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Helsinki, 21 December 2017

Substance name: Aluminium sulphate

EC number: 233-135-0

CAS number: 10043-01-3

Date of Latest submission(s) considered!: 11 March 2016

Decision/annotation number: Please refer to the REACH-IT message which delivered this
communication (in format SEV-D-XXXXXXXXXX-XX-XX/F)

Addressees: Registrant(s) 2 of Aluminium sulphate

DECISION ON SUBSTANCE EVALUATION
1. Requested information

Identity

Based on Article 46(1) of Regulation (EC) No 1907/2006 (the ‘REACH Regulation’), you
are requested to submit the following information on the registered substance
aluminium sulphate :

1.1 Maximum contents of relevant impurities Arsenic, Cadmium, Chromium, Mercury,
Nickel, Lead, Antimony, Selenium and Beryllium for each registrant;

1.2 Contents of aluminium and sulphate ions for each composition and the pH of each
aqueous solution for each registrant.

Human health endpoints

Based on Article 46(1) of Regulation (EC) No 1907/2006 (the ‘REACH Regulation’), you
are requested to submit the following information on the registered substance
aluminium sulphate:

1.3 Combined in vivo mammalian erythrocyte micronucleus test and in vivo
mammalian comet assay with additional specific investigation on oxidative DNA
damage on the following tissues: liver, kidney, glandular stomach and
duodenum; test methods EU B.12./OECD 474 and OECD 489 in rats, oral route,
using aluminium sulphate, including full-study report, as further specified in
appendix 1.

Exposure-related requests

Based on Article 46(1) of Regulation (EC) No 1907/2006 (the ‘REACH Regulation’), you
are requested to submit the following information on the registered substance
aluminium sulphate :

1.4 Refinement of exposure scenario with regard to the use of Riskofderm v2.1 model
for workers dermal exposure estimates (Use of the ‘hand’ and ‘whole-body’ load

* This decision is based on the registration dossier(s) at the end of the 12 month evaluation period

2 The terms Registrant(s), dossier(s) or registration(s) are used throughout the decision, irrespective of the number of registrants
addressed by the decision.
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estimates instead of *hands’ only).

You shall provide an update of the registration dossier(s) containing the requested
information, including robust study summaries and, where relevant, an update of the
Chemical Safety Report by 28 June 2019. The deadline takes into account the time that
you, the Registrant(s), may need to agree on who is to perform any required tests.

The reasons of this decision are set out in Appendix 1. The procedural history is
described in Appendix 2. Further information, observations and technical guidance as
appropriate are provided in Appendix 3.

1. Who performs the testing

Based on Article 53 of the REACH Regulation, you are requested to inform ECHA who will
carry out the study/ies on behalf of all Registrant(s) within 90 days. Instructions on how
to do this are provided in Appendix 3.

2. Appeal

You can appeal this decision to the Board of Appeal of ECHA within three months of its
notification. An appeal, together with the grounds thereof, shall be submitted to ECHA in
writing. An appeal has suspensive effect and is subject to a fee. Further details are
described under http://echa.europa.eu/regulations/appeals

Authorised? by Leena Yla-Mononen, Director of Evaluation

3 As this is an electronic document, it is not physically signed. This communication has been approved according to ECHA’s internal
decision-approval process.
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Appendix 1: Reasons

Based on the evaluation of all relevant information submitted on aluminium sulphate and
other relevant available information, ECHA concludes that further information is required
in order to enable the evaluating Member State Competent Authority (MSCA) to
complete the evaluation of whether the substance constitutes a risk to human health.

0.0 ANALYSIS OF THE READ-ACROSS APPROACH

For the endpoint genotoxocity, a read-across has been proposed in the dossier of
aluminium sulphate (target substance) with aluminium chloride basic, aluminium
hydroxide with aluminium oxide and aluminium acetate has been used. Moreover, in the
dossier of aluminium chloride basic (ACH) a read-across with aluminium chloride (AC) has
been used. Very late in the process new data with dialuminium chloride pentahydroxide
(CAS no. 12042-91-0) has also been included in the registrant’s comment on PfA.

The proposed read-across by the registrants is based on a category approach with the
hypothesis that the registered target substance aluminium sulphate (AS) and the source
substances aluminium chloride basic (ACH), aluminium chloride (AC), aluminium oxide,
aluminium hydroxide, aluminium acetate and dialuminium chloride pentahydroxide have
similar toxicological properties because they share a common metal ion aluminium and
have expected similar bioavailability.

AS, AC and ACH share structural similarity. The read-across is supported by similar
physico-chemical properties and similar bioavailability.

With regard to the read-across with aluminium acetate and dialuminium chloride
pentahydroxide, the read-across is supported by structural similarities and similar physico-
chemical properties. However, ECHA does not have toxicokinetics data to fully validate the
read-across.

Regards to the read-across with aluminium hydroxide and aluminium oxide, differences in
physico-chemical properties, potential lower systemic toxicity and potential lower
bioavailability do not support the read-across as these substances may underestimate
potential hazard for AC, AS and ACH.

The detailed assessment of read-across in respect to all source substances, with
justification, is elaborated below.

In short, results from the existing genotoxicity studies on AC and ACH are considered
appropriate for AS and are used for the evaluation of this endpoint.

Substance identity and structural similarity
There is no issue identified with regard to substance identity as the target and source
substances are all mono-constituent substances.

The proposed target and source substances are all inorganic salts of aluminium. The target
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substance AS shares the ion aluminium +3 with other source substances ACH, AC,
luminium acetate and dialuminium chloride pentahydroxide. They only differ by their
counter anions sulphate, chloride, acetate, hydroxychloride. AS shares with aluminium
hydroxide and aluminium oxide the aluminium part but aluminium hydroxide and oxide
are the most stable aluminium compounds and are in forms of particulates.

Physico-chemical data relevant for the toxicological endpoints

Differences in solubility were observed between the aluminium compounds. Indeed, AC,
ACH, AS, dialuminium chloride pentahydroxide and aluminium acetate are soluble in water
whereas aluminium hydroxide and aluminium oxide are insoluble in water. Although
bioavailability appears to be generally correlated to solubility, insufficient data are
available to directly extrapolate from solubility in water to bioavailability.

Moreover, aluminium oxide and hydroxide are amphoteric substances that can react both
with acid and base whereas aluminium chloride is a strong lewis acid. Therefore,
potential differences in reactivity are expected.

Toxicokinetics data

The study of Priest (2010, reviewed by EFSA in 2011) was conducted to compare the
bioavailabilities of different 2°Al labelled aluminium compounds in groups of six female
Sprague-Dawley rats. For the soluble aluminium compounds, it ranged from 0.05% to
0.2% (aluminium chloride, 0.054%; aluminium sulphate, 0.21%). Uptakes of the other
insoluble compounds were lower (aluminium hydroxide, 0.025%; aluminium oxide,
0.018%). Uptake of aluminium metal could not be fully quantified because it was below
the limit of detection (LOD). Under these experimental conditions, the most bioavailable
aluminium compound was AS with an oral absorption rate of 0.21%.

The results of Priest (2010) show that the compounds administered as suspensions
(hydroxide, oxide) were less bioavailable than the soluble compounds (AC and AS).

No toxicokinetic data are available with aluminium acetate and dialuminium chloride
pentahydroxide.

In conclusion, AC, ACH and AS are expected to exhibit similar toxicokinetic behaviour and
similar biological targets as soluble aluminium salts. As aluminium oxide and hydroxide
were less bioavailable, toxicokinetics does not support the read-across with these salts.

You commented that the study by Priest (2010), demonstrates that the mean fractional
absorptions of aluminium chloride and aluminium hydroxide only differed by roughly a
factor of 2. Moreover, you pointed out that according to the Poirier (2010) toxicokinetic
study, there is no difference in organ hydroxide/sulfate/chloride aluminium concentrations
for kidneys and practically also no differences for bone suggesting no differences in
bioavailability between these aluminium compounds. The only outstanding results were
observed with aluminium citrate. You also highlighted that the relatively high value
obtained for AS surprised the authors but they accepted the value because it was similar
to the mean result of a study using just two human volunteers. According to you the real
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value for AS would be more similar to those of AC or aluminium nitrate.

