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Foreword

This Draft Risk assessment Report is carried out in accordance with Council Regulation
(EEC) 793/93! on the evaluation and control of the risks of “existing” substances. “Existing”
substances are chemical substances in use within the European Community before September
1981 and listed in the European Inventory of Existing Commercial Chemical Substances.
Regulation 793/93 provides a systematic framework for the evaluation of the risks to human
health and the environment of these substances if they are produced or imported into the
Community in volumes above 10 tonnes per year.

There are four overall stages in the Regulation for reducing the risks: data collection, priority
setting, risk assessment and risk reduction. Data provided by Industry are used by Member
States and the Commission services to determine the priority of the substances which need to
be assessed. For each substance on a priority list, a Member State volunteers to act as
“Rapporteur”, undertaking the in-depth Risk Assessment and recommending a strategy to
limit the risks of exposure to the substance, if necessary.

The methods for carrying out an in-depth Risk Assessment at Community level are laid down
in Commission Regulation (EC) 1488/942, which is supported by a technical guidance
document3. Normally, the “Rapporteur” and individual companies producing, importing
and/or using the chemicals work closely together to develop a draft Risk Assessment Report,
which is then presented at a Meeting of Member State technical experts for endorsement. The
Risk Assessment Report is then peer-reviewed by the Scientific Committee on Toxicity,
Ecotoxicity and the Environment (CSTEE) which gives its opinion to the European
Commission on the quality of the risk assessment.

This Draft Risk Assessment Report is currently under discussion in the Competent Group of
Member State experts with the aim of reaching consensus. During the course of these
discussions, the scientific interpretation of the underlying scientific information may change,
more information may be included and even the conclusions reached in this draft may change.
The Competent Group of Member State experts seek as wide a distribution of these drafts as
possible, in order to assure as complete and accurate an information basis as possible. The
information contained in this Draft Risk Assessment Report does not, therefore, necessarily
provide a sufficient basis for decision making regarding the hazards, exposures or the risks
associated with the priority substance.

This Draft Risk Assessment Report is the responsibility of the Member State
rapporteur. In order to avoid possible misinterpretations or misuse of the findings in
this draft, anyone wishing to cite or quote this report is advised to contact the Member
State rapporteur beforehand.

103 NoL 084, 05/04/199 p.0001 — 0075
20J.NoL 161, 29/06/1994 p. 0003 — 0011
3 Technical Guidance Document, Part I — V, ISBN 92-827-801 [1234]
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Contact Details of the Rapporteur(s)

Rapporteur: Ireland (lead) and United Kingdom

Contact - human health: Chemicals Policy and Services
Health and Safety Authority
The Metropolitan Building
James Joyce Street
Dublin 1
Ireland

Tel: 353-1-6147000
Fax: 353-1-6147017

Contact - environment: Environment Agency
Chemicals Assessment Unit
Red Kite House, Howbery Park
Wallingford, Oxfordshire OX10 8BD
United Kingdom

Email: ukesrenv@environment-agency.gov.uk
Fax: (+44) 01491 828 556

The human health exposure review was undertaken under contract to the rapporteur by:

Workplace Environment Solutions Ltd.
69 Manchester Road

Knutsford, Cheshire WA16 0LX

UK

The environmental exposure and property review was undertaken under contract to the
rapporteur by:

Peter Fisk Associates

39 Bennell’s Avenue
Whitstable, Kent CT5 2HP
UK

Note regarding EU enlargement

Work on this risk assessment began before enlargement of the EU to 27 member states in
2006. All tonnage data, and references to the ‘EU’ in this risk assessment report, therefore
refer to the former EU of 15 Member States.
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Reasons for prioritisation for risk assessment

Chlorinated alkyl phosphate esters (particularly TCPP) were identified as possible substitutes
for pentabromodiphenyl ether in the risk reduction strategy for that substance (EC 2001). A
risk assessment of this group is therefore important as that substance has now been banned
from the EU market. It has since become clear, from discussion with the industry, that in the
EU these chemicals are not direct replacements for pentaBDE, and that changes in TCPP
consumption are linked mostly with the decline in TCEP use and increase in the market for
polyurethane (PUR) generally (pers. comm., 1* March 2004). They appear to be relatively
persistent substances, and there is some human health concern (the substance manufacturers
have voluntarily classified TDCP as a category 3 carcinogen).

Four substances in this group are listed in IUCLID, and were ranked according to the
EURAM method (EU Risk Ranking Method); their priority scores (PS) are shown in Table i.

Table i Priority scores of chlorinated alkyl phosphate esters

Name CAS No. Aquatic Health
PS PS
tris(2-chloroethyl) phosphate (TCEP) 115-96-8 15.3 61.2
tris(2-chloro-1-methylethyl) phosphate (TCPP) 13674-84-5 10.5 58.1
tris[2-chloro-1-(chloromethyl)ethyl] phosphate (TDCP) 13674-87-8 42.6 39.8
2,2-bis(chloromethyl)trimethylene bis(bis(2-chloroethyl)phosphate) (V6) 38051-10-4 34.2 39.8

Note: A priority score of 100 is the highest priority.

The substance structures are shown below.

Tris(2-chloroethyl) phosphate (TCEP) Tris(2-chloro-1-methylethyl) phosphate
(TCPP)4
Cl i Cl CICH, i CH,
No—p—0 N >—0-p-0—~<
5 H,C 5 CH,CI
g HSC)\CHZCI
Cl
Tris[2-chloro-1-(chloromethyl)ethyl] 2,2-Bis(chloromethyl)trimethylene
phosphate (TDCP) bis(bis(2-chloroethyl)phosphate) (V6)
CICH, 0 {CHZCI
)—0—P—0 cl 0 cl
CICH; ' CH,CI "o, _SEH)Z(\O_ g/o/\/
)\ a™>°5 cHel O
CICH; CH,CI

4 Structure shown is the main isomer present
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A previous assessment in 1995 concluded that there was insufficient exposure and hazard
information to perform a risk assessment for some of these substances (KEMI 1996). V6 in
particular was data poor. A 1998 OECD SIDS assessment concluded that TCPP was a low
priority for further work (the environmental exposure was said to be ‘minimal’) (UNEP
1999). Nevertheless, the pentabromodiphenyl ether risk reduction strategy indicated that
TCPP use is increasing owing to new technologies in both rigid and flexible foam systems.
An in depth ESR assessment is a useful check of OECD conclusions.

The substances TDCP, TCPP and V6 are therefore good candidates for a concurrent
assessment in view of their similar use pattern and structures. Other flame retardant
substances (from Environmental Health Criteria document (WHO 1998) or UK review)
within this group that do not appear to be EU HPV substances are shown in Table ii. The
substance with CAS number 6145-73-9 is an isomer of TCPP and is present in the
commercial substance. The substance with CAS number 78-43-3 is an isomer of TDCP.
Both of these CAS numbers may have in the past been erroneously applied to the respective
substances.

Table ii Chlorinated alkyl phosphate esters which are not EU HPV substances

Name CAS No. Status Data availability Use
(according to EHC)
tris(2-chloro-1-propyl) phosphate 6145-73-9 LPV Poor rigid urethane foams
tetrakis(2-(chloroethyl)ethylene- 33125-86-9 Believed not to be Poor “plastics”
diphosphate available’
tris(2,3-dichloro-1-propyl) phosphate 78-43-3 Believed not to be Poor “plastics”
available’

Note: None of these substances are commercially available as such, or produced as isolated products, by EU manufacturers.
These substances are not listed as either HPV or LPV substances by the ECB.

TCPP, TDCP and V6 all appear on the 4™ ESR Priority List and their risk assessments have
been completed by Ireland (leading the work and assessing human health) and the UK
(leading on the environmental assessment). See HSA/EA 2008a and b for the other
assessments. TCEP, from the 2" ESR Priority List, has been assessed by Germany. There is
some overlap between the substances in both properties and use pattern, and hence this risk
assessment report contains references to the assessments of these other substances. At present,
none of these documents are published, and so references are informal only.

Physicochemical, environmental and ecotoxicological data for all four substances are
presented together for comparison in Appendix C to this risk assessment.

Much of the data upon which the 1996 SIAR for TCPP was based are now considered invalid
or simply out of date, having been superseded by new measured data. It is effectively
superseded by this assessment and is not directly referred to herein.
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OVERALL RESULTS OF THE RISK ASSESSMENT?

CAS Number: 13674-84-5

EINECS Number: 237-158-7

IUPAC Name: Tris(2-chloro-1-methylethyl) phosphate
Environment

Conclusion (ii) There is at present no need for further information and/or testing and no
need for risk reduction measures beyond those which are being applied
already.

Conclusion (ii) applies to all compartments for all local life cycle stages, and at the regional
scale in all compartments.

With regard to secondary poisoning, the available effects data mean that PNEC is based on a
limit value. This means that all PEC/PNEC ratios are presented as ‘greater-than’ values,
which could be interpreted as potential concerns. However, due to the low ratios and lack of
any significant bioaccumulation potential of TCPP, it is reasonable to conclude that there are
no risks.

TCPP does not meet all of the PBT criteria (it meets the screening criteria for P or vP).

Human Health

Human health (toxicity)

Workers

Conclusion (iii) There is a need for limiting the risks; risk reduction measures which are
already being applied shall be taken into account.

Conclusion (iii) applies to reasonable worst case dermal exposure during the manufacture of
TCPP (worker scenario 1) in relation to effects on fertility and developmental toxicity.

Conclusion (ii)  There is at present no need for further information and/or testing and no
need for risk reduction measures beyond those which are being applied
already.

Conclusion (ii) applies to all worker exposure scenarios for the endpoints acute toxicity,
irritation, sensitisation, repeated dose toxicity, mutagenicity and carcinogenicity.

5

Conclusion (i) There is a need for further information and/or testing.

Conclusion (ii) There is at present no need for further information and/or testing and no need for risk reduction measures beyond
those which are being applied already.

Conclusion (iii) There is a need for limiting the risks; risk reduction measures which are already being applied shall be taken into

account.

RAPPORTEUR IRELAND/UK X



EU RISK ASSESSMENT — TCPP  CAs 13674-84-5 OVERALL RESULTS OF THE RISK ASSESSMENT4F

Conclusion (ii) applies to typical dermal exposure and inhalation exposures, both reasonable
worst case and typical, during the manufacture of TCPP (worker scenario 1) in relation to
effects on fertility and developmental toxicity.

Conclusion (ii) applies to all other worker exposure scenarios (worker scenarios 2-10) for
both reasonable worst case and typical exposures in relation to effects on fertility and
developmental toxicity.

Consumers

Conclusion (ii)  There is at present no need for further information and/or testing and no
need for risk reduction measures beyond those which are being applied
already.

Conclusion (ii) applies to all consumer exposure scenarios in relation to all toxicological
endpoints.

Humans exposed via the environment

Conclusion (ii)  There is at present no need for further information and/or testing and no
need for risk reduction measures beyond those which are being applied
already.

Conclusion (ii) applies to both regional and local exposures in relation to all toxicological
endpoints.

Combined exposure

Conclusion (ii)  There is at present no need for further information and/or testing and no
need for risk reduction measures beyond those which are being applied
already.

