approximately 28 days. The menstrual cycle is divided into three phases that are associated with 




underlining endocrine events:  




a. the follicular phase,  




b. the peri-ovulatory phase,  




c. the luteal phase. 




The follicular phase begins with the onset of menstrual cycle and continues for about 14 days, 




ending with ovulation. Low estrogens and progestins characterize the initial portion of this phase 




of the menstrual cycle. While follicular development occurs during the entire follicular phase, 




serum estradiol concentration begins to increase around seven days prior to ovulation. This 




increase in estradiol is caused by the development of a single Graffian follicle. From this time until 




ovulation, there is a progressive increase in estradiol concentrations (Ross, 1981).  




During the peri-ovulatory period, an elevation in serum estradiol (>150 pg/ml) for 24 to 36 hours 




is required to induce a pre-ovulatory LH surge and the resulting ovulation of the ovum from the 




Graffian follicle. The LH surge is also the signal for lutenization of follicular cells into luteal cells 




of the corpus luteum. The peri-ovulatory LH surge lasts 2.5 to 3 days (Ross, 1981). 




The luteal phase begins at ovulation and is predominated by increased secretion of progesterone 




and estrogens from the corpus luteum. After 14 days, the corpus luteum dies (unless it is rescued 




by human chorionic gonadotropin (HCG) from the developing placenta). This death of the corpus 















             




 




 




             




 




 




luteum results in a precipitous decline of both estrogens and progestins that leads to menstrual 




cycle. HCG is the signal for pregnancy in women (Ross, 1981). 




Species Differences in Pre-Ovulatory LH Surge and Ovulation:  




Major species differences have evolved with regard to the neuroendocrine control of ovulation 




(Plant, 2012). In the rodent, the timing of the preovulatory LH surge is determined by the brain, 




being triggered by a discharge of GnRH induced by a circadian neural signal that is coupled to the 




light dark cycle and gated by an action (positive feedback) of estradiol in the pre-optic area (POA) 




that, in part, is exerted on the population of kisspeptin neurons in anteroventral periventricular 




nucleus (AVPV).  The function of this LH surge inducing neuroendocrine system may be readily 




blocked by barbiturate anesthesia. During the perinatal period, the surge inducing system is 




disrupted (masculinized) by exposure to testicular androgens that remodel neuronal circuitry in the 




POA; a normal developmental event that leads to the male hypothalamus being unable to respond 




to the positive feedback of estradiol in the rat. 




In the primate, the control system governing the preovulatory LH surge is 1) located in the MBH-




pituitary unit, 2) emancipated from control by the POA, 3) not subjected to programming by 




testicular androgens during perinatal development, and 4) resistant to the inhibitory action of 




barbiturate on neuronal activity.   As in the rodent, ovarian estradiol exerts a positive feedback 




action on gonadotropin secretion and plays a key role in triggering the LH surge, but in contrast to 




the rodent any circadian input to the timing of the LH surge may be overridden by increasing the 




magnitude of the estradiol signal.  The positive feedback action of estradiol in the monkey is 




mediated at the level of both the MBH (to discharge GnRH) and pituitary (to enhance pituitary 




responsiveness to GnRH). However, in women positive feedback at the level of the MBH may be 




less significant.  In both primate species, the hypothalamic and pituitary sites of the positive 




feedback action of estradiol appear redundant and spontaneous ovulation may be induced by 




pituitary feedback alone. 




Differences in the regulation of the pre-ovulatory LH surge and the criticality of timed events with 




regard to rat versus human support that the observed high-dose effect of D4 on female rat fertility 




should not be considered relevant to humans. Therefore, the current understanding of estrus 




cyclicity and neural/hormonal regulation of ovulation in humans suggests that the effects of D4 on 




fertility as seen in the SD rat are not relevant (Dekant et al., 2017a). 




Mode of Action Investigations 




Exposure Period Criticality:  




A study was performed to identify timing of the reproductive cycle where D4 may be exerting its 




effect on litter size in female SD rats (WIL, 1999) The main aim of the study was to gain 




knowledge of the timing of D4 action that might provide insight into the potential mode of action 















 
             




 




 




 




 




 




of D4 on litter size in the SD rat.  Four groups of female rats were exposed to D4 by whole body 




inhalation for 6 hrs/day according to the following schedule: 




• Overall Phase: Groups of 24 female SD rats were exposed by inhalation to D4 at 




concentrations of 70, 300, 500, or 700 ppm (0.20, 0.87, 1.44, or 2.02 g/kg bw/day, 




respectively, assuming 100% absorption) beginning at least 28 days prior to mating 




and continuing through gestation day (GD) 19. 




• Ovarian Phase: Sixty female rats were exposed to 700 ppm beginning 31 days prior to 




mating and stopping three days prior to mating. 




• Fertilisation Phase: Sixty female rats were exposed to 700 ppm three days prior to 




mating and continuing through GD3 




• Implantation Phase: Sixty females were exposed to 700 ppm from GD2 through GD5. 




 




Overall, the major observations were: a reduction in the number of corpora lutea (500 and 700 




ppm), reduction in the number of uterine implantation sites and foetuses (500 and 700 ppm), an 




increase in pre-implantation loss (500 and 700 ppm), and increased post-implantation loss (700 




ppm).  




 




In the fertilisation phase study, the number of corpora lutea, uterine implantation sites, and viable 




foetuses were reduced at 700 ppm (the only dose tested) while the mean pre-implantation and post-




implantation losses were increased. The effects on corpora lutea and intrauterine survival were 




similar for both the fertilization phase in which exposure began 3 days pre-mating and continued 




through gestation day 3 and the overall phase in which exposure began 28 days pre-mating and 




continued through gestation day 19 (WIL, 1999). 




 




No significant effects were noted on the number of corpora lutea or indices of intrauterine survival 




in females exposed at 700 ppm in the ovarian and implantation phase studies. In the ovarian phase 




study, when exposures began 31 days pre-mating and were terminated three days pre-mating, no 




effects were seen on uterine implantation sites, viable foetuses, or on any other reproductive 




parameter measured. This indicates the effects are totally reversible following cessation of 




exposure to high concentrations of D4.  




The study results clearly demonstrated that the reproductive effect of D4 was dependent upon 




exposure to D4 during the ovulation/fertilization phase of the cycle. 




Effect of D4 inhalation on the LH surge  




Studies were performed to investigate the effect of D4 exposures on the LH surge. The effects of 




D4 on LH surge and other reproductive hormones were assessed in female rats (Quinn et al, 




2007a). In another study, the comparative in vitro and in vivo effects of the estrogenic, androgenic, 















             




 




 




             




 




 




and progestagenic potential of D4 were assessed (Quinn et al, 2007b). D4 was shown to inhibit the 




pre-ovulatory LH surge causing a delay in ovulation, persistent follicles, and a prolonged exposure 




to elevated estrogen in the adult Sprague-Dawley (SD) rat. Whole body vapor inhalation exposure 




of rats to D4 at 700 ppm or 900 ppm resulted in an increased number of rats with suppressed pre- 




ovulatory LH surge compared to controls, whereas the number of the rats that failed to ovulate 




appeared to be within the normal range (25–30%) (Aschheim, 1983; Lu, 1983; Cooper and 




Goldman, 1999). It is important to note that a concentration of 900 ppm D4 is the highest possible 




vapor concentration that can be reliably generated in a short term exposure and a concentration of 




700 ppm D4 was the highest vapor concentration reliably generated in long term reproductive 




studies. Evaluation of individual animal plasma LH data indicated that failure of the LH surge at 




6 p.m. on the day of proestrus was accompanied by blocked or reduced ovulation. Persistent mature 




follicles in D4-exposed animals continued to secrete estradiol leading to higher estradiol (E2) 




concentrations on the morning of estrus as a result of an attenuated LH surge and blocked 




ovulation. The D4 treated ovulators had slightly higher E2 concentrations on the morning of estrus 




compared to the controls. These findings might have been due to retention of large follicles in both 




ovulating and non-ovulating treated animals. An increased number of estrogenic days 




demonstrated by vaginal cytology in the early exposure phase could have been related to LH surge 




suppression as this finding was also seen in D4 treated animals during the LH surge suppression 




study. Hormone evaluation in shorter term studies that evaluated estradiol levels just following 




suppression of LH surge in cycling animals demonstrated an increase in circulating estradiol as 




compared to control animals that had ovulated. This increase would increase the lifetime exposure 




of estrogen- sensitive tissues including uterus and vagina. Cystic endometrial hyperplasia 




(Siddiqui et al., 2007) results from prolonged estrogen stimulation and is not believed to be 




preneoplastic in the absence of atypia (Leininger and Jokinen, 1990). A study in F344 rats 




attempted to evaluate effects of D4 inhalation exposure on LH, prolactin, FSH, and estradiol 




concentrations (WIL Research Laboratories, Inc.,2001b). This study was confounded by cycle 




disruption in control and D4-exposed animals after a 4-day exposure regimen, preventing 




interpretation of potential compound-associated effects. The cycle disruption was attributed to 




stress associated with the inhalation procedure, perhaps related to environmental noise. 




Endocrine or estrogenic activity  




The ability of D4 to interact with endocrine pathways was assessed in a series of studies (McKim 




et al., 2001a; He et al., 2003; Jean et al., 2005; Quinn et al., 2007a). The potential estrogenicity of 




D4 was studied in uterotrophic assays in vivo and in vitro in both an estrogen responsive reporter 




cell line and by estrogen-receptor binding studies (McKim et al., 2001b; He et al., 2003; Quinn et 




al., 2007b). D4 has very weak estrogenic and antiestrogenic activity and a low affinity for estrogen 




receptor-a, five to six orders of magnitude below that of the positive control ethinylestradiol. D4 




did not show androgenic activity in the Herschberger assay with male F344 rats through whole 




body D4 inhalation (Quinn et al., 2007b). In in vitro ligand binding assays including assessment 




of receptor binding to calf uterine progesterone receptor and to recombinant human progesterone 




receptor (alpha and beta forms), there was no indication of binding of D4 to the progesterone 




receptor (Jean et al., 2005). Assessment of D4 in a cell-based reporter gene assay showed no 




activation of recombinant human progesterone receptor-b (Jean et al., 2005). Although D4 has 




weak estrogenic/antiestrogenic activity (He et al., 2003; Quinn et al., 2007b; McKim et al., 2001b), 




there were no reported indications of estrogenic or anti-estrogenic effects in male rats, in estrogen-




sensitive tissues in females, or in hormone-related developmental landmarks, including anogenital 







https://www.sciencedirect.com/science/article/pii/S0378427417300103#bbib0510











 
             




 




 




 




 




 




distance, in rat pups in a two-generation reproductive developmental study with D4. It is unlikely 




that the very weak activity of D4 in estrogenic assays is responsible for the increase in the 




endometrial proliferative lesions seen in the 2-year chronic bioassay. 




At certain exposure levels estrogens activate release of LH from the pituitary, but at high or 




prolonged exposure is expected to suppress pituitary LH by altering gonadotropin-releasing 




hormone (GnRH) production from the hypothalamus (Tng, 2015). There is no data support for an 




effect of D4 on gonadotropin releasing hormone production by rat hypothalamic explants (Meeker, 




2009). The last two key events are identical in both a dopamine activity and an estrogenic mode 




of action for D4-induced effects on female rat fertility. In addition to the very low scores for 




experimental support, the estrogen mode of action pathway cannot be supported based on the break 




in the chain of key events. Even if the broken chain is ignored, this mode of action scored only 




18.7% of the possible maximum, clearly inferior to the dopaminergic activity mode of action 




(Dekant and Bridges, 2016a;b). 




Dopamine activity  




Interaction of D4 with the dopamine system causes increased dopamine activity. Increased 




dopaminergic activity may result in decreased prolactin and impairment in ovulation and corpus 




luteum function in rats (Bachelot and Binart, 2007). Inhibition/delay of ovulation and/or 




inadequate corpus luteum formation results in decreased mating and decreased fertility. There is 




inadequate evidence for a direct interaction of D4 with dopamine receptor(s) suggesting that post 




receptor events are more likely (Dekant et al., 2017b; Franzen et al., 2017; Jean and Plotzke, 2017). 




However, a mode of action based on dopamine activity is supported by studies showing dopamine-




like effects of D4 in in vitro systems (Dekant et al., 2017; Franzen et al., 2017; Jean, 2005; Jean 




and Plotzke, 2017) and an observed decrease in prolactin, secretion of which is inhibited by 




dopamine, in in vivo experiments (Dekant et al., 2017b; Franzen et al., 2017; Jean, 2005; Jean and 




Plotzke, 2017; Quinn et al., 2007a). The downstream key events (decreased prolactin and LH 




surge) in this mode of action have been well established for D4 using in vivo studies. However, 




one of the available datasets on the prolactin decrease and/or the decreased LH surge did not 




demonstrate an effect (Dekant et al., 2017a; Elias, 2010; Jean and Plotzke, 2017). 




A dopamine-related mode-of-action was considered as an explanation for the observed effects of 




D4 on the uterus in rats after inhalation exposure to 700 ppm D4 for two years. Dopamine agonists 




inhibit prolactin secretion from the pituitary in rats, causing estrogen dominance resulting in 




persistent endometrial stimulation that ultimately induces proliferative endometrial lesions (Alison 




et al., 1990). Studies investigating the role of dopamine agonism were performed in two animal 




model systems (reserpine-pretreated female rats and aging female F344 rats) and in vitro (Dow 




Corning Corporation, 2005b, 2009a, 2010a,b; Jean et al., 2005). Reserpine administration to rats 




depletes brain dopamine, blocks the dopamine inhibition of prolactin secretion into blood, and 




induces a pronounced increase in circulating prolactin, providing a model to investigate the 




potential for a chemical to interact with the dopamine D2-receptor. In the aging F344 rat, altered 




hypothalamic control of dopamine causes elevated prolactin secretion and gives rise to increased 




prolactin concentrations in blood. Administration of dopamine receptor agonists also reduces 




prolactin in this system. 















             




 




 




             




 




 




Support for the dopamine agonist mode of action was obtained after D4 inhalation in reserpine-




treated rats (Dow Corning Corporation, 2005c). Reserpine administration to rats caused a six-fold 




increase in prolactin concentration. D4-inhalation (nose-only, 700 ppm for six hours) reduced this 




reserpine-induced increase in prolactin concentration by 85% in samples taken at the end of the 




inhalation exposure (Fig. 2) (Dow Corning Corporation, 2010b). Administration of the dopamine 




receptor antagonist sulpiride prior to treatment blocked the D4 effect on serum prolactin providing 




support for the conclusion that D4 has dopamine agonist-like effects on the pituitary in rats. A 




series of in vitro studies determined the ability of D4 to stimulate prolactin release from specific 




cells and evaluated D4 affinity for dopamine receptors (Dow Corning Corporation, 2009b). While 




D4 completely blocked maitotoxin-induced prolactin secretion in MNQ-cells, a direct interaction 




of D4 with dopamine receptors was not established (Dow Corning Corporation, 2009b; Baker, 




2010; Dow Corning Corporation, 2011). Therefore, D4 is unlikely to interact directly with 




dopamine receptors. 




 




Effect of D4 inhalation on estrous cycles  




Exposure of cycling adult female F344 rats to D4 by whole-body inhalation at 700 ppm for 35 




days resulted in estrous cycle prolongation to 5.7 days compared to 5.0 days in control animals. 




The increased cycle length was attributable to an increase in time in diestrus. By the end of the 




treatment period, 17 of 20 D4- treated animals and all 20 control animals were cycling normally. 




D4 treatment was associated with an increase in large follicles in animals sacrificed in estrus. The 




large follicles might have represented unovulated follicles that continued to secrete E2, and there 




was a statistically significant increase in serum E2 concentration on the morning of estrus in D4-




treated animals (30.5 pg/mL as compared to 26.6 pg/mL in controls). F344 females treated with 




D4 from 11 to 25 months of age with monitoring of estrous cycle stage by daily vaginal lavage 




showed an increased time in an estrogenic state compared to controls, and females were in an 




estrogenic state for more consecutive days than controls (Fig. 3) (WIL, 2013; Jean et al., 2016). 




The larger cumulative number of days of endogenous estrogen exposure is expected to increase 




the risk of endometrial hyperproliferation. Data on circulating prolactin levels were collected, but 




because blood samples were taken only at three to four week intervals and were not normalized to 




estrous cycle phase, these data are not informative. Histomorphology of the uterine and vaginal 




tissue at 24 months was consistent with the cyclicity data suggesting an increase in endogenous 




estrogenic influence. 




The following information is taken into account for any hazard / risk assessment: 




In the key inhalation two-generation reproductive toxicity study in rats (WIL Research 2001a), 




statistically significant reductions in mean live litter sizes and mean number of pups born were 




observed in the 500 and 700 ppm D4 groups for the F0 animals, and statistically significant 




reductions were noted for the first mating period in the F1 animals for the mean live litter size in 




the 500 and 700 ppm groups and for mean number of pups born in the 700 ppm group. When the 




F1 males were paired with unexposed females, no effects on reproductive performance were 




observed. In the F1 generation, mating indices were reduced in the 700 ppm group for the first and 




second matings (statistically significant for the females in both matings and for males in the second 




mating). Fertility indices were statistically significantly reduced in the 700 ppm group for the first 




F1 mating period. In the second F1 mating period, male and female fertility indices were 




statistically significantly reduced in the 500 and 700 ppm groups. The male and female fertility 















 
             




 




 




 




 




 




indices for the second F1 mating were also reduced in a non-exposure responsive manner in the 




70 and 300 ppm groups, although the differences from the control group were not statistically 




significant. Microscopic evaluation of the ovaries, uterus, vagina, mammary gland and pituitary 




gland from the 0, 70, 300, 500, and 700 ppm F1 females suggested a subtle non-exposure 




responsive effect characterized by perturbation of the estrous cycle and accelerated reproductive 




senescence in F1 (but not F0) females at 70, 300, and 500 ppm, with a more obvious effect at 700 




ppm. The NOAEC for reproductive toxicity was therefore 300 ppm, and the NOAEC for general 




toxicity was 300 ppm based on reduced body weight gain in adult animals. 




Differences in the regulation of the pre-ovulatory LH surge and the criticality of timed events with 




regard to rat versus human support the conclusion that the observed high-dose effect of D4 on 




female rat fertility should not be considered relevant to humans. The effects on fertility associated 




with inhalation exposure to high vapour concentrations of D4 are attributed to an effect on the 




female and specific to exposure surrounding the ovulatory phase (WIL 1999).  Research to further 




define these associations has demonstrated that D4 exposure increases the incidence of females 




expressing a delayed/suppressed pre-ovulatory LH surge and ovulation (Control: 21%; 700 ppm 




D4: 58%; 900 ppm D4: 69%) (Dow Corning Corporation 2002a; WIL 2001b).  The pre-ovulatory 




LH surge and ovulation are critically connected in the rat as is well established in the literature.  




An insufficient or blocked pre-ovulatory LH surge fails to induce ovulation in the rat and results 




in the spectrum of fertility effects as seen with D4 (Quinn et al. 2007a). Therefore, the current 




understanding of estrus cyclicity and neural/hormonal regulation of ovulation in humans suggests 




that the effects of D4 on fertility as seen in the SD rat are not relevant to human health.  




Recent independent expert reviews of the mammalian toxicity data and the exposure data have 




clearly concluded D4 does not present a risk to human health (Dekant et al., 2017; Franzen et al., 




2017; Jean and Plotzke, 2017).  




Quinn et al., 2007a demonstrated that a relevant explanation for the reproductive effects observed 




in the rats exposed to D4, was induction of a delay or decrease of the LH surge necessary for 




optimal timing of ovulation. Major species differences have evolved with regard to the 




neuroendocrine control of ovulation (Plant, 2012). The control system governing the preovulatory 




LH surge is very different in rats compared to humans. Therefore, the current understanding of 




estrus cyclicity and neural/hormonal regulation of ovulation in humans suggests that the effects of 




D4 on fertility observed in the rat are unlikely to be relevant to humans. It is also important to note 




that the reproductive effects were only seen following exposure to the highest exposure 




concentrations of D4 (500 and 700 ppm).  




In the rodent, the timing of the preovulatory LH surge is determined by the brain, being triggered 




by a discharge of gonadotrophic releasing hormone (GnRH) induced by a circadian neural signal 




that is coupled to the light/dark cycle and gated by a positive feedback action of estradiol in the 




pre-optic area (POA) of the hypothalamus. In addition, in rodents, operation of this LH surge-




inducing neuroendocrine system may be readily blocked by barbiturate anesthesia similar to 




phenobarbital. 




 















             




 




 




             




 




 




In the primate, the control system governing the preovulatory LH surge is located in the medial 




basal hypothalamus-pituitary unit and is emancipated from control by the POA in the 




hypothalamus. In contrast to the response in rats, the primate control system is resistant to the 




inhibitory action of barbiturates on neuronal activity. Ovarian estradiol exerts a positive feedback 




action on gonadotropin secretion and plays a key role in triggering the LH surge in rats, but in 




contrast to the rodent, any circadian input to the timing of the LH surge may be overridden by 




increasing the magnitude of the estradiol signal. The hypothalamic and pituitary sites of the 




positive feedback action of estradiol appear redundant and spontaneous ovulation may be induced 




by pituitary feedback alone in both species of primate (monkey and human),. Therefore, the current 




understanding of estrus cyclicity and neural/hormonal regulation of ovulation in humans suggests 




that the effects of D4 on fertility as observed in the rat are unlikely to be relevant to humans (Plant, 




2012). 




Extensive research has been conducted to understand the potential mode of action of the 




reproductive endpoints in female rats and whether these endpoints are relevant to human health 




(Franzen et al., 2017, Dekant et al., 2017a,  Dekant et al., 2017b and Jean et al. 2017),  




 




Dekant et al., 2017a, concluded:  




 




“It is likely that cycle disruption occurred over time in female rats exposed to D4 due to either an 




inhibition by D4 of pituitary prolactin production (Fig. 1) and/or through modulation of the LH 




surge leading to an increased endogenous E2 signal to the uterus. Neither mechanism would be 




relevant to human risk due to differences between rat and human in pituitary control of the female 




reproductive cycle (Quinn et al., 2007a; Plant, 2012; Klaunig et al., 2016).”  




 




Figure 1.  Proposed alteration in estrus cycle mode of action for D4 induced rat (reproduced 




from Dekant et al, 2017a, Figure 4) 




 




Although D4 is not a direct dopamine agonist, there were subtle alterations in the dopamine 




activation pathway and modulation of prolactin concentrations following exposure to D4 that were 




suggestive of some interference with this pathway. This could account for both the reproductive 




and the uterine tumours seen following exposure to high concentration of D4. Dekant et al., 2017a 















 
             




 




 




 




 




 




also commented that “the subtlety of the effects following exposure to D4 may prevent further 




assessment and definition of a precise mode of action”.  




Dekant et al., 2017b concluded that the mode of action that best explains the adverse effects of D4 




on fertility in female rats is a dopamine activity mode of action that is not relevant to humans. 




While binding of D4 to the dopamine receptor may be considered possible in humans the available 




data do not support a direct interaction of D4 with the dopamine receptor (Dekant et al.,2017; 




Franzen et al., 2017; Jean and Plotzke, 2017). Regardless of the molecular initiating event, an 




increase in dopamine activity that decreases prolactin in humans is not relevant to human ovulation 




or corpus luteum maintenance, because prolactin is not important in ovulation in primates. 




Prolactin null mice have irregular estrous cycles and do not conceive (Bachelot and Binart, 2007). 




When these mice ovulate, the corpus luteum does not form normally and if conception occurs, 




pregnancy does not continue. By contrast, prolactin is not important in primate ovulation and, 




indeed, excessive prolactin interferes with ovulation, even if the excess is transient and clinically 




unapparent (Suginami et al., 1986). Dopamine agonist medications are used to treat ovulatory 




disturbances attributed to prolactin excess in women (Anon, 2004). Because there are no data 




suggesting that D4 binds to the dopamine receptor and because dopamine agonism does not 




interfere with ovulation in women, the species differences in this key event break the chain. 




Therefore, the mode of action that best explains the adverse effects of D4 on fertility in female rats 




is not relevant to humans. 




 




Lastly more detailed investigations are underway to better understand the dose-toxicity 




relationships. Toxicokinetic studies evaluating the linearity of the kinetics of D4 following 




exposure across concentration levels similar to those used in the toxicity studies will be assessed 




to  evaluate the relevance of these effects at non-linear high doses relative to actual human 




exposures. Sarangapani et al., 2002 developed a pharmacodynamic extension to a physiologically 




based pharmacokinetic (PBPK) model to characterize dose-response behaviours following 




inhalation exposure to D4. This evaluation showed that at exposures greater than ∼300ppm (the 




NOAEC in the reproductive studies), there was an apparent saturation of liver enzymes with 




subsequent decreasing liver metabolism, suggesting that effects seen above this exposure 




concentration are of questionable toxicological relevance when compared to actual human or 




environmental exposures. In addition, the inability to identify a specific initiating event leading to 




either the reproductive effects or the uterine tumours suggests that these effects may be due to 




high-dose nonspecific toxicity. Nonspecific toxicity effects are only seen at very high exposure 




levels and do not have a classic dose-toxicity response relationship. The dose-toxicity response is 




often very steep as seen with the D4 reproductive effects, where the effects are only seen at very 




high exposure concentrations with only a few animals being affected. The other characteristic of 




these nonspecific responses is that no one molecular initiating event or early key event can be 




identified when investigating the mode-of-action.  Industry has carried out numerous studies to 




identify a precise mode-of-action of modulating the LH surge in rodents to no avail (Franzen et 




al., 2017, Jean et al., 2017, and Dekant et al., 2017a).  As the response is so subtle even at these 




high concentrations, it was not possible to identify the molecular initiating event and/or early key 




events leading to modulation of the LH surge. This further calls into to question the specificity of 




these effects.  If concentrations to humans or in the environment can never reach these unrealistic 




concentrations that lead to potential nonspecific toxicity, these hazards cannot occur.   