ECHA agrees that results of the study of Priest (2010) should be considered with care as
some weaknesses in the study have been identified. The limitation pointed out in the
opinion of EFSA (2011) on this study was that the measurements were made 7 days
following administration and less than 10% of the bioavailable dose remains in
experimental animals at this time point. The following limitation was also noted by the
authors “given the level of uncertainty in the mean (average SD~13% of mean)
bioavailability the ranked values given above should be treated with caution”.
Nevertheless, this study shows that soluble aluminium salts were all more bioavailable
than insoluble aluminium salts.

With regard to the Poirier 2010 study quoted by you in your comments, it is concluded by
the author that the oral dose used in the study was insufficient to lead to any appreciable
biodistribution for any salts “as dosing had little influence on systemic levels in aluminium
for most tissues, the observed concentration were likely the results of previous exposure
to aluminium from regular feed and water”. The higher values obtained with citrate are
expected as it is known that dietary ligands such as citrate increase the bioavailability of
any particular aluminium compounds (ATSDR, 2008; EFSA, 2008). This study does not
contradict Priest data: hydroxide had the lowest results in bone, the others being more or
less similar. It is therefore very difficult to conclude, based on this study, on differences
in aluminium bioavailability from the different salts.

Other studies investigating the differences in bioavailability of soluble aluminium salts
show similarities among the tested compounds supporting the read-across between AC,
ACH and AS. Slightly higher results were obtained with aluminium chloride or aluminium
chloride basic than aluminium sulphate in some studies (Cunat, 2000; unpublished report,
2007) supporting the comment of you that similar bioavailability is expected between the
soluble aluminium salts.

The reasonable worst case salts of aluminium needs to be determined with the available
data even if judged of poor quality. Therefore, based on the toxicokinetic study of Priest
(2010) and in absence of reliable results to contradict this study, it can be concluded that
insoluble aluminium hydroxide and aluminium oxide cannot be considered as a worst case
for soluble aluminium salts.

Comparison of human health data

Differences in the toxicity profile between soluble and insoluble compounds is supported
by published developmental studies such as Colomina et al. (1992). In this study, general
systemic toxicity and developmental toxicity was observed with aluminium lactate whereas
neither maternal toxicity nor developmental effects were observed with aluminium
hydroxide.

As stated in the review of Willhite et al. (2014) referring to the work of Mujika et al. (2011),
the toxicity of soluble aluminium forms is expected to depend upon the delivered dose of
Al** to target tissues. Trivalent aluminium is predicted to react with water, under the
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specific condition of the study, inducing formation of oxygen radicals that accounts for the
oxidative damage that would lead to intrinsic apoptosis. In contrast, the toxicity of the
insoluble aluminium oxides and hydroxide will depend primarily on their behaviour as
particulates.

You noted that the Colomina et al. (1992) study displayed severe insufficiencies. You also
argue that all the effects (general toxicity and developmental toxicity) may have been due
to lactic acid. You also pointed out in your comments that the formation of ROS by Al3* in
water described by Willhite et al. is purely hypothetical. You also add that aluminium is in
principle a non-redox metal and is not expected to promote oxidative stress.

Although ECHA agrees that the study shows deficiencies, the animals were treated with
aluminium hydroxide and aluminium lactate under the same protocol which has the same
limitations. ECHA agrees that developmental effects observed in the Colomina et al. (1992)
with aluminium lactate may be partly due to lactic acid and occurred at maternal toxic
dose. Nevertheless, neither martenal toxicity nor any effects were observed with
aluminium hydroxide and lactic acid in contrast to aluminium lactate showing potential
differences in the systemic toxicity of the two compounds. Differences in toxicity between
soluble and insoluble aluminium compounds were also suggested by other studies such as
sub-chronic toxicity in dogs (FAO/WHO, 2007).

Consequently, ECHA concluded that the available toxicological database suggest
differences in the toxicological profile between soluble aluminium compounds such as AC,
ACH, AS and insoluble aluminium hydroxide and aluminium oxide. Such differences may
be explained by lower bioavailability of insoluble test compounds.

Conclusion on read-across

In conclusion, based on the above considerations, it can be concluded that the results of
the genotoxicity studies conducted with ACH, AC are likely to predict the properties of AS
and a joint assessment of AC, ACH and AS is justified based on read-across. As AC is
classified skin corrosive in category 1B and as aluminium sulphate anhydrous is not
irritating to the skin, for animal welfare reasons, AS seems a more suitable substance to
investigate the systemic effects of aluminium soluble salts than aluminium chloride.
Therefore, AS is considered the most appropriate test material for the genotoxicity testing
of the three aluminium compounds under evaluation (AC, ACH and AS).

The read-across with dialuminium chloride pentahydroxide and aluminium acetate may be
relevant for AC, ACH, AS due to similar solubility of the compounds. However, as no
specific toxicokinetic is available with this compounds, no final conclusion can be made.

The read-across with insoluble aluminium hydroxide and aluminium oxide is not supported
as potential differences in the absorption, bioavailability, reactivity and toxicity among
soluble and insoluble salts have been identified.

You argued that the studies presented by ECHA to reject the read-across approach
between soluble and insoluble aluminium compounds have major inconsistencies and that
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data indicate that the bioavailability of the compounds are rather similar. Thus you do not
agree that a read-across approach should be rejected between soluble and insoluble
aluminium compounds. ECHA considers that the available data suggest differences
between soluble and insoluble aluminium compounds and that aluminium hydroxide and
oxide cannot be considered as a worst case with regard to soluble aluminium compounds.

1.1. MAXIMUM CONTENTS OF RELEVANT IMPURITIES ARSENIC, CADMIUM, CHROMIUM,
MERCURY, NICKEL, LEAD, ANTIMONY, SELENIUM AND BERYLLIUM FOR EACH
COMPOSITION

According to the “Guidance for identification and naming of substance under REACH and
CLP”, impurities present in a concentration > 1% should be specified. However impurities
that are relevant for classification and/or PBT assessment shall always be specified
irrespective of the concentration. Presence of Arsenic, Cadmium, Chromium, Mercury,
Nickel, Lead, Antimony, Selenium and Beryllium is expected in the registered substance.
All these impurities are of toxicological concern and assigned to harmonised classification
or self-classification. According to their level in the registered substance, these impurities
can be relevant for classification and risk assessment.

Consequently, each registrant is required to specify a maximum concentration for each
impurity.

It should be noted that the European standard EN 878:2004 describes the characteristics
and specifies the requirements of aluminium sulfate, in particular the maximum content
of Arsenic, Cadmium, Chromium, Mercury, Nickel, Lead, Antimony and Selenium. Three
grades are described as type 1, 2 or 3. Each registrant has the possibility to attest that
the maximum concentration of each impurity complies with specifications (type 1, 2 or 3)
of the European standard EN 878:20044.

Consideration of Registrants’ comments

You agreed to provide the maximum concentration of each impurity in compliance with
the specifications (type 1, 2 or 3) of the appropriate EN standards. You commented that
Beryllium is not listed in the EU standards regulating drinking water and that Beryllium is
not expected in the registered substance.

ECHA considers that according to literature data and certificate of analysis of some
aluminium salts reporting the presence of Beryllium at a concentration range from 0.03 to
0.1 mg/kg, it is justified to expect the presence of Beryllium in the registered substance:
therefore each registrant is required to specify a maximum concentration for Beryllium as
well.

4 The CEN/TC 164 on Water supply revises the standard and should be published on March 2016 (Reference EN 878:2016, not available
at this stage of Substance Evaluation).



CONFIDENTIAL 8 (25)

PECHA

EUROPEAN CHEMICALS AGENCY

1.2. CONTENTS OF ALUMINIUM AND SULPHATE IONS FOR EACH COMPOSITION AND THE PH OF
EACH AQUEOUS SOLUTION FOR EACH REGISTRANT

AS is an aluminium salt having the empirical formula Al2(S04)3. AS is also present in
forms of various hydrates Al2(S04)3.xH20. The substance is supplied as solid form and
also as aqueous solutions in which aluminium sulphate dissociation products, aluminium
hydroxide and sulfuric acid, are present. Various aluminium hydroxyl complex ions
(monomer, dimers and also higher polymeric forms) might be present depending on the
pH.