Conclusion (ii) applies to combined exposure in relation to all toxicological endpoints.

Human health (physico-chemical properties)

Conclusion (ii)  There is at present no need for further information and/or testing and no
need for risk reduction measures beyond those which are being applied
already.

Conclusion (ii) applies to all endpoints.
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The Rapporteur can provide the confidential annexes on request, as appropriate.
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1 GENERAL SUBSTANCE INFORMATION
1.1 IDENTIFICATION OF THE SUBSTANCE

CAS Number: 13674-84-5

EINECS Number: 237-158-7

IUPAC Name: Tris(2-chloro-1-methylethyl) phosphate

Molecular formula: CoH;sCl504P
Structural formula:

Molecular weight:  327.57

Synonyms: 2-Propanol, 1-chloro, phosphate (3:1)
Tris(monochloroisopropyl) phosphate (TMCP)
Tris(2-chloroisopropyl) phosphate (TCIP)
Phosphoric acid, tris(2-chloro-1-methylethyl) ester
Tris(beta-chloroisopropyl) phosphate
1-Chloro-2-propanol phosphate (3:1)
TCPP: this common acronym is used throughout this report

Smiles notation O=P(OC(CCHC)(OC(CCHO)OC(CCI)C

It can be seen from the structural formula that TCPP has chiral centres. The producers have
confirmed that TCPP is a mixture of stereoisomers.

1.2 PURITY/IMPURITIES, ADDITIVES

Isomers

The flame retardant product supplied in the EU, marketed as TCPP (or other synonyms as
given above), is actually a reaction mixture containing four isomers. The individual isomers
in this reaction mixture are not separated or marketed. The individual components are never
produced as such. These data are true for TCPP produced by all EU manufacturers.

TCPP as shown in the accompanying diagrams is the tris(1-chloro-2-propyl) form. The CAS
number 13674-84-5 is used for this structure and also for the mixture of isomers as
commercially produced. The 1-chloro-2-propyl- can be replaced up to three times by 2-
chloro-1-propyl (i.e. an n- hydrocarbon chain). Therefore three isomers of the main
component are possible, although tris (2-chloro-1-propyl)phosphate is only present in trace
levels.
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Table 1.1 Compositional description for TCPP across all commercial products

Name Structural diagram EINECS number CAS % (wiw)
number
Tris(2-chloro-1-methylethyl) phosphate Shown above 237-158-7 13674-84-5 | 50 -85
Bis(1-chloro-2-propyl)-2-chloropropyl phosphate “ - 76025-08-6 | 15-40
H:C
to
. \P\ﬁo

Bis(2-chloropropyl)-1-chloro-2-propyl phosphate - 76649-15-5 | <15

Cc1CH,

O
|
0=P—( Cl
|
O
CH:

Cr

Tris(2-chloropropyl) phosphate H.C 228-150-4 6145-73-9 | <1

Cl
CH,

[¢]

| / i
O=—P——o0 Cl

|

Oj\

Cl

CH;,

The assumption is made that all isomers have identical properties in respect of risk
assessment. The assumption is justified in part by the fact that they exhibit very similar
chromatographic properties, even under conditions optimised to separate them. Predicted
physicochemical properties differ to only a small extent. Modelling procedures required for
predicted environmental concentration (PEC) values for the separate isomers would not be
affected by the small differences that are expected to apply. Testing has been carried out using
the commercial product, i.e. a mixture of isomers, in a composite sample.

There are differences in the isomer content from each supplier, but these are not important
given that the properties of the isomers are expected to be very similar.

Purity

A typical purity (total of the four isomers) is >97.9%. All testing described in this report is

for the commercial product.

Impurities

The impurity profile of the commercial product TCPP is specific to individual manufacturers.
Details are given in the confidential annex of compositional data. It is not likely that the
impurities will have had particular influence on any of the results obtained.

Additives

No additives are used.
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1.3 PHYSICO-CHEMICAL PROPERTIES

The physico-chemical property values of TCPP that have been reviewed are summarised in
Table 1.2. The values selected for use in the risk assessment are as follows:

Melting / freezing

The preferred value is <-20°C, which was obtained in a modern GLP study (Cuthbert and
Mullee 2002a) in accordance with Directive 92/69/EC.

Boiling
The preferred value is 288°C, although decomposition occurred, which was obtained in a

modern GLP study (Cuthbert and Mullee, 2002a) in accordance with Directive 92/69/EC.

Density at 20°C

The preferred value of the relative density is 1.288, which was obtained by the pycnometer
method in a modern GLP study (Cuthbert and Mullee 2002a) in accordance with Directive
92/69/EC.

Vapour pressure

The preferred value is 1.4 x 107 Pa at 25°C, which was obtained by the vapour pressure
balance method in a modern GLP study (Tremain 2002) in accordance with Directive
92/69/EC.

Surface tension

Based upon the chemical structure and the known physico-chemical properties of the
substance of concern, TCPP it is not expected to exhibit surface activity and there is no
indication in use that it has ‘surfactant-like’ surface energy lowering potential.

A derogation in respect of this test was requested by industry and accepted by the TCNES.

Water solubility

The preferred value is 1080 mg/l at 20°C, which was obtained by the flask method in a
modern GLP study (Cuthbert and Mullee 2002b) in accordance with Directive 92/69/EC.

Octanol-water partition coefficient

The preferred value is log Koy = 2.68+0.36, which was obtained by the HPLC estimation
method® in a modern GLP study (Cuthbert and Mullee 2002b) in accordance with Directive
92/69/EC. The =+ value is the 95% confidence limit.

6 It is noted in a later section of this report (3.1.3.2.1 — Adsorption) that K. values estimated using the HPLC
method tend to be overestimated for TCPP and related substances. The problem with K,. by HPLC estimation
probably lies with the column type, a proposal which is discussed in more detail in Section 3. A different column
type is used to measure log K, and there is no reason to suspect that a similar issue might occur. The K, by
HPLC agrees with shake flask data (of lower reliability) and with the EPIWIN prediction. The physicochemical
data for the four related substances TCPP, TCEP, TDCP and V6 appear to be consistent and there is no reason to
doubt any of the log K,,, values.

RAPPORTEUR IRELAND/UK 3



EU RISK ASSESSMENT — TCPP  CAS 13674-84-5 CHAPTER 1. GENERAL SUBSTANCE INFORMATION

Flash point (closed cup)

The most reliable value shows no flash up to 245°C, derived in a GLP compliant study
(Tremain and Bartlett 1994), although the composition of the sample used is not known.

Flammability (in contact with water)

Based on the known chemical and physical properties of the substance TCPP and its chemical
structure, negative results are predicted for the following flammability test of Commission
Directive 84/449/EEC, hence it is considered justified to omit: Method A12 Flammability in
contact with moisture.

In contact with water or damp air, this substance will not react to produce hazardous gases.

A derogation in respect of this test was requested by industry and accepted by the TCNES.

Pyrophoric properties

The chemical substance of concern TCPP has use as a flame retardant, it does not support
combustion.

In a fire, the mechanism of action of the flame retardant is primarily one by which phosphorus
interferes with the combustion process, in the solid and gas phases, to produce a ‘char’ via
formation of phosphoric acid. This char acts as a barrier and in turn prevents further oxygen
reaching the site of combustion and the fire is ‘starved’ of fuel. The presence of the halogen —
chlorine atoms — also aids this process in that they scavenge free radicals formed in the
gaseous phase of the fire and consequently decreases the release of flammable volatiles.

The substance is not “extremely flammable” or “flammable” as referenced by the flash point
(Method A9) and auto ignition temperature (Method A15).

A derogation in respect of this test was requested by industry and accepted by the TCNES.

Explosivity

Based upon the chemical structure of the substance TCPP and the known synthetic route of
manufacture via an exothermic chemical reaction, there is no indication that this substance is
thermodynamically unstable.

The DSC test used for boiling point measurement showed no exotherms.

The structure does not contain any of the more commonly known endothermic groups such
as: azides, cyano-, dienes, acetylenic, peroxide or chlorate groups.

It is industry’s opinion that this plus oxygen balance calculation supports the contention that
this substance is unlikely to possess explosive properties.

A derogation in respect of this test was requested by industry and accepted by the TCNES.

Autoignition temperature

A single reliable study giving an autoignition temperature of >400°C, derived in a GLP
compliant study (Tremain and Bartlett 1994) is available although the composition of the
sample used is not known.
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Oxidising properties

By reference to the structural formula, it can be seen that TCPP contains highly
electronegative atoms of chlorine, however the fact that these elements are only bonded to
carbon and/or hydrogen renders it unlikely that this will confer oxidising properties on the
substance. Furthermore, in order for a substance to have oxidising properties, a stable
reduced form of the substance would need to exist, which is considered to be unlikely for
TCPP.

Based upon information submitted in relation to Al and Al4 of Commission Directive
84/449/EEC and by analogy with similar existing chemicals, it is industry’s opinion that the
evidence supports the contention that the substance is unlikely to possess oxidising properties.

A derogation in respect of this test was requested by industry and accepted by the TCNES.

Henry’s Law Constant

The Henry’s Law constant has been derived from the values of vapour pressure and water
solubility.

H = Molecular weight *  Vapour pressure (Pa)

Water solubility (mg/1)

A value of 3.96 x 10™* Pa.m*/mol is used in the risk assessment, based on EUSES adjustments
of the properties for temperature dependence.

The results in Table 1.2 below are taken directly from the industry submission unless stated
otherwise.
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Table 1.2 Summary of physico-chemical properties

The values chosen for use in the risk assessment are presented in bold type.

Property Value Reliability? Comments

Physical state Liquid

Melting point -42°C pour point | (4) not assignable Coomber, 1993. Result only
<-30°C pour point | (4) not assignable Result only; of unknown source
<-20°C** (1) valid without restriction Cuthbert and Mullee, 2002a

Boiling point 341.5°C (4) not assignable Coomber, 1993. Result only
Ca. 288°C** (1) valid without restriction Cuthbert and Mullee, 2002a
(decomp.)

Relative density 1.2932 Specific (4) not assignable Coomber, 1993. Result only
gravity 20/20
1.29 (4) not assignable Result only; of unknown source;

IPCS209 %

1.288 at 20°C**

(1) valid without restriction

Cuthbert and Mullee, 2002a

Vapour pressure

<689 Pa (4) not assignable Result only; of unknown source.
Ca. 3.3 Paat (4) not assignable Krawetz, 2000. Result certificate
20°C only

<100 Pa (4) not assignable Result only; of unknown source
3590 Pa (4) not assignable Rhodia MSDS

100 Pa (4) not assignable Akzo MSDS

3.3Pa (4) not assignable

1.4 x 103 Pa at (1) valid without restriction Tremain, 2002. The resultis

25°C**

consistent with the chemical
structure of the main component
and its isomers, and the other
properties, in particular the boiling
point.

Surface tension

No study available, but not expected
to exhibit surface activity

Water solubility 1600 mg/l (4) not assignable Robson, 1994. Summary of
methods and results only; no
information on analytical method.

900 mg/l (4) not assignable Bayer MSDS
1080 mg/l at (1) valid without restriction Cuthbert and Mullee, 2002b
20°C **

Partition coefficient 3.33 (4) not assignable Robson, 1994. Summary of

n-octanol/water (log value) methods and results only; no
information on analytical method or
stock concentration.