             




 




 




             




 




 




Developmental toxicity 




Five reliability score 1 studies conducted in the same year are available for developmental toxicity 




(International Research and Developmental Corporation (IRDC), 1993a; b; c; d; e). Two of these 




studies are range-finding studies, so were excluded from being key studies (IRDC, 1993d; e). One 




of the studies (IRDC, 1993b) tested a restricted number of animals, so was also excluded from 




being the key study. 




Either one of the remaining two studies could have been selected as the key study (IRDC, 1993a; 




c). 




In the key inhalation prenatal developmental toxicity study (IRDC, 1993a) New Zealand white 




rabbits (20 animals/dose) were exposed to D4 whole body at concentrations of 100, 300, 500 ppm 




on gestation days 6 to 18. No substance related mortality; no adverse antemortem or necropsy 




findings, and no substance related effects on body weight gain were observed in any exposure 




group. 




Statistically significant reductions in maternal food consumption were noted in the highest 




exposure group during the first and second exposure intervals (gestation days 6-9 and 9-12) when 




compared with the controls. Food consumption was also slightly reduced, relative to the control 




group, in that group during the third interval (gestation days 12-15) and during the overall exposure 




interval (gestation days 6-19). These reductions were considered to be treatment-related. Mean 




postimplantation loss (resorptions) was slightly increased in the highest exposure group when 




compared with the controls, but were well within the historical control range. This finding was not 




attributed to treatment. There were no treatment-related differences in the number of viable fetuses 




per dam or mean fetal body weight. There were no treatment-related malformations or 




developmental variations. Therefore, the NOAEC for developmental toxicity was ≥500 ppm. The 




NOAEC for maternal toxicity was 300 ppm based on reduced food consumption in the highest 




dose group. 




In the supporting inhalation prenatal developmental toxicity study (IRDC, 1993c) CD rats (30 




animals/dose) were exposed to D4 whole body at concentrations of 100, 300, 700 ppm on gestation 




days 6 to 15. No deaths occurred and there were no exposure-related signs of toxicity. There was 




statistically significantly decreased body weight gain in the highest exposure group over gestation 




days 6-16, 9-12 and over the entire gestation period (gestation days 0-20). All animals in the high 




exposure group lost weight on gestation days 6-9. A statistically significantly reduced food 




consumption occurred in the high exposure group during exposure and over the entire gestation 




period. Pregnancy rates were not different to controls in all exposure groups. Only one animal of 




the low dose group had whole litter resorption, a finding that was not considered to be treatment-




related. All c-section parameters, including embryo lethality, litter sizes, sex distribution of fetuses 




and fetal body weight were comparable between control values and treated groups. The mean 




maternal liver weights in the treated groups were comparable with those of the control group. 




There were no treatment-related malformations or developmental variations. The NOAEC for 




maternal toxicity was 300ppm, based on reduced food consumption and body weight gain. The 




NOAEC for developmental toxicity was ≥700 ppm. 




The other supporting studies also gave negative results for effects on development, including 




teratogenicity. 















 
             




 




 




 




 




 




The following information is taken into account for any hazard / risk assessment: 




In the key inhalation developmental toxicity study in rabbits (IRDC, 1993a), D4 did not affect fetal 




developmental and the NOAEC for this endpoint was therefore greater than the highest 




concentration tested (500 ppm; 6066 mg/m3). The NOAEC for maternal toxicity was 300 ppm 




based on reduced food consumption in the highest dose group. 




Justification for classification or non-classification 




D4 has a harmonised classification as Reproductive Category 2 in Annex VI of Regulation 




1272/2008, based on the previous available data, for its demonstrated effects on female fertility in 




rats.  This is derived from research that has shown the fertility effects are associated with exposure 




of the female rat during the critical ovulatory phase and that exposure during the ovulatory phase 




induces a delay/suppression of the pre-ovulatory LH surge and subsequent ovulation.  More recent 




research and expert reviews have acknowledged the differences in the regulation of the pre-




ovulatory LH surge and the criticality of timed events with regard to rat versus human as well as 




extensive mechanism of action research support that the observed high-dose effect of D4 on female 




rat fertility should not be considered relevant to humans. 




The available data suggest that D4 does not require classification for effects on development or 




male fertility. 
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Summary and discussion of carcinogenicity 




 




Summary 




Only one carcinogenicity study is available and is therefore the key study. 




In a 2-year study, five groups of male and female F344 rats were exposed to 0, 10, 30, 




150, or 700 ppm of D4, 6 hours/day, 5 days/week (Battelle, 2004).  Animals were grouped into 




subgroups as follows: 




Subgroup A: animals were exposed for 6 months and then sacrificed for the determination of D4 




in blood, fat, and liver for validation of the D4 PBPK model.  




Subgroup B: animals were exposed for one year and then sacrificed. 




Subgroup C: animals were exposed for one year and were observed for an additional year to 




determine possible reversibility of any effects.  




Subgroup D: animals were exposed for two years.  




 




Subgroup C and D animals were sacrificed at two years. A complete histopathology examination 




was performed on all animals that were either sacrificed or died in extremis.  




 




Subgroup A Results: 




Subgroup A animals were used for the analysis of D4 levels in blood, fat, and liver in order to 




validate the physiologically based pharmacokinetic (PBPK) model developed for D4. These data 




will not be reported here but are available if requested. 




 




Subgroup B Results: 




In male and female animals exposed to D4 for one year and then sacrificed, there was a significant 




increase in absolute and relative (i.e., organ: body weight or organ: brain weight ratios) liver weight 




at 150 and 700 ppm. This result is consistent with known phenobarbital-like effects of D4 and in 




line with other repeat-dose studies. Furthermore, there was an increase in absolute and relative 




kidney weight in male and female rats at 700 ppm only. 




 




Subgroup C Results: 




In male animals exposed to D4 for one year and then observed for one year without further 




exposure, there was an increase in mean liver: body weight ratio at 700 ppm with no accompanying 




histopathological findings associated with this relative liver weight increase. Females in this 




subgroup had a significant increase in absolute and relative uterine weight at 10 ppm only. One 




female rat in the 150 ppm exposure subgroup had a large endometrial adenocarcinoma, which 




contributed to the high mean and standard deviation values for uterine weights in this particular 




exposure subgroup. One female in the 30 ppm exposure group had an endometrial adenoma. Since 




these findings occurred only at intermediate exposure concentrations following one year of 




exposure and one year of recovery, it is unlikely that they are related to D4 exposure. Organ 




weights taken at two years tend to be highly variable and are, therefore, unreliable. 




  















 




 
             




 




 




 




 




 




Subgroup D Results: 




The percent survival rate of animals exposed for two years to D4 was decreased at 700 ppm. 




Survival rate was 38% in treated males compared to 58% for controls and was 58% for treated 




females compared to 72% for controls. This effect on mortality was likely due to the incidence of 




early onset F344 rat-specific mononuclear cell leukemia (MNCL) that occurred at 700 ppm. 




However, the overall incidence of MNCL diagnosed at histopathological examination of both 




intercurrent deaths and terminal sacrifice animals was 68% for males at 700 ppm compared to 72% 




in the control group and 30% for females at 700 ppm compared to 23% in the control group. 




 




Statistically significant increases in absolute and relative kidney weight were observed for both 




male (700 ppm) and female (150 and 700 ppm) rats exposed for two years. These increases in 




kidney weights may reflect the observed increases in severity of chronic nephropathy observed 




during microscopic examination of the tissues from this subgroup of animals. Chronic nephropathy 




is generally considered to be an age-related phenomenon in F344 rats with little or no relevance to 




humans.  




 




Statistically significant increases in absolute and relative liver weight were observed in female rats 




exposed to D4 at 150 and 700 ppm and in male rats at 700 ppm for two years. This finding was 




accompanied by centrilobular hypertrophy in male rats only consistent with the known mode of 




action of D4 for liver effects.  




 




An increase in absolute (46%) and relative (54%) uterine weight was seen in female rats at 700 




ppm of exposure for two years.  Histopathologically, the total incidence of cystic endometrial 




hyperplasia in females in the 700 ppm exposure group was approximately 50% with a mean 




severity grade of 2.5, compared to a 19% incidence of cystic endometrial hyperplasia (grade 1.7) 




in the control group. Interestingly, 40% of the 25 female rats in the 700 ppm group that died prior 




to the 2-year terminal sacrifice (i.e., the intercurrent mortalities) had cystic endometrial hyperplasia 




with a grade of two or greater.  The increases in incidence and severity grade were statistically 




significant (p < 0.01).  Four of the 35 female animals in the 700 ppm dose group that survived to 




two years were diagnosed with endometrial adenomas (Table 1).  No uterine adenomas were 




diagnosed in the intercurrent mortality animals (i.e., 0/25) in this exposure group and no 




endometrial adenomas were diagnosed in any other exposure group (0, 10, 30, 150 ppm) within 




Subgroup D or in any other Subgroup (A, B, or C) except for 1 female rat in the 30 ppm recovery 




group. The Peto or Poly3 (Peto et al. 1980; Bailer and Portier,1988) statistical analyses for trend 




indicate a level of significance at p<0.0008 and p<0.0001, respectively. Pair-wise comparison of 




incidence for treated versus control rats did not show statistical significance.  It should be noted 




that at sacrifice following 1 year of exposure (Subgroup B), there was no increase in the incidence 




of either cystic endometrial hyperplasia or tumours of any kind. 




  















 
             




 




 




             




 




 




Table 1- Results of the D4 2-year Chronic Bioassay  




       




 Exposure      




Concentration              




(ppm D4)  




2-Year Exposure Group             




(Subgroup D) 
1-Year Exposure/Recovery Group 




(Subgroup C) 
 




 




Cystic 




Endometrial 




Hyperplasia1 




Endometrial 




AdenomaC or 




Adenocarcinoma 




Cystic 




Endometrial 




Hyperplasia1 




Endometrial 




Adenoma or 




Adenocarcinoma 
 




 
0 




11/59                 




(1.7) 
0/59 




1/20                  




(2.0) 
0/20 




 




 
10 




8/59                     




(1.8) 
0/59 




6/20                




(2.0)ab 
0/20 




 




 
30 




5/59                        




(1.8) 
0/59 




4/20                




(2.5) 
1/20             




(adenoma)  




 
150 




13/60                   




(1.8) 
0/60 




3/20                   




(3.0) 
1/20 




(adenocarcinoma)  




 
700 




30/60                   




(2.5)ab 
4/60           




(adenoma) 
3/20                




(1.7) 
0/20 




 




 
aStatistically different incidence from control (Poly3 Test, p < 0.05)  




 
bStatistically different incidence/severity grade from control (Jonckheere-Terpstra Test,  p < 0.05)  




 
cStatistical trend across exposure levels (Peto Test,  p < 0.05)  




 
1Incidence (mean severity grade)  




 




 




Discussion 




Reproductive physiology  




To understand the possible mode-of-action for uterine adenomas following exposure to D4, it is 




important to look at the events that happen in an aging female F344 rat compared to humans.  




 




Reproductive Senescence in F344 Rats 




As female Fischer 344 rats reach 12 months of age or above, normal estrous cycling ends and over 




the ensuing months, they may enter into a short period of constant estrous (Nishijima et al. 2013, 




Brown and Leininger 1992), followed by repetitive pseudopregnancy and eventually anestrus. 




Constant estrous is characterized by persistently elevated estrogen levels (Lu et al. 1979; Lu et al. 




1980; Lu et al. 1981; Brown and Leininger 1992). Repetitive pseudopregnancy is characterized by 




sustained progesterone and prolactin levels (Smith et al. 1975; Huang et al. 1975, Huang et al. 




1976; Huang et al. 1978; Lu et al. 1980; Demarest et al. 1982; Peluso 1992; Peluso and Gordon 




1992) and in anestrus, ovarian activity ceases (Huang et al. 1976; Cooper et al. 1986; Peluso and 




Gordon 1992). Remaining in constant estrous for any sustained period of time is relatively 




uncommon for Fischer 344 rats (Nagaoka et al. 1994). Pseudopregnancy occurs at a much higher 















 




 
             




 




 




 




 




 




incidence in the aging female Fischer 344 rat (Gonzalo et al. 2017; Saiduddin and Zassenhaus 




1976; Estes and Simpkins 1982; Peluso and Gordon 1992).  




 




With normal aging in the female Fischer 344 rat, blood prolactin levels increase and dopaminergic 




inhibition of prolactin secretion via the tuberoinfundibular dopaminergic (TIDA) neurons 




decreases (Gonzalo et al. 2017; Ascheim 1976, Demarest et al. 1982; Demarest et al. 1985; 




Reymond 1990).  Prolactin maintains corpus luteum function and stimulates the synthesis of 




progesterone (Demarest et al. 1982; Neumann 1991). As a consequence, aging female Fischer 344 




rats enter a state of pseudopregnancy in which elevated progesterone levels are sustained 




(Demarest et al. 1982; Peluso and Gordon 1992). In pseudopregnancy, the corpora lutea persist 




and continue to secrete progesterone rather than regress, as occurs in a rat that is cycling normally 




(Peluso and Gordon 1992). A pseudopregnancy episode usually lasts about 2 weeks, although 




longer durations are possible. Animals that become pseudopregnant usually do so multiple times 




(Demarest et al. 1982; Peluso and Gordon 1992). As with pregnancy, pseudopregnancy is 




associated with high levels of progesterone and prolactin and low levels of estrogen, luteinizing 




hormone (LH), and follicle stimulating hormone (FSH) (Smith et al. 1975; Huang et al. 1976; 




Huang et al. 1978; Lu et al. 1980; Demarest et al. 1982; Peluso and Gordon 1992; Gonzalo et al. 




2017). Pseudopregnancy episodes and elevation in progesterone occurs as early as 12 months of 




age (Nagaoka et al. 1994). Consequently, in the aging female Fischer 344 rat, the effects of high 




levels of progesterone relative to estrogen (e.g., a decreased estrogen/progesterone ratio (E2/P4)) 




from repetitive pseudopregnancy would be the predominate signal to the endometrium. This is in 




contrast to reproductive senescence in women who show declines in both prolactin and 




progesterone after menopause.  




 




As female Fischer 344 rats enter reproductive senescence, there are age-related changes in the 




reproductive cycle and in the uterus. A period of marked physiological changes and onset of a 




reproductive senescence that is unique to the F344 rat are distinctly different from human and they 




are often associated with increased endogenous E2 from ovarian cysts (Dekant et al. 2017). 




Normal age-related changes observed in the uterus include endometrial hyperplasia, uterine 




stromal polyps, and endometrial adenomas (Leininger and Jokinen 1990). There are two types of 




endometrial hyperplasia (Leininger and Jokinen 1990). The first type, diffuse cystic endometrial 




hyperplasia, is thought to result from prolonged estrogen stimulation from ovarian cysts and is not 




believed to be preneoplastic (Leininger and Jokinen 1990). Focal glandular hyperplasia 




(adenomatous hyperplasia), however, may be a precursor to neoplasia. Uterine stromal polyps, the 




most common uterine tumour in rats, form in response to prolonged progesterone stimulation 




(Leininger and Jokinen 1990).  




 




Literature reporting on the background incidence of uterine endometrial adenomas and 




adenocarcinomas suggests that endometrial adenomas are considered to be very rare in the Fischer 




344 rat regardless of strain and substrain (Dekant et al. 2017a; Nishijima et al. 2013; Goodman et 




al. 1979; Haseman et al. 1998; Solleveld et al. 1984; Maekawa et al. 1983; Maekawa et al. 1999). 




In contrast a wide range of background incidence of uterine endometrial adenocarcinoma has been 




reported (Kuroiwa et al. 2013; Nyska et al. 1994).  The incidence appears to be highly dependent 




on the strain, sub-strain, and other factors (e.g., diet and environmental). 















 
             




 




 




             




 




 




 




Mode of Action Investigations (Dekant et al. 2017a and Dekant et al. 2017b) 




Chemical-induced carcinogenesis may result from genetic toxicity (e.g., gene mutation) or from a 




nongenotoxic stimulus referred to as epigenetic carcinogenicity.  The following focus areas were 




assessed by Dekant et al. 2017 a and b. 




1. Genotoxicity 




2. Epigenetic (Nongenotoxic) 




a. Direct endocrine 




b. LH surge modulation leading to cycle disruption 




c. Dopamine Agonist activity 




Genotoxicity 




 




The genotoxicity of D4 has been evaluated using a variety of in vitro and in vivo test systems using 




guideline compliant protocols. Studies for chromosome effects or DNA damage were negative in 




vitro and in vivo. The predominance of negative findings demonstrates that D4 is not genotoxic 




(Dekant et al. 2017a; Isquith et al. 1982, 1988a, 1988b, 1998c). 




 




In the Ames test, D4 was tested, with and without Aroclor 1254-induced rat liver S9 metabolic 




activation, with tester strains TA98, TA100, TA1535, TA1537 and TA1538. At concentrations up 




to 5.0 mg/plate there was no evidence of a mutagenic response either in the absence or in the 




presence of S9 metabolic activation. All 5 bacterial strains exhibited a mutagenic response to the 




appropriate positive control substances. 




 




Treatment of cultured Chinese Hamster Ovarian (CHO) cells at concentrations of D4 ranging from 




0.003 to 0.01 mg/ml in the absence of a rat liver S9 metabolic activation system and from 0.003 to 




0.03 mg/ml in the presence of the metabolic activation system did not result in statistically 




significant or dose-related increases in the frequencies of chromosomal aberrations. 




 




D4 was tested for its potential to produce significant increases in the frequency of Sister Chromatid 




Exchanges (SCE) in cultured CHO cells. Five concentrations of D4 ranging from 0.00003 to 0.03 




mg/ml in the absence of metabolic activation and from 0.003 to 0.03 mg/ml in the presence of 




metabolic activation were used. The concentrations were selected on the basis of a preliminary 




cytotoxicity study. No statistically significant increases in the mean numbers of SCE/chromosome 




and SCE/cell were observed (p<0.05). However, statistically significant increases in the mean 




numbers of SCE/chromosome and SCE/cell were observed in the presence of S9 metabolic 




activation at each of three concentrations evaluated. Linear regression analysis indicated that there 




was no evidence of a dose-related response, and as the increases were of such small magnitude, 




they were considered not to be of biological relevance. 




 




An in vivo study was conducted to assess the ability of D4 to increase the incidence of 




chromosomal aberrations in the bone marrow of male and female SD rats at 6 hours and 24 hours 




following inhalation exposure to D4 vapor for 6 hours per day for 5 consecutive days at a nominal 




concentration of 700 ppm. Among D4 exposed females, the mean incidence of chromosomal 




aberrations was 1.2% at both the 6-hour and 24 hour sampling times. The mean incidence of 




chromosomal aberrations was 1.0% and 1.2% for D4 exposed males at the 6-hour and 24-hour 















 




 
             




 




 




 




 




 




sampling times, respectively. Positive controls treated by intraperitoneal injection with 30 mg/kg 




cyclophosphamide and exposed to filtered air using the same exposure regimen had mean 




chromosome aberrations of 16.9% (male) and 13.4% (female). Therefore, D4 was considered not 




to be clastogenic in SD rats. D4 was tested in an extended dominant lethal assay in SD rats. Groups 




of 15 males received 100, 500 or 1000 mg D4/kg/day by oral gavage for 5 days/week for 8 weeks 




prior to mating. Uterine dissection of the pregnant females 14 days after confirmation of mating 




revealed no evidence of a treatment-related effect on corpora lutea or implant counts or on litter 




size. A positive control group utilizing triethylenemelamine produced a significant reduction in 




fertility, an increase in dead implants and a decrease in litter size, thus validating the test system. 




Therefore, this extended test gave no evidence of D4 inducing chromosomal damage in germinal 




tissue. 




 




Therefore, based on the above studies, a genotoxic mode of action for the formation of D4-




induced endometrial adenoma in female Fischer 344 rats is not considered a viable mode of 




action. 




 




Epigenetic 




In the two year chronic bioassay with D4, the presence of cystic endometrial hyperplasia and 




uterine adenoma in the 700 ppm exposure group was hypothesized to be result of increased 




exposure to endogenous estrogen.  Though the driver for the proposed D4-induced estrogenic 




stimulation of uterine endometrium leading to cystic hyperplasia and uterine adenoma is unclear, 




there are data that provide important insight.    




 




There are two types of endometrial hyperplasia (Leininger and Jokinen 1990) found in the rat.  The 




first type, diffuse cystic endometrial hyperplasia, is thought to result from prolonged estrogen 




stimulation from ovarian cysts and is not believed to be preneoplastic (Leininger and Jokinen 




1990).  Focal glandular hyperplasia (adenomatous hyperplasia), however, may be a precursor to 




neoplasia and may be related to direct estrogenic stimulation. Diffuse cystic endometrial 




hyperplasia does not spontaneously occur in high incidence in the F344 rat (Leininger and Jokinen, 




1990). This is due in large part to the characteristics of reproductive senescence in the Fischer 344 




rat (persistent pseudopregnancy, high circulating levels of prolactin and progesterone, and low 




circulating levels of estrogen). Two potential modes of action that may lead to elevated 




endogenous estradiol are modulation of the LH surge and dopamine agonism.  These more relevant 




modes of action will be discussed in more detail below, however for completeness a review of D4 




direct endocrine activity is included as well.     




 




a) Direct Endocrine Activity 




 




To understand the potential for an epigenetic carcinogenicity mode of action, as may arise from a 




direct sustained response to D4 on the endometrial cells, D4 was assessed for direct endocrine 




activity (Jean et al. 2005a: Quinn et al. 2007a; He et al. 2003; McKim et al. 2001). The 




investigations indicated that D4 has an apparent weak estrogenic/antiestrogenic activity; however 















 
             




 




 




             




 




 




there was a lack of effects on sensitive markers within the reproductive studies (Siddiqui et al. 




2007; Meeks et al. 2007). The apparent inconsistency in activity is good evidence of the very weak 




potency of this material.  D4 was also found not to have progestagenic, androgenic or anti-




androgenic activity (Quinn et al. 2007a).  A series of experiments have been conducted to examine 




the ability of D4 to disrupt endocrine pathways (Jean et al. 2005a: Quinn et al. 2007a, 7b; He et 




al. 2003; McKim et al. 2001). Weak anti-estrogenic activity was observed in an oral gavage study 




with both Fischer 344 and Sprague-Dawley rats (McKim et al. 2001) and in an in vivo uterotropic 




assay with Fischer 344 strain exposed via whole body inhalation exposure (Quinn et al. 2007a). 




He et al. 2003 demonstrated that in the mouse D4 induced an increased wet uterine weight and an 




increased uterine peroxidase activity, a marker for estrogenic activity after oral administration.  In 




addition, ovariectomized estrogen receptor-α knockout mice showed no increases in uterine 




weights when orally exposed to D4 or estradiol (He et al. 2003).  In a study in human MCF-7 cells 




D4 expressed dose dependent estrogenic effect with no significant anti-estrogenic activity (Quinn 




et al. 2007a).  D4 did not show androgenic activity in the Herschberger assay with male Fischer 




344 rats through whole body D4 inhalation (Quinn et al. 2007a).  In in vitro ligand binding assays, 




assessment of receptor binding to calf uterine progesterone receptor and to recombinant human 




progesterone receptor (alpha and beta forms) gave no indication for binding of D4 to the 




progesterone receptor (Jean et al. 2005a). Also, assessment of D4 in the cell-based reporter gene 




assay gave no indication of progesterone receptor (recombinant human progesterone receptor-ß) 




activation (Jean et al. 2005a). 




While D4 does have an apparent weak estrogenic/antiestrogenic activity (He et al. 2003; Quinn et 




al. 2007a, McKim et al. 2001), there are many observations in the reproductive studies (Siddiqui 




et al. 2007; Meeks et al. 2007) that are inconsistent with this activity, indicating the very weak 




potency of this material. These observations are summarized below: 




• No effects on male primary or accessory reproductive organs 




• No effects on sperm counts, sperm production rate, sperm motility or morphology 




• No effects on vaginal patency, balanopreputial separation, or anogenital distance 




• No visceral or gross abnormalities seen in any offspring 




• No effects on male reproductive performance 




• No effect on the ability of females to become pregnant after mating 




• No effects on the ability of the pregnant females to carry their litters to term 




• No effect on the females’ behavior or ability to nurse their young or nurture the offspring 




to weaning. 




 




Endpoints such as vaginal patency, balanopreputial separation, and anogenital distance are all 




sensitive endpoints designed to assess estrogenicity. Further, the lack of effects on male 




reproductive organs and sperm counts, sperm production rate, sperm motility or morphology also 




call into question any role for inherent D4 estrogenicity in the uterine tumor mode of action. 




 




In summary, although D4 has very weak estrogenic/antiestrogenic activity as explained above, 




there were no reported indications of estrogenic or anti-estrogenic effects in male rats, in estrogen-




sensitive tissues in females, or in hormone related developmental landmarks, including anogenital 




distance, in rat pups in a two-generation reproductive developmental study with D4.  Based on the 




above, Dekant et al. 2017a concluded that “It is unlikely that the very weak activity of D4 in 















 




 
             




 




 




 




 




 




estrogenic assays is responsible for the increase in the endometrial proliferative lesions seen in the 




2-year chronic bioassay”.  




 




Therefore, the weight of evidence suggests that D4 estrogenicity is not related to the 




production of uterine tumours. 