According to the “Guidance for identification and naming of substance under REACH and
CLP”, the composition shall normally be described up to 100%.

Furthermore, for this substance when supplied as aqueous solutions, water shall be
regarded as a solvent which is not part of the registered substance. Each constituent shall
be reported as it is present in the aqueous solution and required a complete chemical
specification, including structural information and content.

ECHA recognizes that regarding the complex behaviour of aluminium sulphate in aqueous
solution, it is not possible to give an accurate description of the composition and a
complete chemical specification of each constituent. However, further information on
composition shall be included in section 1.2. to characterize the registered substance and
to check its identity. Therefore, each registrant is requested to provide:

- The aluminium ion content and the sulphate ion content in the registered substance
supplied as solid form and aqueous solution, expressed as grams per kilogram of
solution.

The content of aluminium and sulphate ion is necessary to use the read-across between
AC, ACH and AS for risk assessment to cover the substance as placed on the market.

It should be underlined that aluminium ion content is a critical value as it is used to
calculate the content of substance Aluminium sulphate, as purity criteria according to the
EN 878:2004 and to calculate the relevant impurities contents, the limits given in the EN
878:2004 being expressed in mg/kg of Aluminium.

- the pH of the aqueous solution, because it provides an estimation of predominant
aluminium species present in solution.

Consideration of Registrants’ comments

You are ready to provide the information requested as part of your individual registration
dossiers.

1.3. COMBINED IN VIVO MAMMALIAN ERYTHROCYTE MICRONUCLEUS TEST AND IN VIVO
MAMMALIAN COMET ASSAY WITH ADDITIONAL SPECIFIC INVESTIGATION ON OXIDATIVE
DNA DAMAGE ON THE FOLLOWING TISSUES: LIVER, KIDNEY, GLANDULAR STOMACH AND
DUODENUM; TEST METHODS EU B.12./0ECD 474 AND OECD 489 IN RATS, ORAL ROUTE,
USING ALUMINIUM SULPHATE, INCLUDING FULL STUDY REPORT.

Based on envisaged read-across (structural similarity validated but pending on substance
composition clarification), genotoxicity of the three aluminium salts currently under
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substance evaluation ACH, AS and AC has been evaluated jointly. The reasoning for the
combined assessment is explained above (see point 0.0).

The Concerns Identified

The available data are not sufficient to clarify the identified concern on potential
genotoxicity of AC, ACH and AS in vivo that needs to be clarified with further information.

A battery of negative standard in vitro test (Ames, thymidine kinase locus of L5178Y
mouse lymphoma cells assay, micronucleus assay) with AC, ACH or AS have been
submitted. Positive published in vitro results have also been observed with AC, ACH and
AS. The discrepancies between the published results and standart tests are not known but
may be due to differences in protocol or test material (e.g. purity not reported). Some of
these positive studies suggest potential aneugenicity of the test material and also potential
induction of oxidative damage. Indeed, positive results on in vitro comet assays has been
published and may be explained by the potential of aluminium compounds to induce
oxidative stress. This is supported by humerous in vitro or in vivo studies in several species
showing induction of oxidative stress by AC or AS. Therefore, a concern on potential
mutagenicity of AC, ACH and AS mainly via oxidative stress mode of action in vivo is
raised. Moreover, in vitro data suggest that aneugenicity may be induced by aluminium
compounds.

In vivo, the genotoxicity potential of ACH, AC and AS has been assessed in many
genotoxicity assays available in the registration dossiers and in publicly available
literature. Few had reliability index of 1 or 2 and give contradictory results. All the in vivo
genotoxicity assays performed with AC, ACH or AS have reported positive effects.
Nevertheless, these studies had deficiencies due to lack of reporting or deviations from
OECD test guidelines A negative result has been obtained with aluminium hydroxide
(unpublished report, 2010) in an OECD, GLP micronucleus study but is not considered
relevant for AC, ACH and AS as no proof of exposure was available in the study and as the
substance may be of lower bioavailability than AC, ACH and AS. An in vivo micronucleus
test and a comet assay have been published with aluminium oxide (Balasubramanyam,
2009). In this study, aluminium oxide as nanoforms were positive and increased level of
aluminium was observed in tissues whereas aluminium oxide as microsized was negative
but not significantly found in the tissues. Moreover, a negative result has been observed
in an in vivo micronucleus assay with dialuminium chloride pentahydroxide (unpublished,
1999). This result is not in line with the consistent positive results available with soluble
aluminium compounds. Nevertheless, as justified in section 0.0 of the decision, as
aluminium chemistry and absorption is complex and as no toxicokinetics data are
available, this study is not sufficient to exclude concerns raised by the positive in vivo
assays observed with soluble aluminium compounds AC, ACH and AS.

In summary, the positive studies available with the three salts under evaluation have all
deficiencies in reporting or deviations (e.g. single dose testing, no positive control data)
that impaired to classify directly AC, ACH and AS for mutagenicity. Nevertheless, overall
the findings observed in these studies cannot be dismissed by the observed limitations
and raised a concern on potential genotoxicity of AC, ACH and AS in vivo that needs to be
clarified with further information.

Further information on genotoxicity, specifically chromosomal effects
(aneugenicity/clastogenicity) and DNA damage via oxidative stress of soluble aluminium
salts such as AC, is thus required in vivo. Moreover, available literature data suggest that
aluminium is capable of reaching the germ cells. Therefore, it is justified that more
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information is required in order to determine the appropriate classification of aluminium
salts for mutagenicity in somatic and germ cells. This request could also impact risk
assessment by identifying a threshold-based mechanism (e.g. aneugenicity) of action to
be considered for risk assessment and control of risk to humans.

Why new information is needed

The genotoxicity of various aluminium compounds has been reviewed in detail on a number
of occasions (EFSA, 2008; ATSDR, 2008; FAO/WHO 2007). A large number of studies
investigating the genotoxicity of AC and aluminium compounds have been published;
however many of the available studies had shortcomings. New reliable studies on the
genotoxicity of AC and aluminium hydroxide, aluminium chloride basic and AS, using the
standardized OECD guidelines, became available in 2010.

The EFSA scientific opinion from 2008 concluded that “"Al compounds were non-mutagenic
in bacterial and mammalian cell systems, but some produced DNA damage and effects on
chromosome integrity and segregation in vitro. Clastogenic effects were also observed in
vivo when AS was administered at high doses by gavage or by the intraperitoneal route.
Several indirect mechanisms have been proposed to explain the variety of genotoxic
effects elicited by aluminium salts in experimental systems. Cross-linking of DNA with
chromosomal proteins, interaction with microtubule assembly and mitotic spindle
functioning, induction of oxidative damage, damage of lysosomal membranes with
liberation of DNAase, have been suggested to explain the induction of structural
chromosomal aberrations, sister chromatid exchanges, chromosome loss and formation of
oxidized bases in experimental systems. The Panel noted that these indirect mechanisms
of genotoxicity, occurring at relatively high levels of exposure, are unlikely to be of
relevance for humans exposed to aluminium via the diet”. It should therefore be noted
that EFSA did not conclude on the hazard but on the risk associated with the use of
aluminium in diet.

Chromosomal aberration and micronuclei have been observed in vitro with aluminium
chloride or other soluble aluminium salts in studies with some shortcomings (EFSA, 2008;
Patel et al., 2009). Standardized in vitro tests for genotoxicity endpoints with AC, ACH or
AS were negative (Ames, thymidine kinase locus of L5178Y mouse lymphoma cells assay,
micronucleus assay). These discrepancies may be explained by differences in methods and
other parameters such as the purity of the test material. Increased DNA damage has been
observed consistently in three in vitro alkaline comet assays (Pereira et al., 2013 ; Lankoff
et al., 2006; Lima et al., 2007). Although these studies had limitations, they consistently
show that AC, ACH or AS may induce DNA damages. Some in vitro studies have shown
that AC, ACH or AS may induce oxidative damage. This mechanism of genotoxicity may
explain the positive results observed in the in vitro comet assays.