2.59 (4) not assignable CITI, 1992. Result only; MITI
experimental result
2.68+0.36** (1) valid without restriction Cuthbert and Mullee, 2002b
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Property Value Reliability* Comments

2.89 (2) valid with restrictions Accepted calculation method (SRC
KOWWIN v. 1.67)

Granulometry

Conversion factors

Flash point No flash up to (2) valid with restrictions Tremain and Bartlett, 1994.
245°C, then Information about the composition of
decomposes the sample used is not available
199°C (4) not assignable Coomber, 1993. Result only
185°C (4) not assignable Result only

Autoflammability >400°C (2) valid with restrictions Tremain and Bartlett, 1994.

Information about the composition of
the sample used is not available

Flammability

Non-flammable

(4) not assignable

Not expected to be flammable.
Derogation accepted by TC NES

Explosive properties Not explosive (4) not assignable Not expected to be explosive.
Derogation accepted by TC NES
Oxidizing properties No oxidising (4) not assignable Not expected to be oxidising.
properties Derogation accepted by TC NES
Viscosity (kinematic 68.5 cP at 20°C (4) not assignable Coomber, 1993. Result only.

viscosity)

Refractive index

1.4642 at 20°C

(4) not assignable

Coomber, 1993. Result only.

Henry’s law constant

3.96 x 104 Pa
m3/mol at 25°C

(4) not assignable

By calculation from VP and WS
results

Studies marked ** were performed with a composite sample of purity 97.9% (total of the four isomers), derived from recent
representative commercial products from the main producers.

1 Klimisch code

1.4 CLASSIFICATION

14.1 Current classification

A classification of not dangerous for the environment (not classified) was agreed at EU level
in 20057.

14.1.1 Basis of classification for the environment

Data presented in this report are consistent with no classification for the environment being
necessary. The fish, Daphnia and algae acute E(L)Cso values all fall in the range 10 to
100 mg/1, and there is no evidence of ready degradability in standard tests. However, R52-53
is not applicable for TCPP for the reasons outlined below:

7 Commission Working Group on the Classification and Labelling of Dangerous Substances Meeting on
Environmental Effects of Existing Chemicals, Pesticides & New Chemicals September 28-30, 2005
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e The acute effect concentrations range from 51 to 131 mg/l (fish and Daphnia
respectively). The difference in acute susceptibility across the taxa is therefore
quite small (approximately 3-fold).

e Reliable chronic NOECs are available for invertebrates and algae and both are
well above 1 mg/l (32 and 23 mg/l respectively). The acute-to-chronic ratios are
4 and 3.6 respectively.

e The tests have been conducted well below the water solubility limit (1080 mg/1),
and the low measured BCF values do not suggest that the substance will
accumulate over long periods. The acute toxicity therefore probably reflects the
effect of uptake at steady state (i.e. not just partial uptake).

e There is reasonable agreement between the measured acute fish LCsy (51 mg/l)
and QSAR predictions (11-21 mg/l, using SRC ECOSAR with measured
physicochemical data entered). The substance therefore appears to be behaving
in a predictable way.

e There is no indication of neurotoxicity in this chemical class from mammalian
and avian studies.

e There is therefore no reason to suppose that there will be a significant difference
in chronic effects in fish compared to the other taxa. Applying the Daphnia acute-
to-chronic ratio to the acute fish result would give a NOEC of approximately
4.5 mg/l. This is very similar to the QSAR estimate of 5.2 mg/l (using SRC
ECOSAR with measured physicochemical data entered).

e The acute-to-chronic ratio would be above 50 if the fish NOEC were below
1 mg/1, which is clearly out of line with the observations for Daphnia and algae.

Given these considerations it is unlikely that TCPP would be chronically toxic to fish at
<1 mg/l and testing to confirm this assertion could not be justified on animal welfare grounds.
TCPP should not therefore be classified.

1.4.2 Proposed classification

1.4.2.1 Basis of proposed classification for human health

Regarding human health, the data presented are consistent with the classification R22
(harmful if swallowed). This is based on the fact that the majority of LDs, values determined
from acute oral toxicity studies were <2000 mg/kg.

There are no carcinogenicity data for TCPP. In order to address the data gap for this endpoint,
a qualitative read-across to the structurally similar substances, TDCP and TCEP was
performed, details of which are presented in Appendix D to this report. TDCP and TCEP are
considered to be non-genotoxic carcinogens and have agreed classifications of Carc Cat 3
R408.

It is considered that there is sufficient information from the structures, physical chemical
properties, toxicokinetics and mutagenic profiles of TCEP, TDCP and TCPP to support a
qualitative read-across to address the hazard and risk assessment for the carcinogenicity

8 Commission Working Group on the Classification and Labelling of Dangerous Substances Meeting on the
Health Effects of Pesticides, Existing Chemicals & New Chemicals, November 14-18, 2005.
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endpoint for TCPP. However, it is accepted that there are some differences in the metabolism,
the target organs and the severity of the effects observed with the three substances. Also, there
are no insights into an underlying mode of action for TCEP and TDCP which would make a
prediction on a relatively potency of TCPP possible. Therefore, a quantative read-across to
carcinogenicity data of either TCEP or TDCP was not performed.

The above approach can be considered to be precautionary, in order to complete a risk
characterisation for this endpoint and is preferred to a situation in which a data gap would
trigger the need for a cancer bioassay. However, as the mechanism of tumour formation in
either TDCP or TCEP is not understood, and given that the effects seen in the repeated dose
toxicity study with TCPP were slight, it is considered that there is not sufficient evidence to
classify TCPP for carcinogenicity and therefore no classification for this endpoint is proposed.

In the two generation reproductive toxicity study with TCPP, an increase in oestrus cycle
length and a decrease in uterus weight were observed in all dosed females in FO generation
and in high dose females in F1. The mean number of oestrus cycles was also increased in high
dose animals of both generations. Effects were also noted on ovarian weights in all high dose
females and pituitary weights in high dose females in FO and all dosed females in F1. It is
noted that all organ weight changes occurred in the absence of any histopathological changes,
and it is accepted that uterine weight can fluctuate during the oestrus cycle. Therefore, the
effects observed may be due to normal variation in cycling females. Based on the above, this
is considered to be a borderline case between classification as Repro Cat 3, R62 and no
classification for effects on fertility.

In the same study, an increased number of runts was observed in all dose groups and a
decrease in the mean number of pups delivered was observed in the mid dose group of F1 and
the high dose groups of both generations. A decrease in pup weight was also noted during the
lactation period. Pup mortality (PN1-4) was also increased in the low and high dose groups of
FO and in the high dose group of F1 (although the latter was mainly due to the loss of one
litter of a single dam on PN4). Based on the above, it is possible that TCPP has an effect on
the developing pups. Therefore, this is considered to be a borderline case between
classification as Repro Cat 3, R63 and no classification for developmental toxicity.

The classification and labelling proposal for TCPP will be considered by the Risk Assessment
Committee (RAC) in due course.
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2 GENERAL INFORMATION ON EXPOSURE

Due to commercial confidentiality it has not been possible to provide information on all life
cycle stages in the main report. Whilst there are several producers, and many of the life cycle
stages are well known in the industry, information concerning some uses is specific to one or
two companies. Further information on the life cycle is given in the confidential use pattern
and exposure annex, which also describes how research into the life cycle was carried out.

Tonnages and environmental concentrations derived from them have not been corrected for
purity of the substances.

The four producers (see below, along with Clariant) have participated as an industry
consortium on the risk assessment of TCPP. This consortium assisted in the early stages of
the study by sending out a questionnaire to users of TCPP. The results were collated
confidentially by the Rapporteur. More recently, the consortium has assisted with further
consultation with the confidential downstream users. Relevant industry organisations (ISOPA,
the European Di-isocyanate and Polyol Producers’ Association; EUROPUR, the European
Association of Flexible Polyurethane Foam Blocks Manufacturers; and BING, the Federation
of European Rigid Polyurethane Foam Associations) have acted as a focal point for input
from downstream users of TCPP.

Relationship between TCPP., TDCP and V6

As noted in the Foreword, the substances TDCP, TCPP and V6 are good candidates for a
concurrent assessment in view of their similar use pattern and chemical similarity. All three
substances are used predominantly in various types of polyurethane foam applications in the
EU (>97.5% of TCPP; >85% of TDCP and >95% of V6). Chlorinated alkyl phosphate esters
(particularly TCPP) were identified as possible substitutes for pentabromodiphenyl ether
(pentaBDE) in the risk reduction strategy for that substance (EC 2001). However it has since
become clear, from discussion with the industry, that in the EU these chemicals are not direct
replacements for pentaBDE, and that changes in consumption are linked mostly with the
decline in TCEP use and increase in the market for polyurethane (PUR) generally (pers.
comm., 1% March 2004). As discussed in Section 2.1.2, consumption levels appear to have
stabilised in recent years; this risk assessment represents a realistic upper limit of EU
production and consumption and significant increases are not anticipated in the near future.

2.1 PRODUCTION

2.1.1 Production processes

All commercial TCPP is produced by the reaction of phosphorus oxychloride with propylene
oxide followed by purification (WHO 1998). Both batch and continuous processes can be
used in the manufacture of TCPP (UNEP 1999).

Data on the TCPP production process has been provided by three of the four producers, which
indicate that production is carried out along the lines suggested in UNEP (1999). The
reaction is carried out in a closed reactor. The crude product is washed and dehydrated in a
closed vessel to remove acidic impurities and residual catalyst. All transfers are done using
closed lines. The product is then filtered, transferred, and packaged using sealed pumps
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through closed lines. Storage is in closed vessels under nitrogen to exclude moisture and
oxygen.

2.1.2 Production capacity

2.1.2.1 Production
There are four producers of TCPP in the EU:

e Supresta, whose TCPP business was owned earlier in the assessment process by
Akzo Nobel

e Lanxess, whose TCPP business was owned earlier in the assessment process by
Bayer

e BASF, which sells through Elastogran

e Albemarle, whose TCPP business was owned earlier in the assessment process by
Rhodia, and previously Albright and Wilson.

Total EU production of TCPP in the year 2000 was 36,000 tonnes, with production taking
place at three sites in Germany and one in the UK. Between 1998 and 2003, production has
increased significantly but the total EU sales tonnage has remained reasonably stable within
approximately 10%. The EU consumption used in the risk assessment represents the upper
limit of sales in the five year period for which data are available. The Rapporteur has no
reason to anticipate significant tonnage increases in the near future, based on industry
information and general research.

Discussions with the Phosphate Ester Flame Retardant Consortium (PEFRC) indicate that
there is unlikely to be any future increase due to substitution for TCEP, replacement having
been completed for all the applications for which replacement is possible.

2.1.2.2 Imports and Exports

8,304 tonnes of TCPP were imported into the EU in 2001. Data provided by CEFIC (pers.
comm. 19th February 2002, CEFIC) indicate that most of this was imported by companies
other than the four main producers and sourced in Russia. Consultation with members of the
Industry Consortium originally indicated Russia to be the only source of non-Consortium
imports (pers. comm. 27th February 2002, Akzo Nobel and pers. comm. 28th February 2002,
PEFRC), though it has since been indicated that the main non-consortium TCPP imports have
altered from Russia to Poland (EFRAx 2006a and b).