 




b) Modulation of LH surge  




D4 was shown to inhibit the pre-ovulatory LH surge causing a delay in ovulation, persistent 




follicles and a prolonged exposure to elevated estrogen in the adult rat (Quinn et al. 2007b).  This 




study was conducted to assess the effect of D4 on the pre-ovulatory LH surge, to assess the ability 




of D4 to block or delay ovulation, and to evaluate the effects of exposure to D4 on other hormones 




related to normal reproductive function. Whole body vapor inhalation exposure of rats to D4 (700 




or 900 ppm) resulted in an increased number of rats with suppressed pre-ovulatory LH surge 




compared to controls, where the number of the rats that failed to ovulate appeared to be within the 




normal range (25-30%) (Aschheim 1983; Lu, 1983; Cooper and Goldman, 1999). Evaluation of 




individual animal plasma LH data indicated that failure of a LH surge at 6 p.m. on the day of 




proestrus was accompanied by blocked or reduced ovulation. Additionally, there were higher 




levels of plasma estradiol on the morning of presumptive estrus in most of the rats.  Persistent 




mature follicles in D4-exposed animals continued to secrete estradiol and thus had higher E2 levels 




on the morning of estrus as a result of an attenuated LH surge and blocked ovulation. Conversely, 




control and D4-exposed rats that exhibited a LH surge, ovulated normally and had lower plasma 




E2 levels than the corresponding treatment group with a suppressed LH surge. In addition, the D4 




treated ovulators had slightly higher E2 levels on the morning of estrus compared to the controls. 




This may be due to the slight trend towards retention of large follicles in both ovulating and non-




ovulating treated animals. In assessing the role of modulation of the LH surge from a human 




relevance standpoint it is important to look at species differences in the pre-ovulatory LH surge 




and ovulation.  




Species Differences in Pre-Ovulatory LH Surge and Ovulation: Major species differences have 




evolved with regard to the neuroendocrine control of ovulation (Plant, 2012).  In the rodent, the 




timing of the preovulatory LH surge is determined by the brain, being triggered by a discharge of 




Gonadotropin-releasing hormone (GnRH) induced by a circadian neural signal that is coupled to 




the light dark cycle and gated by an action (positive feedback) of estradiol in the pre-optic area 




(POA) that, in part, is exerted on the population of kisspeptin neurons in the anteroventral 




periventricular nucleus (AVPV). Operation of this LH surge inducing neuroendocrine system may 




be readily blocked by barbiturate anesthesia. During the perinatal period, the surge inducing 




system is disrupted (masculinized) by exposure to testicular androgens that remodel neuronal 




circuitry in the POA; a normal developmental event that leads to the male hypothalamus being 




unable to respond to the positive feedback of estradiol in the rat.    




In the primate, on the other hand, the control system governing the preovulatory LH surge is 1) 




located in the medial basal hypothalamus (MBH)-pituitary unit, 2) emancipated from control by 




the POA, 3) not subjected to programming by testicular androgens during perinatal development, 




and 4) resistant to the inhibitory action of barbiturate on neuronal activity. As in the rodent, ovarian 




estradiol exerts a positive feedback action on gonadotropin secretion and plays a key role in 















 
             




 




 




             




 




 




triggering the LH surge, but in contrast to the rodent any circadian input to the timing of the LH 




surge may be overridden by increasing the magnitude of the estradiol signal. The positive feedback 




action of estradiol in the monkey is mediated at the level of both the MBH (to discharge GnRH) 




and pituitary (to enhance pituitary responsiveness to GnRH), but in women positive feedback at 




the level of the MBH may be less significant. In both species of primate, the hypothalamic and 




pituitary sites of the positive feedback action of estradiol appear redundant and spontaneous 




ovulation may be induced by pituitary feedback alone.  




In previous studies, as noted above, when evaluating the effect of D4 on the LH surge, higher 




levels of plasma estradiol was seen on the morning of presumptive estrus in most of the D4-




exposed animals.  In addition, histopathology confirmed the presence of persistent mature follicles 




in D4-exposed animals that would continue to secrete estradiol and thus leading to higher estradiol 




levels on the morning of estrus as a result of an attenuated LH surge and blocked ovulation. 




In addition, as discussed below, a chronic aged-animal study (WIL Research Laboratories, 2013) was 




conducted to evaluate the effects of chronic exposure to D4 in the aging Fischer 344 rats.  D4 exposure 




in this animal model produced a higher percentage of days for which the vaginal lavages exhibited 




a more estrogenic character. The estrogenic effects of D4 persisted throughout the study. The 




higher percentage of days in proestrus/estrus in the D4 group appeared to be the result of prolonged 




estrogenic phases during the first half of the study followed by increased cycling (i.e., greater 




numbers of times in proestrus/estrus) during the second half of the study. The increased number 




of estrogenic days demonstrated by vaginal cytology in the early exposure phase could be related 




to LH surge suppression as this finding was also seen in D4 treated animals during the LH surge 




suppression study. This increase, even intermittent, would increase the lifetime estrogenic signal 




to estrogen sensitive tissues such as the uterus and vaginal tissue. As noted previously there are 




two types of endometrial hyperplasia (Leininger and Jokinen 1990) found in the rat. The first type, 




diffuse cystic endometrial hyperplasia, is thought to result from prolonged estrogen stimulation 




from ovarian cysts and is not believed to be preneoplastic (Leininger and Jokinen 1990). The 




increase in total incidence of cystic endometrial hyperplasia in D4-treated subgroup D (2 year D4 




treated animals) females in the chronic bioassay study (Battelle., 2004) at 700 ppm was 50% with 




a mean severity grade of 2.5, compared to a 19% incidence (grade 1.7) in the control group and 




indicates an elevated endogenous estradiol which may have resulted from a modulation of the LH 




surge overtime.   




 




The ability of D4 to modulate the pre-ovulatory LH surge and the subsequent increase in 




endogenous estradiol associated with this effect suggests that modulation of the pre-




ovulatory LH surge could be responsible for the increased incidence of cystic endometrial 




hyperplasia and uterine adenomas.   




 




c) Dopamine Agonism-Like Activity 




Dopamine agonists, such as bromocriptine, can inhibit the prolactin secretion from the pituitary in 




rats causing luteolysis and a reduction in progesterone resulting in an increase in the 




estrogen:progesterone ratio (Alison et al. 1990; Dekant et al. 2017a). This increase in the 




estrogen/progesterone ratio leads to persistent estrogen stimulation of the endometrium, which 















 




 
             




 




 




 




 




 




ultimately may lead to endometrial tumours. Virtually all dopamine agonists including 




bromocriptine have been reported to produce uterine cystic endometrial hyperplasia and uterine 




tumours in rats following chronic administration (NDA, 17-962). This carcinogenic effect has not 




been demonstrated in any other species including humans (Burek et al. 1988). Clinical studies with 




bromocriptine show no effect on follicle stimulating hormone, luteinizing hormone, estrogen 




levels, progesterone levels, or endometrial histopathology in women. Most importantly, there is 




no increase in cancer risk in women that have taken bromocriptine for years for the treatment of 




hyperprolactinemia. Based on these differences and the lack of effects seen in the clinical studies, 




the tumorgenic effect of dopamine agonists in female rats is considered a species-specific effect 




with no risk to human health (Burek et al. 1988). Drugs and chemicals that reduce prolactin 




increase the incidence of endometrial tumours in old rats but not in humans (Neumann, 1991). 




 




A dopamine agonism-like mode of action as the basis for D4-induced uterine effects has been 




investigated utilizing a variety of in vitro and in vivo model systems (Jean 2004, Jean 2005b, 




Thackery 2009, Llames 2010, Elias 2010). A number of studies have been completed to date to 




better understand how D4 may be interacting in the aged Fischer 344 rat to increase the incidence 




of uterine cystic hyperplasia and adenomas. Jean (2005b, 2005c, 2005d) investigated the potential 




for D4 and D5 to act as pituitary dopamine receptor agonists using an in vivo rat model. Groups of 




female Fischer 344 rats (6-10 rats/ group, 8 in most groups; weight minimum = 90 g) were used. 




The model was explained as follows: Female Fischer 344 rats were pretreated with reserpine 




(depletes dopamine in the brain). Dopamine is a key regulator of serum prolactin levels, because 




dopamine released from the hypothalamus activates dopamine D2-receptors on the pituitary gland 




to inhibit the secretion of prolactin. Thus, reserpine-induced dopamine depletion results in a 




persistent and marked increase in serum prolactin levels. The administration of bromocriptine 




(dopamine receptor agonist) under these conditions results in a marked decrease in serum 




prolactin. However, if the rat is treated with sulpiride (dopamine receptor antagonist) prior to 




treatment with bromocriptine, the decrease in serum prolactin may be partially or completely 




blocked. This outcome serves to demonstrate that the actions of each agent are related to their 




interaction with/competition for the dopamine receptor. Rats pretreated with reserpine were 




exposed (nose-only, vapor inhalation) to 700 ppm D4 for 6 h. Ovariectomized rats that were not 




pretreated with reserpine served as controls. There was also a reserpine-treated control group. 




Trunk blood was obtained immediately after exposure for prolactin analysis. Two separate 




experiments were performed. A sulpiride (dopamine receptor antagonist) pretreatment group was 




added to the second experiment to determine whether D4 acts at the level of the receptor. In each 




experiment, exposure to 700 ppm D4 reduced serum prolactin levels to those of control rats (non-




reserpine treated, ovariectomized rats). This reduction amounted to more than 80% relative to the 




reserpine-treated control group. Sulpiride administration prior to D4 exposure (experiment 2) 




blocked the prolactin-lowering activity of D4, indicating that D4 is a dopamine D2-receptor 




agonist.  It was concluded that serum prolactin levels were significantly decreased in reserpine-




pretreated rats after a single 6 h vapor inhalation exposure to 700 ppm D4. Jean (2005c, 2005d) 




conducted a study to screen for the potential of D4 as pituitary dopamine D2-receptor agonists, 




using an in vitro cell line (MMQ cells) derived from rat pituitary tumor. This cell line was selected 




as the test system because it produces and secretes prolactin and expresses functional dopamine 




D2-receptors. The model system used requires an inducer, such as maitotoxin, to elevate prolactin 















 
             




 




 




             




 




 




secretion. Maitotoxin-induced prolactin secretion is dopamine D2-receptor agonist-sensitive, 




allowing for assessment of test materials as dopamine D2-receptor agonists.  




MMQ cells propagated in the laboratory produced and secreted prolactin, with and without 




induction by maitotoxin. Maitotoxin (1.5 and 3 ng/ml) induced less than a 2-fold increase in 




prolactin secretion over the course of a 30-minute incubation. Pretreatment with 1 μM dopamine 




reduced (> 70%) the maitotoxin-induced increase in prolactin secretion. D4 completely inhibited 




maitotoxin-induced prolactin secretion at a nominal concentration of 10 μM. Whether or not this 




action was receptor-mediated has not been confirmed in this system. A series of additional studies 




were completed to further explore the ability of D4 to interact in the dopamine pathway.   




The ability of D4 to compete with known receptor ligand for binding to human recombinant forms 




of dopamine receptors D1, D2, D3, D4, and D5 were evaluated (Thackery, 2009).  Competitive 




binding was observed only for the dopamine D2 receptor.  However the competition was minimal 




(16 – 20% maximum) and occurred at high nominal concentrations (0.5 – 5 mM D4).  As a 




consequence, the response with the D2 receptor was considered equivocal. Another dopamine 




receptor binding study was initiated utilizing rat striatal membranes to assess the potential for D4 




to interact with and activate the dopamine D2 receptor by evaluating the interaction of D4 with the 




D2 receptor and the D2 receptor second messenger protein (GTPyS) (Baker, 2010).   There was no 




D2 receptor binding or activation but there was a suppression of the basal activity GTPyS activity. 




An additional study utilzing the MMQ pituitary cell line further assessed D2 receptor activation as 




indicated by suppression of cellular cAMP production following exposure to D4 (Domoradzki, 




2011). Utilizing alteration of forskolin-induced  cAMP production as the marker of dopamine D2 




receptor activation, it was demonstrated that the dopamine agonistic effect of D4 was not mediated 




through activation of the dopamine receptor (the activity was not inhibited by inclusion of a 




dopamine receptor antagonist and the effect was not lost following pertussis toxin uncoupling of 




the G-protein and receptor). Instead, D4’s effects appeared associated with competitive inhibition 




of forskolin activation of adenylate cyclase.  




A series of in vivo studies were also conducted that provide equivocal results.  An in vivo study 




was conducted (Llames, 2010) utilizing the reserpine-treated rat model to assess the impact of a 




single exposure of 700 ppm D4 on circulating prolactin following exposure.  There was a slight 




increase in serum prolactin levels immediately following exposure with subsequent depression.  




An aged Fischer 344 rat model was utilized (Elias, 2010) to evaluate the effect of a 5-day exposure 




of D4 on circulating prolactin levels in aged (> 20 month old) female Fischer 344 rats following 




exposure.  In this study there was a slight increase in prolactin immediately following exposure.  




The short-term in vitro and in vivo studies conducted to date to assess dopamine receptor 




interaction have not demonstrated direct interaction with the D2 receptor as an strong agonist but 




have indicated possible interaction with aspects of the D2 pathway (suppression of basal GTPyS 




activity in Fischer 344 rat striatal membranes; suppression of cellular cAMP production in the 




MMQ cell line; increase in prolactin immediately following exposure with subsequent depression 




in the reserpine rat model; slight increase in prolactin immediately following exposure in the aged 




Fischer 344 rat model) that may be suggestive of indirect interaction in this system. This more 




recent work has demonstrated some slight alterations in the dopamine activation pathway and 















 




 
             




 




 




 




 




 




modulation of prolactin levels following exposure to D4 that may still be suggestive of partial 




agonist/antagonist activity but the subtlety of these changes prevent further assessment. 
 




The effects described above were not conclusive. A chronic aged-animal study (Wil Research 




Laboratories, 2013) was conducted to evaluate the effects of chronic exposure to D4 in the aging 




Fischer 344 rats. This included a comparison with administration of a known dopamine agonist 




(positive control) and evaluation of more sensitive endpoints, such as hormone levels and cyclicity, 




to inform on other potential modes of action.  




 




The objective of the chronic aged-animal study was to evaluate the effects of chronic exposure on 




aging female Fischer 344 rats to pergolide (dopamine receptor agonist at 3 dose concentrations) 




and D4 at 700 ppm. Specifically the intent was to assess the effects on hormones known to 




influence uterine tissue stimulation and on key events that define the dopamine agonism mode of 




action. Exposures were initiated when animals were approximately 12 months of age and 




terminated when animals were 24 months of age. Effects on hormones (prolactin, estrogen, 




progesterone, corticosterone) were evaluated relative to cyclicity status to better understand trends 




over time. Effects on estrogen blood metabolite profiles compared to controls were evaluated at 




terminal sacrifice.  




 




High-dose pergolide (4.5 ppm) exposure produced markedly different effects on estrous cyclicity 




and extended estrus in aged female rats compared to the lower doses of pergolide (0.0045 and 




0.045 ppm). Pergolide exposure, particularly at dietary concentrations of 0.045 and 4.5 ppm, was 




associated with a higher percentage of days in which the vaginal lavages exhibited a more 




estrogenic character. This greater number of days in an estrogenic state was due to higher 




incidences of cycling (i.e., more times in estrus) at 0.045 and 4.5 ppm as well a prolonged 




estrogenic phase during each cycle (greater number of consecutive days in proestrus/estrus) at 4.5 




ppm. There were no apparent effects on the number of days in estrus at 0.0045 ppm pergolide. The 




differences noted at the highest dose level of 4.5 ppm corresponded with a marked and consistent 




reduction in circulating prolactin, which correlated with increased relative numbers of corpora 




lutea in the ovary. In contrast, prolactin values were increased at the mid-dose pergolide level of 




0.045 ppm and similar to control values at the lowest pergolide concentration of 0.0045 ppm. 




Changes in circulating levels of estradiol (increased) and progesterone (decreased) were noted at 




pergolide exposure levels of 0.045 and 4.5 ppm such that the ratio of estradiol to progesterone 




(E2:P4) was generally increased throughout the study. These hormonal changes are consistent with 




the administration of a potent dopamine D2-receptor agonist. 




 




D4 exposure produced a higher percentage of days for which the vaginal lavages exhibited a more 




estrogenic character. The estrogenic effects of D4 persisted throughout the study. The higher 




percentage of days in proestrus/estrus in the D4 group appeared to be the result of prolonged 




estrogenic phases during the first half of the study followed by increased cycling (i.e. greater 




numbers of times in proestrus/estrus) during the second half of the study. However, in contrast to 




pergolide, D4 exposure generally had little to no effect on circulating baseline levels of prolactin 




or progesterone, and despite the clear estrogenic effect on the vaginal tissues, estradiol levels in 















 
             




 




 




             




 




 




the D4 group were persistently lower than control values throughout the study. The hormonal 




status of these D4-exposed females suggests that a low E2:P4 ratio was present throughout the 




study. In contrast to the higher incidence of uterine tumours observed in a previous rodent chronic 




bioassay with D4, the incidences of neoplastic lesions in the examined uterine tissues were similar 




to those in the control group.  




While there were clear differences between the D4 treated animals and control animals and some 




of those differences (effects on cytology) had some aspects that were similar to pergolide, there 




were observed differences between the D4 and pergolide groups.    




In previous studies as noted above when evaluating the effect of D4 on the LH surge, higher levels 




of plasma estradiol was seen on the morning of presumptive estrus in most of the D4-exposed 




animals.  In addition, histopathology confirmed the presence of persistent mature follicles in D4-




exposed animals that would continue to secrete estradiol and thus leading to higher estradiol levels 




on the morning of estrus as a result of an attenuated LH surge and blocked ovulation. In this study 




plasma estradiol levels in the D4 group were persistently lower than control values throughout the 




study when evaluated in the late afternoon with no synchronizing to cycle.  This more recent result 




suggests that understanding endogenous estrogen synthesis/metabolism may be important. 




Decreased overall circulating levels of estradiol may be related to D4’s effects on P450 enzymes 




in the liver responsible for metabolism of estradiol or may be related to D4 alteration of the 




hypothalamus pituitary axis via feedback mechanisms leading to a reduction of circulating 




estradiol levels.  In addition, the D4 treated animals exhibited an increase in circulating 




corticosterone levels. The increase in circulating corticosterone levels in these same samples may 




also be indicative of D4 alteration of the hypothalamus pituitary axis via feedback mechanisms.  




However, increased corticosterone levels may also be a non-specific stress response associated 




with D4 exposure such as respiratory irritation for instance.  




The WIL Research Laboratories (2013) study in Fischer 344 rats did not provide a clear 




understanding of a potential mode of action for cystic endometrial hyperplasia and adenomas 




following chronic D4 exposure.   However the effect seen on cyclicity was similar (although not 




identical) to the dopamine agonist pergolide and was consistent with previous studies where D4 




modulated the LH surge and subsequently led to higher levels of plasma estradiol on the morning 




of presumptive estrus in most of the D4-exposed animals.   This increase, even intermittent would 




increase the lifetime estrogenic signal to estrogen sensitive tissues such as the uterus and vaginal 




tissue.    




Taken as a whole, the mode of action data on D4 to explore dopamine agonism indicate that 




D4 may be acting via a dopamine receptor agonist-like mechanism.  Like dopamine receptor 




agonists, mode of action studies show that D4 decreases pituitary lactotroph release of 




prolactin in vitro and modulates circulating prolactin levels in vivo, an effect that can be 




competed for by dopamine receptor agonists.  Further studies in vitro confirm the effect but 




suggest it may be an effect on one or more downstream components of the dopamine signal 




transduction pathway.  Studies in aged animals show that the effects of D4 on estrus cyclicity 




are also somewhat similar although not identical to the effect seen with a dopamine agonist 




pergolide.   




 















 




 
             




 




 




 




 




 




Dekant et al. 2017b recently concluded that the dopamine activity mode of action was best 




supported for development of uterine lesions after D4 inhalation in rats.  In addition, because the 




dopamine activity mode of action was the best supported it was taken forward to the assessment 




of human relevance.  When evaluating human relevance of the molecular initiating/key events, 




the chain of key steps is broken due to the absence of an association between a decrease in 




prolactin and the LH surge in humans. Therefore, the dopamine activity mode of action for 




proliferative endometrial lesions was considered not relevant to humans, based on lack of a role 




for prolactin in human ovulatory function. 




 




The following information is taken into account for any carcinogenicity hazard / risk assessment: 




Inhalation exposure to D4 for up to 24 months induced an increased incidence of endometrial 




adenomas and cystic endometrial epithelial hyperplasia in the uteri of rats exposed to 700 ppm for 




24 months in female Fischer 344 rats (Battelle, 2004)  The NOAEL for carcinogenic effects was 




150 and ≥700 ppm in females and males, respectively. 




 




Summary 




 




Though the mode of action responsible for induction of uterine adenomas in the female F344 rat 




has not been confirmed, the subtlety of the effects following exposure to D4 and described above 




may prevent further assessment and definition of a precise mode of action. However, the available 




data provide important insight into the potential human relevance of the uterine tumours in rats.  




Relevant findings include:     




• D4 has not been shown to be mutagenic or genotoxic in the in vitro and in vivo 




experimental models designed to evaluate this potential.   




• No tumours were associated with chronic D4 exposure to male F344 rats and no organs 




other than the uterus developed treatment related tumours in female F344 rats following 




chronic D4 exposure.  




• Uterine cystic endometrial epithelial hyperplasia and adenoma in the female F344 rat 




arose during the 2nd year of exposure, a period of marked changes in physiology and 




onset of a reproductive senescence that is unique to the F344 rat and distinctly different 




from human and often associated with an increased endogenous estradiol from ovarian 




cysts. 




• Uterine cystic endometrial epithelial hyperplasia and adenoma in the female F344 rat 




that arose during the 2nd year of exposure was only seen at the high dose exposure 




indicating a threshold response.  




• The uterine changes reported were benign and non-metastatic, with no evidence of 




progression to malignancy, even at terminal sacrifice following two-years of 




exposure.  Unlike glandular epithelial focal hyperplasia, cystic epithelial hyperplasia is 




generally not considered a precursor lesion to malignancies. 




• The apparent affinity of D4 for the estrogen receptor and progesterone receptor is low 




to non-existent as determined in various in vitro and in vivo experimental efforts.  It is 















 
             




 




 




             




 




 




also uncertain if the demonstrated weak estrogenic responses observed with D4 are 




involved in the uterine effects that developed in the aging F344 rat in response to 




chronic D4 exposure (either in the chronic bioassay or in the chronic aged animal study) 




as there were no other indications of a weak estrogenic response in either males 




(chronic bioassay) or females (chronic bioassay and chronic aged animal study) from 




these studies. 




• Although demonstration of D4 as a direct dopamine agonist was not achieved, there 




were slight alterations in the dopamine activation pathway and modulation of prolactin 




levels following exposure to D4 that may be suggestive of partial agonist/antagonist 




activity but the subtlety of these changes prevent further assessment.  




• It is well established that D4 exposure inhibits ovulation and can prolong exposure of 




the uterine endometrium to endogenous estrogen in the rat. In addition, in the chronic 




aged animal study, D4 exposure produced a higher percentage of days for which the 




vaginal lavages exhibited a more estrogenic character.   The higher percentage of days 




in proestrus/estrus in the D4 group appeared to be the result of prolonged estrogenic 




phases during the first half of the study (consistent with the LH surge study) followed 




by increased cycling (i.e., greater numbers of times in proestrus/estrus) during the 




second half of the study.  If alteration of the LH surge with subsequent prolonged 




exposure of the uterine endometrium to endogenous estrogen is responsible for cystic 




endometrial hyperplasia and adenomas, it is considered unlikely this would occur in 




the human due to the marked differences in reproductive function, brain regulation of 




LH secretion, and the mechanism of reproductive aging and the hormonal environment 




of reproductive senescence in the rat verses humans. (Plant, 2012).  




More detailed investigations are also underway to better understand the dose-toxicity relationships. 




Toxicokinetic studies evaluating the linearity of the kinetics of D4 following exposure across 




concentration levels similar to those used in the toxicity studies will be assessed to evaluate the 




relevance of these effects at non-linear high doses relative to actual human exposures. Sarangapani 




et al. 2002 developed a pharmacodynamic extension to a physiologically based pharmacokinetic 




(PBPK) model to characterise dose-response behaviours following inhalation exposure to D4. This 




evaluation showed that at exposures greater than ∼300ppm in rats there was an apparent saturation 




of liver enzymes with subsequent decreasing liver metabolism, suggesting that effects seen above 




this exposure concentration are of questionable toxicological relevance when compared to actual 




human or environmental exposures.  




In addition, the inability to identify a specific initiating event leading to either the reproductive 




effects or the uterine tumours suggests that these effects may be due to high-dose nonspecific 




toxicity. Nonspecific toxicity effects are only seen at very high exposure levels and do not have a 




classic dose-toxicity response relationship. The dose-toxicity response is often very steep as seen 




with the D4 carcinogenicity effects, where the effects are only seen at very high exposure 




concentrations with only a few animals being affected. The other characteristic of these 




nonspecific responses is that no one molecular initiating event or early key event can be identified 




when investigating the mode-of-action.   




Industry has carried out numerous studies to identify a precise mode-of-action of modulating the 




LH surge and initiating the uterine tumours in rodents to no avail (Franzen et al. 2017, Jean et al. 















 




 
             




 




 




 




 




 




2017, and Dekant et al. 2017). As the response is so subtle even at these high concentrations, it 




was not possible to identify the molecular initiating event and/or early key events leading to 




modulation of the LH surge or the uterine tumours. This further calls into to question the specificity 




of these effects. If concentrations to humans or in the environment can never reach these unrealistic 




concentrations that lead to potential nonspecific toxicity, these hazards cannot occur. 