In vivo genotoxicity studies performed with soluble AC, AS and ACH report positive results.
Induction of chromosomal aberration, sister chromatid exchange and/or micronuclei have
been observed with AS after administration via oral or intraperitoneal route in rats and
mice (Roy, 1991, 1992; Dhir, 1990, 1993). Nevertheless, in these studies there were
several shortcomings such as the lack of positive control (Roy, 1991), and intraperitoneal
route of exposure (Dhir 1990, 1993; Roy 1992) and/or lack of reporting (Roy 1991, 1992;
Dhir 1990, 1993), only two doses tested (Roy 1992). Moreover for all of these studies no
information on purity was available.

In addition, after oral route, AC was positive in an in vivo liver micronucleus assay
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performed in rats (Turkez et al., 2010). The exposure of liver was shown by increased
liver toxicity (biochemistry and histopathological findings). However, in this study only one
dose level was tested (34 mg/kg aluminium chloride hexahydrate), environmental
conditions were not described, the oral mode of administration was not further specified,
the purity of AC and the vehicle was not specified. Severe hepatic damage may be a
confounding factor in the study to interprete genotoxicity. Interestingly, in this published
study, simultaneous treatment with propolis significantly modulated the toxic effects of AC
which may be due to an antioxidative effect. The reversion of genotoxicity effects in vivo
after administration of antioxidative agents were also observed in the studies of Roy et al.
(1992) and Dhir et al. (1990) (quoted above) in mice. Therefore, in vivo there is evidence
of genotoxicity effects linked to the production of reactive oxygen species.

A member state, in a proposal for amendment, requested further evidence of this oxidative
MOA using relevant markers. In response, although some evidences were already provided
in the draft decision, additional evidence are given here for further support. Indeed, there
is convincing evidence that aluminium compounds can induce oxidative stress both in vitro
and in vivo. Evidence for example of lipid peroxidation as measured by relevant markers
such as increased malondialdehyde production has been observed with AC or AS in several
studies in brain tissues or blood such as for example in Turgut (2006), Abd-Elghaffar et
al. (2007), Candan et al. (2008), Sood et al. (2015). The oxidative mode of action may
explain the positive results observed in in vitro comet assays and support the request of
an in vivo comet assay.

In mice, aluminium acetate induced after single or repeated intraperitoneal exposure
chromosomal aberrations which were dose and time-dependent. Micronulei induction was
only observed after repeated exposure and not after single exposure. In this study, toxicity
to germ cells was evident from a significant and dose-dependent increase in the
percentage of abnormal spermatozoa and a reduction in sperm count (D’souza et al.,
2014). This study had limitations such as the absence of statement on the purity of the
tested substance. Thus, there is concern from in vivo data that aluminium compounds
could be germ cells mutagens.

In contrast, a negative GLP, OECD guideline in vivo mammalian erythrocyte micronucleus
test was available with aluminium hydroxide (unpublished report, 2010). At the limit dose
of 2000 mg/kg bw per day, no proof of exposure of bone marrow was provided. Moreover,
this test material is not suitable as it may be of lower bioavailability than AC, AS or ACH.

An in vivo mammalian bone marrow chromosome aberration and comet assays with
aluminium oxide have been published in 2009 and was negative for the micro-sized and
positive for the nano-sized materials (Balasubramanyam et al., 2009). Nevertheless, as
justified in section 0.0, the read-across between the target substance aluminium chloride
and the source substance aluminium oxide is not considered appropriate. It may be
highlighted that positive results in this study were obtained concomitantly with proof of
exposure (nano-sized) whereas negative results were observed with the micro-sized
particles showing no statistically significant increase of aluminium in tissues.

Carcinogenicity studies in animals with aluminium salts are not informative due to severe
shortcomings in the study designs. The International Agency for Research on Cancer
(IARC) has concluded that “the available epidemiological studies provide limited evidence
that certain exposures in the aluminium production industry are carcinogenic to humans,
giving rise to cancer of the lung and bladder.” However, the aluminium exposure was
confounded by exposure to other agents and IARC did not implicate aluminium itself as a
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human carcinogen.

In conclusion, in vitro genotoxicity data are inconsistent and positive results have been
reported in vivo studies with aluminium soluble salts. As these studies have shortcomings,
no firm conclusion can be done and further testing is needed.

The clarification of the in vivo genotoxic potential and mode of action of AS is requested
for both risk assessment and classification and labelling.

The use of the FISH technique in the requested micronucleus assay will investigate the
aneugen or clastogen potential of the substance (OECD TG 474). This may be of particular
importance for risk assessment as there is generally no threshold for mutagenicity but a
threshold exists for aneugens.

The use of specific enzymes in the requested comet assay additionally to the standard
comet assay will assess oxidative DNA damage in various tissues relevant for toxicological
evaluation.

In case of negative results for both the micronucleus and the comet assay (including comet
assay with a specific enzyme), the concern will be clarified as this combined test will allow
to solve the initial concerns (clastogenicity/aneugenicity and oxidative DNA damage).

In case of positive results in the micronucleus test and/or the comet assay, depending on
the nature of the results, further risk management measures such as classification and
labelling or further testing on mutagenicity will be considered.

You provided in your comments on proposals for amendement (PfA) an additional GLP,
OECD guideline unpublished study from 1999 (previous version of the test guideline),
reporting negative in vivo micronucleus test with dialuminium pentahydroxide. At the limit
dose of 2000 mg/kg bw no effects were observed. However, the interpretation of the
negative result is limited by the absence of proof of exposure. The substance is very
soluble and would be expected to have the same bioavailability as AC, ACH and AS. As nho
proof of exposure is available in the study (no adverse clinical signs, body weight effects
or mortality), the negative results cannot clarify the concerns raised with AC, ACH and AS.

While reviewing this additional study from 1999 described above, the evaluating MSCA
also identified a new positive in vivo micronucleus assay with aluminium chloride (Paz et
al., 2017). In this study a statistically significant dose-related increase in micronuclei was
observed in females at all doses tested and in males a statistically significant effect was
observed at all doses tested but without clear dose-response. Systemic and local toxicity
has been shown in the study by decreased weights of stomachs and kidneys without
concomitant histopathological findings. The study was performed according to the previous
version of the test guideline but has some shortcomings. The main limitations are the
absence of information on the purity of the test material and the lack of reporting of the
results of the positive control for the in vivo test. Moreover, the levels of micronuclei
observed in the in vivo study were surprisingly high. Because of these limitations, this
study cannot allow to classify AC for germ cell mutagenicity and further testing is still
needed to clarify the concern.
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Considerations on the test method and testing strategy

Test material:
The substance AS (CAS no. 10043-01-3 ; EC no. 233-135-0) is considered the most
appropriate test material for testing soluble aluminium salts as AC is a corrosive substance.

The substance AS would be used in order to clarify concern for AC, ACH and AS. This will
allow to limit animal testing. The purity of the test material should be compliant with type
1 of EN878:2004 with technical AS containing the highest content of aluminium, as
impurities are expressed based on aluminium mass (g/kg). Type 1 of EN878:2004
corresponds to the highest pure grade of technical aluminium sulphate and will thus cover
other aluminium compounds such as AC and ACH.

No differences in the impurity profile between the salts is expected as grade 1, 2 and 3 of
EN878:2004, EN883:2004 and EN881:2004 for AS, ACH and AC, respectively, are exactly
the same with regard to the allowed level of impurities.

In the draft decision, initially, the lowest grade (grade 3) was proposed, but the highest
purity may be more appropriate as the results will be representative for the three
substances. In case of positive results, further testing, foreseen in the initial draft decision,
will then not be needed to exclude the potential effects of impurities.

The certificate of analysis including the content of impurity used in technical aluminium
sulphate shall be provided.

Route of exposure

The oral route is considered to be the most appropriate route of exposure for AS. Indeed
it is the most common route of administration for this test combination. Furthermore, AS
has a low vapor pressure and thus the inhalation route is not considered relevant. Although
dermal exposure may occur in workers, the oral route is the most appropriate to
investigate genotoxicity potential. Furthermore, the oral route is the most realistic route
with regard to consumer exposure.