A total of 6,211 tonnes of TCPP was exported from the EU in the year 2000. It is assumed
that no handling (e.g. repackaging) takes place and that no losses of TCPP arise through
import or export.
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Table 2.1 EU production and consumption of TCPP in the year 2000

Life Cycle Stage Tonnes
Production 36,038
Imports 8,304
Exports 6,211

A further quantity of 1,201 tonnes of TCPP is believed to be imported into the EU in finished
goods and this is accounted for in the risk assessment:

e Up to 680 tonnes per annum is imported into the UK in furniture sourced from
outside the EU (see Section 2.2.2.2.6)

e Around 500 tonnes of TCPP is imported in canned (one component) foams (see
Section 2.2.2.5.6)

e It is possible that finished goods containing TCPP in rebonded foam may be
imported into the EU. This is not accounted for in the assessment as there is too little
information, although it is not likely to be significant.

2.2 USES

2.2.1 Introduction

TCPP is an additive flame retardant, i.e. it is physically combined with the material being
treated rather than chemically combined. The amount of flame retardant used in any given
application depends on a number of factors such as the flame retardancy required for a given
product, the effectiveness of the flame retardant and synergist within a given polymer system,
the physical characteristics of the end product (e.g. colour, density, stability, etc.) and the use
to which the end product will be put.

Over 40,000 tonnes of TCPP were consumed in the EU in the year 2000. Most TCPP (over
98%) is used as a flame retardant in the production of polyurethane (PUR) for use in
construction and furniture.

PUR is produced from the reaction of di-isocyanates with polyols. TCPP can be added to
polyols in the production of PUR systems (formulations, refer to section 2.2.2.1; around 50-
60% of TCPP is used in this way), or added directly at the point of foaming.

Most TCPP is used in rigid PUR foam (over 80%) mainly for construction applications. The
remaining PUR applications are accounted for by flexible foam (over 17%), used in
upholstery and bedding for the UK and Irish markets. TCPP tends not to be used in flexible
PUR for automotive applications owing to its volatility and fogging potential.

Use of TCPP in products other than PUR tends to be associated with single users who have
tried the product of their own accord and have decided to use it (pers. comm. 19" March
2002, Rhodia). The low tonnage associated with these other uses across all producers
confirms that TCPP is not widely used outside the PUR industry.

Figure 2.1 below, which is a simplified diagram taken from Koschade (2002), shows the
variation of end uses associated with PUR over a range of density and rigidity.
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Figure 2.1 Examples of the application of polyurethanes by density and rigidity
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The life cycle stages considered in this assessment are reported in Table 2.2 and shown in
Figure 2.2. Further information including information on the confidential life cycle stages is
given in the Confidential Annex. The tonnages used in the risk assessment are principally
derived from survey data relating to the consumption in the year 2000.

As all members of the industry consortium have provided a detailed breakdown of tonnage it
is believed that the life cycle is well defined. However, no data was provided by CEFIC
concerning the downstream uses of the TCPP imported from Russia (the main non consortium
TCPP imports have since altered from Russia to Poland) (see section 2.1.2.2). In addition,
some TCPP is sold by members of the industry consortium to traders and distributors.
Together these account for over 10% of the TCPP tonnage. In the absence of information
concerning the downstream uses of this TCPP it is assumed that this is consumed in Uses A to
E in the same proportions as for the TCPP arising from uses specified by the Industry
Consortium.
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Table 2.2 Use pattern for TCPP

Ref. Ref. Industry Use Description Percentage of | Tonnage
Env! HH? Category category total use
A 5 11 22 PUR systems (formulation) [61.1%)? 20450
B 23 1 22 PUR foam for use in furniture 17.0% 6800
C 78 11 22 Rigid PUR foam for use in construction 66.5% 26,650
D 6 1 22 Spray foams 9.6% 3850
E 9,10 11 22 One component foams 4.7% 1900
F - Confidential 22 Confidential
G - Confidential 22 Confidential
H - Confidential 22 Confidential
I - Confidential 22 Confidential
J - Confidential 22 Confidential
K - Confidential 22 Confidential 2%
L - Confidential 22 Confidential
M - Confidential 47 Confidential
N - Confidential 22 Confidential
P - Confidential 22 Confidential
0 4 11 22 Rebonding of flexible foam This is a form
of recycling
Q - 11 22 Adhesive pressing of waste rigid foam This is a form
of recycling
R - 11 22 Recycling as loose crumb This is a form
of recycling
Total 100%?2

Industry Category 11 = polymers industry Use category 22 = flame retardants and fire preventing agents Use category 47 =
softeners

Notes:
1 — Reference letter used in the Environmental risk assessment
2 — Reference number used in the Human Health risk assessment

3 — Since systems go on to be used in certain other life cycle stages, the tonnage is not included in the summation.

Product Register Data

Data from product registers have been provided by Denmark, Sweden and Switzerland. This
information is summarised in Table 2.3, together with data from the SPIN database (data
about the use of substances in Norway, Sweden, Denmark and Finland).

Data for Sweden (year 2000) and Denmark account for 1,312 tonnes of TCPP (around 3.5%
of EU consumption in the year 2000). Data for Sweden in 1999 are for TDCP combined with
TCPP and are therefore of limited use.

RAPPORTEUR IRELAND/UK 14



EU RISK ASSESSMENT — TCPP  cAS 13674-84-5 CHAPTER 2. GENERAL INFORMATION ON EXPOSURE

It is notable that the industry’s view is that not all uses here are current or recommended uses:
in particular foaming agent, concrete, intermediate plastic manufacture, metal products, wood
applications and cement are considered not to apply (EFRA, 2006).

Table 2.3 Product register and SPIN data

Country Tonnage No. of Concen- Description
Products? tration®
Denmark 499 15 5-10% (4) | Fillers Building and civil engineering
10-20% (9) Manufacture of rubber and plasti
20-100% (2) anufacture of rubber and plastic
products
~109 i i
217 22 ! 100/° () | Insulating materials Manufacture of chemicals and chemical
10-20% (10) roducts
20-100% (3) produ
. Manufacture of machinery and
_B5N0,
190 3 5-50% Foaming agents equipment
185 13 5-10% (8) | Adhesives, binding ;
10-50% (5) | agents Manufacture of transport equipment
23 7 5-20% (7) | Construction materials Private housefold
Denmark 704.2 55 287.7t(16 Manufacture of rubber and plastic
2001 (SPIN) preparations) products
42.4 t (7 preparations) | Manufacture of machinery and
equipment
53.1t (25 preparations) | Construction
6.6 t (4 preparations) Private households with employed
persons
Denmark 553.1 50 287.7t(14 Manufacture of rubber and plastic
2000 (SPIN) preparations) products
42.4 (7 preparations) | Manufacture of machinery and
equipment
59.7 t (23 preparations) | Construction
10.2 t (4 preparations) | Private households with employed
persons
Finland 2001 812.9 13 775.0 t (6 preparations) | Manufacture of rubber and plastic
(SPIN) products
Manufacture of fabricated metal
products, except machinery and
equipment
17.3t (4 preparations) | Construction
Finland 2000 | Not stated 11 4 preparations Manufacture of rubber and plastic
(SPIN) products
1 preparation Manufacture of electrical machinery and
apparatus
4 preparations Construction
Sweden¢ 350 45(9) - Plastics, concrete, textiles and insulation materials
1999
Sweden - 3(0) - Use: raw material (fire prevention additive in plastics). Trade
2000 code: Industry for plastic products; industry for other chemical
products.
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(SPIN)

Country Tonnage No. of Concen- Description
Products? tration®

67 20 (0) - Use: intermediates (plastics manufacture). Trade code: Wholesale
of chemical products; industry for plastic products; export.

42 10 (0) - Use: binders (paints, adhesives); adhesives; hardeners (for
adhesives). Trade code: Industry for other non-metallic mineral
products; industry for fabricated metal products (except machinery
and equipment); industry for wood and products of wood, cork,
cane, etc. except furniture; industry for electrical machinery and
apparatus.

13 12 (4) - Use: insulating materials; jointing materials: Trade code:
construction industry; export.

8 12 (8) - Use: caulking compounds; sealing compounds. Trade code:
construction industry; wholesale and retail trade, repair shops for
motor vehicles, motorcycles and personal and household goods;
export.

2108 2(1) - Use: other. Trade code: paint stores; industry for wood and
products of wood, cork, cane, etc. except furniture export.
Sweden 195.0 60 26.0t Manufacture of chemicals and chemical
2000 (SPIN) products
84.0t Manufacture of rubber and plastic
products
70t Construction
290t Wholesale trade and commission trade,
except of motor vehicles and
motorcycles
6.0t Retail trade, except of motor vehicles
and motorcycles; repair of personal and
household goods
Sweden 185.0 60e 25.0 t (4 preparations) | Manufacture of chemicals and chemical
1999 (SPIN) products
91.0 t (23 preparations) | Manufacture of rubber and plastic
products
8.0 t (18 preparations) | Construction
29.0 t (7 preparations) | Wholesale trade and commission trade,
except of motor vehicles and
motorcycles
4.0t (4 preparations) Retail trade, except of motor vehicles
and motorcycles; repair of personal and
household goods
Norway 2001 50.5 21e 23.6 t (5 preparations) | Manufacture of chemicals and chemical
(SPIN) products
5.4 t (5 preparations) Manufacture of rubber and plastic
products
14.4 t (11 preparations) | Construction
Norway 2000 43.6 14 12.8 t (4 preparations) | Manufacture of chemicals and chemical

products

10.4 t (5 preparations) | Manufacture of rubber and plastic
products

15.9 t (8 preparations) | Construction
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Country Tonnage No. of Concen- Description
Products? tration®
Switzerland - 25 (10) 1-10% (4) | Use in glue, surfacer, cement, sealing mass
10-50% (21)

- 26 (0) 1-10% (2) | Use in polymers
10- 50% (23)
50-100% (1)

- 4(0) 1-10% (2) | Use in paints, dyes, varnish
- 8 (0) 1-10% (1) | Not defined
10- 50% (3)

(
50-100% (3)

Totald 1312

a: Total number of products (number of consumer product).

b: Danish and Swiss data — number in brackets is number of products at this concentration
c: Combined data with TDCP

d: Uses data for Sweden for the year 2000

e: Confirmed in SPIN database that some preparations are for consumer use, but number not presented

The product register data indicates that most products are available for professional use only,

with limited use of products by consumers, for example, in one-component foams (see
Section 2.2.2.5).

On the basis of the general description of uses reported in the product registers and the
detailed descriptions of use pattern given by producers it is believed that the product register
data do not provide new information concerning uses of TCPP.