 




CONCLUSION 




The following information is taken into account for any carcinogenicity hazard / risk 




assessment: 




These results from the available studies are all consistent with a mode of action for uterine 




tumorigenesis that is not relevant for humans.  
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Summary and discussion of reproductive toxicity 




Effects on fertility 




The two-generation study (WIL Research, 2001a) was selected as the key study because it is of 




reliability score 1, the most recently conducted and the only two-generation study available. Other 




reliable reproductive studies are available, but they were one-generation, range-finder studies or 




mechanistic studies and provide supporting information only of the main effects seen in the two-




generation study. Effects on female rat fertility were identified in the two-generation study (WIL 




Research, 2001a). An effect on fertility that occurred at ovulation was apparently due to the result 




of suppression/delay in the pre-ovulatory LH surge and a reduced number of ovulated eggs (Quinn 




et al., 2007). These effects are characterised by the following: 




1) The effects were reported in female rats at concentrations of 500 ppm and greater. These effects 




included decreases in the number of corpora lutea, with an associated decrease in number of uterine 




implantation sites, total number of pups born and the mean live litter size. Based on the results of 




the study, the reproductive NOAEC for D4 was determined to be 300 ppm. 




2) In addition to the main findings summarized above, in the two-generation study at 500 and 700 




ppm, increased estrous cycle length in F1 females at 700 ppm and increased pituitary gland weights 




were also noted (WIL Research 2001a).  




Two multi-dose studies conducted at 0, 70, 300, 500 and 700 ppm allow supporting evidence for 




the NOAECs. In one study (WIL Research, 1997a), reductions in reproductive parameters were 




recorded only at 700 ppm, while in the other study (WIL Research, 1998), reduced implantation 




sites and viable foetuses and increased pre-implantation losses were noted at 500 and 700 ppm. In 




addition, a slightly reduced numbers of corpora lutea were found at 300 ppm. However, as the 




reduction in corpora lutea was marginal at 300 ppm (14.6/dam vs. 16.2/dam in controls) without a 




clear dose-dependent related response, and within the range of values in historical control database, 




therefore the NOAEC was still considered to be 300 ppm based on the two-generation study. 




Overall, based on these findings, a NOAEC of 300 ppm (3640 mg/m3) was determined for 




reproductive effects.  




 




Discussion 




It is important to consider the species differences in reproductive cycle regulation when assessing 




the potential relevance of the mode of action for D4 in inducing the noted reproductive effects in 




Sprague-Dawley (SD) rats. 















 
             




 




 




 




 




 




Reproductive Cycle Regulation in the Rat: 




The rodent has a short estrous cycle that lasts for 4 or 5 days (Meites et. al., 1978). The rat estrous 




cycle is divided into four phases that roughly correlate to the 4 days of the estrous cycle: diestrus 




I, diestrus II, proestrous and estrus. In contrast to human females, approximately 12 ovarian 




follicles develop in rodents with increases in follicle development and estradiol secretion occurring 




on the occasion of diestrus II through the time of ovulation on the day of estrus. Estradiol levels 




are highest in the rodent during the normal estrous cycle. The pre-ovulatory LH surge, which 




occurs later in proestrus stage, is brief, well timed, coupled to the light cycle, and driven by the 




brain (Nequin, et al., 1974).  Following ovulation on the day of estrus, progesterone concentrations 




increase and remain elevated through the early stages of diestrus II.  The corpus luteum is very 




short lived in the rodents, lasting only about 2 days. 




Coitus in the rodent establishes a neuroendocrine memory circuit that results in diurnal and 




nocturnal surges of prolactin that persists for 11 to 14 days. These daily prolactin surges provide 




the signal for maintenance of the corpus luteum and pregnancy in the rodent (Gorospe and 




Freeman, 1984; Simpkins et al., 1983; Arey et al., 1989; Jean et al., 2017). 




Reproductive Cycle Regulation in the Human Female: 




Adult human and non-human primate species females have long menstrual cycles, lasting 




approximately 28 days. The menstrual cycle is divided into three phases that are associated with 




underlining endocrine events:  




a. the follicular phase,  




b. the peri-ovulatory phase,  




c. the luteal phase. 




The follicular phase begins with the onset of menstrual cycle and continues for about 14 days, 




ending with ovulation. Low estrogens and progestins characterize the initial portion of this phase 




of the menstrual cycle. While follicular development occurs during the entire follicular phase, 




serum estradiol concentration begins to increase around seven days prior to ovulation. This 




increase in estradiol is caused by the development of a single Graffian follicle. From this time until 




ovulation, there is a progressive increase in estradiol concentrations (Ross, 1981).  




During the peri-ovulatory period, an elevation in serum estradiol (>150 pg/ml) for 24 to 36 hours 




is required to induce a pre-ovulatory LH surge and the resulting ovulation of the ovum from the 




Graffian follicle. The LH surge is also the signal for lutenization of follicular cells into luteal cells 




of the corpus luteum. The peri-ovulatory LH surge lasts 2.5 to 3 days (Ross, 1981). 




The luteal phase begins at ovulation and is predominated by increased secretion of progesterone 




and estrogens from the corpus luteum. After 14 days, the corpus luteum dies (unless it is rescued 




by human chorionic gonadotropin (HCG) from the developing placenta). This death of the corpus 















             




 




 




             




 




 




luteum results in a precipitous decline of both estrogens and progestins that leads to menstrual 




cycle. HCG is the signal for pregnancy in women (Ross, 1981). 




Species Differences in Pre-Ovulatory LH Surge and Ovulation:  




Major species differences have evolved with regard to the neuroendocrine control of ovulation 




(Plant, 2012). In the rodent, the timing of the preovulatory LH surge is determined by the brain, 




being triggered by a discharge of GnRH induced by a circadian neural signal that is coupled to the 




light dark cycle and gated by an action (positive feedback) of estradiol in the pre-optic area (POA) 




that, in part, is exerted on the population of kisspeptin neurons in anteroventral periventricular 




nucleus (AVPV).  The function of this LH surge inducing neuroendocrine system may be readily 




blocked by barbiturate anesthesia. During the perinatal period, the surge inducing system is 




disrupted (masculinized) by exposure to testicular androgens that remodel neuronal circuitry in the 




POA; a normal developmental event that leads to the male hypothalamus being unable to respond 




to the positive feedback of estradiol in the rat. 




In the primate, the control system governing the preovulatory LH surge is 1) located in the MBH-




pituitary unit, 2) emancipated from control by the POA, 3) not subjected to programming by 




testicular androgens during perinatal development, and 4) resistant to the inhibitory action of 




barbiturate on neuronal activity.   As in the rodent, ovarian estradiol exerts a positive feedback 




action on gonadotropin secretion and plays a key role in triggering the LH surge, but in contrast to 




the rodent any circadian input to the timing of the LH surge may be overridden by increasing the 




magnitude of the estradiol signal.  The positive feedback action of estradiol in the monkey is 




mediated at the level of both the MBH (to discharge GnRH) and pituitary (to enhance pituitary 




responsiveness to GnRH). However, in women positive feedback at the level of the MBH may be 




less significant.  In both primate species, the hypothalamic and pituitary sites of the positive 




feedback action of estradiol appear redundant and spontaneous ovulation may be induced by 




pituitary feedback alone. 




Differences in the regulation of the pre-ovulatory LH surge and the criticality of timed events with 




regard to rat versus human support that the observed high-dose effect of D4 on female rat fertility 




should not be considered relevant to humans. Therefore, the current understanding of estrus 




cyclicity and neural/hormonal regulation of ovulation in humans suggests that the effects of D4 on 




fertility as seen in the SD rat are not relevant (Dekant et al., 2017a). 




Mode of Action Investigations 




Exposure Period Criticality:  




A study was performed to identify timing of the reproductive cycle where D4 may be exerting its 




effect on litter size in female SD rats (WIL, 1999) The main aim of the study was to gain 




knowledge of the timing of D4 action that might provide insight into the potential mode of action 















 
             




 




 




 




 




 




of D4 on litter size in the SD rat.  Four groups of female rats were exposed to D4 by whole body 




inhalation for 6 hrs/day according to the following schedule: 




• Overall Phase: Groups of 24 female SD rats were exposed by inhalation to D4 at 




concentrations of 70, 300, 500, or 700 ppm (0.20, 0.87, 1.44, or 2.02 g/kg bw/day, 




respectively, assuming 100% absorption) beginning at least 28 days prior to mating 




and continuing through gestation day (GD) 19. 




• Ovarian Phase: Sixty female rats were exposed to 700 ppm beginning 31 days prior to 




mating and stopping three days prior to mating. 




• Fertilisation Phase: Sixty female rats were exposed to 700 ppm three days prior to 




mating and continuing through GD3 




• Implantation Phase: Sixty females were exposed to 700 ppm from GD2 through GD5. 




 




Overall, the major observations were: a reduction in the number of corpora lutea (500 and 700 




ppm), reduction in the number of uterine implantation sites and foetuses (500 and 700 ppm), an 




increase in pre-implantation loss (500 and 700 ppm), and increased post-implantation loss (700 




ppm).  




 




In the fertilisation phase study, the number of corpora lutea, uterine implantation sites, and viable 




foetuses were reduced at 700 ppm (the only dose tested) while the mean pre-implantation and post-




implantation losses were increased. The effects on corpora lutea and intrauterine survival were 




similar for both the fertilization phase in which exposure began 3 days pre-mating and continued 




through gestation day 3 and the overall phase in which exposure began 28 days pre-mating and 




continued through gestation day 19 (WIL, 1999). 




 




No significant effects were noted on the number of corpora lutea or indices of intrauterine survival 




in females exposed at 700 ppm in the ovarian and implantation phase studies. In the ovarian phase 




study, when exposures began 31 days pre-mating and were terminated three days pre-mating, no 




effects were seen on uterine implantation sites, viable foetuses, or on any other reproductive 




parameter measured. This indicates the effects are totally reversible following cessation of 




exposure to high concentrations of D4.  




The study results clearly demonstrated that the reproductive effect of D4 was dependent upon 




exposure to D4 during the ovulation/fertilization phase of the cycle. 




Effect of D4 inhalation on the LH surge  




Studies were performed to investigate the effect of D4 exposures on the LH surge. The effects of 




D4 on LH surge and other reproductive hormones were assessed in female rats (Quinn et al, 




2007a). In another study, the comparative in vitro and in vivo effects of the estrogenic, androgenic, 















             




 




 




             




 




 




and progestagenic potential of D4 were assessed (Quinn et al, 2007b). D4 was shown to inhibit the 




pre-ovulatory LH surge causing a delay in ovulation, persistent follicles, and a prolonged exposure 




to elevated estrogen in the adult Sprague-Dawley (SD) rat. Whole body vapor inhalation exposure 




of rats to D4 at 700 ppm or 900 ppm resulted in an increased number of rats with suppressed pre- 




ovulatory LH surge compared to controls, whereas the number of the rats that failed to ovulate 




appeared to be within the normal range (25–30%) (Aschheim, 1983; Lu, 1983; Cooper and 




Goldman, 1999). It is important to note that a concentration of 900 ppm D4 is the highest possible 




vapor concentration that can be reliably generated in a short term exposure and a concentration of 




700 ppm D4 was the highest vapor concentration reliably generated in long term reproductive 




studies. Evaluation of individual animal plasma LH data indicated that failure of the LH surge at 




6 p.m. on the day of proestrus was accompanied by blocked or reduced ovulation. Persistent mature 




follicles in D4-exposed animals continued to secrete estradiol leading to higher estradiol (E2) 




concentrations on the morning of estrus as a result of an attenuated LH surge and blocked 




ovulation. The D4 treated ovulators had slightly higher E2 concentrations on the morning of estrus 




compared to the controls. These findings might have been due to retention of large follicles in both 




ovulating and non-ovulating treated animals. An increased number of estrogenic days 




demonstrated by vaginal cytology in the early exposure phase could have been related to LH surge 




suppression as this finding was also seen in D4 treated animals during the LH surge suppression 




study. Hormone evaluation in shorter term studies that evaluated estradiol levels just following 




suppression of LH surge in cycling animals demonstrated an increase in circulating estradiol as 




compared to control animals that had ovulated. This increase would increase the lifetime exposure 




of estrogen- sensitive tissues including uterus and vagina. Cystic endometrial hyperplasia 




(Siddiqui et al., 2007) results from prolonged estrogen stimulation and is not believed to be 




preneoplastic in the absence of atypia (Leininger and Jokinen, 1990). A study in F344 rats 




attempted to evaluate effects of D4 inhalation exposure on LH, prolactin, FSH, and estradiol 




concentrations (WIL Research Laboratories, Inc.,2001b). This study was confounded by cycle 




disruption in control and D4-exposed animals after a 4-day exposure regimen, preventing 




interpretation of potential compound-associated effects. The cycle disruption was attributed to 




stress associated with the inhalation procedure, perhaps related to environmental noise. 




Endocrine or estrogenic activity  




The ability of D4 to interact with endocrine pathways was assessed in a series of studies (McKim 




et al., 2001a; He et al., 2003; Jean et al., 2005; Quinn et al., 2007a). The potential estrogenicity of 




D4 was studied in uterotrophic assays in vivo and in vitro in both an estrogen responsive reporter 




cell line and by estrogen-receptor binding studies (McKim et al., 2001b; He et al., 2003; Quinn et 




al., 2007b). D4 has very weak estrogenic and antiestrogenic activity and a low affinity for estrogen 




receptor-a, five to six orders of magnitude below that of the positive control ethinylestradiol. D4 




did not show androgenic activity in the Herschberger assay with male F344 rats through whole 




body D4 inhalation (Quinn et al., 2007b). In in vitro ligand binding assays including assessment 




of receptor binding to calf uterine progesterone receptor and to recombinant human progesterone 




receptor (alpha and beta forms), there was no indication of binding of D4 to the progesterone 




receptor (Jean et al., 2005). Assessment of D4 in a cell-based reporter gene assay showed no 




activation of recombinant human progesterone receptor-b (Jean et al., 2005). Although D4 has 




weak estrogenic/antiestrogenic activity (He et al., 2003; Quinn et al., 2007b; McKim et al., 2001b), 




there were no reported indications of estrogenic or anti-estrogenic effects in male rats, in estrogen-




sensitive tissues in females, or in hormone-related developmental landmarks, including anogenital 







https://www.sciencedirect.com/science/article/pii/S0378427417300103#bbib0510











 
             




 




 




 




 




 




distance, in rat pups in a two-generation reproductive developmental study with D4. It is unlikely 




that the very weak activity of D4 in estrogenic assays is responsible for the increase in the 




endometrial proliferative lesions seen in the 2-year chronic bioassay. 




At certain exposure levels estrogens activate release of LH from the pituitary, but at high or 




prolonged exposure is expected to suppress pituitary LH by altering gonadotropin-releasing 




hormone (GnRH) production from the hypothalamus (Tng, 2015). There is no data support for an 




effect of D4 on gonadotropin releasing hormone production by rat hypothalamic explants (Meeker, 




2009). The last two key events are identical in both a dopamine activity and an estrogenic mode 




of action for D4-induced effects on female rat fertility. In addition to the very low scores for 




experimental support, the estrogen mode of action pathway cannot be supported based on the break 




in the chain of key events. Even if the broken chain is ignored, this mode of action scored only 




18.7% of the possible maximum, clearly inferior to the dopaminergic activity mode of action 




(Dekant and Bridges, 2016a;b). 




Dopamine activity  




Interaction of D4 with the dopamine system causes increased dopamine activity. Increased 




dopaminergic activity may result in decreased prolactin and impairment in ovulation and corpus 




luteum function in rats (Bachelot and Binart, 2007). Inhibition/delay of ovulation and/or 




inadequate corpus luteum formation results in decreased mating and decreased fertility. There is 




inadequate evidence for a direct interaction of D4 with dopamine receptor(s) suggesting that post 




receptor events are more likely (Dekant et al., 2017b; Franzen et al., 2017; Jean and Plotzke, 2017). 




However, a mode of action based on dopamine activity is supported by studies showing dopamine-




like effects of D4 in in vitro systems (Dekant et al., 2017; Franzen et al., 2017; Jean, 2005; Jean 




and Plotzke, 2017) and an observed decrease in prolactin, secretion of which is inhibited by 




dopamine, in in vivo experiments (Dekant et al., 2017b; Franzen et al., 2017; Jean, 2005; Jean and 




Plotzke, 2017; Quinn et al., 2007a). The downstream key events (decreased prolactin and LH 




surge) in this mode of action have been well established for D4 using in vivo studies. However, 




one of the available datasets on the prolactin decrease and/or the decreased LH surge did not 




demonstrate an effect (Dekant et al., 2017a; Elias, 2010; Jean and Plotzke, 2017). 




A dopamine-related mode-of-action was considered as an explanation for the observed effects of 




D4 on the uterus in rats after inhalation exposure to 700 ppm D4 for two years. Dopamine agonists 




inhibit prolactin secretion from the pituitary in rats, causing estrogen dominance resulting in 




persistent endometrial stimulation that ultimately induces proliferative endometrial lesions (Alison 




et al., 1990). Studies investigating the role of dopamine agonism were performed in two animal 




model systems (reserpine-pretreated female rats and aging female F344 rats) and in vitro (Dow 




Corning Corporation, 2005b, 2009a, 2010a,b; Jean et al., 2005). Reserpine administration to rats 




depletes brain dopamine, blocks the dopamine inhibition of prolactin secretion into blood, and 




induces a pronounced increase in circulating prolactin, providing a model to investigate the 




potential for a chemical to interact with the dopamine D2-receptor. In the aging F344 rat, altered 




hypothalamic control of dopamine causes elevated prolactin secretion and gives rise to increased 




prolactin concentrations in blood. Administration of dopamine receptor agonists also reduces 




prolactin in this system. 















             




 




 




             




 




 




Support for the dopamine agonist mode of action was obtained after D4 inhalation in reserpine-




treated rats (Dow Corning Corporation, 2005c). Reserpine administration to rats caused a six-fold 




increase in prolactin concentration. D4-inhalation (nose-only, 700 ppm for six hours) reduced this 




reserpine-induced increase in prolactin concentration by 85% in samples taken at the end of the 




inhalation exposure (Fig. 2) (Dow Corning Corporation, 2010b). Administration of the dopamine 




receptor antagonist sulpiride prior to treatment blocked the D4 effect on serum prolactin providing 




support for the conclusion that D4 has dopamine agonist-like effects on the pituitary in rats. A 




series of in vitro studies determined the ability of D4 to stimulate prolactin release from specific 




cells and evaluated D4 affinity for dopamine receptors (Dow Corning Corporation, 2009b). While 




D4 completely blocked maitotoxin-induced prolactin secretion in MNQ-cells, a direct interaction 




of D4 with dopamine receptors was not established (Dow Corning Corporation, 2009b; Baker, 




2010; Dow Corning Corporation, 2011). Therefore, D4 is unlikely to interact directly with 




dopamine receptors. 




 




Effect of D4 inhalation on estrous cycles  




Exposure of cycling adult female F344 rats to D4 by whole-body inhalation at 700 ppm for 35 




days resulted in estrous cycle prolongation to 5.7 days compared to 5.0 days in control animals. 




The increased cycle length was attributable to an increase in time in diestrus. By the end of the 




treatment period, 17 of 20 D4- treated animals and all 20 control animals were cycling normally. 




D4 treatment was associated with an increase in large follicles in animals sacrificed in estrus. The 




large follicles might have represented unovulated follicles that continued to secrete E2, and there 




was a statistically significant increase in serum E2 concentration on the morning of estrus in D4-




treated animals (30.5 pg/mL as compared to 26.6 pg/mL in controls). F344 females treated with 




D4 from 11 to 25 months of age with monitoring of estrous cycle stage by daily vaginal lavage 




showed an increased time in an estrogenic state compared to controls, and females were in an 




estrogenic state for more consecutive days than controls (Fig. 3) (WIL, 2013; Jean et al., 2016). 




The larger cumulative number of days of endogenous estrogen exposure is expected to increase 




the risk of endometrial hyperproliferation. Data on circulating prolactin levels were collected, but 




because blood samples were taken only at three to four week intervals and were not normalized to 




estrous cycle phase, these data are not informative. Histomorphology of the uterine and vaginal 




tissue at 24 months was consistent with the cyclicity data suggesting an increase in endogenous 




estrogenic influence. 




The following information is taken into account for any hazard / risk assessment: 




In the key inhalation two-generation reproductive toxicity study in rats (WIL Research 2001a), 




statistically significant reductions in mean live litter sizes and mean number of pups born were 




observed in the 500 and 700 ppm D4 groups for the F0 animals, and statistically significant 




reductions were noted for the first mating period in the F1 animals for the mean live litter size in 




the 500 and 700 ppm groups and for mean number of pups born in the 700 ppm group. When the 




F1 males were paired with unexposed females, no effects on reproductive performance were 




observed. In the F1 generation, mating indices were reduced in the 700 ppm group for the first and 




second matings (statistically significant for the females in both matings and for males in the second 




mating). Fertility indices were statistically significantly reduced in the 700 ppm group for the first 




F1 mating period. In the second F1 mating period, male and female fertility indices were 




statistically significantly reduced in the 500 and 700 ppm groups. The male and female fertility 















 
             




 




 




 




 




 




indices for the second F1 mating were also reduced in a non-exposure responsive manner in the 




70 and 300 ppm groups, although the differences from the control group were not statistically 




significant. Microscopic evaluation of the ovaries, uterus, vagina, mammary gland and pituitary 




gland from the 0, 70, 300, 500, and 700 ppm F1 females suggested a subtle non-exposure 




responsive effect characterized by perturbation of the estrous cycle and accelerated reproductive 




senescence in F1 (but not F0) females at 70, 300, and 500 ppm, with a more obvious effect at 700 




ppm. The NOAEC for reproductive toxicity was therefore 300 ppm, and the NOAEC for general 




toxicity was 300 ppm based on reduced body weight gain in adult animals. 




Differences in the regulation of the pre-ovulatory LH surge and the criticality of timed events with 




regard to rat versus human support the conclusion that the observed high-dose effect of D4 on 




female rat fertility should not be considered relevant to humans. The effects on fertility associated 




with inhalation exposure to high vapour concentrations of D4 are attributed to an effect on the 




female and specific to exposure surrounding the ovulatory phase (WIL 1999).  Research to further 




define these associations has demonstrated that D4 exposure increases the incidence of females 




expressing a delayed/suppressed pre-ovulatory LH surge and ovulation (Control: 21%; 700 ppm 




D4: 58%; 900 ppm D4: 69%) (Dow Corning Corporation 2002a; WIL 2001b).  The pre-ovulatory 




LH surge and ovulation are critically connected in the rat as is well established in the literature.  




An insufficient or blocked pre-ovulatory LH surge fails to induce ovulation in the rat and results 




in the spectrum of fertility effects as seen with D4 (Quinn et al. 2007a). Therefore, the current 




understanding of estrus cyclicity and neural/hormonal regulation of ovulation in humans suggests 




that the effects of D4 on fertility as seen in the SD rat are not relevant to human health.  




Recent independent expert reviews of the mammalian toxicity data and the exposure data have 




clearly concluded D4 does not present a risk to human health (Dekant et al., 2017; Franzen et al., 




2017; Jean and Plotzke, 2017).  




Quinn et al., 2007a demonstrated that a relevant explanation for the reproductive effects observed 




in the rats exposed to D4, was induction of a delay or decrease of the LH surge necessary for 




optimal timing of ovulation. Major species differences have evolved with regard to the 




neuroendocrine control of ovulation (Plant, 2012). The control system governing the preovulatory 




LH surge is very different in rats compared to humans. Therefore, the current understanding of 




estrus cyclicity and neural/hormonal regulation of ovulation in humans suggests that the effects of 




D4 on fertility observed in the rat are unlikely to be relevant to humans. It is also important to note 




that the reproductive effects were only seen following exposure to the highest exposure 




concentrations of D4 (500 and 700 ppm).  




In the rodent, the timing of the preovulatory LH surge is determined by the brain, being triggered 




by a discharge of gonadotrophic releasing hormone (GnRH) induced by a circadian neural signal 




that is coupled to the light/dark cycle and gated by a positive feedback action of estradiol in the 




pre-optic area (POA) of the hypothalamus. In addition, in rodents, operation of this LH surge-




inducing neuroendocrine system may be readily blocked by barbiturate anesthesia similar to 




phenobarbital. 




 















             




 




 




             




 




 




In the primate, the control system governing the preovulatory LH surge is located in the medial 




basal hypothalamus-pituitary unit and is emancipated from control by the POA in the 




hypothalamus. In contrast to the response in rats, the primate control system is resistant to the 




inhibitory action of barbiturates on neuronal activity. Ovarian estradiol exerts a positive feedback 




action on gonadotropin secretion and plays a key role in triggering the LH surge in rats, but in 




contrast to the rodent, any circadian input to the timing of the LH surge may be overridden by 




increasing the magnitude of the estradiol signal. The hypothalamic and pituitary sites of the 




positive feedback action of estradiol appear redundant and spontaneous ovulation may be induced 




by pituitary feedback alone in both species of primate (monkey and human),. Therefore, the current 




understanding of estrus cyclicity and neural/hormonal regulation of ovulation in humans suggests 




that the effects of D4 on fertility as observed in the rat are unlikely to be relevant to humans (Plant, 




2012). 