Tissues to be examined

Toxicokinetics data suggest that following oral exposure, ACH, AC and AS salts are mainly
distributed in liver, kidney, bones and spleens (ATSDR, 2008). Therefore, the bone marrow
is considered an appropriate target organ for the micronucleus analysis and the liver and
kidney should be considered for the comet assay.

Moreover, in order to also investigate genotoxicity at the site-of-contact, glandular
stomach and duodenum shall also be investigated in the comet assay. There are several
expected or possible variables between the glandular stomach and the duodenum
(different tissue structure and function, different pH conditions, variable physico-chemical
properties and fate of the substance, and probable different local absorption rates of the
substance and its possible breakdown product(s)). In light of these expected or possible
variables, it is necessary to sample both tissues to ensure a sufficient evaluation of the
potential for genotoxicity at the site of contact in the gastro-intestinal tract.

Specific investigations

The in vivo micronucleus test covers the endpoints of structural and numerical
chromosomal aberrations. Clarification of relevant mode of action for micronuclei induction
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need to be considered using fluorescent in situ hybridization (FISH) with probes for DNA
sequences in the centromeric region, or a labeled antibody to kinetochore proteins to
discriminate between clastogenic and aneugenic effects in the MN assay.

The in vivo comet assay is not considered adequate to detect aneugens. However, comet
assay is an indicator test measuring DNA damage in various relevant tissues. Some
compounds with specific mechanisms of genotoxicity (such as oxidative damage) may be
more difficult to detect in the standard comet assay without modifying the protocol
(according to JACVAM 2014 validation trial). The test thus needs to be complemented to
identify oxidative DNA damage by using exogenous DNA repair enzymes such as human
8-hydroxyguanine DNA-glycosylase (hOGG1l) or the formamidopyrimidine DNA-
glycosylase (FPG) These enzymes recognise and remove oxidatively damaged purines,
for example, 8-o0x0-7,8-dihydroguanine formamidopyrimidine moieties.

The standard alkaline comet assay shall be performed together with the following
modifications. The modification of the protocol consists to add additional slides in the
standard alkaline comet assay (OECD TG 489) which will be treated with enzyme
(hOGG1 or Fpg) between the lysis and alkaline treatment. It is recommended to use the
protocol based on the publication from Ersson et al. (2013) and Dusinska et al. (2000).
In addition, further technical specification to help you to do the method succesfully is
suggested:

- Dilution of the enzyme in dilution buffer (IU/mL), amount of the diluted enzyme
applied to comet preparations, and incubation time of comet assay slides with
enzyme at 37 °C should be determined for each cell type separately to guarantee
maximum dynamic range between negative and positive control slides. Positive
controls should be obtained for each tissue examined by treating the comet assay
slides prepared by agarose embedding of the tissues isolated from negative
control animals prior to lysis such as RO 19-8022 treatment followed by light
induction (Collins et al., 2014).

- With regards to the number of slides, it is recommended to prepare 2 sets of
slides for each tissue and for each test condition: one set submitted to the
standard protocol (without enzyme), the other submitted to a modified protocol
(with enzymes). The enzyme buffer (without enzyme) will serve as control.

Any deviations from this suggested protocol should be scientifically justified.

Dose levels

According to ECHA guidance Chapter R.7a v4, July 2015 and EFSA journal 2012;
10(11):2977, 3 administrations should be performed. The top dose is recommended to be
the limit dose of 2000 mg/kg bw or the highest dose should produce signs of clinical
toxicity such that higher dose levels, based on the same dosing regimen, would be
expected to produce lethality.

The aluminium content in food and water shall be determined in order to have accurate
dose levels of aluminium consumption.

Study report
In consideration of the complexity of the case, the evaluating MSCA must have access to
the full study report including all relevant details of the study, ensuring that a clear
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conclusion regarding the result of the study can be drawn by the evaluating MSCA.

Alternative approaches and proportionality of the request

Clastogenic effects (induced structural or numerical chromosomal aberrations) have been
shown in vivo in micronucleus tests. Some in vitro comet assays have shown increase in
DNA strand breaks which may have been caused by oxidative stress. The genotoxic
oxidative MOA is further supported by in vitro/in vivo animal data showing induction of
oxidative stress by Aluminium compounds. Consequently, the combined OECD 474 and
comet OECD 489 with specific investigations on oxidative DNA damage,structural and
numerical chromosomal aberrations and DNA damage and more particularly also damage
induced via oxidative stress, is considered a suitable and proportionate option.

The transgenic rodent assay OECD TG 488, which measures gene mutations and small
deletions/insertions is not considered a suitable option to clarify the concern. Moreover,
ECHA notes that no in vitro tests would be suitable to clarify the concern.

In case of positive results with AS in the requested in vivo micronucleus test with its
somatic tissues distant from the portal of entry, AS should be assumed to reach other
distant tissues such as the germ cells also, and therefore be considered to be a germ cell
mutagen, if no counter evidence can be provided. In that case you will be invited to
consider the option of self-classification Muta. 1B in an update of the registration dossier.

The request for the comet assay/micronucleus test is suitable and necessary to obtain
information that will allow to clarify whether there is potential for mutagenicity. More
explicitly, there is no equally suitable alternative way available for obtaining this
information. Micronucleus assay is not designed to assess oxidative stressed-mediated
genotoxicity. Where the data, once obtained, confirms that there is potential of
mutagenicity, authorities will consider either further testing or regulatory risk
management such as classification as germ cell mutagen .

Consideration of Registrants’ comments

You consider that there is no mutagenicity concern and that the study should not be
requested.

You argue that in vitro and in vivo studies quoted by ECHA to demonstrate potential
concerns of genetic toxicity were not reliable and could not be used to justify the requested
study. Moreover, you pointed out that you have provided a state-of-the-art GLP- and
Guideline-compliant in vitro genetic toxicity test battery which gave no indication of
genetic toxicity whatsoever. You disagree with ECHA’s statement that the in vitro
genotoxicity database is inconsistent and does not reflect the data set presented in the
dossier. You highlighted the limitations of the quoted studies in the draft decision and
more particularly the Migliore et al. (1999) and Banasik et al. (2000) studies. You do not
agree with the demand for an in vivo genotoxicity study. According to you, this demand
does not comply with animal welfare considerations and challenges scientific value of in
vitro tests, and thus contests the concept of staggered genotoxicity testing as manifested
in REACH.

ECHA firstly notes that substance evaluation allows departing from the standard
information regimes, to ensure that additational concerns identified with a substance can
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be clarified. Although negative results were obtained from the three standard in vitro OECD
tests, positive results in in vitro studies are available from the literature. For studies similar
to these standard OECD test guideline, inconsistency may be due to differences in purity,
test system, cells, concentrations, treatment periods, quality of the study etc. For non-
guideline studies such as in vitro alkaline comet assay, the three available in vitro alkaline
comet assays were consistently positive (Pereira et al., 2013; Lankoff et al., 2006, Lima
et al., 2007). In the study of Pereira et al. (2013), increased single strand breaks and DSB
via induction of phosphorylated histoney-H2AX were observed in Zebrafish fibroblasts. The
biological relevance of embryonic zebrafish is unclear for human risk assessment but the
method used was very sensitive. Although the two other in vitro alkaline comet assays
had weaknesses, positive results were observed in human lymphocytes (Lankoff et al.,
2006; Lima et al., 2007). There is suggestion that oxidative stress may be a possible
mechanism of aluminium genotoxicity that may induce breaks observed in the comet assay
in vitro. As no in vivo alkaline comet assay is available it is not possible to exclude that
positive results observed in three alkaline comet in vitro assays may be relevant in vivo
and for human health risk assessment. These results raised concern on potential
mutagenicity of aluminium soluble salts in vivo link to the production of reactive oxygen
species.