A life cycle assessment study by SP, Sweden and IVL-Swedish Environmental Research
Institute, Sweden (Simonson et al., undated) investigated emission of pollutants associated
with different life cycle stages of sofas. Three sofas were tested, two of which were made
with TCPP-containing foam. The purpose was to assess pollutant emissions at all stages of
the sofas’ life cycle, including in the event of fire. Emissions of the flame retardant (FR)
itself were not investigated. The information and assumptions regarding the life cycle are
useful for comparison with the assessment made in the current risk assessment. A schematic
representation shows the life cycle stages of relevance for the flame retardant as:

e Flame retardant production

e material (i.e. foam) production

e production of primary product (i.e. item of furniture)
e use of primary product (i.e. in-service)

e recycling processes (see below)

e incineration; landfill/landfill fire

e fire of primary products.
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Service lives of ten and fifteen years were used in the LCA, though this appears to have been
used as a half-life in the assessment. The mode of recycling is interesting; the schematic
indicates mechanical/feedstock recycling but elsewhere in the report the only route of
‘recycling’ investigated for releases is for heat recovery (i.e. incineration)..
Mechanical/feedstock recycling is not believed by the Rapporteur to be a valid route and is
not assessed in this RAR.

2.2.2 Scenarios

A longer, more general, discussion of relevant industries is provided in Appendix A.

2.2.2.1 Formulation of systems: Use A

2.2.2.1.1 Overview

PUR is produced from the reaction of di-isocyanates with polyols. While some PUR
producers buy polyols, di-isocyanates and other raw materials direct from manufacturers,
others purchase pre-mixed, ready-to-use systems. PUR systems consist of (BASF, undated 1):

e Component A, the polyol component: a mixture of polyols, catalysts and other
additives such as flame retardants

e Component B, the di-isocyanate component: containing the di-isocyanate or a di-
isocyanate containing pre-polymer.

TCPP is added to polyols in the formulation of PUR systems. 16,600 tonnes of TCPP was
used in the production of PUR systems in the year 2000. Additionally, 3850 tonnes of spray
foam were formulated, also at systems houses; the two formulations are taken to be so similar
that they are assessed together in the risk assessment. The total tonnage is therefore
20,450 tonnes. There are two types of systems house (pers. comm.?):

e raw material suppliers (i.e. polyol and di-isocyanate producers) who also formulate
systems

e other smaller systems houses that purchase polyols and other raw materials for the
formulation of systems.

Both types of companies formulate systems containing TCPP. An estimated 75% to 80% of
PUR systems are manufactured and supplied by the major raw material manufacturers
Elastogran, Bayer, Dow Chemical and Huntsman Polyurethanes (IAL 2000). The first two of
these are also producers of TCPP and members of the Industry Consortium and are reported to
have 40% to 50% of the polyol market for rigid applications (EC 2000b). The main European
polyol producers have plants in the UK, France, Spain, Italy, Germany, Netherlands and
Belgium (IAL 2000).

9 In all cases of an unattributed pers. comm. it is not possible to reveal the source of the data. The information
was provided by industry during the consultation process.
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The suppliers of raw materials (i.e. polyols, di-isocyanates) are members of ISOPA, the
European Diisocyanate and Polyol Producers’ Association. ISOPA is the European trade
association for the producers of di-isocyanates. It was formed in 1987 by seven chemical
companies that have European interests in the production of raw materials for PUR and is an
affiliate of European Chemical Industry Council (CEFIC) (ISOPA 2002a). ISOPA has
provided information regarding systems for the development of this risk assessment.

Small to medium-sized system houses tend to manufacture small volumes of systems to
supply local manufacturers and smaller PUR processors. They often supply niche markets
where the major manufacturers are unwilling to manufacture in small enough volumes. Some
system houses manufacture only a number of standard systems for various applications, whilst
others also offer custom manufacture. There are at least 50 small to medium sized systems
houses in the EU (IAL 2000).

System houses tend to purchase TCPP direct, but some of the smaller houses may purchase
TCPP-containing polyols from the raw materials suppliers. Based on discussions with
industry (pers. comm. 31* July 2002, producers and downstream users), it was estimated that
less than 1% of the TCPP used by systems houses would be used as pre-formulated polyol.

2.2.2.1.2 The market for systems

TCPP-containing systems are used almost exclusively in the manufacture of rigid foams (pers.
comm. 16™ October 2001).

The end use of TCPP-containing systems is reported in Table 2.4. Producers have not
specified an end-use for around 25% to 30% of TCPP in polyols. General information implies
that most of these are used in the manufacture of rigid foams for use in construction (see
section on rigid foam). There is some limited use in other applications such as rigid insulation.
TCPP is not used in appliances such as refrigerators.

Table 2.4 End use of systems containing TCPP

End use Percentage

General building applications 50% to 60%

Spray foams 15% to 20%

Unspecified 25% t0 30%

Other (including furniture) 0% to5%
2.2.2.13 Imports and exports of systems

There is a possibility that TCPP-containing polyols could be imported into the EU. EC
(2000) reports that polyether polyols are imported into and from EU Member States in large
quantities. They are easily and safely transported and transport cost is modest, deliveries over
a distance of 2000 kilometres or more not being exceptional.

Based on knowledge of the industry, it has been suggested that on balance there is likely to be
a net export of TCPP containing polyols from the EU, accounting for around 5% to 10% of
EU consumption (pers. comm. 31% July 2002, producers and downstream users). To be
conservative, no attempt has been made to account for these exports of TCPP from the EU in
the assessment.
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2.2.2.2 Flexible foam for furniture: Use B

2.2.2.2.1 Overview

6800 tonnes of TCPP was used in the production of flexible foam in Europe in the year 2000
(18% of total TCPP use). It is known that the vast majority of TCPP is added direct by
foamers, although some systems are sold into this sector. Slabstock foam is almost
exclusively produced with direct addition of TCPP; systems use in flexible foam is confined
to flexible foam moulding (ISOPA 2003).

TCPP is used in slabstock (block) foam for upholstery and mattresses for the UK market. The
use of TCPP is in direct response to flammability regulations covering these goods. TCPP
has limited use in the rest of Europe. TCPP tends not to be used in the automotive industry
owing to its potential for fogging — the condensation of volatile products on the inside of a car
windscreen which occurs as a result of subjecting the TCPP-foam to high temperatures.

While settees, armchairs and other furnishings incorporate a wide range of foams as filling
materials (Europur, 2002), the use of PUR foam in UK bedding is more limited than in the
rest of Europe as these items are traditionally made of springs. In such sprung bedding foam
is only used between the pieces of (often diamond stitched) fabric used as mattress covers
(pers. comm., not attributable). Owing to the nature of the foam market, TCPP could well be
present in UK-produced foams for other applications.

2.2.2.2.2 Flexible foam production

Flexible foams are produced by pouring the blend of the two raw materials (polyol containing
additives including flame retardants such as TCPP, and di-isocyanate) onto a rolling conveyor
belt (slabstock foam) or into a mould (moulded foam). Moulded foam is mainly used in the
automotive industry (seat cushions, headrests), with some use for office furniture'’. Slabstock
foam is cut in accordance with the specifications demanded by customers, the main
application being for furniture (EC 1997).

Note that the PUR industry uses the term “conversion” to describe the cutting of foam. In the
Emission Scenario Document (ESD) for additives used in the plastics industry (OECD, 2004),
however, the term “conversion” is used to describe manufacture of products (i.e. foaming).
For the purposes of clarity in this assessment the term “conversion” is used only as defined in
the ESD.

For further information on slabstock foams, moulded foams and polyether versus polyester
foams, refer to section 2 Appendix A. The majority of the description of foam production
presented in this section is taken from the risk assessment for pentabromodiphenyl ether (EC
2000a).

10 Only slabstock foams are discussed here. Details of the moulding process can be found in the risk
assessments for TDCP and V6 (HSA/EA, 2008a and b).
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2.2.2.2.3 Cutting

Blocks of PUR foam generally have to be cut into the required size/shape of the final product.
This operation usually occurs after the blocks have cured and cooled. For some applications
(e.g. seats for office furniture), PUR foam can be produced in a mould of the desired shape
and so cutting is not required.

When fabricating a block, the first stage is usually to trim the sides and top of each block to
give a block with uniform faces. This is carried out using vertical and horizontal band knives.
The amount of scrap foam removed from the block depends on the size of the block and the
type of machine used to produce it. For instance, it has been estimated for a block of foam of
density 22 kg/m’ and having dimensions 2 m x 1.5 m x 1 m, the scrap foam generated from
trimming will vary from around 15% to <5%, depending on the machine used. The highest
wastage figures are from "domed-topped" blocks made in machines with unrestrained tops,
with lower figures being obtained from machines/processes designed to minimise the
formation of a domed top (Woods, 1982 in EC, 2000a).

Blocks are passed on to “converters” (hereinafter called “cutters”) who cut these into the
required size and shape. Foam producers operate their own cutting facilities, but also sell to a
large number of other cutters, most of which (in the UK at least) are small, privately owned
companies. In the UK alone there are hundreds of foam cutters (pers. comm.!!). Cutting is
carried out using band saws. Dusts are collected at the point of cutting by extractors attached
to the blade. Hot wire cutting methods are not used any more in this industry (pers. comm.,
2" July 2004).

The major centre for foam cutting in the UK is Lancashire. There are 140 cutters in this
county, of which only 40 to 60 are of any appreciable size (i.e. employing 3 or 4 people or
more). Of these, six or seven employ over 150 people and a further two employ over 50
people. The remainder can be divided into two large groups, made up of companies
employing around 20 people and companies employing four or five people. The remaining 80
to 100 companies are very small companies with only a few employees, which may sell to just
one specialist sector of the market (e.g. stage scenery) (pers. comm., not attributable).

Overall, for any flexible slabstock foam, scrap foam from cutting totals around 20% of the
final product (pers. comm., not attributable):

e half (10%) is lost in terms of skins when the block is first cut (when a block is made it
has a skin like a loaf of bread which needs to be removed)

o the other half (10%) comes from cutters for example when cushions are cut. In this
regard not all cushions are regularly shaped, and some shapes create more scrap than
others.

The collection rate for scrap produced by cutters is “very high” as rebonding facilities pay for
the scrap foam, the alternative being for the cutter to pay for disposal of the foam (pers.
comm., not attributable). Scrap foam may be sold as second quality foam, or will be
granulated (to form ‘crumb’) and made into rebonded foam.

T In all cases of a non-attributed pers. comm. it is not possible to reveal the source of the data. The information
was provided by industry during the consultation process.
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2.2.2.2.4 Furniture manufacture

Cutters sell foam of the required size and shape to furniture makers, i.e. furniture makers do
not need to re-cut the foam. That said, some foam is sold directly to furniture makers who cut
their own foam. In this regard end product manufacturers may carry out cutting of
polyurethane foam (EC 2000a). In contrast, some cushions arrive at the furniture
manufacturer pre-covered with polyester fibre (pers. comm., not attributable).

There are an estimated 8,500 furniture manufacturing businesses in the UK (DTI 2002).

Flame bonding is a method for laminating polyurethane foam sheet to materials such as
textiles. The foam sheet is passed across a propane/air flame and the foam is then brought
together with the textile material between pressure rolls. The flame treatment generates a
chemically active surface which facilitates bonding to the textile substrate (HMIP 1995). The
high temperature used in flame bonding leads to emission of volatile organic compounds
(VOC:s), including benzene, together with hydrogen cyanide and particulate matter as a result
of pyrolysis. Free di-isocyanates including toluene di-isocyanate (TDI), are also present in
the fumes which are given off in the process, as a result of oxidation and chain scission
(HMIP 1995). Flame lamination companies within the EU have to comply with national
emission regulations and most facilities achieve these requirements by the use of appropriate
attenuation techniques. Activated carbon scrubbing techniques are often used to meet the
more stringent national emission legislation (pers. comm. 22" January 2007).