Extensive research has been conducted to understand the potential mode of action of the 




reproductive endpoints in female rats and whether these endpoints are relevant to human health 




(Franzen et al., 2017, Dekant et al., 2017a,  Dekant et al., 2017b and Jean et al. 2017),  




 




Dekant et al., 2017a, concluded:  




 




“It is likely that cycle disruption occurred over time in female rats exposed to D4 due to either an 




inhibition by D4 of pituitary prolactin production (Fig. 1) and/or through modulation of the LH 




surge leading to an increased endogenous E2 signal to the uterus. Neither mechanism would be 




relevant to human risk due to differences between rat and human in pituitary control of the female 




reproductive cycle (Quinn et al., 2007a; Plant, 2012; Klaunig et al., 2016).”  




 




Figure 1.  Proposed alteration in estrus cycle mode of action for D4 induced rat (reproduced 




from Dekant et al, 2017a, Figure 4) 




 




Although D4 is not a direct dopamine agonist, there were subtle alterations in the dopamine 




activation pathway and modulation of prolactin concentrations following exposure to D4 that were 




suggestive of some interference with this pathway. This could account for both the reproductive 




and the uterine tumours seen following exposure to high concentration of D4. Dekant et al., 2017a 















 
             




 




 




 




 




 




also commented that “the subtlety of the effects following exposure to D4 may prevent further 




assessment and definition of a precise mode of action”.  




Dekant et al., 2017b concluded that the mode of action that best explains the adverse effects of D4 




on fertility in female rats is a dopamine activity mode of action that is not relevant to humans. 




While binding of D4 to the dopamine receptor may be considered possible in humans the available 




data do not support a direct interaction of D4 with the dopamine receptor (Dekant et al.,2017; 




Franzen et al., 2017; Jean and Plotzke, 2017). Regardless of the molecular initiating event, an 




increase in dopamine activity that decreases prolactin in humans is not relevant to human ovulation 




or corpus luteum maintenance, because prolactin is not important in ovulation in primates. 




Prolactin null mice have irregular estrous cycles and do not conceive (Bachelot and Binart, 2007). 




When these mice ovulate, the corpus luteum does not form normally and if conception occurs, 




pregnancy does not continue. By contrast, prolactin is not important in primate ovulation and, 




indeed, excessive prolactin interferes with ovulation, even if the excess is transient and clinically 




unapparent (Suginami et al., 1986). Dopamine agonist medications are used to treat ovulatory 




disturbances attributed to prolactin excess in women (Anon, 2004). Because there are no data 




suggesting that D4 binds to the dopamine receptor and because dopamine agonism does not 




interfere with ovulation in women, the species differences in this key event break the chain. 




Therefore, the mode of action that best explains the adverse effects of D4 on fertility in female rats 




is not relevant to humans. 




 




Lastly more detailed investigations are underway to better understand the dose-toxicity 




relationships. Toxicokinetic studies evaluating the linearity of the kinetics of D4 following 




exposure across concentration levels similar to those used in the toxicity studies will be assessed 




to  evaluate the relevance of these effects at non-linear high doses relative to actual human 




exposures. Sarangapani et al., 2002 developed a pharmacodynamic extension to a physiologically 




based pharmacokinetic (PBPK) model to characterize dose-response behaviours following 




inhalation exposure to D4. This evaluation showed that at exposures greater than ∼300ppm (the 




NOAEC in the reproductive studies), there was an apparent saturation of liver enzymes with 




subsequent decreasing liver metabolism, suggesting that effects seen above this exposure 




concentration are of questionable toxicological relevance when compared to actual human or 




environmental exposures. In addition, the inability to identify a specific initiating event leading to 




either the reproductive effects or the uterine tumours suggests that these effects may be due to 




high-dose nonspecific toxicity. Nonspecific toxicity effects are only seen at very high exposure 




levels and do not have a classic dose-toxicity response relationship. The dose-toxicity response is 




often very steep as seen with the D4 reproductive effects, where the effects are only seen at very 




high exposure concentrations with only a few animals being affected. The other characteristic of 




these nonspecific responses is that no one molecular initiating event or early key event can be 




identified when investigating the mode-of-action.  Industry has carried out numerous studies to 




identify a precise mode-of-action of modulating the LH surge in rodents to no avail (Franzen et 




al., 2017, Jean et al., 2017, and Dekant et al., 2017a).  As the response is so subtle even at these 




high concentrations, it was not possible to identify the molecular initiating event and/or early key 




events leading to modulation of the LH surge. This further calls into to question the specificity of 




these effects.  If concentrations to humans or in the environment can never reach these unrealistic 




concentrations that lead to potential nonspecific toxicity, these hazards cannot occur.   















             




 




 




             




 




 




Developmental toxicity 




Five reliability score 1 studies conducted in the same year are available for developmental toxicity 




(International Research and Developmental Corporation (IRDC), 1993a; b; c; d; e). Two of these 




studies are range-finding studies, so were excluded from being key studies (IRDC, 1993d; e). One 




of the studies (IRDC, 1993b) tested a restricted number of animals, so was also excluded from 




being the key study. 




Either one of the remaining two studies could have been selected as the key study (IRDC, 1993a; 




c). 




In the key inhalation prenatal developmental toxicity study (IRDC, 1993a) New Zealand white 




rabbits (20 animals/dose) were exposed to D4 whole body at concentrations of 100, 300, 500 ppm 




on gestation days 6 to 18. No substance related mortality; no adverse antemortem or necropsy 




findings, and no substance related effects on body weight gain were observed in any exposure 




group. 




Statistically significant reductions in maternal food consumption were noted in the highest 




exposure group during the first and second exposure intervals (gestation days 6-9 and 9-12) when 




compared with the controls. Food consumption was also slightly reduced, relative to the control 




group, in that group during the third interval (gestation days 12-15) and during the overall exposure 




interval (gestation days 6-19). These reductions were considered to be treatment-related. Mean 




postimplantation loss (resorptions) was slightly increased in the highest exposure group when 




compared with the controls, but were well within the historical control range. This finding was not 




attributed to treatment. There were no treatment-related differences in the number of viable fetuses 




per dam or mean fetal body weight. There were no treatment-related malformations or 




developmental variations. Therefore, the NOAEC for developmental toxicity was ≥500 ppm. The 




NOAEC for maternal toxicity was 300 ppm based on reduced food consumption in the highest 




dose group. 




In the supporting inhalation prenatal developmental toxicity study (IRDC, 1993c) CD rats (30 




animals/dose) were exposed to D4 whole body at concentrations of 100, 300, 700 ppm on gestation 




days 6 to 15. No deaths occurred and there were no exposure-related signs of toxicity. There was 




statistically significantly decreased body weight gain in the highest exposure group over gestation 




days 6-16, 9-12 and over the entire gestation period (gestation days 0-20). All animals in the high 




exposure group lost weight on gestation days 6-9. A statistically significantly reduced food 




consumption occurred in the high exposure group during exposure and over the entire gestation 




period. Pregnancy rates were not different to controls in all exposure groups. Only one animal of 




the low dose group had whole litter resorption, a finding that was not considered to be treatment-




related. All c-section parameters, including embryo lethality, litter sizes, sex distribution of fetuses 




and fetal body weight were comparable between control values and treated groups. The mean 




maternal liver weights in the treated groups were comparable with those of the control group. 




There were no treatment-related malformations or developmental variations. The NOAEC for 




maternal toxicity was 300ppm, based on reduced food consumption and body weight gain. The 




NOAEC for developmental toxicity was ≥700 ppm. 




The other supporting studies also gave negative results for effects on development, including 




teratogenicity. 















 
             




 




 




 




 




 




The following information is taken into account for any hazard / risk assessment: 




In the key inhalation developmental toxicity study in rabbits (IRDC, 1993a), D4 did not affect fetal 




developmental and the NOAEC for this endpoint was therefore greater than the highest 




concentration tested (500 ppm; 6066 mg/m3). The NOAEC for maternal toxicity was 300 ppm 




based on reduced food consumption in the highest dose group. 




Justification for classification or non-classification 




D4 has a harmonised classification as Reproductive Category 2 in Annex VI of Regulation 




1272/2008, based on the previous available data, for its demonstrated effects on female fertility in 




rats.  This is derived from research that has shown the fertility effects are associated with exposure 




of the female rat during the critical ovulatory phase and that exposure during the ovulatory phase 




induces a delay/suppression of the pre-ovulatory LH surge and subsequent ovulation.  More recent 




research and expert reviews have acknowledged the differences in the regulation of the pre-




ovulatory LH surge and the criticality of timed events with regard to rat versus human as well as 




extensive mechanism of action research support that the observed high-dose effect of D4 on female 




rat fertility should not be considered relevant to humans. 




The available data suggest that D4 does not require classification for effects on development or 




male fertility. 
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Table 1.  D4 HQ values for measured concentra�ons in Canadian wastewater receiving waters. 




 




 




 




Vertebrate Vertebrate Invertebrate Invertebrate Algal Algal
From Wang et al. (2013) From Wang et al. (2013) Lowest Highest Lowest Highest Lowest Highest 




Lowest observed receiving Highest observed receiving Measured Measured Algal Conc/NOEC Conc/NOEC Conc/NOEC Conc/NOEC Conc/NOEC Conc/NOEC
Compound water Conc (µg/L)a water Conc (µg/L) Vertebrate NOEC (µg/L) Invertebreate NOEC EC10 Value or HQlowest or HQhighest or HQlowest or HQhighest or HQlowest or HQhighest




D4 0.0045 0.023 4.4 b 7.9 c Solubi l i ty l imit, 51 µg/L d 1.02E-03 5.23E-03 5.70E-04 2.91E-03 8.82E-05 4.51E-04
a If concentration is less than detection limit, concentration assumed to be 50% of detection limit.
b Measured D4 NOEC level of 4.4 µg/L from embryo-larval deveopemnt study (93 days) with rainbow trout, Sousa et al. (1995)
c Measured D4 NOEC level of 7.9 µg/L from Daphnid reproducdtion study (3 generation, 21 days), Sousa et al. (1995)
d Measured D4 EC10 at water saturation level (51 µg/L) with algae (Raphidocelis subcapitata ), Trac et al. (2018)
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Silicones Europe’s high-level comments to the technical dossier 



prepared by ECHA on a potential POP nomination of D4, D5 and D6 



 



Silicones Europe and the Global Silicones Council have prepared detailed scientific comments for the 



public consultation on the “Draft proposal to list D4, D5 and D6 in Annex B to the Stockholm Conven-



tion on Persistent Organic Pollutants”. These comments are provided in the requested format and have 



been uploaded.  We have also shared several unpublished studies that are industry owned and re-



quested by ECHA.  



 



The silicones industry welcomes the opportunity to provide comments on the technical dossier pre-



pared by ECHA. As an overall comment, our experts have identified that the dossier lacks a compre-



hensive review of all available data and especially peer-reviewed published data for D4, D5 and D6 



(hereafter referred to as cyclic volatile methylsiloxanes (cVMS)). Based on the cited studies, numerous 



publications have not been considered.  In addition, even though it states often in the dossier that 



ECHA relied on references in the REACH registration dossiers, our experts identified instances in which 



ECHA seems to misstate what is actually in the REACH registration dossiers including indicating a study 



doesn’t exist when it is actually in the dossier.  Therefore, the dossier makes conclusions that do not 



consider all relevant and available data sets. Hereafter, the silicones industry has outlined further high-



level concerns section by section, all which are elaborated further in our input to the public consulta-



tion.  



 



Introduction 



The dossier states: "They have been grouped for the purposes of this proposal as they have a similar 



chemical structure and hazard profile and D4, D5 and D6 could substitute each other which could lead 



to regrettable substitution".   



• Although there are some similarities in both the structure and hazard profiles of the three 



cVMS there are also very distinct differences in their physical chemical properties that influ-



ence both the fate in the environment and the hazard profiles of the chemical substance.  



These differences need to be considered when assessing the potential of each substance to 



meet the criteria of Annex D under the Stockholm Convention and reflected in the dossier. 



This point was acknowledged by the ECHA committees1 when they concluded that “D4 may be 



included in the POP Regulation in the future but may be a long and unpredictable process. D5 



and D6 cannot be listed as POPs as they are not identified as ‘toxic’. 



 



The dossier states: “They are manufactured and used in a variety of sectors such as the construction 



(sealants, paints and coatings), automotive (parts and lubricants), electronics, pulp and paper, oil and 



gas, medical and aerospace/defence sectors.” 



 
1 Final opinion on an Annex XV dossier on D4, D5 and D6 (2020), REST_D4D5D6_Opinion_Format (europa.eu) 
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• The text implies direct use of the monomers D4, D5 and D6 in these applications where in most 



cases it is silicone polymers that are used in the applications listed and not D4, D5 and D6 as 



such.  



 



Technical Portion (Chemical Identity and Information on D4, D5, D6 and how they fulfil the Annex D 



screening criteria for Persistence, Bioaccumulation and the Potential for LRET) 



 



• Even though the dossier states that authoritative assessments, peer review and gray literature 



were relied upon, there are many (at least 54) more recent peer-reviewed literature publica-



tions and authoritative assessments missing that would be relevant to the analysis.  A detailed 



list of those, including publications cited in our comments have been provided with our com-



ments. 



o For example, numerous peer reviewed publications demonstrating that trophic dilu-



tion of cVMS, not trophic magnification occurred in sampled food webs were missed. 



In many cases, the dossier referenced individual predator/prey BMFs within the sam-



pled food web from interim study reports instead of the available peer reviewed pub-



lications of the studies while ignoring the overall trophic dilution and the majority 



predator/prey BMFs that are < 1. 



• Even though it states often in the dossier that ECHA relied on references in the REACH regis-



tration dossiers, there are instances in which ECHA seems to misstate what is actually in the 



REACH registration dossiers including indicating a study doesn’t exist when it is actually in the 



dossier. 



o For example, the dossier states: “For D5, no adverse effects have been observed in an 



avian reproduction test (OECD TG 206) using Japanese quail (Coturnix coturnix japon-



ica) at concentrations up to 1,000 mg/kg feed (Stafford, 2012). However, the results 



should be used with care considering that it was a range finding tests with a possible 



low proportion of viable eggs for the control and not all endpoints were investigated 



(e.g. egg shell thickness)” 



o However, an OECD guideline 206 avian definitive reproduction study was conducted 



with D5 and reported in the dossier.  The No-Observed-Effect Concentration (NOEC), 



based on adult and hatchling body weight, adult feed consumption, eggshell thick-



ness and all reproduction endpoints, was determined to be 1000 mg D5/kg feed 



(143.5 mg D5/kg body weight/day). 



 



• Many of the conclusions presented in the dossier are based on selected data or selective text 



from study reports/publications or lack a sound scientific basis.  On several occasions, the dos-



sier takes a known behavior of the D4, D5 or D6 and draws an inappropriate conclusion based 



on that behavior, to support the conclusion of the report, i.e. establishing meeting an Annex 



D Criteria (i.e. the scientific criteria for a POP nomination).  
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o For example, the dossier states: “D4 and D5 have a high tendency to adsorb to sedi-



ments and particles which hinders hydrolysis.”  Silicones Europe comment: Hydrolysis 



half-life is an intrinsic property of the substance at a given pH and temperature. Sorp-



tion may influence the contribution of hydrolysis to the fate in a specific environment, 



but sorption does not directly influence hydrolysis. The extent to which sorption at-



tenuates hydrolysis (or other processes such as volatilisation) under specific environ-



mental conditions can and should be evaluated quantitatively and objectively through 



multi-media chemical fate modeling.  For example, Kim et al., 2018 demonstrated that 



in case of a cessation of emissions, multimedia modelling studies show a relatively fast 



initial reduction in concentrations even in sediment, which is caused by the degrada-



tion of the airborne cyclics. 



o For example, the dossier states “D4, D5 and D6 are concluded toxic to sediment organ-



isms (toxicity to Lumbriculus variegatus for D4 and to Chironomus riparius for D5 and 



D6). As regards toxicity to terrestrial organisms, limited toxicity test data are available 



for D4 and no data for D6, while D5 is concluded as toxic to soil organisms”.  Silicones 



Europe comment:  Some studies that were relied on to conclude sediment and soil 



toxicity were noted to possess shortcomings, were non-standard studies or deemed 



not reliable, and other studies that demonstrated no effects when properly conducted 



were not acknowledged in the dossier.  In addition, the criteria applied for assessment 



of sediment and soil toxicity lack clarity and precision. The ‘T’ criteria defined in REACH 



Regulation Annex XIII and the REACH PBT guidance (R11) do not cover sediment or 



soil.  The dossier does not encompass a number of soil toxicity studies for all three 



substances.    



o For example, the dossier states “There is sufficient evidence of adversity to human 



health related to exposure to D4, D5 and D6 by both the inhalation and oral exposure 



routes. The critical effects associated with these three substances is liver enlargement 



accompanied with histopathological findings. While histopathological findings in the 



liver were not reported for D5 this was a result of this parameter not being included 



for assessment. Effects in the lungs and nasal cavity are consistent with chronic inha-



lation of irritative substances. These local effects occur at lower doses than liver effects 



following inhalation exposure and can be considered as the critical effect for D4, D5 



and D6. The effects in the nasal cavity when compared against the criteria for repeated 



dose inhalation toxicity in the CLP regulation, could mean that the data for D6 would 



meet the criteria for STOT RE (Category 1) for local effects on the nasal cavity”.  



 Silicones Europe comments: First, extensive data is available assessing the mechanis-



tic aspect of liver enlargement following exposure to the cyclics, especially D4 and D5.  



There are also several expert review and peer review publications concluding that the 



effects seen are non-adverse and an adaptive response. Therefore, the liver changes 



observed do not support the conclusion that D4, D5 and D6 are “toxic”. Second, the 



dossier inaccurately states that liver histopathology was not seen for D5 because the 



assessment was not included. There are a number of studies with histopathology of 



the liver following exposure to D5 and they can be found summarised in in the dossier 
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as well as the peer review literature.  Third, the dossier seems to overlook a recent 



expert review (Pauluhn 2022) that evaluated the lung and nasal cavity effects for all 



three substances and concluded that these effects were not the result of chronic irri-



tation but a result of aerosol-pulmonary surfactant interactions and therefore, this re-



sponse is adaptive rather than adverse. 



• The dossier indicates the modeling of long-range environmental transport (LRET) potential 



should be considered uncertain. Presumably, this is because some input parameters are not 



available; however, measured values are available and published in the peer review literature.  



In addition, a sensitivity analysis demonstrates that the LRET modeling is insensitive to these 



parameters.   



• The dossier provides a highly critical review of the industry studies or studies that do not sup-



port meeting the Annex D criteria. Simultaneously, it justifies that although there are uncer-



tainties in non-industry studies, they should be taken seriously and the precautionary principle 



should be applied. A transparent quantitative weight of evidence (QWoE) evaluation was con-



ducted by Bridges and Solomon in 2016 and concluded “Unlike legacy POPs, there is no evi-



dence that cVMSs are accumulating in remote regions.” 



• The dossier, on several occasions, appears to make broad conclusions without a robust foun-



dation for these assertions.  



o For example, the dossier states: “Considering the high global volumes of these sub-



stances even a low percentage of deposition and transfer to a receiving matrix (water 



(including sediment) or soil) is of potential concern for remote areas” – Yet, no calcu-



lation was done to verify this. 



o For example, the dossier indicates multiple modes of LRET contribute to the presence 



of cVMS in remote polar regions. Yet no calculations of the potential contribution of 



those modes of LRT are provided to inform an assessment of whether they could lead 



to detectable concentrations in the environment. 



• The dossier fails to acknowledge or take into account the conclusions reached by scientific 



experts who have previously reviewed the monitoring data available on cVMS in remote re-



gions. There are experts review published in the peer-reviewed literature concluding that the 



presence of these materials in remote regions is most likely the result of local sources rather 



than long range environmental transport. 



 



Technical Portion (Adverse Effects) 



• To qualify for a POP nomination and to satisfy the criteria detailed in Annex D, evidence of 



adverse effect to human health or the environment or data that indicate the potential for 



damage to human health or the environment needs to be shown2. Industry does not believe 



this has been met.  



 
2 Annex D states:  
(e) Adverse effects:  



(i) Evidence of adverse effects to human health or to the environment that justifies consideration of the chemical within the scope 
of this Convention; or 



(ii)  Toxicity or ecotoxicity data that indicate the potential for damage to human health or to the environment 
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o The dossier relies on the presence of any toxicity seen in laboratory studies including 



when dosing levels are much higher than solubility limits of cVMS and significantly 



higher than any concentrations found in the remote environment to suggest cVMS 



cause adverse effects. 



• The dossier seems to have mischaracterised the mode of action of D4 reproductive toxicity 



and uterine effects as being relevant to humans when it is well established that rodents and 



human differ significantly in regulation of this pathway.   



• The dossier seems to have mischaracterised the toxicity data on D5 and D6 asserting that they 



meet toxicity criteria based on effects that are either not relevant to humans or are considered 



adaptive responses to the exposure of cVMS. 



• The dossier does not follow the requirements of the text of Annex D that indicates where pos-



sible a comparison of the toxicity or ecotoxicity data with the detected or predicted level of a 



chemical should be done. 



o The dossier carries out no comparison of the measure data in remote regions to the 



effects levels. Such a comparison would demonstrate there is no potential for adverse 



effects in remote regions.   



 



In conclusion, the silicones industry does not believe the presented dossier provides a comprehensive 



analysis of all published and peer-reviewed available scientific data. The industry believes the dossier 



neither establishes long range environmental transport/back deposition of cVMS nor does it establish 



evidence of adverse effects to human health or to the environment that justifies consideration of the 



cVMS within the scope of the Convention. The industry is collaborating with ECHA by sharing studies 



and providing comprehensive comments to this dossier.  



 



In addition, industry is contributing to the science by conducting an extensive monitoring project in 



Antarctica with initial results due in late 2024/early 2025.  The objective of this study is to determine 



the potential presence of cVMS in Antarctica’s air, surface media, and aquatic biota.  The study will be 



supervised by an independent panel to which Member States are invited to nominate scientific ex-



perts. The study design has been presented to Member State experts in the ECHA PBT Expert group. A 



second study, supported in part by but independent from industry, is being conducted by the Norwe-



gian Air Institute (NILU) in the Arctic to investigate the hypothesis of snow scavenging the field with 



results expected in early 2024. Decisions on a Stockholm nomination should not be made until these 



studies are completed. We remain at the disposal of the Authorities for any further information. 



 



 
2. The proposing Party shall provide a statement of the reasons for concern including, where possible, a comparison of toxicity or ecotoxicity 
data with detected or predicted levels of a chemical resulting or anticipated from its long-range environmental transport, and a short state-
ment indicating the need for global control. 
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Introduction 


Dow is a member of Silicones Europe (SiE) and the Global Silicones Council (GSC) and fully supports 


the key points in the SiE and GSC submission to the public consultation. SiE, together with the GSC, 


has prepared detailed scientific comments for the public consultation on the “Draft proposal to list D4, 


D5 and D6 in Annex B to the Stockholm Convention on Persistent Organic Pollutants.”  


Herein, Dow provides additional information related to ECHA’s consultation on the “Draft proposal 


to list D4, D5 and D6 to the Annex B to the Stockholm Convention on Persistent Organic Pollutants.” 


 


Draft proposal to list D4, D5 and D6 to the Annex B to the Stockholm Convention on Persistent 


Organic Pollutants 


Scope 


The European Commission requested ECHA to prepare a draft proposal to list D4, D5 and D6 to the 


Annex B to the Stockholm Convention on Persistent Organic Pollutants.  


ECHA states that “This proposal specifically addresses the information requirements and screening 


criteria of Annex D in the Stockholm Convention on Persistent Organic Pollutants (POPs) and 


summarises relevant evidence relating to the screening criteria for persistence, bioaccumulation, long-


range environmental transport and adverse effects. As the proposal is based on the PBT/vPvB 


assessments performed at the EU level under the REACH Regulation (ECHA 2018a,b,c), information 


from peer-reviewed scientific journals as well as grey literature.” 


As an overall comment, our experts have identified that the dossier lacks a comprehensive review of all 


the available data including missing key studies that are included in the REACH dossier and especially 


peer-reviewed published data for D4, D5 and D6 (hereafter referred to as cyclic volatile methylsiloxanes 


(cVMS)). Numerous studies and publications have not been included; therefore, subsequent conclusions 


are drawn without taking those available data sets into consideration.  


It is our view that the potential listing of D4, D5 and D6 under the Stockholm Convention is not justified 


in any form. The available science does not support it and the impacts of any proposal or decision to 


nominate D4, D5 and D6 as a POP under the Stockholm Convention will be significant and negatively 


affect the silicone value chain in Europe and worldwide, as well as the multiple strategic sectors that 


rely on silicones for their unique performance and properties. 


In conclusion, Dow and the silicone industry do not believe the presented dossier provides a thorough 


and independent analysis of all and in particular, published peer-reviewed available scientific data. Dow 


and the Industry believe the dossier neither establishes long range environmental transport/back 


deposition of cVMS nor does it establish evidence of adverse effects to human health or to the 


environment that justifies consideration of the cVMS within the scope of the Convention.  


In addition, Dow in partnership with the silicone industry is contributing to the science by conducting 


an extensive monitoring project in Antarctica with initial results due late 2024/early 2025. The study 


will involve independent experts as part of the research team and will be supervised by an independent 
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panel to which Member States are invited to nominate scientific experts. The study design has been 


presented to member States experts in the ECHA PBT Expert group. A second study, supported in part 


by but independent from industry, is being conducted by the Norwegian Air Institute (NILU) in the 


Arctic with results expected in Q4 2023. Decisions on a Stockholm nomination should not be made 


until these studies are completed. 