ECHA agrees that some published studies do have weaknesses in their reporting and were
not performed according to OECD guidelines. They have been considered to have values
in particular to evaluate mechanism of genotoxicity (e.g. oxidative stress, DNA repair).
Moreover, other techniques such as FISH, not routinely performed in standard guideline
studies provide useful information.

ECHA considers that the in vivo micronucleus assay (High quality) performed with
aluminium hydroxide was considered not relevant to exclude the concern identified on AS
(see read-across justification). Moreover, in this study or in any other studies in the
literature performed with aluminium hydroxide, no proof of bone marrow exposure has
been provided. Therefore, the published positive results reported in micronucleus or
chromosomal aberration assays in vivo in bone marrow or liver may be due to differences
in quality and methods used compared to the OECD TG micronucleus study or due to truely
positive outcomes resulting from a higher bioavailability of aluminium soluble salts.
Therefore, the results raised concern on potential genotoxicity in vivo of aluminium soluble
salts.

You commented that although no proof of exposure was observed in bone marrow with
aluminium hydroxide, the Poirier (2010) study shows that aluminium hydroxide reaches
the bones. ECHA would like to emphasize that in this study, increased level of aluminium
in bone was only statistically significant with AS and AC but not with aluminium hydroxide.
In addition, ECHA considers the results of this study with caution because as stated by the
authors “These results suggest that dosing had little influence on systemic levels of
aluminum in most tissues, and the observed concentrations were likely the result of
previous exposure to aluminum from regular feed and water”. Thus, higher doses would
have been needed to make any conclusion.

You commented that the formation of reactive oxygen species hypothesized by ECHA
(referring to a review paper by Willhite et al., 2014) is a theoretical process. You
questioned its relevance in a physiological environment (specifically the nucleus).

With regard to aluminium toxicity and oxidative stress, although ECHA acknowledges that
the reported mechanism of toxicity of soluble aluminium described in the review of Willhite
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et al. (2014) is theoretical, this hypothesis is further supported by in vitro and in vivo data.
There is evidence from the literature that aluminium soluble salts induce reactive species
in humans in vitro (e.g. brain, lymphocytes) and in repeated-dose toxicity studies in vivo
(e.g. brain, blood, liver) in rabbits, mice and rats (Abd-Elghaffar et al., 2007, Candan et
al., 2008, Prakash et al., 2009, Kaur et al., 2015, Lakshmi et al., 2015; Singh et al., 2015,
Rani et al., 2015, Sood et al., 2015, Waly et al., 2014). Several studies report, after
administration of AC, alteration of the antioxidative system (superoxide dismutase,
glutathione peroxidase, catalase), increase of reactive species (nitrite, nitrate, oxidized
dichlorofluoresceine) and lipid peroxidation (increase in malondialdehyde, 4-
hydroxyalkenals, thiobarbituric acid reactive substances). In these studies, this
mechanism has been confirmed experimentally by co-administration of antioxidants, which
abrogated or reduced the effects of aluminium compounds on oxidative stress. Although,
literature data suggested that aluminium compounds are able to induce reactive species
and lipid peroxidation, the extent to which it can occur in cell nucleus is unknown but
supported by the positive results in in vitro alkaline comet assays.

You also argued that high-quality in vitro mutagenicity Ames tests specifically designed to
detect oxidative damage gave no indication of such effects (TA102 or E.coli WP2).

The fact that the Ames test performed with AS included E.coli strain WP2 uvrA was
negative should be interpreted with caution. Indeed Ames test may not be sensitive
enough for the testing of metals (cf. REACH Guidance on information requirements and
chemical safety assessment, Chapter R.7a, Version October 2015). HERAG (Health risk
assessment guidance for metals No 5 Mutagenicity) fact sheet also stated that “bacterial
mutagenicity tests appear to have little utility for the testing of metals (test results are
always negative)”.

Interaction of aluminium with microtubule and mitotic spindle functioning has been
suggested in some in vitro studies (Banasik et al., 2005, Migliore et al., 1999). Therefore,
the FISH technique required in the micronucleus assay is considered proportionate.

An additional issue was raised by the registrant who opted out from the mutagenicity
endpoint in the registration dossier on the testing of chemicals that are poorly absorbed
from the gastro-intestinal tract. Aluminium salts are absorbed at best at less than 1% and
Al-ions absorbed bind to proteins in blood and tissues and therefore are delivered to the
target tissues only in extremely low concentrations. The registrant commented that in vivo
studies have issues and are inferior to well performed studies using well characterized in
vitro systems. ECHA considers that the bone marrow is one of the target organ of
aluminium and expect that being non toxic, significant doses of AS will reach the bones.

Also, one of the registrant(s) claimed that its data on genotoxicity endpoint as well as
expert assessment on this data was not taken into account by the evaluating MSCA.
However, the evaluating MSCA confirms that it has evaluated all the information present
in all the registration dossiers for AS.

Conclusion

Therefore, based on the substance evaluation and pursuant to Article 46(1) of the REACH
Regulation, ECHA concludes that you are required to carry out the following study using
aluminium sulphate: Combined in vivo mammalian erythrocyte micronucleus test and in
vivo mammalian comet assay with additional specific investigation on oxidative DNA
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damage on the following tissues: liver, kidney, glandular stomach and duodenum; test
methods EU B.12./OECD 474 and OECD 489 in rats, oral route.

Note for consideration

As already indicated above, further testing on mutagenicity will be considered in case of
positive results in the comet assay. You are therefore invited to consider integrating a Pig-
a assay in the requested study, which would not require additional animals. The results of
the Pig-a assay would provide further information on mutagenicity and reduce the need
for further testing.

Recommandation on this test methods already exist, and ECHA recommends to follow
published existing protocols (Dobrovolsky et al., 2010, Dertinger et al., 2011, Kimoto et
al., 2016, Gollapudi et al., 2015).

1.4 REFINEMENT OF EXPOSURE SCENARIO WITH REGARD TO THE USE OF RISKOFDERM V2.1
MODEL FOR WORKERS DERMAL EXPOSURE ESTIMATES (USE OF THE ‘HAND’ AND ‘WHOLE-
BODY’' LOAD ESTIMATES INSTEAD OF ‘HANDS' ONLY).

Workers may be exposed via inhalation and/or dermal routes. You have used two exposure
estimation models in your exposure scenarios for workers:

- ECETOC TRA (Workers 3.0)
- Riskofderm 2.0

The use of Riskofderm model by may underestimate occupational exposure via dermal
route:

You used only the ‘hands’ load estimate in its assessment with the use of spray cans
(superior to 1 meter in the model). However the ‘whole-body’ exposure load has also to
be taken into account, even if RMMs are considered in the assessment (i.e. body protective
equipment in case of spraying). Measurements gathered in the framework of Riskofderm
project contained data for each parameter to fulfil in the model (Warren N.D. 2005),
including a distance superior to 1 meter between the source and the worker. In such
situation the ‘whole body’ of the worker may also be exposed. In case of RMM, a safety
factor may be then applied to reduce the estimated ‘whole body’ and *hands’ load.

Therefore, ECHA concludes that you are required to refine exposure scenarios for AS with
regard to the use of Riskofderm v2.1 for workers dermal exposure estimates: use of the
‘hand’ and ‘whole-body’ load estimates instead of ‘hands’ only.

Consideration of Registrants’ comments

You do not agree that the exposure scenario generated through the Riskofderm model
underestimates occupational exposure via dermal route; however, you are ready to
provide the refinements requested for spraying Contributing Scenarios, where Riskofderm
2.0 has been used (PROCs7 and PROCs11).



CONFIDENTEAL 19 (25)

PECHA

EUROPEAN CHEMICALS AGENCY

References

Abd-Elghaffar SKH, El Sokkary GH, Sharkawy AA (2007). Aluminum-induced neurotoxicity
and oxidative damage in rabbits: protective effect of melatonin. Biogenic Amines,
21(4):225-240.

ATSDR (2008). Toxicological profile for aluminium. Atlanta GA.: U.S. Department of
Health and Human Services, Public Health Service.

Balasubbramnyam A, Sailaja N, Mahboob M, Rahman F, Hussain SM, Grover P. in vivo
genotoxicity assessment of aluminium oxide nanomaterials in rat preipheal blood cells
using the comet assay and micronucleus test. 2009. Mutagenesis vol.24, no 3, pp 245-
251.