2.2.2.2.5 Recycling of PUR foams

Rebonding

In a typical process, foam scrap is fed through a shredding machine and then into a granulator.
The granules are screw conveyed into a vessel where the material is sprayed with pre-polymer
and mixed to ensure a thorough coating. The coating granules are then screw conveyed into a
rectangular or circular moulding press where the mix is compressed and consolidated as the
pre-polymer cures. Curing is facilitated by steam injection (HMIP 1995). The condensate is
ultimately removed under vacuum and vented to the air (pers. comm. 29" April 2004). The
rebonded blocks are removed and allowed to stand in order to cool (HMIP 1995). The foam
product is then either cut (converted) in the usual way (EUROPUR 2005a), or can be “peeled”
from the block at the desired thickness and have a suitable backing applied (EC 2000).

Some UK foamers manufacture re-bonded foam at the same site as foaming takes place, in
separate buildings (pers. comm., not attributable); indeed rebonding sites have traditionally
been set up to remove trim foam from specific foaming sites (pers. comm. 29™ April 2004).
Alternatively foam is shipped outside the UK for re-bonding.

In some cases TCPP is added in the rebonding process to reduce the viscosity of the pre-
polymer and to provide flame retarding properties (pers. comm., not attributable). This has
not been accounted for in the risk assessment since it is considered to be insignificant;
releases from any such use of TCPP will be accounted for within the general use in foam,
together with rebonding.

A survey carried out by EUROPUR (pers. comm. 7" December 2005) accounted for
approximately 45 kilotonnes of rebonded foam produced in the EU, and it was estimated that
approximately 60 kilotonnes are rebonded in total. A high proportion of this is produced in
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the UK (approximately 22 kilotonnes). Across the EU, only a low proportion of this will
contain flame retardants. Cheaper non-FR foam trim can be obtained exclusively but it is
likely that a site rebonding FR-PUR will also be handling non-FR foam. It has been estimated
that a typical site might rebond 3-5 kilotonnes of foam per year in total (pers. comm. 29"
April 2004).

Use of Rebonded Foam

The relative high density and resilience of rebond make it suitable for applications including
vibration sound dampening, sport mats, cushioning, packaging and carpet underlay and new
applications are constantly being developed (ISOPA 2001a). In cars, rebond can be used for
sound insulation, for example under the carpet in the boot. In cushioning, a strip of re-bonded
foam is used along the front of some cushions on the basis that it is more hard wearing. There
is also some use in office furniture (ISOPA 2003).

Re-bonders in mainland Europe now handle the two lines of scrap together (the flame
retarded foam from the UK, and foam produced elsewhere in Europe, a smaller proportion of
which contains flame retardants), avoiding the need to clean out the machines in between a
run of each type (pers. comm., not attributable).

A large proportion of the scrap foam generated in the UK (as much as 80%) will contain
TCPP. Some scrap foam generated in the EU will also contain TCPP.

In the risk assessment of pentabromodiphenyl ether (EC 2000a), losses from re-use or
disposal of scrap foam were not separated from losses during use and disposal of finished
articles. In this risk assessment, the rates of release from the two types of foam will be
evaluated in the same way.

Loose crumb

Shredded scrap foam is used directly for some applications. This is referred to as ‘loose
crumb’ and is used in deep-buttoned soft-cushions for garden furniture and in some low-grade
furniture applications. In Europe, the major use of loose crumb is reported to be in garden
furniture. The foam industry has indicated that the market for reuse of scrap foam in this way
is small and is deteriorating (EFRA 2003). To give a realistic worst case, and in the absence
of firm information, it is assumed in this assessment that 70% of the scrap foam remaining in
the EU will be rebonded and 30% will be recycled as loose crumb!2.

While all such furniture previously was to be returned to the UK to meet the demand
generated by UK regulations, now 50% stays in mainland Europe. For the purposes of this
risk assessment it is assumed that 75% of scrap foam generated in the EU remains here, with
the remaining 25% being exported to the US. Thus it is assumed that 75% of the TCPP in
scrap foam remains in the EU. The risk assessment is not very sensitive to this assumption,
because daily use rate at the main site is not affected by the total. To assess the reasonable
worst case (since the rate of loss is higher from outdoor service), it is assumed that all loose
crumb is used in garden furniture.

12 Note: industry (EUROPUR) has indicated that 30% recycling in the form of loose crumb may be an
overestimate (pers. comm., 27" March 2006). Therefore it is possible that a higher proportion may be rebonded.
However, due to the similarities between the release levels from loose crumb and rebonding processes, and the
similarity of site distribution (information provided in the EUROPUR survey) (pers. comm. 7" December 2005),
this has no significant implications for the risk assessment at the processing stage.
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For a full summary of recycling options for PUR foams, including further details on the
rebonding process and use of rebonded foam, refer to section 3 of Appendix A.

2.2.2.2.6 Imports and exports of foams

As indicated in Appendix A, the movement of foam across large distances is limited by costs
considerations. That said, consultation indicates the following UK imports and exports of
foam and finished goods (pers. comm., not attributable):

e some foam manufactured in the UK is exported then imported as finished articles;

e there is import and export of finished articles to and from the UK; and

e there is export of scrap foam from the UK to both the US and mainland Europe, some
goods incorporating re-bonded foam are imported.

Data on the UK furniture market are given in Table 2.5. In terms of value, imports of
furniture into the UK from mainland Europe represent around 15% of the UK market.

Table 2.5 Imports of furniture to the UK

£ million £ million
2000 2001
EU total 176.1 176
ltaly 134.5 134
Belgium 33.8 33.3
Norway 7.8 8.7
Non-EU total 42.8 79.5
Poland 9.7 15.6
China 4.3 12.3
Thailand 75 78
Others* 213 43.8
Total imports 218.9 255.5
Total UK market 1360 1440
UK manufacture 11411 1184.5
EU imports as % of UK production 15.4% 14.9%
Non-EU imports as % of UK production 3.8% 6.7%
* origin unknown, assumed to be non-EU
Source: BRMA 2002

In terms of value, between 4% and 7% of the UK upholstered furniture market is from outside
the EU. If it is assumed that imports are of furniture at the lower end of the price range, these
imports could represent more than 4% to 7% of the total TCPP tonnage used. To be
conservative it is assumed that imports of furniture to the UK from outside the EU could
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account for an additional 10% of TCPP usage (i.e. up to approximately 680 tonnes per
annum).

Data regarding exports of furniture containing TCPP are not available. With respect to the
EU as a whole, there was a net export of upholstered furniture from the EU in 1997, valued at
322 million Euros (UEA 2002). On this basis it is considered that across the EU as a whole
there is likely to be a net export from the EU of TCPP in furniture products.

The risk assessment is already conservative in both total tonnage consumed in EU (see section
2.1.2.1) and local and regional scenario for this use specifically. Therefore, this additional
relatively small tonnage is treated as an additional source of release in the continental
background.

End of Life

At the end of its useful life, furniture in the EU is sent to landfill or incinerated. Most
furniture in the UK goes to landfill at the end of service life (pers. comm., not attributable).
In this regard the Landfill Directive (1999/31/EC) calls for decreasing amounts of waste to be
sent to landfill in all EU countries. As far as possible, waste is to be used for energy recovery
with another potentially important route in the future being gasification of plastics including
PUR (pers. comm. 31* July 2002, producers and downstream users).

2.2.23 Rigid PUR foams for use in construction: Use C

2.2.2.3.1 Overview

26,650 tonnes of TCPP were used by rigid foamers in the production of construction products
in the year 2000 (66.5% of total consumption), with a further 14.3 % used in the production of
spray and one component foams (considered separately in Section 2.2.2.4 and 2.2.2.5).

70% of this TCPP was added via systems and the rest direct by rigid foamers. These figures
agree with general data for the rigid foam industry as a whole. For example, the German
government indicates that if the market for PUR rigid foam is viewed as a whole, then more
than 70% of the base products are delivered by ‘system suppliers’ (Leisewitz A, Hermann K
and Schramm E 2001). In general, it is the larger foamers who purchase TCPP direct from
producers and the smaller foamers who purchase TCPP-containing systems (pers. comm. 28"
February 2002, PEFRC).

Consultation with the producers of TCPP indicates that these foams will all be used in the
construction industry in the production of PUR rigid panels and laminates for insulation
purposes (pers. comm., not attributable). There are many other applications of rigid
polyurethane, but industry has indicated that the only rigid foam application for TCPP is in
construction panels. Other applications use either no FR or other types of FR.

On this basis, and in the absence of additional information, these additional tonnages are
assumed to be associated with general building applications. Thus, the total tonnage of TCPP
used in general building applications is taken to be 26,650 tonnes.
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2.2.2.3.2 Key products

Rigid foams are mainly produced as blocks and panels and used for insulation purposes (EC
1997). 90% of all external roof and wall panels used on modern commercial and industrial
buildings use rigid PUR (EPIC 2002). For PUR insulation foams in general, 90% of the usage
of additive flame retardants is currently accounted for by TCPP (Leisewitz et al. 2001).

Some of the key products associated with PUR insulating foam are the following:

Flexible-faced laminate

e Sandwich panels

e Discontinuous panels
e Block foams

e Injected foams

For further information on these products, and their production and use, refer to section 4 of
Appendix A.

2.2.2.3.3 Legislation relating to fire safety
Furniture

United Kingdom

Statutory standards exist in the UK for the flame retardancy of furniture and similar goods.
This legislation is The Furniture and Furnishings (Fire) (Safety) Regulations 1988 SI 1988
No. 1324 as amended by The Furniture and Furnishings (Fire) (Safety) (Amendment)
Regulations 1989 SI 1989 No. 2538. The regulations affect the following consumer products
(DTI undated"):

e all indoor and outdoor upholstered furniture, foam and loose fillings, permanent
and other covering fabrics;

e mattress foam fillings; and

e all second hand upholstered furniture for retail sale

These are expected to meet the fire resistant ignitability tests according to various British
Standards including BS 5852 part 1 (1979), BS 5852 part 2 (1982) or BS 7177 which in turn
makes reference to BS 6807 (which requires cigarette and match ignition resistance). The
regulations do not stipulate the means by which the fire resistance tests are to be met; they are
therefore performance centred and manufacturers can elect to meet them in whatever ways are
appropriate. In the main the requirements appear to be met by the use of chemical flame
retardant systems included in combustion modified foam and in backcoating for covering
fabrics (DTI undated). In the main TCPP is used along with melamine (Pers. comm., 16th
October 2001).