 


 


 


 


 


 


Business Impact 


1. Dow, a leading producer of silicone polymers in the EU 
 


Dow is one of the largest chemical companies worldwide and a materials science leader, committed to 


delivering innovative and sustainable solutions for customers at a global scale. Dow operates in 104 


production sites across 31 countries and employs around 35,700 people. In 2022, Dow’s sales amounted 


to approximately USD 57 billion.  


In the EU, Dow operates production plants in Germany and Belgium. More importantly, the plants are 


an economic and social driver in their home regions of Wallonia (BE) and Hesse (DE).  


Dow is the largest producer in Europe of the cyclic siloxanes octamethylcyclotetrasiloxane (D4), 


decamethylcyclopentasiloxane (D5), and dodecamethylcyclohexasiloxane (D6), which are critical 


building blocks of nearly all silicone polymers – materials used for an endless number of applications 


in several key sectors. Put simply, silicone polymers cannot be manufactured without D4, D5 and D6.  


Silicones are an essential enabler of EU strategic autonomy and Net-Zero Industry Act, given their 


criticality for several strategic technologies, such as semiconductors and electronic devices, electric 


vehicle batteries, solar panels, wind turbines, energy efficient building design, medical devices, and 


many more.  


The silicone polymers value chain is very complex and scaled globally. Siloxanes D4, D5 and D6 are 


produced by Dow in three locations (the UK, USA, and China). Within these facilities, D4, D5, and D6 


are converted to polymers, after which they are distributed to hundreds of downstream users and 


formulators worldwide. These recipients then engage in their distinct and proprietary production of 


silicone polymers for use in final applications. 


In Europe, Dow has a world scale production plant for D4, D5 and D6 in the UK (Barry, UK) and 


imports them to Dow plants in Belgium (Seneffe) and Germany (Wiesbaden) for processing into 


silicone polymers.  







 
Dow contribution to ECHA’s consultation on the draft proposal to list D4, D5 and D6 to the 


Annex B to the Stockholm Convention on Persistent Organic Pollutants  


DATE last modification 10/08/2023 


 


Page 4 of 9  
 


General Business 


It is our view that the potential listing of D4, D5 and D6 under the Stockholm Convention is not justified 


in any form. The available science does not support it and the impacts of any proposal or decision to 


nominate D4, D5 and D6 as a POP under the Stockholm Convention will be significant and negatively 


affect the silicone value chain in Europe and worldwide. 


2. Importance of D4, D5 and D6 for silicone polymer production  
The cyclic siloxanes D4, D5 and D6 are essential building blocks used as monomers and intermediates 


in the production of silicone polymers such as rubbers, gels, liquids, resins, and pastes.  These silicone 


products are then sold to a wide array of specialist formulators, product, and parts manufacturers. These 


entities further process the silicone products. The value chain is highly complex and relies on 


unconstrained production and transportation of the siloxanes and polymers. Crucially, given the nature 


of silicone polymerisation chemistry and equilibration mechanisms, producing silicone polymers 


entirely devoid of residual D4, D5, or D6 is not technically feasible. 


Silicones bring unique performance and properties that make them the material of choice for countless 


essential applications. These properties include durability, insulating properties, water resistance, 


flexibility, low surface tension, resistance to chemical or UV damage, the ability to withstand heat and 


cold or pressure without loss of physical properties. In many applications, there are no viable 


alternatives to silicones. The non-availability of silicone polymers would put key applications at risk in 


vital industries such as electronics, semi-conductors, healthcare, construction, automotive, defence, 


aviation, aerospace, renewable energy, and batteries. 


 


Risk and Impact Assessment 


1. Impacts of the proposal of D4, D5 and D6 under the POPs nomination on Dow’s 


European plants and business 


a. Regulatory uncertainty 


It is understood that the DG ENV proposal to list D4, D5 and D6 to the Annex B of UN Stockholm 


Convention would seek a ban, on the direct use of those substances in personal care and cosmetics 


applications globally, essentially globalizing the proposed and existing REACH restrictions. 


Meanwhile it would propose to allow the use of D4, D5 and D6 for the manufacture, cross-border 


transport, and use in silicone polymers through a time unlimited acceptable purpose exemption as 


transported intermediates, an exemption for closed-system site-limited intermediates as well as waste 


and recycling. The purpose of these exemptions would be to protect the production, trade, and use of 


D4, D5 and D6 in silicone polymers across Parties to the Convention. 
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While we recognize that this proposal for a limited POP nomination is intended to accommodate our 


concerns, and while in theory this could be legally possible, it should be considered that such 


exemptions have never previously been granted under the Stockholm Convention and there are real 


uncertainties on how the outcome of a listing process would be implemented in practice. Objectively, 


there is a high risk that a Stockholm Convention listing will impact silicone production and availability, 


both globally and within the EU despite best efforts to restrict the nomination's scope.  


These uncertainties regarding the listing stem from the nature of the negotiations and procedural process 


of the UN Stockholm Convention themselves. For instance, no Party can guarantee to be fully in control 


of the listing process. A Party that nominates a substance does not determine the final outcome of the 


listing, neither can it define nor impose a specific outcome once the listing is negotiated and approved 


by the Conference of the Parties (COP). Similarly, no Party can guarantee (or impose) a listing under 


Annex B, instead of another annex. This outcome is the result of a highly political bargaining process 


and negotiations between the Parties.  


b. Transport of polymers and siloxanes 


The availability of silicone products globally relies heavily on a workable regulatory environment and 


transportation network. A POP listing would unavoidably lead to a multitude of different regulatory 


requirements across key Parties, which could hamper Dow’s ability to transport D4, D5 and D6 thereby 


reducing the availability of silicone polymers globally. Such a myriad of regulatory requirements would 


limit Dow’s ability to transport silicones between its own sites in a coherent and feasible way and 


foreseeably disincentivise investments. 


Additionally, the export and transportation of silicone polymer products to customers could also be 


impacted due to the impurities present in the polymers. This is because there is not an agreed definition, 


either across the Parties of the Convention or globally, on what constitutes an acceptable impurity level 


referred to Unintentional Trace Contaminant (UTC) POPs products. Precedents show that Parties take 


different approaches on what an acceptable level is.  


Additionally, it would no longer be possible for EU-based manufacturers to export the impacted 


materials to a non-party to Stockholm, such as the USA. Exemptions for this could not be achieved 


under Stockholm, not even according to legal theory, as this would violate a core principle of the 


Convention. 


The aforementioned foreseeable constraints resulting from   a Stockholm Convention listing placed on 


the ability to manufacture and transport D4, D5, D6 and silicone polymers could put the production and 


supply of silicone polymers within the EU at risk. 


c. Requirements of Closed System for production process are beyond Substances of Very 


High Concern requirements of minimisation of emissions.  


Since D4, D5 and D6 were classified as SVHCs (Substance of Very High Concern) in 2018 Dow has 


taken appropriate actions in response.   


 


However, under a Stockholm Convention listing, the containment requirements far exceed those under 


REACH for SVHCs.   
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In order to qualify for the default exemptions under the Stockholm Convention, both the D4, D5 and 


D6 manufacturing processes and downstream silicone manufacturing processes that directly use those 


siloxanes would need to take place on the same site and within the same reaction vessel, or otherwise 


meet Closed System Site Limited Intermediate (CSSLI) standards. Subsequent manufacturing processes 


would be required to ensure that their feedstock materials and their intermediate and final products 


contain unreacted siloxane monomers at levels below an (unspecified) “unintentional trace 


contaminant” threshold. This would be likely to lead to inconsistencies in regulatory requirements 


across Parties which would likely create an unlevel playing field. The standard applied in Europe is 


Strictly Controlled Conditions' (SCC). To our knowledge, no other Party has set specific requirements 


for how CSSLI should be implemented within their jurisdictions. 


 


The need for such investments is also questionable considering that there will be minimal environmental 


impact as ECHA’s committees identified over 90% of total environmental emissions stemming from 


personal care uses1, which the two REACH restrictions fully address. 


 


1 Final opinion on an Annex XV dossier on D4, D5 and D6 (2020), REST_D4D5D6_Opinion_Format (europa.eu 


 


d. Waste trade and recycling of silicones could be unworkable  


The D4, D5 and D6 manufacturing and polymerisation processes produce several important waste 


streams which need to be suitably managed. 


 


Specifically, the inclusion of D4, D5 and D6 in the Stockholm Convention will have the following 


unintended legal consequences: 


 


• The Stockholm Convention1 and the Basel Convention on the Control of Transboundary 


Movements of Hazardous Wastes and their Disposal have a joint mandate on POPs waste and 


have agreed to cooperate closely on establishing levels of destruction and irreversible 


transformation necessary to ensure that POPs characteristics do not persist. 


 


• Additionally, UTC definition and thresholds are not set by the Convention. This lack of legal 


certainty could lead to regulatory divergence as it allows each Party to set varying limits for 


UTC exemptions.  


 


• Low POP Content (LPC) is negotiated under the Basel Convention, adding another layer of 


uncertainty and further burden to the listing process.  


 


 
1 https://www.pops.int/TheConvention/Overview/tabid/3351/Default.aspx 
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• If the European Commission were not able to secure such LPC values, all waste containing 


silicone polymers from D4, D5, and D6 would have to go to incineration for disposal adding to 


CO2 emissions and destroying an existing circular economy business model.  


 


• Even if the European Commission were able to secure workable LPC values under the Basel 


Convention – and their global implementation, including from observers – D4, D5, and D6 


being POP substances could not be recycled and would need to be manufactured from virgin 


silicon metals only. This would lead to higher CO2 emissions and reduced recycling. 


 


• Finally, the industry would not be able to recycle devices or silicone parts containing D4, D5, 


D6 per Article 6 1. [d] [iii]) which states: “each Party shall: take appropriate measures so that 


such wastes, including products and articles upon becoming wastes, are: (iii) Not permitted to 


be subjected to disposal operations that may lead to recovery, recycling, reclamation, direct 


reuse or alternative uses of persistent organic pollutant.”  


 


Silicon metal is included in the Critical Raw Materials Regulation as a “critical raw material” and a 


“strategic raw material” and is essential to scale up the European manufacturing capacity for net-zero 


technologies in fields such as solar photovoltaic, onshore wind and offshore renewable technologies, 


semiconductors and others, in line with the Net Zero Industry Act as well as the European Chips Act. 


 


As silicon metal is also the most important raw material for manufacturing silicones, silicones should 


hence be recovered/recycled in Europe, including intermediate processing steps, in order to reduce 


import dependency on silicon metal. This is what Dow is proposing to do. However, recycling will 


only work technically or economically if residuals are allowed to be set as broadly as the REACH 


restriction levels of 0.1%. Otherwise, continued silicon metal recycling in the European Union would 


be unlikely and/or manufacturing would migrate to regions where recycling will not be a primary focus. 


 


Recycling silicon metal and silicones will increase the EU’s strategic autonomy and feedstock 


availability of a material that is crucial in fields such as solar photovoltaic, onshore wind, offshore 


renewable technologies and semiconductor technology.  


 


There is a complex legal route for a derogation to be granted for ensuring the recovery of a POP 


substance. This derogation would have to be negotiated, in parallel, under the UN Stockholm and Basel 


Conventions. However, such derogation has not previously been obtained and the complexity of this 


legal process together with the real uncertainty of a derogation being granted, such a path forward 


cannot be considered as feasible from a business risk perspective. 
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2. Business Continuity 


Listing D4, D5 and D6 under the UN Stockholm Convention would create significant uncertainties that 


could directly affect the way in which Dow can operate. It would impact transportation, production 


processes, handling of waste streams and the ability to recycle products and substances.  


These uncertainties cannot be dismissed and may result in the following consequences:  


• The viability of the silicone industry in the EU could be at risk. 


o It would become impossible to operate facilities that depend on the transportation of 


D4, D5, D6 as raw materials or recycle streams.  


o The regulatory uncertainty may encourage investments in geographies considered to 


be more predictable and with proportionate regulatory environments such as the USA, 


Japan, China or Korea. 


o It would no longer be possible for EU-based manufacturers to export the impacted 


materials to a non-party to Stockholm, such as the USA.  Such exemption is not legally 


possible under Stockholm, as this would violate a core principle of the Convention. 


 


• The production of essential silicone polymers, used in many Green Deal and Chips Act 


applications, would increasingly be located outside the EU. This would put the EU’s ambitious 


targets to ensure strategic autonomy at risk as it would significantly increase the EU’s 


dependency on imports of critical intermediate materials from outside the EU, mostly China 


and the US, at least initially. 


• Other regions outside the EU would likely take the lead to develop sustainable silicone solutions 


that would help the world move towards net zero, circular and more digital solutions.  


The listing proposal, per se, may already put at stake major investments and jobs in EU plants.  


 


3. Dow’s commitment to reduce the use of D4, D5 and D6 in cosmetics applications 


globally. 


Dow will continue to comply with all applicable legal requirements addressing the use of D4, D5 and 


D6.. 


 


Dow believes that a faster and more efficient way to address DG ENV concerns related to the use of 


D4, D5 and D6 in personal care and cosmetics could be through setting a common approach through 


the International Cooperation on Cosmetics Regulation (ICCR) and the International Association of 


Collaborators in Cosmetics (IAC).  


As an alternative to a POP listing, Silicones Europe proposes a two-fold approach, based on existing 


regulatory frameworks. 


The European Commission could work with the International Cooperation on Cosmetics Regulation 


(ICCR) to restrict the use of D4 in cosmetic products. 







 
Dow contribution to ECHA’s consultation on the draft proposal to list D4, D5 and D6 to the 


Annex B to the Stockholm Convention on Persistent Organic Pollutants  
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General Business 


The ICCR is an international group of cosmetic regulatory authorities dedicated to the convergence of 


cosmetics safety and regulation. The current members are the cosmetic regulatory authorities of Brazil, 


Canada, the European Union (the European Commission), Israel, Japan, South Korea, Taiwan, and the 


United States. In practice, ICCR recommendations are typically implemented into national law and 


enforcement measures by the cosmetic authorities of these countries. 


ICCR’s Recommendations are binding on its members and also de facto have a sizeable influence on 


countries that are not members of the ICCR, such as China which has been an observer to the ICCR.  


Through the IAC the Cosmetics industry could explore alternative routes to internationalise the EU 


REACH restriction on D5 and D6 in cosmetics beyond the EU.  


The IAC is an international platform exchange on cosmetics initiatives and regulation for industry trade 


associations of cosmetics. IAC meets twice a year to exchange information and ideas, and to work on 


projects of common interest and includes Cosmetic Industry Associations from everywhere.  


A coordinated approach across regulatory authorities in the field of cosmetic regulation would be 


comparable in manner to the existing and upcoming REACH restrictions. This action itself could 


address over 90% of global releases of D4, D5 and D6 to the environment.  


 


 


 


 


=============================END================================= 
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		Template for providing comments on the draft scientific dossier for an EU proposal by the European Commission to list D4, D5 and D6 in Annex B to the Stockholm Convention on POPs  

(Please use this format as it is in the interests of fast processing and consolidation of all comments)

Do not add extra columns or change the formatting





		Comment No.		Section (use drop-down menu)		Sub section (use drop-down menu)		Paragraph number (first relevant line number as integer only; in case of multiple lines, indicate them in the comment field)		Comment                                                                                                                       NOTES: (i) if your comment is for proposing addition or deletion of text please give details of the preceding and following current text so it is clear where the revision is to be made; (ii) if the comment relates to several paragraph numbers please list ALL paragraph numbers or the range of paragraphs [in this field, NOT in Column D].

		1		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.1 Persistence		7		Although D5 does indeed have a stronger affinity to organic carbon in sediment than to water, it cannot be regarded as an "infinite sink" for the substance.

		2		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.1 Persistence		10		The key papers cited in this paragraph are those written by Xu.  However these all appear to be unpublished studies which means it is not possible to comment on the methodolgy used.  
However a number of references that have estimated halflife do not appear to have been included in this assessment.  These authors calculated half-life in sediment by assuming that the substance could only be degraded by hydrolysis within the pore water of the sediment, not whilst the substance is adsorbed to the sediment itself. Therefore the Koc of the substance would have a significant impact on the persistence of the substance and Koc is a parameter that is impacted by other variables such as temperature and the impact of Koc is dependent on organic carbon content of sediment and soil.  Krogseth et al. (https://doi.org/10.1021/acs.est.6b04828) estimated the half life in sediment to be 8.5 years and Mackay et al. (https://doi.org/10.1016/j.chemosphere.2014.04.033) estimated 310 days.  Clearly these are above the 6 month trigger for a substance to be considered Persistent but they only account for the physical process of hydrolysis.  The very poor water solubility of D5 means that very little is bioavailable which will be a factor in the poor biodegradability of D5 in ready biodegradability studies.  However, D5 is bioavailable to sediment living organisms through ingestion of sediment as food.  There is evidence that biotransformation of D5 has the potential to be a significant route of degradation (Selck and Forbes, https://doi.org/10.1021/acs.est.8b00265).

		3		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.1 Persistence		10		The difference in persistence in different lakes is linked by the author to differences in the rate of sedimentation, with rapid sedimentation leading to longer persistence.  This is a variable that is not a property of the substance, so long measured helf lives due to rapid sedimentation should not be taken into account when assessing the fundamental hazards associated with a substance.

		4		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.1 Persistence		14		Although the half life in sediment measured in laboratory studies do trigger one of the criteria of Annex D, this approach does not take an holistic view of the persistence of very low solubility, volatile substances such as D5 in the environment.  The proposal makes no comment on the atmospheric degradation via reaction with hydroxyl radicals.  As this is a relatively rapid process and it is estimated that at least 60 % of release D5 would partion to the atmosphere, this needs to be taken into account during any assessment of environmental persistence.  D5 has been used in large amounts in personal care products, so if the substance was persistent, it should be expected to be present in very large concentrations in the environment but it is not.  For example, Sakurai et al. (https://doi.org/10.1016/j.scitotenv.2019.06.462 ) estimated that the overall persistence (across all compartments) was between 3.8 and 9.6 days in Tokyo Bay 

		5		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.2 Bioaccumulation		17		BCF is a parameter that is not a entirely relevant to very poorly soluble substances such as D5.  As it is a ratio of concentration of the substance in the body versus concentration in water, it is likely to be always be very high and sensitive to small differences in the measured concentration in the test animals when the concentration in water is always very low.  The study is designed to be based on the fish having most uptake of a substance via respiration.  With a highly insoluble substance with relatively strong affinity to sediment, D5 is much more likely to be taken up through diet.  This issue has been detailed by Bernardo et al. and references therein (http://dx.doi.org/10.1016/j.scitotenv.2022.153821).

		6		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.3 Bioaccumulation		17		The high BMF value reported were measured by total radioactivity.  It is known that D5 can be metabolised.  As these referenced cannot be accessed by this contributor, it is not clear whether the numbers reported are a measurement of D5 itself or its metabolites.

		7		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.2 Bioaccumulation		17		It was reported in the response to the consultation for placing D5 on the REACH candidate list that the values in the CERI report on Common Carp had unrealistically small deviations and did not include a statistical assessment or address error.  Therefore these results may be at the upper extreme of possible BCF and not a reliable value to use in an assessment.  The same issue was highlighted for the Drottar paper.

		8		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.2 Bioaccumulation		17		Lipid normalisation is a justified correction to make for substances that are primarily taken in through exchange between water and lipids in the fish via respiration through the gills.  However, due to the low solubility of D5, it is taken up largely through diet and are metabolised. Therefore lipid normalised values should not be used in the assessment.

		9		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.2 Bioaccumulation		17		This is a limited review of all the measured values for the BMF of D5.  A review by Gobas et al (DOI:10.1002/etc.3242) report a number of studies that report values lower than 5000.  Therefore this document is cherry picking values that support the substance being bioaccumulative and not giving an holistic view of the science.

		10		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.2 Bioaccumulation		20		There is an assumption that the total 14C measurements would be similar to those of the parent compound.  This assumption is accompanied with a justification, which is concerning considering it is known that D5 is metabolised after dietary intake.

		11		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.2 Bioaccumulation				The extrapolation of factors such as BSAF, BAF, BMF and TMF are notoriously unreliable (Environment Agency, https://nora.nerc.ac.uk/id/eprint/532334/1/N532334CR.pdf) a fact which is acknowledged in the proposal.  Therefore it is not clear whether these values for D5 support the proposal that it is bioaccumulative.  The variablity in the results show that there is a large margin for error meaning that a decisive conclusion cannot be reached based on these results.

		12		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.2 Bioaccumulation		24		24 - 27: There is no consistency in the TMF values measured indicating that local variations of the sampling site has a significant impact on the values measured.

		13		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.2 Bioaccumulation		24		None of the TMF values include air breathing trophic levels (e.g. birds, mammals).  It is expected that the poor solubility and high volatility of these trophic levels would rapidly eliminate D5 via breathing, so the TMF values are only for a limited part of the food chain.

		14		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.3 Potential for long-range environmental transport		47		In previous assessments D4 has been regarded as having low potential for long range transport as it is degraded before it can be deposited (Environment Agency, https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/290565/scho0309bpqz-e-e.pdf).  As it has a longer half-life than D5, it follows that D5 should also be regarded as having low potential for long range transport.

		15		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.3 Potential for long-range environmental transport		47		The following statement "Due to their relatively long atmospheric half-lives (>2 days)" is not justified.  Is this a long half life?  The atmospheric half lives of chlorinated POPs are on the magnitude of 4 - 30 years (Luarte et al., 2023 (https://doi.org/10.5194/acp-23-8103-2023))

		16		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.3 Potential for long-range environmental transport		49		It is not clear why the Xu paper from 2019 has been put together with the other references in this section.  The Xu paper calculates empirical CTD based on measured data, whereas the other papers use modelling programmes to calculate CTD.  Studies using measured data should be given stronger weighting when drawing a conclusion regarding the potential for LRET.  The Xu paper reports two issues that should be taken in consideration in this proposal.  Firstly they show that D5 concentration in air decreased exponentially along a south to north transect in the northern hemisphere, demonstrating that there is an efficient degradation process occurring.  Secondly, this data was used to calculate different eCTD based on whether urban point sources where included or excluded from the calculation.  The average eCTD ranged from 998 km to 1790 km, which are all below the 2000 km threshold for potential for long range environmental transport.  Finally the paper highlights weaknesses in the modelled data, namely they do not consider significant high latitude (40 - 50 degN) point source releases (cities) and they depend on high quality emission data that did not exist when the modelling results were reported.  This still further emphasises that the empirical CRT should take precedence over modelled data during the assessment.

		17		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.3 Potential for long-range environmental transport		49		A recent study (https://www.silicones.eu/wp-content/uploads/2023/02/CES_Infographic-LRT_V16.pdf) has indicated that CTD methodolgy significantly overestimates the distance that D4 can travel.  Using field data to estimate a range of Empirical Travel Distance, it calculated a range of 1000 -2600km in Europe versus a CTD of 7900 km.  This is assumed to be because of the atmospheric degradation of the substance.  As D5 has a greater degration rate and a lower CTD than D4, it can only be assumed that the same impact would be seen with D5 and the travel distance estimated to be well below the trigger value of 2000 km. 


		18		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.3 Potential for long-range environmental transport		50		This statement is not correct.  Halflives in water and soil have been stated in Breivik, McLaclan and Wania, 2022 (https://doi.org/10.1021/acs.est.2c03047)

		19		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.3 Potential for long-range environmental transport		63		63 - 65: D5 has had an ubiquitous use in wash off cosmetics, meaning that wherever humans are found there is a potential for local release of the substance.  Therefore the presence of a substance in remote areas cannot be assumed to be due to long range transport.  In addition, this means that strict quality control measures need to be applied when sampling and analysing.

		20		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.3 Potential for long-range environmental transport		53		The Xu and Vogel study uses an empirical determination based on an acceptable representative substance. While it would have improved the data to use a range of reference substances as stated in paragraph 54, disregarding the empirically derived KiA values through the use of theoretical calculations performed many years prior is poor scientific rigour. The Sanchis study which the theoretical calculations are taken from also only uses a single reference substance (naphthalene), are back-calculated from determined concentrations and then note that the back-calculated value for naphthalene is three orders of magnitudes lower than the empirical measured value. There is no consideration if this back-calculated value is scientifically valid given it is wildly inconsistent with empirically measured values.  It appears that the proposal uses the outcome of these back-calculations to disregard the results from Xu and Vogel as an underestimation of the potential for snow scavenging. Since the back-calculation is an extrapolation and therefore inherently prone to possible inaccuracy, considering the back-calculated KiAs as superior to those empirically determined by Xu under controlled lab conditions does not appear to be strong science.

		21		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.3 Potential for long-range environmental transport		53		It is odd that such weighting is applied to the Sanchis paper that has significant methodological weaknesses and reported results that are extreme even for samples taken near to a point source of release (Mackay, 2015 (https://doi.org/10.1021/acs.est.5b01936) and Warner et al, 2015 (https://doi.org/10.1021/acs.est.5b01612)).  The Xu and Vogel paper does have some methodological concerns around the apparent aluminium catalysed hydrolysis, but the hydrolysis was not complete, so the absence of any D4 and D5 in snowmelt is still a telling conclusion (if some was detected, a correction factor would probably need to be applied, but with none detected this is not an issue).  Therefore an emphasis is being placed on a paper with fundamental methodological flaws over a study with flaws that have little impact on the overall conclusion.

		22		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.3 Potential for long-range environmental transport		54		54, 56-58: A mechanism of transport via adsorption to atmospheric particles is postulated to be linked to deposition in snowfall.  However, it is also discussed that aluminium can catalyse the hydrolysis of cyclic siloxances.  As particulates have a very high surface area, it must be considered that these too could catalyse the hydrolysis or other degration mechanisms of D5.  If an unproven transport mechanism is to considered, its impact on degradation rates should also be included in any assessments.
Paragraph 57 also states that D5 can transform into other substances (D4) on the surface of some aerosols further emphasising the potential of aerosol catalysed hydrolysis of D5 should the proposed mechanism of transport be relevent.  If this mechanism were occuring, it would be expected that when the relative concentration of D4, D5 and D6 were assessed with distance away from urban areas, the concentration of D4 should become enriched.  However this is not seen (Xu et al, 2019 (https://doi.org/10.1016/j.chemosphere.2019.04.130).