Banasik, A, Lankoff A, Piskulak A, Adamowska K, Lisowska H, and Wojcik A. “"Aluminium-
induced Micronuclei and Apoptosis in Human Peripheral-blood Lymphocytes Treated
During Different Phases of the Cell Cycle.” Environmental Toxicology 20, no. 4 (August
2005): 402-6.

Candan N, Tuzmen N.Very rapid quantification of malondialdehyde (MDA) in rat brain
exposed to lead, aluminium and phenolic antioxidants by high-performance liquid
chromatography-fluorescence detection. Neurotoxicology. 2008 Jul;29(4):708-13.

Collins A.R., Yamani N.E, Lorenzo Y., Shaposhnikov S., Brunborg G., Azqueta A. 2014.
Controlling variation in the comet assay. Frontier in genetics, Vol. 5, article 359.

Colomina M.T., Gébmez, M., Domingo, J.L., Llobet, J.M., Corbella, J., 1992. Concurrent
ingestion of laccate and aluminium can result in developmental toxicity in mice. Res.
Comm. Chem. Pathol. Toxicol. 77, 95-106

Cunat L, Lanhers, MC, joyeux M, Burnel D. 2000. Bioavailability and Intestinal Absorption
of Aluminium in Rats. Effects of aluminium compounds and Some dietary constituents.
Biological Trace Elements Research. Vol. 76, pp 31-55.

Dertinger SD, Heflich RH. In vivo assessment of Pig-a gene mutation-recent
developments and assay validation. Environ Mol Mutagen 2011; 52:690-698.

Dhir H., Roy A.K., Sharma A., Talukder G. Maodification of clastogenicity of lead and
aluminium in mouse bone marrow cells by dietary ingestion of Phyllanthus emblica fruit
extract. Mutation Research,
1990, Vol. 241, p. 305-312

Dhir H., Roy A.K. Sharma A. Talukder G. Relative efficiency of Phyllanthus emblica fruit
extract and ascorbic acid in modifying lead and aluminium-induced sister-chromatid
exchanges in mouse bone marrow. Environmental and Molecular Mutagenesis. 1993, Vol.
21, p. 229-236

Dobrovolsky VN, Miura D, Heflich RH, Dertinger SD The in vivo Pig-a gene mutation
assay, a potential tool for regulatory safety assessment. Environ Mol Mutagen 2010 ;
51:825-835.


https://www.ncbi.nlm.nih.gov/pubmed/18550174
https://www.ncbi.nlm.nih.gov/pubmed/18550174
https://www.ncbi.nlm.nih.gov/pubmed/18550174

CONFIDENTEAL 20 (25)

PECHA

EUROPEAN CHEMICALS AGENCY

D’souza P, vijayalaxmi KK, Naik P. Assessment of genotoxicity of aluminium acetate in
bone marrow, male germ cells and fetal liver cells in Swiss albino mice. Mutation
research 766(2014) 16-22.

Dusinska M, 2000. The comet assay modified for detection of oxidized bases with the use
of bacterial repair endonucleases. January 2000 revision.

EFSA (2008). Scientific Opinion of the Panel on Food Additives, Flavourings, Processing
Aids and Food Contact Materials (AFC). Safety of aluminium from dietary intake. The
EFSA Journal. 6(7); 754: 1-34

EFSA (2011). Statement of EFSA on the Evaluation of a new study related to the
bioavailability of aluminium in food, EFSA Journal. 9(5): 2157.

Ersson C. et al., (2013). An ECVAG inter-laboratory validation study of the comet assay:
inter-laboratory and intra-laboratory variations of DNA strand breaks and FPG-sensitive
sites in human mononuclear cells. Mutagenesis vol. 28 no3 pp 279-286.

FAO/WHO. (2007). Safety evaluation of certain food additives and contaminants:
Prepared by the sixtyseventh meeting of the Joint FAO/WHO Expert Committee on Food
Additives (JECFA). WHO Food Additives Series. 58: 119-207.

Gollapudi BB, Lynch AM, Heflich RH, Dertinger SD, Dobrovolsky VN, Froetschl R, Horibata
K, Kenyon MO, Kimoto T, Lovell DP, Stankowski LF Jr, White PA, Witt KL, Tanir JY. The in
vivo Pig-a assay: A report of the International Workshop On Genotoxicity Testing (IWGT)
Workgroup. Mutat Res Genet Toxicol Environ Mutagen 2015; 783(1): 23-35.

Health Risk assessment guidance for metals. Fact sheet 05, August 2007. Mutagenicity.
IARC_monograph 100F (2012). Occupational exposures during Aluminium production.

OECD (2014). Series on testing and Assessment No. 197. Peer review report of the
JACVAM initiative international validation studies of the in vivo rodent alkaline assay for
the detection of genotoxic carcinogens. ENV/JM/MONO(2014)11

Kaur P and Sodhi RK (2015). Memory recuperative potential of rifampicin in alumiium
chloride-induced dementia: role of pregnane X receptors. Neuroscience 288 (2015) 24-
36.

Kimoto T, Horibata K, Miura D, Chikuta S, Okada Y, Ukai A, Itoh S, Nakayama S, Sanada
H, Koyama N, Muto S, uno Y, Yamamoto M, Suzuki Y, Fukuda T, Goto K, Wada K, kyoya
T, Shigano M, Takasawa H, Hamada S, Adachi H, Uematsu Y, Tsutsumi E, Hori H, Kikuzuki
R, Ogiwara Y, Yoshida I, meada A, Narumi K, Fujishi Y, Morita T, yamda M, Honma, M.
Mutation Research/Genetic Toxicology and Environmental Mutagenesis. Volume 811, 15
November 2016, Pages 3-15

Lakshmi BVS, M Sudhakar, KS Prakash Protective effect of selenium against aluminum
chloride-induced Alzheimer's disease: behavioral and biochemical alterations in rats. Biol
Trace Elem Res (2015) 165: 67.

Lankoff, A., Banasik, A., Duma, A., Ochniak, E., Lisowska, H., Kuszewski, T., Gozdz, S.


http://www.sciencedirect.com/science/journal/13835718
http://www.sciencedirect.com/science/journal/13835718/811/supp/C
http://link.springer.com/article/10.1007/s12011-015-0229-3
http://link.springer.com/article/10.1007/s12011-015-0229-3

CONFIDENTEAL 21 (25)

PECHA

EUROPEAN CHEMICALS AGENCY

and Wojcik, A., 2006. A comet assay study reveals that aluminium induces DNA damage
and inhibits the repair of radiation-induced lesions in human peripheral blood
lymphocytes.Toxicol. Lett. 161, 27-36.

Lima, P.D.L., Leite, D.S., Vasconcellos, M.C., Cavalcanti, B.C., Santos, R.A., Costa-Lotufo,
L.V., Pessoa, C., Moraes, M.0O. and Burbano, R.R., 2007. Genotoxic effects of aluminium
chloride in cultured human lymphocytes treated in different phases of cell cycle. Fd.
Chem.Toxicol. 45, 1154-1159.

Messinger H. Regulatory Toxicology and pharmacology. 68, 2014, 317-324.

Migliore et al., (1999). Micronucleus assay and FISH analysis in human lymphocytes
treated with six metal salts. Environ Mol Mutagen 34(4):279-264.

Mujika JI, Ruiperez F, infant I, Ugalde JM, ExleyC, Lopez X. (2011). Pro-oxidant activity of
aluminium: stabilization of the aluminium superoxide radical ion. J Phys Chem A, 115,
6717-23

EN878:2004. Chemicals used for treatment of water intended for human consumption.
Aluminium sulphate.

EN881:2004. Chemicals used for treatment of Water intended for human consumption.
Aluminium chloride (monomeric), aluminium chloride hydroxide (monomeric) and
aluminium chloride hydroxide sulfate (monomeric).

EN883:2004. Chemicals used for treatment of Water intended for human consumption.
Polyaluminium chloride Hydroxyde and polyaluminium chloride hydroxide sulfate.