13 All details of the 1988 and 1989 regulations are taken from this publication.
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It is reported that in the UK, the introduction of the 1988 regulations have resulted in a move
away from ‘standard’ foam to ‘combustion modified’ foam. As a result, more products are
made with combustion modified foam, even though the flame retardancy properties are not
required. Thus TCPP could be found in a wide range of products, including, for example, the
padding in padded greeting cards. There will be some packaging that may not contain TCPP,
nor will the foam used in the top of pill boxes and in surgical swabs, however these are
reported to be the exception (pers. comm., not attributable). It has separately been reported
that 80% of the foam produced in the UK contains TCPP and 20% does not (pers. comm).

Ireland

The equivalent legislation in Ireland is the Industrial Research and Standards (Fire Safety)
(Domestic Furniture) Order 1995 (S.I. 316 of 1995). This Order makes it unlawful to
manufacture or assemble furniture (including refurbishment of old furniture) using filling
material that does not meet Irish Standards 1.S. 419:1988, which relates to ignition resistance
in standard tests, or to sell such filling material.

European Union

There is currently no European Directive concerning the flame retardancy of furniture and
similar goods. As a result, TCPP and other flame retardants tend not to be used in furniture
and there is a much lower use of TCPP in Europe than in the UK (Pers. comm., 16th October
2001). For example, flame-retarded upholstered furniture and mattresses are produced in
Germany, but only for a limited part of the institutional/commercial buildings/facilities sector
(e.g. for ships, hospitals, hotels). Quantitatively, this represents a maximum of 1% of the
mattresses and 2% of the upholstered furniture produced, of which 1% is flame-retarded for
institutional/commercial buildings/facilities and 1% for export (UK, USA, etc.).

Industry reports that there are no firm proposals for a European Furniture Directive and that
such a directive is unlikely to be introduced in the foreseeable future. If a Directive were to
be introduced it would represent a major change, but it would take some time for changes to
be implemented; say a minimum of five years. The impacts of such a Directive are difficult
to predict as these would depend on the stringency of the requirements. For example, if there
were to be a new fabric requirement only, this would not affect the foam industry at all (pers.
comm. 31* July 2002, producers and downstream users).

US requirements

California 117 is a US standard applying to public buildings and to domestic situations. Some
companies operating in Europe choose to adopt this standard (e.g. US hotel chains). TCPP
cannot meet the heat-ageing requirements of this standard owing to its volatility. TCPP is
thus not used in products meeting the requirement of California 117. These observations
support the view that losses must be related to volatility.

Construction products

The European Union Directive for construction products (89/106/EEC) was adopted with the
objective of creating a single market for construction products in the European Economic
Area (EEA). To place a construction product on the market in any Member State, the product
should carry a CE mark, which guarantees conformity with a range of technical specifications
(Koschade 2002):
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e mechanical resistance and stability
e safety in case of fire

e hygiene, health and the environment
e safety in use

e protection against noise

e cenergy economy and heat retention

On the basis of the essential requirements of the Directive the EC issues mandates to CEN
(Comité¢ Européen de Normalisation — European standards Organisation) and EOTA
(European Organisation for Technical Approvals). Whilst the Directive relates to test
methods, product performance and conformity assessment, it does not harmonise regulations:
the Member States are free to set their own requirements for the performance of products
(Koschade 2002). For example, in Germany, all foam materials for construction must have a
minimum performance of B2 according to DIN 4102 part 1. Other countries, such as France,
Spain, UK or Benelux, do not require such minimum performance levels, as long as the
building element meets the fire requirement specified for the building regulation (ISOPA
1999).

The mandate for creating the harmonised standard for reaction to fire was given in CEN/TC
127: Fire Safety in Buildings in co-operation with ISO/TC 192. The task of harmonising
national fire safety standards is very complex; for a number of practical reasons, these
standards have developed along very different lines in the various countries. Risk assessment,
evaluation of the level of safety and testing methods of the European nations sometimes
deviate widely (Koschade 2002).

In 1994, a Commission decision was made to implement a European classification system for
reaction to fire with a supporting set of text methods, the so-called Euroclassification. One of
the test methods was to be newly developed, namely the single item burning test (SBI, prEN
13823). In addition there is the small flame test (prEN ISO 11925-2), the non-combustibility
test (prEN ISO 1182) and the determination of the calorific value (prEN ISO 1716). The
Euroclassification system will be in place in the course of 2002 (prEN 13501-1). This new
system will allow the reaction-to-fire performance of products to be labelled according to
Euroclasses A to F. Combustible building materials, which include all organic building
materials including rigid PUR foam, are all presumably assigned to classes B, C, D and E
(Koschade 2002).

Besides the reaction-to-fire behaviour of building materials, CEN/TC 127 and CEN/TC 128
also refer to the fire resistance of buildings. To determine fire resistance, the materials are set
alight so that a full fire in a space is simulated. The measured fire resistance time is classified
within a time span of 15 to 360 minutes into ten classes (Koschade 2002). The relevant
standard for fire resistance is EN 13501-1 - Fire classification of construction products and
building elements - Part 1: Classification using test data from reaction to fire tests (CEN
online, undated).

2.2.2.34 Imports and exports of PUR for construction

Industry reports that excluding Switzerland and near Eastern European countries, there is only
limited trade in rigid foam products as it is too expensive to transport products over long
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distances. There is also no need for such transport as there are many regional producers. The
trade association for the rigid foam industry BING (the Federation of European Rigid
Polyurethane Foam Association) does not have data on this trade, but indicated that it is not
significant (pers. comm. 31* July 2002, producers and downstream users). ISOPA (2002b)
indicate that export of rigid foam from the EU is low (<5%). To be conservative and in the
absence of firm information, the tonnages of rigid foam in service and for disposal in the EU
assume no exports.

2.2.2.3.5 Recycling and end of life

Production waste

Waste from the production of rigid foam is used for adhesive pressing in the production of
moulded boards for use in kitchen furniture and flooring (ISOPA 2001b). For example, there
is a company in the Netherlands making fixed board, comparable with chipboard. The total
capacity for adhesive pressing is 10,000 tonnes per annum rigid foam (pers. comm. 31st July
2002, producers and downstream users).

Particles can also be used as oil binders or in combination with cement as insulating mortar
(ISOPA 2001c). With respect to the first of these, rigid foam scrap is used by fire brigades
for oil spill clean up. After use, this is incinerated (pers. comm. 31st July 2002, producers and
downstream users).

50% of scrap is used in adhesive pressing and 50% as oil binders (pers. comm. 31st July
2002, producers and downstream users). These along with other options for recycling PUR
are further described in section 3 of Appendix A.

The amount of production scrap foam generated is less than for flexible foam as some panels
are produced discontinuously and not as slabstock. Waste is reported to be of the order of 2%
to 3%.

Therefore 1.5% of rigid foam tonnage is included in the risk assessment for processing, in-
service loss and in disposal associated with adhesive pressing.

Adhesive pressing  Use Q

PUR is granulated and blended with 5% to 10% polymeric methylenediphenyl di-isocyanate
(MDI) and formed into boards/mouldings at temperatures up to 200°C and under pressure (20
to 200 bar). Products are finished by sawing and sanding or by applying additional facings.
Based on the information given above, 1.5% of the rigid foam tonnage is recycled by adhesive
pressing. This is a tonnage of 400 tonnes per year.

Cutting

On construction sites, small modifications are sometimes made to the physical form of panels,
e.g. panels are cut to the required size. In the Netherlands, the resultant saw dust is
compressed to brickettes, which are incinerated or used as raw materials for other products
(pers. comm., not attributable). The extent to which this practice occurs in other Member
States is not known and therefore it is not possible to calculate the wastage level. Since this
release will be diffuse and quantities will be very low, this route of release is not considered
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in the risk assessment. In any case, the loss to soil of 2% from weathering and wear in service
or at disposal will account for this.

End of life

The recommendation is for incineration with energy recovery. Thus there is a trend away
from landfill towards energy recovery (pers. comm. 31st July 2002, producers and
downstream users). In the risk assessment, a proportion of 50% is taken to be landfilled; the
remaining 50% is taken to be incinerated with energy recovery. When insulation foams are
removed from buildings at the end of life the usual practice is to bury these foams in landfill.
The implementation of the Landfill Directive may affect the fate of TCPP-containing items at
the end of their service life.

2.2.2.3.6 Trends in the industry

The move towards polyisocyanurate (PIR) foams

There is a trend in the industry for a move from PUR foams to so-called PUR-modified PIR
foams, or isocyanurate-modified PUR foam in some applications. PIR foams have different
requirements in terms of flame retardant types and quantities than PUR foams (Leisewitz,
Hermann and Schramm 2001), generally requiring lower levels of flame retardant to be added
than for PUR (ISOPA, 2003).

The rigid foam industry indicates that PIR foams are very important as PIR manufacturers
may be buying polyols without realising they contain TCPP (ISOPA 2003). In this risk
assessment since there is a full tonnage balance, hence any TCPP that might in reality be used
in PIR is simply being risk assessed in a different substrate (PUR). The ESD approach would
be the same for both so this is not a major source of concern.

Construction Products Directive

It is also reported that the Construction Products Directive may bring about changes in the
classification of PUR insulation foams and have an effect on their flame-retardant
composition (Leisewitz, Hermann and Schramm, 2001).

Industry reports that flammability of construction products is an area that is well controlled at
present through national standards. Thus changes brought about by the Construction Products
Directive will not introduce new requirements but change existing ones. Effects will thus be
subtle. That said, while changes in flammability regulations may increase use of flame
retardants such as TCPP, the new regulations will not come into play until 2007 or 2008.
Such changes may also result in increased use of PIR however (pers. comm. 31st July 2002,
producers and downstream users), which may lead to a subsequent reduction in use of TCPP.

Replacement of TCEP

Finally, TCPP is a drop-in replacement for TCEP. There is a move away from use of TCEP
by industry. In Western Europe, by far the largest field of application of TCEP (80-90% of
the quantity produced) is that concerned with reducing the brittleness and with the
simultaneous flame-resistant finishing of polyurethane in the production of celled, rigid or
semi-rigid foam (GDCh, 1987, from BAUA 2006). One of the main industrial branches to
use TCEP is (roof) insulation for the building industry.
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Discussions with the flame retardant industry have indicated that where TCEP can be replaced
with TCPP, then this will already have taken place, i.e. a further increase in the use of TCPP
is unlikely (pers. comm. 18th April 2002, PEFRC). Indeed the rigid foam industry has
indicated that TCEP is not used in rigid foams, TCPP being the main flame retardant (pers.
comm. 31st July 2002, producers and downstream users).

Kyoto protocol

As a result of the Kyoto protocol, the use of foam insulation in buildings is increasing, as
insulation is an effective way of reducing CO, emissions (ISOPA 2003, pers. comm. 31st July
2002, producers and downstream users This use is reinforced by more stringent insulation
requirements in several member states and by the new EU Directive on the energy
performance of buildings published in January 2003 (ISOPA 2003).

2.2.24 Spray foams: Use D

2.2.24.1 Overview

Spray foams are surface-adapted technical insulation materials for roofs, interior spaces and
technical applications (sometimes known as moulding foams). These are used in building
construction and maintenance and repair. They are not available for use by the general public.

Companies using spray foams are in general small companies (up to ten employees), who
purchase formulated systems ready for use (pers. comm., not attributable).