		23		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.3 Potential for long-range environmental transport		70		The potential for long range transport has not been demonstrated as the detected presence of D5 could also be explained by local release of the ubiquituous substance.  Measured distances using the results of detected substances indicate that the Travel Distance is well below both modelled values and the trigger distance of 2000 km. The mechanisms for deposition in high latitudes is a postulation that does not account for the same mechansims also causing degradation of D5.

		24		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.4 Adverse effects		74		One piece of evidence of toxicity claimed is the result observed with Ch. Riparius, where a NOEC that corresponds to a pore water concentration slightly lower than the maximum water solubility is observed.  There is an assumption that toxicity occurs via exposure to water that is not justified at all.  Nontheless, the result reported is not evidence of toxicity, it is evidence that no toxicity is seen at concentrations only slightly below saturation.

		25		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.4 Adverse effects		75		It is not clear whether the dose that shows toxicity to the barley or earthworm is within the solubility of D5 in pore water or the sorptive capacity of soil (Woodburn et al, https://doi.org/10.1016/j.chemosphere.2017.10.140).  Therefore, the doses examined are not representative of those ever expected to be seen in the environment other than with spills (not a scenario that needs consideration in this process).  

		26		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.4 Adverse effects		89		89 and 106: The report referenced states that the results have borderline statistical significance.  As the SCCS declared that the substance was safe to use, it must be assumed that D5 is not regarded as a carcinogen and therefore is not toxic via this mechanism.
In addition, the registration dossier for D5 (https://echa.europa.eu/registration-dossier/-/registered-dossier/14807/7/8)  states "Studies in aged animals show that the effects of D5 on estrous cyclicity are consistent with a dopamine-like effect and further suggest that D5 might be accelerating the aging of the reproductive endocrine axis in this strain of rat. These results are consistent with a mode of action for uterine endometrial adenocarcinoma tumorigenesis that is not relevant for humans.".  As the substance has been assessed by both ECHA for the Candidate List and the SCCS, it must be assumed that this statement has strong justification.

		27		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.4 Adverse effects		107		The increases in liver weight were observed to be reversible in a 14-day receovery period and were not judged to be a toxic effect in the REACH registration dossier (https://echa.europa.eu/registration-dossier/-/registered-dossier/14807/7/6/3/?documentUUID=a412d735-9b48-45be-aaf1-9a06e935ca88)

		28		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.4 Adverse effects		107		The irritation around the nose was judged to be related to the method of administration and the effects were noted to be reversible during a 14-day recovery period.  No irritation was noted in studies specifically aimed at assessing irritation and D5 has been used extensively in the treatment of wounds and stoma with no irritation reported.  Therefore this should not be regarded as an adverse effect.

		29		3. Information on D4, D5, D6 and how they fulfil the Annex D screening criteria		3.4 Adverse effects		105		The substance has not been shown to be toxic, with all the evidence presented being reversible or performed at doses that are not realistic.
The registraion dossier for D5 presents a much wider range of studies from which this proposal cherry picks the results that appear to be most adverse.  If a holistic approach to the full range of studies is used then D5 should not be regarded as toxic, a conclusion reached by regulatory bodies such as the SCCS (https://ec.europa.eu/health/scientific_committees/consumer_safety/docs/sccs_o_174.pdf).

		30		4. Statement of the reasons for concern and need for global action		3.4 Adverse effects		113		The statement that "D4, D5 and D6 is likely to lead to significant adverse human health and environmental effects such that global action is warranted." is a dramatic exaggeration of the evidence presented and this evidence is only that which has been cherry picked from a much wider body of evidence to support the proposal.
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PCPC Response to the European Chemicals Agency’s POPs consultation for 


Octamethylcyclotetrasiloxane (D4); Decamethylcyclopentasiloxane (D5); 


dodecamethylcyclohexasiloxane (D6) 


 


August 10, 2023 


Dear Sir or Madam, 


The Personal Care Products Council1 appreciates the opportunity to provide this response to ECHA’s 


consultation on the draft proposal to list Octamethylcyclotetrasiloxane (D4); 


Decamethylcyclopentasiloxane (D5); dodecamethylcyclohexasiloxane (D6) to the Stockholm Convention 


as Persistent Organic Pollutants (POPs).  


PCPC and our member companies are strongly opposed to this proposal. Listing D4, D5, and D6 as POPs 


would unfairly restrict trade in substances that have not been assessed negatively by regulators in other 


jurisdictions. Indeed, several studies examining the environmental fate of these substances are 


underway globally, while existing scientific evidence about the health and environmental impact of 


these substances does not support listing these substances as POPs. 


It is important to note that the use of D4, D5, and D6 directly as ingredients in cosmetics may be 


relatively minor, however, there is a significant use of these substances as starter materials in the 


production of silicone polymers, and as raw materials in other silicone products. As such, the continued 


allowance of the intermediate uses of these substances is critical for our industry.   


We appreciate that the Commission’s draft proposal does not target the use of D4, D5, and D6 as raw 


materials or intermediaries. However, it is our understanding that the Stockholm Convention listing 


procedures may not be well-equipped for a complex restriction that would allow the continued 


intermediate use of these substances.  Moreover, we believe there would be a considerable risk that 


signatory countries’ restrictions would fail to differentiate allowed uses of the materials. This would 


have the unintended and undesired outcome of a global ban on trade and use of substances that are 


critical to the cosmetics industry.  


We urge ECHA to reconsider its intention to propose D4, D5, and D6 for listing under the Stockholm 


Convention. Further consideration of the implications of the proposal could serve to avoid actions that 


would be more trade-restrictive than necessary to fulfil the EU’s stated objectives.  


 
1 PCPC is the leading U.S. national trade association representing global cosmetics and personal care products companies. 


Founded in 1894, PCPC represents over 600 companies, including global and U.S.-based manufacturers and distributors of 


finished products, as well as suppliers of ingredients, raw materials, packaging, and other services used in the production and 


marketing of finished personal care products. PCPC advises and represents our members on legal, regulatory, scientific, and 


international trade matters affecting our industry globally.   
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We would be pleased to receive any questions on this submission. Thank you for your consideration of 


these comments. 


Sincerely, 


 


 


Francine Lamoriello 


Executive Vice President, Global Strategies 
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Ken Monahan 


Vice President, International Economic Policy 


 
nam.org 


 
733 10th St., NW • Suite 700 • Washington, DC  20001 • 202.637.3000 


 
 
 


Aug. 10, 2023 
 
 
European Chemicals Agency 
Telakkakatu 6, P.O. Box 400 
FI-00121 Helsinki 
Finland 
 
Re: European Chemicals Agency POPs Consultation for Octamethylcyclotetrasiloxane (D4); 
Decamethylcyclopentasiloxane (D5); and dodecamethylcyclohexasiloxane (D6) 
 
Dear Sir/Madam: 
 


On behalf of manufacturers in the U.S., the National Association of Manufacturers 
appreciates this opportunity to provide input on the European Chemicals Agency Persistent 
Organic Pollutants (POPs) Consultation for Octamethylcyclotetrasiloxane (D4); 
Decamethylcyclopentasiloxane (D5); and dodecamethylcyclohexasiloxane (D6). 


 
The NAM is the largest manufacturing association in the U.S., representing nearly 


14,000 manufacturers small and large in every industrial sector and in all 50 states. 
Manufacturing employs nearly 13 million people across the country and drives innovation more 
than any other sector, contributing 55% of all private sector research and development in the 
U.S. In total, manufacturing contributed more than $2.9 trillion to the U.S. economy in the first 
quarter of 2023, an all-time high. 


 
The NAM recognizes and appreciates the European Union’s commitment to 


environmental protection and the responsible use of chemicals. As always, manufacturers 
welcome the opportunity to engage directly with the EU to address specific concerns on 
regulatory matters as we seek to ensure sustainable and innovative supply chains for our 
industry. Manufacturers are committed to protecting worker and consumer safety, public health 
and our environment, and our industry strongly supports regulatory policies designed to support 
economic growth and adhere to sound principles of science, risk assessment and cost-benefit 
analysis. To that end, manufacturers have championed environmental stewardship at every 
turn, and our members have invested heavily in new processes and technologies that have 
made manufacturing in the U.S. cleaner and more sustainable than ever. 


 
D4, D5 and D6 are essential building blocks in the production of silicone polymers used 


in diverse supply chains, including but not limited to medical devices, the automotive industry, 
semiconductors and consumer products. Restricting access to these polymers would harm 
manufacturing resiliency. Accordingly, manufacturers urge the EU to consider the impact on 
consumers and industries that use these chemicals in their production processes as it considers 
this topic. 


 
 
 







The NAM welcomes this opportunity to provide feedback on this matter, and we look 
forward to continued engagement with the EU as the process continues. 
 


 
 


Sincerely, 
 
 
 


Ken Monahan 
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Associação Brasileira da Indústria Química 
Av. Chedid Jafet, 222, Bloco C – 4º andar, Vila Olímpia, São Paulo, SP – Cep: 04551-065 – Tel.: (11) 2148-4700 


www.abiquim.org.br – e-mail: geaf@abiquim.org.br 


 
ABIQUIM 


 


 10/08/2023 
  


Subject: The European Commission shall not propose a nomination of D4, D5, and D6 
for inclusion in the Stockholm Convention as POPs substances  


Introduction 


 


The Brazilian Chemical Industry Association (Abiquim) is a non-profit organization 


that brings together large, medium and small chemical industries, as well as 


service providers to the sector in the areas of logistics, transport and emergency 


response. Abiquim is structured to promote increased competitiveness and 


sustainable development of the chemical industry installed in Brazil and works 


together with its associates, which debate different topics relevant to the sector. 


Abiquim believes that silicones are essential part of company business in Brazil 


bringing unique performances and properties that make final materials choice for 


essential applications. 


 


Ask: A POP listing of D4 D5 D6 under the Stockholm Convention is not an appropriate 
tool to regulate these substances and risks disrupting the silicones value chain in 
Europe 


 


Abiquim strongly believes that the recent European Commission’s proposal to 


nominate D4, D5 and D6 under Annex B to the Stockholm Convention on 


Persistent Organic Pollutants does not take full account of the whole body of 


scientific evidence, should have recognised already applicable or on-going 


regulatory activities, and puts at risk numerous beneficial uses including in the 


relevant sectors like healthcare, energy efficiency, construction, transportation, 


lighting, alternative energy, electronics.  


- Silicone polymers rely on D4, D5 and D6 as building blocks (monomers) for their 
manufacturing. Silicone materials are widely used and difficult to substitute 
because of their durable, safe and highly effective mechanical, optical and 
thermal properties.  


 
- Silicones are essential to build a green value chain in Europe, in light with the EU 


Green Deal objectives and strategic autonomy.  
 


- When it comes to the implementation of the Stockholm Convention in the EU, the 
potential inclusion of D4/5/6 in the EU POPs regulation would affect the trade, 
production, and accessibility of silicones across the globe and hamper the ability 
of EU downstream users to access silicones. Ultimately, this would hamper value 
chains established in Europe, in favour of other regions where the access is 
secured in a timely and affordable manner.   







  
 


 
- Before any proposal is presented to the Council of the European Union, the 


European Commission shall: 
 


- Consider all the available scientific information to understand whether 


D4/D5/D6 meet the criteria of Persistent Organic Pollutants under the 


Stockholm Convention.    


 


- Address the technical, legal, socio-economic aspects of a listing of D4/D5/D6 
under the Stockholm Conventions as well as any direct and indirect 
consequences that such a listing would have on silicone manufactures and 
downstream users.  
 


We call on the European Commission to recall their proposal to nominate D4/5/6 


as POPs under the Stockholm Convention, before a thoughtful legal, technical, 


socio-economic and scientific assessment is in place.   


 


Abiquim stands ready to work with its silicone suppliers and regulatory authorities 


to ensure that silicones polymers can continue to be used and their innovation 


potential preserved. 
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Silicones Industry calls for thorough analysis of the impact by a 



potential listing under the Stockholm Convention on future 



silicone polymers availability  



Background 



On 14 June 2023, during the meeting of the Competent Authorities expert group for Regulation (EU) 



2019/1021 on Persistent Organic Pollutants (POP CA), the European Commission confirmed its inten-



tion to gain a mandate to propose the nomination of Octamethylcyclotetrasiloxane (D4), Decamethyl-



cyclopentasiloxane (D5) and Dodecamethylcyclohexasiloxane (D6) to Annex B (Restriction) to the 



Stockholm Convention on Persistent Organic Pollutants (POPs). Subsequently, ECHA launched a public 



consultation,1 running from 15 June to 10 August 2023, on the scientific dossier that is intended to 



accompany the potential listing proposal made by the EU. The consultation focuses on whether D4, D5 



and D6 are meeting the scientific criteria (i.e. Annex D criteria) to the Stockholm Convention.2  



 



The Stockholm Convention has the objective of eliminating the manufacture and use of POP sub-



stances. However, Silicones Europe believes it is an inadequate tool to regulate the use of intermediate 



industrial chemicals such as D4, D5, D6 and thus to use it as a risk management tool. If silicone mono-



mers are nominated for a POP listing, this would be the first time that the Stockholm Convention has 



been proposed as a tool to regulate intermediates. The silicones Industry believes that there is a sig-



nificant risk that this would endanger the manufacture and use of silicone polymers. 



 



Silicones are a key enabler of the EU’s strategic autonomy and crucial to support Europe in its objective 



to become a safer, more digital and sustainable economy, meanwhile achieving the European Green 



Deal objectives. D4, D5, D6 are crucial monomer intermediates in the manufacturing of silicone poly-



mers, representing the vast majority of their uses. Pursuing a POP listing for D4, D5, D6 would mean 



disregarding other regulatory tools that can effectively globalise the REACH restrictions and address 



concerns on direct uses without impacting polymers. It would also entail undermining Europe’s com-



petitiveness, to the advantage of other global powers.  



 



During the POP CA meeting, the European Commission indicated orally its aim to “protect” silicone 



polymers from indirect impact due to global restrictions on D4, D5, D6 that would follow the listing of 



these substances. We understand from the Commission that this would be achieved by allowing the 



continued use of D4, D5 and D6 for the manufacture and use in silicone polymers´ production through 



an acceptable purpose exemption as transported intermediates, and an exemption for closed-system 



site-limited intermediates. The Commission also confirmed that the final decision on such derogations 



would be made on a global level and no guarantee can be provided that the intended “protection” for 



polymers can be achieved.   



 



In addition, according to Silicones Europe, it will be also vital for the protection of polymers to allow a 



technically and economically feasible threshold for unintentional residuals of D4, D5, D6 in polymers 



not lower than 0.1 %.  This threshold has been proposed by ECHA’s committees for the second REACH 



 
1 https://echa.europa.eu/proposals-for-new-pop-s/-/substance-rev/73622/term  
2 Annex D of the Stockholm Convention sets the following criteria for a substance to be identified as a POP: persistence, bio-accumulation, 
potential for long-range environmental transport, adverse effects. 
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restriction1. It is however questionable if this 0.1% threshold would be acceptable at the global level. 



The Restriction is currently being discussed in the REACH Committee and should be finalised before 



any discussions on a potential POP nomination are continued.  



 



In addition, industry believes that while not legally required by the POP Regulation, the significant 



economic and societal impact that would result from the non-availability of silicone polymers com-



bined with the availability of alternative policy options warrants applying Tool #7 of the European 



Commission’s Better Regulation Toolbox3, well before applying Annex F under the UN POP process and 



before any EU decision on moving this forward. 



A detailed legal and impact assessment should focus on at least the following points: 



• Whether it creates a level playing field in the production, use and transportation of silicone 



polymers, EU vs. non-EU countries and including both Parties and Observers to the Conven-



tion. 



• Impacts of a POP listing on the recycling and waste management value chain of silicones. 



• High uncertainties within the Convention process of a POP listing of D4, D5 and D6. 



• An agreement by the Parties of the Convention, in the form of technical guidelines and/or 



legal text modifications, on definitions and practical and technical considerations of closed-



system site-limited intermediates (CSSLI) and unintentional trace contaminants (UTCs). 



• A reform of the long-range environmental transport (LRET guidelines) and Annex E (infor-



mation requirements for the risk profile) to the Stockholm Convention to ensure they are fit 



for purpose and can ensure sound management of the chemicals listed as POPs. 



• A due review and consensus across the scientific community on whether D4, D5 and D6 



meet the conditions of POPs, particularly on long-range environmental transport (LRET). This 



review shall include robust and actual running up-to-date studies.4 



Silicones Europe strongly appeals to the European Commission and Member States to thoroughly 



assess consequences of a D4, D5 and D6 POP listing. Industry is concerned that the Stockholm Con-



vention is neither the right policy tool nor will it achieve the desired effect of addressing concerns 



regarding personal care products at the global level and simultaneously protect silicone polymers. 



The Silicones industry is supporting working on alternative tools together with relevant stakehold-



ers. 



 
3 br_toolbox_-_nov_2021_-_chapter_2.pdf (europa.eu) 
4 The silicones industry believes the scientific criteria for a Stockholm Convention nomination are not fulfilled.   
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Annex: Detailed overview of impacts and factors to consider 
 



a. Silicones: a strategic asset for a competitive EU industry  



Silicones are crucial to meet several EU strategic targets and objectives. Many of the applications for 



these materials are pivotal to society and for the success of the European Green Deal, as well as the 



‘twin’ green and digital transition of the European economy. Across a number of key applications, sili-



cones support the EU sustainability, digital and health objectives5, having unique performance and 



working where other chemistries reach their limits. Silicone applications show CO2 saving-potential 



throughout their life cycle in comparison with alternatives, thereby contributing to the decarboniza-



tion of the European economy. The POP listing will have a severe impact on the production and use of 



silicone polymers, hampering in turn the achievement of the EU’s broader sustainability goals. 



b. Broad exemptions for acceptable purpose(s) 



The Commission confirmed that their intention is to propose a listing under the Stockholm Convention 



to stop direct uses of D4, D5, D6 in consumer applications globally, whilst protecting polymer produc-



tion, transportation and availability via a broad acceptable purpose for use of these substances as 



transported intermediates for polymer production. For context, direct (non-intermediate) use of these 



substances accounts for less than 2% of usage globally, whilst >98% is used for polymer production 



(intermediate use). Hence, such a broad acceptable purpose would apply to >98% of the uses of these 



substances. 



A derogation as broad as to cover >98% of the substances’ use is highly unlikely to be accepted by the 



Parties. There are no precedents for such approach and, legally, it will be difficult and complex as 



pointed by third party legal advice. The ability of the EU – or any other Party – to secure sufficiently 



broad acceptable purposes in the final listing is questionable and places huge risk on the industry, for 



the reasons outlined hereunder: 



• Although Annex B is formally entitled “restriction”, its overall objective remains “reducing and 



ultimately eliminating the production and/or use” (see section 4 of Part III of Annex B to the 



Convention, emphasis added) of the chemicals listed under it. 



• No acceptable purpose that would allow for broad intermediate use, accounting for most of the 



volumes of a given substance, has ever been granted under the Stockholm Convention. Rather, 



acceptable purposes included in Annex B are currently drafted very narrowly to restrict produc-



tion and use of POPs as much as possible (i.e., limited to a substance and/or one very specific 



use). 



• Although it is understood that COM’s intention is to obtain a broad acceptable purpose for trans-



ported intermediates, a final recommendation on this matter will ultimately be taken by the 



Stockholm Convention’s Persistent Organic Pollutants Review Committee (POPRC)6. Past and 



current practice at the POPRC show that stakeholder negotiations drive exemptions to a very 



granular level, regardless of the initial proposal intentions. After agreeing on a recommendation, 



 
5 See uses & benefits of silicones section, https://www.silicones.eu/about-silicones/uses-benefits-energy/  
6 A subsidiary body to the Stockholm Convention established for reviewing chemicals proposed for listing in An-
nex A, Annex B, and/or Annex C. The POPRC reviews the process of new chemicals and Annex D, Annex E and 
Annex F specify the information requires for the review. 





http://www.silicones.eu/


https://www.silicones.eu/about-silicones/uses-benefits-energy/








   
 



www.silicones.eu 



 



Position Paper 



 
 
 



Silicones Europe 
Rue Belliard 40 b. 15 B-1040 Brussels, Belgium 
 



the POPRC will need to submit its recommendation to the COP for a final decision. The COP can 



follow fully, partly, or disregard that recommendation (see HCBD case study)7. This is in fact one 



of the main risks of the Stockholm Convention: it is very difficult (even for the EU) to predict the 



final outcome of a proposal as the listing is overall the result of political bargaining between 



Parties. 



• Finally, it should be noted that acceptable purposes (as well as other types of exemptions under 



the Convention) need to be applied for and designed by individual Parties to the Convention. 



Even if an acceptable purpose for transported intermediates was to be granted, all concerned 



Parties would need to  apply individually and equally across the globe to make use of the neces-



sary acceptable purpose(s). Failings in the application process by Parties would immediately and 



significantly disrupt transportation of D4, D5, D6 as monomer intermediates and impact the 



availability of silicones polymers. Given the essential need for silicones in most parts of the 



world, acceptable purpose negotiations and management would conceivably become unwork-



able as the Stockholm Convention was not conceived for including such a broad derogation.  



 



A profound revision of the legal feasibility and the assessment of impacts is needed prior to suggest 



listing of D4/5/6. It is also essential that, prior to establish broad derogations, the Convention text is 



amended to secure that acceptable purposes are granted by default, without individual applications. 



This modification is crucial to avoid disturbances in the value chain and secure supply across Parties.  



c. Closed-System Site-Limited Intermediate containment measures 



The Commission indicated that on-site intermediate use of D4, D5, D6 would be automatically ex-



empted as closed-system site-limited intermediates (CSSLI), as stated in the text of the Convention 



(see note (iii) under Annex B).  



However, the Stockholm Convention does not define CSSLI conditions, whose definition is left instead 



to individual Parties. This would likely create an unlevel playing field whereby Europe has already de-



fined stringent measures, and other countries: a) either do not have the necessity to set close system 



because they are not signatories, such as the USA, or b) are Parties of the Convention but have not set 



standards for closed systems. At the end this will give a competitive advantage to producers in non-EU 



countries. The standard applied in Europe is ‘Strictly Controlled Conditions’ (SCC). To our knowledge, 



no other Party has set specific requirements for how CSSLI should be implemented within their juris-



dictions. 



In the EU, SCC are defined in Article 18(4) (a) to (f) of the REACH Regulation. Rigorous containment is 



required to ensure that for all the steps from when the intermediate is manufactured until it is com-



pletely transformed into another substance, including during loading and unloading, there is no likeli-



hood of exposure for humans and the environment. It is applicable to the handling of intermediates 



on any scale, and it aims to minimise releases – and the possibility of exposure – through the design of 



the process and the equipment. 



 
7 The POPRC had recommended listing HCBD both under Annex A (elimination) and C (unintentional production) 
without exemptions. However, at the request of several parties, the COP did not follow the POPRC’s recommen-
dation and decided to list HCBD in Annex A without exemptions at its seventh meeting (2015).  
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Vessels, pipelines, pumps, and any other ancillary equipment must be designed and installed in a way 



that would ensure substance containment during normal operation. The principle of the “rigorous con-



tainment” has to be maintained even during connecting or disconnecting for loading/unloading. Any 



process step where the substance is not contained by technical means cannot be regarded as rigor-



ously contained. 



In a Stockholm listing scenario, such stringent measures would need to be applied at D4, D5, D6 man-



ufacturing sites but also at the downstream user sites who use these substances to make silicone pol-



ymers. The cost of implementing such robust emission containment measures would likely drive many 



players out of the market, thus making Europe more dependent on imports from the USA and China, 



the other main producers of silicones beyond Europe. The USA is a major producer of D4, D5, D6 as 



well as silicone polymers. The USA has not ratified the Stockholm Convention, so manufacturers would 



not need to invest major levels of capital to upgrade their processes to meet CSSLI strictly controlled 



containment standards, avoiding the investment and maintenance of the containment measures and 



with lower operational cost. Similarly, there would be no pressure to further reduce residues (UTCs) in 



silicone polymers beyond current levels. China is the largest siloxane and silicone producer in the 



world, accounting today for the majority of global supply. Although China is a party to the Stockholm 



Convention, there may be a high degree of uncertainty about what levels of measures would be im-



posed in China regarding setting of CSSLI standards and UTCs, as well as likelihood of enforcement. 



Further, in the absence of an UN definition of what working under CSSLI to produce siloxanes requires, 



Parties would be free to set lower standards than Europe. Application of the Convention in China might 



be less stringent than Europe.   



In order to avoid differences across Parties on the application of the CSSLI strictly controlled conditions, 



COM shall prioritize amendments to the Convention legal text that precisely establish and define 



CSSLI and devote time and resources to work towards consensus for this crucial definition. 



It is also important to note that such stringent manufacturing controls would be disproportionate as 



only a very small percentage of the environmental exposure in Europe is coming from manufacturing 



emissions, while the large majority stems from the intentional use that is the subject of the EU REACH 



restrictions. 