Patel TN, Chakraborty S, Sohoo S, Mehta G, Chavda D, Patel C, Patel P. Res. Environ.
Life Sci. 2009. 2(3) 147-152

Paz LNF, Moura LM, Feio DCA, Cardoso MSG, Ximenes WLO, Montenegro RC, Alves APN,
Burbano RR, Lima PDL. Evaluation of in vivo and in vitro toxicological and genotoxic
potential of aluminium chloride. Chemosphere 175 (2017) 130-137.

Pereira S, Cavalie I, Camilleri V, Gilbin R, Adam-Guillermin C. Muta. Res./Genetic Tox.
and environmental mutagenisis. 2013. 750(1-2) 19-26.

Poirier, J (2010). Aluminium neurotoxicity program, February, 2010. Techno Synapse
Prakash A, Kumar A (2009). Effect of N-acetyl cysteine against aluminium-induced
cognitive dysfunction and oxidative damage in rats. Basic&clinical

pharmacology&toxicology, 105, 98-104.

Priest N (2010). The bioavailability of ingested Al-26 labelled aluminium and aluminium
compounds in the rat. General Nuclear product GNP-121100-REPR-001.

Rani A Neha, Sodhi R, Kaur A. Protective effect of a calcium channel blocker »diltiazem »
on aluminium chloride-induced dementia in mice. Naunyn-Schmiedeberg's Arch
Pharmacol. DOI 10.1007/s00210-015-1148-8.

Roy, A.K., Sharma, A. and Talukder, G., (1991). Effects of aluminium salts on bone marrow



CONFIDENTEAL 22 (25)

PECHA

EUROPEAN CHEMICALS AGENCY

chromosomes in rats in vivo. Cytobios 66, 105-111.

Roy AK, Dhir H, Sharma A. Modification of metal-induced micronuclei formation in mouse
bone marrow erythrocytes by Phyllanthus fruit extract and ascorbic acid. Toxicology
letters, 62 (1992) 9-17.

Singh T, Goel RK. Neuroprotective effect of allium cepa L. in aluminium chloride induced
neurotoxicity. Neurotoxicology 49 (2015) 1-7.

Sood PK, Verma S, Nahar U, Nehru B. Neuroprotective role of Lazaroids against aluminium
chloride poisoning. Nerochem Res (2015) 40:1699-1708.

Turgut, 2006. Changes in the levels of MDA and GSH in mice serum, liver and spleen after
aluminum administration Eastern Journal of Medicine; Van Vol. 11, Iss. 1/2, (Jan-Dec
2006): 7-12.

Tlrkez H, Yousef MI and Geyikoglu F.(2010). Propolis prevents aluminium-induced genetic
and hepatic damages in rat liver. Food Chem Toxicol. 48(10):2741-2746.

Unpublished report. Absorption and excretion of three test substances in the Wistar rat.
2007.

Unpublished report. Induction of micronuclei in the bone marrow of treated rats, 2010.

Warren N.D. Task-based Dermal Exposure Models for Regulatory Risk Assessment. Ann.
Occup. Hyg., Vol. 50, No. 5, pp. 491-503, 2006.

Waly MI and Guizani N. Antioxidant potential properties of mushroom extract (agaricus
bisporous) aginst aluminium-induced neurotoxicity in rat brain. Pakistan Journal of
biological sciences 17 (9):1079-1082, 2014.

Willhite, CC et al. 2014. Systematic review of potential health risks posed by
pharmaceutical, occupational and consumer epxosures to metallic and nanoscale
aluminium, aluminium oxides, aluminium hydroxide and consumer exposures to metallic
and nanoscale aluminum, aluminum oxides, aluminum hydroxide and its soluble salts.
Critical review in toxicology. Crit Rev Toxicol, 2014; 44(S4): 1-80.



CONFIDENTEAL 23 (25)

PECHA

EUROPEAN CHEMICALS AGENCY

Appendix 2: Procedural history

On the basis of an opinion of the ECHA Member State Committee and due to initial grounds
for concern relating to suspected CMR, Suspected sensitiser, wide dispersive use,
consumer use, high Risk Characterisation Ratio, aggregated tonnage, Aluminium sulphate,
CAS no. 10043-01-3 (EC No. 233-135-0), was included in the Community rolling action
plan (CoRAP) for substance evaluation to be evaluated in 2015. The updated CoRAP was
published on the ECHA website on 17 March 2015. The Competent Authority of France
(hereafter called the evaluating MSCA) was appointed to carry out the evaluation.

Pursuant to Article 45(4) of the REACH Regulation the evaluating MSCA carried out the
evaluation of the above substance based on the information in your registration(s) and
other relevant and available information.

In the course of the evaluation, the evaluating MSCA identified additional concerns
regarding neurotoxicity.

The evaluating MSCA considered that further information was required to clarify the
mutagenicity and neurodevelopmental concern. Therefore, it prepared a draft decision
pursuant to Article 46(1) of the REACH Regulation to request further information. It
submitted the draft decision to ECHA on 11 March 2016.

The decision making followed the procedure of Articles 50 and 52 of the REACH Regulation.
ECHA notified you of the draft decision and invited you to provide comments.
Registrant(s)’ commenting phase

ECHA received comments from you and forwarded them to the evaluating MSCA without
delay.

The evaluating MSCA took into account the comments from you, which were sent within
the commenting period, and they are reflected in Appendix 1. Information requirement
1.3 from the draft decision sent to you on 26 April 2016 has been removed (“Certificate
of analysis with the level of impurities of technical aluminium citrate used in the one-year
developmental and chronic neurotoxicity study in Rats”).

Proposals for amendment by other MSCAs and ECHA and referral to the Member
State Committee

The evaluating MSCA notified the draft decision to the competent authorities of the other
Member States and ECHA for proposal(s) for amendment.

Subsequently, the evaluating MSCA received proposals for amendment to the draft
decision and modified the draft decision. They are reflected in the reasons (Appendix 1).

ECHA referred the draft decision, together with your comments, to the Member State
Committee.

ECHA invited you to comment on the proposed amendments.
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Your comments on the proposed amendments were taken into account by the Member
State Committee.

MSC agreement seeking stage

The Member State Committee reached a unanimous agreement on the draft decision

during its MSC-56 meeting and ECHA took the decision according to Article 52(2) and
51(6) of the REACH Regulation.
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Appendix 3: Further information, observations and technical guidance

1. This decision does not imply that the information provided by you in the
registration(s) is in compliance with the REACH requirements. The decision neither
prevents ECHA from initiating compliance checks on your dossier(s) at a later stage,
nor does it prevent a subsequent decision under the current substance evaluation or
a new substance evaluation process once the present substance evaluation has been
completed.

2. Failure to comply with the request(s) in this decision, or to fulfil otherwise the
information requirement(s) with a valid and documented adaptation, will result in a
notification to the enforcement authorities of your Member State.

3. In relation to the required experimental study/ies, the sample of the substance to be
used shall have a composition that is within the specifications of the substance
composition that are given by all Registrant(s). It is the responsibility of all the
Registrant(s) to agree on the tested material to be subjected to the test(s) subject
to this decision and to document the necessary information on composition of the
test material. The substance identity information of the registered substance and of
the sample tested must enable the evaluating MSCA and ECHA to confirm the
relevance of the testing for the substance subject to substance evaluation.

4. 1In relation to the experimental stud(y/ies) the legal text foresees the sharing of
information and costs between Registrant(s) (Article 53 of the REACH Regulation).
You are therefore required to make every effort to reach an agreement regarding
each experimental study for every endpoint as to who is to carry out the study on
behalf of the other Registrant(s) and to inform ECHA accordingly within 90 days
from the date of this decision under Article 53(1) of the REACH Regulation. This
information should be submitted to ECHA using the following form stating the
decision number above at:
https://comments.echa.europa.eu/comments cms/SEDraftDecisionComments.aspx

Further advice can be found at
http://echa.europa.eu/requlations/reach/registration/data-sharing . If ECHA is not
informed of such agreement within 90 days, it will designate one of the Registrants
to perform the stud(y/ies) on behalf of all of them.
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