 



d. Regulation of residues in polymers 



A POP listing would negatively impact the production and use of silicone polymers also because D4, 



D5, D6 residues in polymers will be restricted or prohibited. The Stockholm Convention8 generally ex-



empts POPs occurring as “unintentional trace contaminants” (UTCs) in products and articles from the 



requirements under Annexes A and B. However, there is no precise definition of UTCs. This means that 



Parties must implement their own definitions and thresholds for UTC exemptions to enable an effec-



tive implementation of the Convention. While COM could set a UTC limit value at 0.1% in the EU, to 



mirror the concentration limits set under REACH (with which industry is working towards complying 



 
8 Note (i) under both Annex A and B reads: “Except as otherwise specified in the Convention, quantities of a 
chemical occurring as unintentional trace contaminants in products and articles shall not be considered to be 
listed in this Annex”. 
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and will comply to it latest by the entry into force of the REACH restriction), it is not guaranteed that 



other Parties will not set more stringent limits. This would create distortions in the market for silicone 



polymers, which would be subject to different rules across different countries. It should also be con-



sidered that COM is constantly reviewing UTC limits set under the EU POPs Regulation (Regulation 



2019/1021). For example, at the 28th POPCA meeting, the UTC limits for several substances were dis-



cussed with the purpose of lowering them. This indicates that, even if COM set concentrations limit at 



0.1%, silicone polymers would constantly be under regulatory pressure, generating a degree of uncer-



tainty that would drive investment outside of Europe.  



The different considerations on the definition of UTCs are not trivial. Small reductions in UTCs content 



could imply a need for disproportionate investments. A clear and common definition, a technical 



guideline, that builds a consensus across Parties for setting a UN UTC value for silicone polymers is 



needed prior to a D4, D5, D6 nomination. COM’s efforts shall be dedicated to developing a global 



still-to-be-done guidance that will be agreed and endorsed across Parties to serve as a common ref-



erence for silicone polymers’ impurities.  



 



e. Regulatory consequences on waste recycling  



The D4, D5, D6 manufacturing and polymerisation processes produce several important waste 



streams. Depending on the individual companies set up they may be shipped across the EU for recy-



cling in closed loop industrial processes. These waste streams can include, inter alia, spent silicon beds, 



spent polymerisation catalysts, direct process residues and siloxane polymerisation residues, which all 



contain varying levels of D4, D5, D6 ranging from ppm levels to several percent. In addition, volatile 



residues containing D4, D5, D6 in specific plants are then sent back to industry sites for recycling in 



industrial process. For those companies were shipping of waste streams is an integral part of the pro-



duction setup, any interruption to these waste shipments would result in siloxane sites shutting down 



in a matter of days.  



For all companies, recycling of products at all stages is a key objective, which would be strongly endan-



gered or even made impossible under a Stockholm listing. A POP listing of D4, D5, D6 would trigger 



automatic constraints/bans impacting the ability to ship, recycle, and safely mange waste. For instance, 



the Stockholm Convention9 and the Basel Convention on the Control of Transboundary Movements of 



Hazardous Wastes and their Disposal have a joint mandate on POPs waste and have agreed to coop-



erate closely on establishing levels of destruction and irreversible transformation necessary to ensure 



that POPs characteristics do not persist. EU POPs Regulation (Regulation 2019/1021) envisages that 



POPs can only be recovered from the waste for the sole propose to be destroyed.10 



“Allowed” concentrations of POP content in waste – so-called low-persistent-organic-pollutant con-



tent (LPC) – are set in the General Technical Guidelines on the environmentally sound management of 



wastes.11 LPCs are negotiated under the Basel Convention with the purpose of defining the value at 



which wastes are considered to be POPs wastes and, therefore, must be disposed of in such a way that 



the persistent organic pollutant content is destroyed or irreversibly transformed so that they do not 



 
9 Article 6 of the Stockholm Convention.  
10 Article 7(2) of Regulation 2019/1021. 
11 http://www.basel.int/Portals/4/download.aspx?d=UNEP-CHW.14-7-Add.1-Rev.1.English.pdf  
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exhibit the characteristics of persistent organic pollutants or otherwise disposed of in an environmen-



tally sound manner when destruction or irreversible transformation does not represent the environ-



mentally preferable option or the persistent organic pollutant content is low (Article 6.1 d ii). Hence, 



LPCs are crucial for defining appropriate methods and options for POPs waste disposal. In order to 



secure that waste streams containing D4, D5, D6 are allowed to be process after a POPs inclusion, the 



technical guidance of the Basel Convention will have to be amended, thus adding a layer of uncertainty 



and further burden for sound management of D4, D5, D6 waste. Even if COM could secure workable 



LPC values under the Basel Convention, in the case of a POP listing of D4/5/6, those could not be recy-



cled and would need to be manufactured from virgin silicon metal, leading to increasing CO2 emissions 



and reduced recycling. 



If COM were unable to secure such LPC values, all waste containing silicone polymers from D4, D5, D6 



would go to incineration. The industry would not be able to recycle devices with silicone parts, volatile 



materials containing D4/5/6, and silicone polymers with residues below 0.1% w/w of D4/5/6. This 



clearly is in contradiction with the EU circular economy objective of increasing the recycling rates.  



Recycling silicones will only work technically and economically at large economies of scale, with 



transport of the waste streams secured globally and across Europe.  



With a listing of D4, D5, D6 under the Stockholm Convention and, subsequently in the Basel Conven-



tion, this transport would be only workable when: a) residuals are set to at least 0.1% by weight in the 



Basel Convention, and b) under a Stockholm Convention listing, exemptions are included to produce 



D4, D5, D6 through recycling processes. These two conditions are essential and yet extremely difficult 



to secure in a highly uncertain negotiation of both treaties, which COM would trigger with a POP listing 



of D4/5/6. There is a clear risk that a POP listing of D4, D5, D6 will hamper and impede recycling in 



Europe. 



Furthermore, beyond the Basel Convention, the legal effects of a POP listing would also resonate in 



other pieces of EU legislation, for example: 



• Due to non-recyclability of POPs, D4, D5, D6 would also be considered as substances of 



concern under the current proposal for a Regulation establishing framework for setting 



ecodesign requirements for sustainable products.12 



• Regulation (EU) 2020/852 on the establishment of a framework to facilitate sustainable 



investment states that “environmental objectives” must be interpreted in accordance, 



among others, the EU POPs Regulation (Regulation 2019/1021).13 This would impede ac-



cess to environmentally sustainable investment for silicone polymers recycling activities.  



 



A thorough legal and impact assessment on the impacts that the listing of D4, D5, D6 under the 



Stockholm Convention should assess the impact on recycling of silicones. This assessment shall in-



clude also the indirect consequences of an uncertain regulatory scenarios and how this would affect 



to the investments needed to boost silicones’ recycling in Europe.  



 
12 Article 3(28)(c) of the draft Regulation. 
13 As clarified in Recital 27 of Regulation (EU) 2020/852. 





http://www.silicones.eu/








   
 



www.silicones.eu 



 



Position Paper 



 
 
 



Silicones Europe 
Rue Belliard 40 b. 15 B-1040 Brussels, Belgium 
 



 



f. A POP listing would create an unlevel playing field and hinder Europe’s strategic autonomy 



A listing under the Stockholm Convention would create an unlevel global playing field, as the provisions 



of the Stockholm and Basel Conventions will be applied differently across Parties – not all of which 



implement measures as diligently as the EU does – and Observers (USA).  



For the reasons above, in a scenario where D4, D5, D6 are listed as POPs, investments in Europe for 



production would be disadvantageous due to the large operational and capital investment costs, lead-



ing to increase of investments in other regions, such as China. Further, Chinese manufacturers would 



likely commit additional investment to capture the business opportunity of replacing current EU man-



ufacturing and becoming the primary source of silicone polymers for the EU market. This would be 



contrary to the EU’s open strategic autonomy objective and it would put at risk the achievement of 



the Net Zero Industry Act's objectives, given the criticality of silicone polymers for several strategic 



technologies (e.g. batteries, solar panels, wind turbines, etc.). 



The net result would be that European producers would be disadvantaged in comparison to producers 



in China and the USA. However, Europe’s need for silicone products will continue to grow, so this need 



will be met on an increasing basis by producers in China and the USA, whilst driving producers in Eu-



rope out of the market. 



Aside from being an essential enabler of the EU strategic autonomy, silicones are also at the heart of 



many of the EU’s strategic value chains.14  



D4, D5, D6 are manufactured from silicon metal, which is included in the Critical Raw Materials Regu-



lation as a “critical raw material” and a “strategic raw material” and, in line with the Net Zero Industry 



Act, is essential to scale up the European manufacturing capacity for net-zero technologies in fields 



such as solar photovoltaic, onshore wind and offshore renewable technologies, etc. 



Since silicon metal is a critical raw material, EU strategies requests that the outmost is done to be 



recovered/recycled in EU operations, including intermediate processing steps, in order to reduce im-



port dependency on silicon metal. However, after the inclusion D4, D5, D6 as POPs, recycling will only 



work technically or economically if residuals are allowed as set as at broadly REACH restriction levels 



(0.1%). Otherwise, there will be no recycling in Europe and/or manufacturing will migrate elsewhere 



where recycling will not necessarily be a priority. 



 



g. Science strongly suggests that D4, D5 and D6 are not POPs 



Since the first POP listing proposal was made for D4, the silicone industry has been generating scientific 



information to address questions on long-range environmental transport (LRET) of D4, D5, D6 and the 



potential for presence in the receiving environment, to assess whether it could meet the POP criteria, 



 
14 From batteries to autonomous vehicles to ICT, satellites and even healthcare innovation. Under a POP listing 
scenario, the EU would become reliant on silicone product imports for a range of strategically critical and inno-
vative markets – e.g. solar panels enabling satellites working in space – thereby compromising its objective of 
strategic autonomy.   
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as set out in Annex D and E of the Convention.15 We also note with concern that ECHA’s scientific 



review in support of the current listing proposal has not considered streams of literature, from 2015 



onwards, which would not support a POP listing.16  



In particular, we believe that there is currently not enough evidence to claim that D4, D5, D6 meet the 



LRET criterion. For example, current evidence shows limited LRET in air for D4, which appears to readily 



degrade in the air. Additional research is ongoing to determine, inter alia, D4’s real half-life in air using 



measurements in the environment, as previous predictions based on standard models were found to 



significantly overstate D4’s measured half-life. Science further shows that due to its physico-chemical 



properties, D4 does not undergo long-range transport in water. Besides, measured concentrations in 



remote environments tend to be less than or close to analytical detection limits and are likely to be 



caused by local sources.  



During the 28th POPCA meeting, some Member States raised concerns over a lack of consideration by 



ECHA of the possibility that the presence of D4, D5, D6 in remote areas is determined by local sources 



of pollution, rather than by the substances meeting LRET properties.  



Significant evidence has also emerged questioning the validity of the methodology and the credibility 



of the conclusions reported in the Sanchís et al. (2015)17 study, which was presented by ECHA as a key 



study in justifying the potential to meet the LRET criterion and thereby supporting the need to regulate 



D4, D5, D6 as POPs. In this context, the compiled opinion of ECHA’s committees for Risk Assessment 



(RAC) and Socio-Economic Analysis (SEAC) of 2020 pointed out that “the long-range transport potential 



of D4, D5, D6 are still the subject of scientific debate”.18 



There are uncertainties across LRET properties of D4, D5, D6 in the scientific community that are not 



resolved. This is in contrast with other substances proposed for listing under the Stockholm Conven-



tion, where scientific evidence was strong and unequivocal. The POP listing of D4, D5, D6 would lead 



to major debates across the globe on the hazard of the substances. Having a clear and agreed consen-



sus across scientists on, inter alia, the LRET properties of D4, D5, D6 is key for a nomination mandate.  



 



h. Tools to regulate direct uses are already available 



Trends in regions other than the EU already indicate an increased level of action to potentially regulate 



direct use of D4, D5, D6 in a broadly comparable manner to the REACH restrictions. There is conse-



quently a genuine opportunity to pursue a policy of regulatory collaboration and alignment that would 



make use of the Stockholm Convention both unnecessary and inappropriate. Examples of such devel-



opment on a global basis currently include: 



 
15 Annex D of the Stockholm Convention sets the criteria for a substance to be identified as a POP, while Annex 
E sets the information requirements to assess if a substance meets this criterion. 
16 https://circabc.europa.eu/ui/group/464a2dd9-149d-47d7-bfe2-98bac9af5f06/library/219ea33d-7ce9-4f16-
b496-e53859737873/details  
17https://www.researchgate.net/publication/272078152_Unexpected_Occurrence_of_Volatile_Dimethylsilox-
anes_in_Antarctic_Soils_Vegetation_Phytoplankton_and_Krill   
18 Consolidated RAC-SEAC opinion p. 6 https://echa.europa.eu/documents/10162/44c5f15a-a022-5084-762e-
03bbb00599d5  
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• Canadian Pollution Prevention Planning: threshold limit on industrial emissions of D4 im-



plemented in 2013.  



• Japan Chemical Substances Review Committee: D4 assigned to "Monitoring Chemical” 



based on meeting P and B criteria.  



• ASEAN Cosmetics Association: ongoing review of D4 with focus on PBT/vPvB.  



• China Solid Waste and Chemicals Management Center of the Ministry of Ecology and En-



vironment (SCC-MEE): ongoing environmental risk assessment on D4 and potential future 



risk assessment on D5 and D6 with focus on PBT/vPvB; monitoring of D4, D5, and D6 con-



centrations in the environment and in consumer care products is currently ongoing.  



• China Association of Fluorine and silicone industry (CAFSI): ongoing work on industrial 



emission standards for all cyclics and product level standards for a number of silicone prod-



uct categories.  



• Korean Ministry of Environment: D4, D5, and D6 are included on the revised South Korea 



Designation of Critical Controlled Substances list, provided for in K-REACH Regulation with 



focus on PBT/vPvB.  



• US Environmental Protection Agency (EPA) D4 Manufacturing Requested Risk Evaluation: 



ongoing review of D4 with a focus on environmental and health aspects assessing potential 



occupational, fence line and general population risk. 



 



// ends  
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Silicones Europe’s high-level comments to the technical dossier 



prepared by ECHA on a potential POP nomination of D4, D5 and 



D6 



Silicones Europe together with our sister organisation the Global Silicones Council has prepared de-



tailed scientific comments for the public consultation on the “Draft proposal to list D4 D5 and D6 in 



Annex B to the Stockholm Convention on Persistent Organic Pollutants”. These comments are provided 



in the requested format and have been uploaded.   We have also shared several unpublished studies 



that are industry owned and requested by ECHA.  



 



The silicones industry welcomes the opportunity to provide comments on the technical dossier pre-



pared by ECHA. As an overall comment, our experts have identified that the dossier lacks a compre-



hensive review of all of available data and especially peer-reviewed published data for D4, D5 and D6 



(hereafter referred to as cyclic volatile methylsiloxanes (cVMS)). Based on the cited studies, numer-



ous publications have not been considered.  In addition, even though it states often in the dossier 



that ECHA relied on references in the REACH registration dossiers, there examples where ECHA mis-



quotes what is actually in the REACH registration dossiers including indicating a study doesn’t exist 



when it is actually in the dossier.  Therefore, subsequent conclusions are drawn without taking those 



available data sets into consideration. Hereafter, the silicones industry has outlined further high-level 



concerns section by section, all which are elaborated further in our input to the public consultation.  



 



Introduction 



The dossier states:  "They have been grouped for the purposes of this proposal as they have a similar 



chemical structure and hazard profile and D4, D5 and D6 could substitute each other which could lead 



to regrettable substitution".   



• Although there are some similarities in both the structure and hazard profiles of the three 



cVMS there are also very distinct differences in their physical chemical properties that influ-



ence both the fate in the environment and the hazard profiles that should be taken into ac-



count and acknowledged. This was even acknowledged by the ECHA committees1 when they 



concluded that “D4 may be included in the POP Regulation in the future but may be a long and 



unpredictable process. D5 and D6 cannot be listed as POPs as they are not identified as 



‘toxic’.” Although D4, D5 and D6 all have this unique molecular structure there are clear dif-



ferences in these three substances in chemical structure and physical/chemical properties that 



lead to differences in how these three substances behave in the environment not only from 



carbon-based substances, but from each other as well.  Given these differences it is important 



to assess each substance based on its own properties and these differences should be acknowl-



edged and taken into consideration when assessing the potential to meet the criteria of Annex 



D under the Stockholm Convention.  



 



 
1 Final opinion on an Annex XV dossier on D4, D5 and D6 (2020), REST_D4D5D6_Opinion_Format (europa.eu) 
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the dossier states: “They are manufactured and used in a variety of sectors such as the construction 



(sealants, paints and coatings), automotive (parts and lubricants), electronics, pulp and paper, oil and 



gas, medical and aerospace/defence sectors.” 



• The text implies direct use of the monomers D4, D5 and D6 in these applications where in most 



cases it is silicone polymers that are used in the applications listed.  



 



Technical Portion (Chemical Identity and Information on D4, D5, D6 and how they fulfil the Annex D 



screening criteria for Persistence, Bioaccumulation and the Potential for LRT) 



 



• Even though it states in dossier that dossier relied upon authoritative assessments, peer re-



view and gray literature there is a number (at least 54) of more recent peer-reviewed literature 



publications and authoritative assessments missing.  A detailed list of the available peer review 



publications and publication cited in our comments have been provided in our comments. 



• Even though it states often in the dossier that ECHA relied on references in the REACH regis-



tration dossiers, there examples where ECHA misquotes what is actually in the REACH regis-



tration dossiers including indicating a study doesn’t exist when it is actually in the dossier. 



o For example, the dossier states: “For D5, no adverse effects have been observed in an 



avian reproduction test (OECD TG 206) using Japanese quail (Coturnix coturnix japon-



ica) at concentrations up to 1,000 mg/kg feed (Stafford, 2012). However, the results 



should be used with care considering that it was a range finding tests with a possible 



low proportion of viable eggs for the control and not all endpoints were investigated 



(e.g. egg shell thickness)” 



o However, an OECD guideline 206 avian definitive reproduction study was conducted 



with D5 and reported in the dossier.  The No-Observed-Effect Concentration (NOEC), 



based on adult and hatchling body weight, adult feed consumption, eggshell thick-



ness and all reproduction endpoints, was determined to be 1000 mg D5/kg feed 



(143.5 mg D5/kg body weight/day). 



• Many of the conclusions drawn by dossier are based on selected data or selective text from 



study reports and publications or may not have a sound scientific basis.  On several occasions, 



the dossier takes a known behavior of the D4, D5 or D6 and draws an inappropriate conclusion 



based on that behavior, to support the intention of the report, i.e. establishing meeting an 



Annex D Criteria (i.e. the scientific criteria for a POP nomination). This is often in contrast to  



o For example, the dossier states: “D4 and D5 have a high tendency to adsorb to sedi-



ments and particles which hinders hydrolysis.”  Silicones Europe comment: Hydrolysis 



half-life is an intrinsic property of the substance at a given pH and temperature. Sorp-



tion may influence the contribution of hydrolysis to the fate in a specific environment, 



but sorption does not directly influence hydrolysis. The extent to which sorption at-



tenuates hydrolysis (or other processes such as volatilization) under specific environ-



mental conditions can and should be evaluated quantitatively and objectively through 



multi-modeling. 





http://www.silicones.eu/








   
 



www.silicones.eu 



 



 



 
 
 



Silicones Europe 
Rue Belliard 40 b. 15 B-1040 Brussels, Belgium 
 



o For example, the dossier states “D4, D5 and D6 are concluded toxic to sediment organ-



isms (toxicity to Lumbriculus variegatus for D4 and to Chironomus riparius for D5 and 



D6). As regards toxicity to terrestrial organisms, limited toxicity test data are available 



for D4 and no data for D6, while D5 is concluded as toxic to soil organisms”.  Silicones 



Europe comment:  Some studies that were relied on for this conclusion were consid-



ered to have significant flaws, were nonstandard studies or deemed not reliable and 



other studies that demonstrated no effects when properly conducted were not even 



acknowledged in the dossier.  In addition, the criteria applied for assessment of sedi-



ment and soil toxicity are not at all clear. The ‘T’ criteria defined in REACH Regulation 



Annex XIII and the REACH PBT guidance (R11) do not cover sediment or soil.  The dos-



sier is missing a number soil toxicity studies for all three substances.    



o For example, the dossier states “There is sufficient evidence of adversity to human 



health related to exposure to D4, D5 and D6 by both the inhalation and oral exposure 



routes. The critical effects associated with these three substances is liver enlargement 



accompanied with histopathological findings. While histopathological findings in the 



liver were not reported for D5 this was a result of this parameter not being included 



for assessment. Effects in the lungs and nasal cavity are consistent with chronic inha-



lation of irritative substances. These local effects occur at lower doses than liver effects 



following inhalation exposure and can be considered as the critical effect for D4, D5 



and D6. The effects in the nasal cavity when compared against the criteria for repeated 



dose inhalation toxicity in the CLP regulation, could mean that the data for D6 would 



meet the criteria for STOT RE (Category 1) for local effects on the nasal cavity”.  Sili-



cones Europe comments: First there is extensive data available assessing the mecha-



nistic aspect of liver enlargement following exposure to the cyclics especially D4 and 



D5.  There are also a number of expert review and peer review publications concluding 



that the effects seen are non-adverse and an adaptive response. Therefore, the liver 



changes observed do not support the conclusion that D4, D5, and D6 are “toxic”. Sec-



ond, the dossier inaccurately states that liver histopathology was not seen for D5 be-



cause the assessment was not included.  There are a number of studies with histo-



pathology of the liver following exposure to D5 and they can be found summarised in 



in the dossier as well as the peer review literature.  Third, the dossier completely 



misses a recent expert review (Pauluhn 2022) that evaluated the lung and nasal cavity 



effects for all three substances and concluded that these effects were not the result 



of chronic irritation but a result of aerosol-pulmonary surfactant interactions and 



therefore, this response is adaptive rather than adverse. 



• The dossier indicates the modeling of long range transport (LRT) potential should be consid-



ered uncertain. This is because some input parameters are not available, while there are meas-



ured values available and published in the peer review literature.  In addition, a sensitively 



analysis demonstrates that the LRT modeling is insensitive to these parameters.   
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• The dossier provides a highly critical review of the industry studies or studies that do not sup-



port meeting the Annex D criteria. Simultaneously, it justifies that although there are uncer-



tainties in non-industry studies, that they should be taken serious and the precautionary prin-



ciple should be applied. 



• The dossier on several occasions distorts the data by making broad conclusions with no basis 



for the conclusions.  



o For example, the dossier states: “Considering the high global volumes of these sub-



stances even a low percentage of deposition and transfer to a receiving matrix (water 



(including sediment) or soil) is of potential concern for remote areas” – Yet, no calcu-



lation was done to verify this. 



o For example, the dossier indicates multiple modes of LRT contribute to the presence 



of cVMS in remote polar regions. Yet, without calculating the potential contribution of 



those modes of LRT to assess, if they could even lead to detectable concentrations. 



• The dossier disregards and does not even acknowledge the conclusions of scientific experts 



that have already reviewed the monitoring data available on cVMS in remote regions. These 



in the peer-reviewed literature published reviews indicate that the presence of these materials 



in remote regions is most likely the result of local sources rather than long range environmen-



tal transport. 



 



Technical Portion (Adverse Effects) 



• To qualify for a POP nomination and to satisfy the criteria detailed in Annex D, clear evidence 



needs to provided regarding evidence of adverse effect to human health or the environment 



or data that indicate the potential to human health and the environment2. Industry does not 



believe this has been shown.  



o The dossier relies on the presence of any toxicity seen in laboratory studies including 



when dosing levels are much higher than solubility limits of cVMS and significantly 



higher than any concentrations found in the remote environment to allude cVMS 



cause adverse effects. 



• The dossier has mischaracterized the mode of action of D4 reproductive toxicity and uterine 



effects as being relevant to humans when it is well established that rodents and human differ 



significantly in regulation of this pathway.   



• The dossier has mischaracterized the toxicity data on D5 and D6 asserting that they meet tox-



icity criteria based on effects that are either not relevant to humans or are considered adaptive 



responses to the exposure of cVMS. 



 
2 Annex D states:  
(e) Adverse effects:  



(i) Evidence of adverse effects to human health or to the environment that justifies consideration of the chemical within the scope 
of this Convention; or 



(ii)  Toxicity or ecotoxicity data that indicate the potential for damage to human health or to the environment 
2. The proposing Party shall provide a statement of the reasons for concern including, where possible, a comparison of toxicity or ecotoxicity 
data with detected or predicted levels of a chemical resulting or anticipated from its long-range environmental transport, and a short state-
ment indicating the need for global control. 
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• The dossier does not follow the requirements of the text of Annex D that indicates where pos-



sible a comparison of the toxicity or ecotoxicity data with detected level of a chemical should 



be done. 



o The dossier carries out no comparison of the measure data in remote regions to the 



effects levels. Such as comparison would demonstrate there is no potential for adverse 



effects in remote regions.   



 



In conclusion, the silicones industry does not believe the presented dossier provides a thorough and 



independent analysis of all in particular published and peer-reviewed available scientific data. Industry 



believes the dossier neither establishes the connection between adverse effects and long range 



transport/back deposition, nor does it establish long range transport/back deposition in the first place. 



Industry is collaborating with ECHA by sharing studies and providing comprehensive comments to this 



dossier.  



 



In addition, industry is contributing to the science by conducting an extensive monitoring project in 



Antarctica with initial results due in Q3 2024. The study will be supervised by an independent panel to 



which Member States are invited to nominate scientific experts. The study design has been presented 



to member States experts in the ECHA PBT Expert group. A second study, supported in part by but 



independent from industry, is being conducted by the Norwegian Air Institute (NILU) in the Arctic with 



results expected in Q4 2023.Decisions on a Stockholm nomination should not be made until these 



studies are completed.  
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