Spray foams are formulated by systems houses and are usually applied in situ to walls, roofs,
tanks and pipes. Most applications are external but some are inside buildings. Spray foams
are very versatile and can be applied over uneven surfaces and used, for example, to repair
and insulate damaged roofs (Jeffs 2000).

It is assumed that 3,850 tonnes of TCPP was consumed in spray foams in the year 2000, all
of which was added by systems houses.

For further information about application of spray foams, refer to section 5 of Appendix A.

2.2.2.5 One-component foams: Use E

2.2.2.5.1 Overview

One-component foams (also known as 1K foams or OCF) are dispensed from aerosol cans
containing polyols, MDI and propellants. These are used as fillers for joints and cavities
around, for example, doors and window frames.

14 Some data provided by TCPP producers related to production of one component, two component and spray
foams. General discussions with industry indicate that while spray foams and one component foams are clearly
identifiable products with specific applications, the term “two component foams” is generic and is believed to
apply to spray foams.
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Data provided by the producers of one-component foams indicates 1,900 tonnes of TCPP
used in the production of one-component foams in the EU (Rhee 2002). Further details are
presented in the Confidential Annex. While most manufacturers of one-component foams use
TCPP direct, some purchase and use pre-formulated polyols.

2.2.2.5.2 Production of one-component foams

Large producers of one-component foams receive TCPP in bulk and store it in large tanks. All
of the large producers have special chemical unloading docks with provisions to collect
spillage. Smaller producers use TCPP in one-tonne containers or drums (Rhee 2002).

TCPP is without exception used in one-component PUR foam at room temperature (i.e. 20°C
to 25°C). TCPP is pumped from the closed storage-tanks into a closed weighing tank where
the product is mixed with polyols. From the weighing tank there is a direct connection with
the filling heads of the aerosol machines. In general, ten seconds after filling the aerosol can
with the polyol component containing TCPP, the can is closed air-tight by the valve (Rhee
2002).

The polyol and the di-isocyanate are brought together in such a way that the pre-polymerised
polyurethane remains liquid and has some capacity to react with humidity. A propellant
(pentane/butane) is added so that the pre-polymer is able to emerge through a small plastic
pipe (pers. comm., not attributable). In the storage, filling and mixing areas there are no
water-supply points and no sewer outlets. Water is the “biggest enemy” in the process as it
can cause cans to explode (Rhee 2002).

2.2.25.3 Use

Some products are used by construction workers at building sites, while others are available to
the general public for the DIY filling of cavities (Pers. comm., 16™ October 2001). A
producer of one-component foams indicates that the aerosol cans it produces are used almost
exclusively on the inner shell or inside joints of buildings. In 60-80% of applications, the
foam is covered with plaster (pers. comm., not attributable). Furthermore, it has been
indicated that the remaining 20-40% is also covered by, for example, wooden doorframes.
These foams are not UV resistant and so they must be covered (ISOPA and the rigid
polyurethane foam industry, 2006).

During application the foam is extruded from the can. After one hour the foam is fully cured.
During curing the temperature remains ambient. After curing the TCPP is embedded in the
polycondensate structure of the PUR and has no tendency to migrate (Rhee 2002).

2.2.254 Recycling of aerosol cans

In Germany, there is a collection system for the recycling of used aerosol cans. Cans are
collected at specified locations and sent to PU-Dosen-Recycling GmbH (PDR) in Thurnau
which is a dedicated PUR can recycling factory. The cans are split into the following main
streams (pers. comm., not attributable):

e paper
¢ polyethylene (caps)
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aluminium

tinplated steel

propellant gas
polyurethane pre-polymer.

TCPP is recovered completely in the polyurethane pre-polymer, which is completely re-used
in polyurethane aerosol cans (pers. comm., not attributable).

The extent to which recycling takes place in other Member States, such as the UK, is not
known.

2.2.2.5.5 End of life

In Germany, at the end of the lifetime of a building, one-component foam is collected in
building-waste in the ‘light fraction’. It is reported that the collection rate for such foam is
almost 100%. Foam adhering to windows, concrete or brick, is separated from these materials
in the crushing operation and is separated from the heavy fraction by cyclones or wind-sifting.
The light fraction is incinerated (pers. comm., not attributable). The situation in other
Member States is not known.

2.2.2.5.6 Imports and exports of one-component foams

Data provided by the producers of one-component foams indicates that a further 1,915 tonnes
of TCPP are used in the production of one-component foams in the rest of geographic Europe
(Rhee 2002). Further details are given in the Confidential Annex.

It is believed that there is a net import of one-component foams containing TCPP into the EU.
In total, 2,400 tonnes of TCPP are believed to be associated with one-component foams
consumed in the EU. Thus, imports are believed to account for around 500 tonnes of TCPP,
equivalent to around 25% of EU production (Rhee 2002).

2.3 OTHER USES

The following use codes are covered in the confidential sections of the report: F, G, H, I, J, K,
L, M, N, and P.

24 TRENDS

The above discussion, and that described in Appendix A, has identified the following trends:
e increasing use of sandwich panels (Koschade, 2002)

e atrend away from exporting scrap furniture foam to the US

e atrend towards increased recycling and recovery of PUR foams in general

e atrend away from disposal of waste to landfill.
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2.5 LEGISLATIVE CONTROLS
There appear to be no EU emissions or exposure controls related to the substance itself.

The use of the flame retardant TCPP in furniture applications is driven by fire safety
standards.

In the UK there are The Furniture and Furnishings (Fire) (Safety) Regulations 1988 (SI 1988
No. 1324) as amended by The Furniture and Furnishings (Fire) (Safety) (Amendment)
Regulations 1989 (SI 1989 No. 2538). The equivalent legislation in Ireland is the Industrial
Research and Standards (Fire Safety) (Domestic Furniture) Order 1995 (S.I. 316 of 1995).
These regulations are important in driving the market for flame retardants, and TCPP in
particular.

There is currently no harmonised set of standards for fire safety testing of furniture in the EU.

While the Construction Products Directive makes some provision for fire safety of buildings,
it does not harmonise regulation. Requirements vary across Europe. A new CEN (European)
standard is currently being developed.

For the parts of the life cycle associated with polyurethane foaming, emissions of TCPP will
be restricted. All vapours produced in this reaction must be extracted, because potentially
dangerous di-isocyanate vapours are produced in the course of the polymerisation. Release of
di-isocyanate is highly controlled under a range of international and national regulations.
More information is given in the risk assessment report for methylene di-isocyanate (Federal
Public Service for Public Health, Safety of the Food Chain and the Environment, 2003).

In respect of flame retardants used in the manufacture of toys, European Standard EN 71-9
(Safety of Toys — Part 9: Organic Chemical Compounds — Requirements) states that certain
specified flame retardants, including TCEP, which are used in textiles of toys and accessible
components of toys intended for children under 3 years of age should not be found above the
limit of quantification of the test method and therefore should not be detected in toys. More
generally, Directive 88/319/EEC specifies that toys must not contain dangerous substances or
preparations within the meaning of Directives 67/548/EEC and 88/379/EEC (repealed by
1999/45/EC) in amounts which may harm the health of children using them. TCPP is not
specifically covered by this legislation beyond this general aspect.
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3 ENVIRONMENT

3.1 ENVIRONMENTAL EXPOSURE

In the assessment of some life cycle stages, it has been necessary to use appropriate defaults
to characterise a reasonable worst-case emission pattern. Site-specific data have been used
where available, to refine the exposure assessment. Since the market cannot be considered
static (e.g. the market supply of TCPP may be affected by the regulation of other flame
retardants), it is appropriate to apply a model in which defaults are not overruled without
evidence that is widely applicable. This is particularly important for the most significant
applications.

Consultation with key downstream users was used to supplement the information provided by
producing companies. All producing companies co-operated with the assessors and provided
detailed information about the life cycle for TCPP. Two companies provided information on
the number of downstream users associated with each life cycle stage. Associations
representing the many downstream users have also been involved with the consultation.

Defaults set out in this document originate in the A-tables of the Technical Guidance
Document (TGD) (EC 2003), or the Emission Scenario Document (ESD) for Additives Used
in the Plastics Industry (OECD 2004). For plastics applications, the ESD defaults override
those presented in the A-tables. The ESD gives rates of release only to air and wastewater.
The TGD defaults also include rates of release to industrial soil. Exposure of industrial soil to
TCPP has not been evaluated in this risk assessment for industrial sites, since 1) the substance
is subject to relatively high levels of control on industrial sites, and 2) a rate of release from
handling is already calculated in accordance with the ESD. However, exposure of agricultural
or grassland soil is foreseeable as a result of weathering and wear in service or at disposal, or
by spreading of sewage sludge. This is described in section 3.1.2.3.4.

Most release rates for foam-related stages originate from new models, described in a report
(Appendix B), which brings together theoretical modelling with the results of various
published studies of releases of flame retardants (FRs) from foams.

EUROPUR has sponsored a study to investigate volatile losses of TCPP from small pieces of
PUR foam at ambient temperature (Hall 2005). Pieces of foam were spread out on a tray
under conditions of controlled air flow. The TCPP contents of the pieces were measured
analytically over time. Three sizes of fragments of foam were studied in separate runs.
Further details are available in Appendix B. A key finding from experimental data is that
initial rapid losses occur followed by approach to a consistent plateau at around 40% loss,
suggesting that only 40% of TCPP in the matrix is available. Losses were fastest from the
smallest pieces, but the plateau was the same in each case. Therefore, as a consequence of this
study, percentage loss figures associated with possible overall volatile releases from foams or
foam particles have been multiplied by a correction factor, representing that which is
‘available’ for release, i.e. is not very strongly bound. The available fraction is estimated to be
0.4 for TCPP, based on the available data. This finding is described in more detail in
Appendix B.

The B-tables and ESD methods are not used in most cases to derive site sizes; sufficient
information was available about specific aspects of the market to allow representative
fractions in the main region and fractions of the main local source to be estimated. The
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number of days is then evaluated to give a reasonable operational rate given the size of the
main site.

In this report and the Confidential Annex, 'R' refers to the fraction of total tonnage in the main
region, and 'FMLS' is the fraction of the main local source, i.e. the fraction of the regional
tonnage associated with the largest site. In accordance with the TGD definitions, a ‘region’ is
a semi-industrialised European area with surface area 40,000 kmz, with standard default
environmental properties and a population of 20 million people. All the figures are based on
the most recent edition of the Technical Guidance Document (EC 2003).

Note regarding environmental releases: There are no reasons to suspect these substances
contribute directly to dioxin formation (e.g. there are no aromatic groups). Like all
organohalogens the possibility exists that they could act in an indirect way as a source of
halogen in high temperature processes. Since most incinerators should have measures in
place to control halogenated dioxin emissions, this is mentioned for information only.

3.1.1 Properties of TCPP in the context of the ESD (OECD, 2004)

The main desired activity of TCPP is as a flame retardant, though it also has plasticising
properties. As TCPP is an additive flame retardant, there is the possibility that it may diffuse
out of the treated substrate to some extent. It is a liquid at room temperature. Its vapour
pressure falls within the bracket identified as ‘high’ within the ESD (OECD, 2004).

The ESD envisages flame retardants as being either organic solids or inorganic solids. As
stated above, TCPP is a liquid, with a ‘high’ vapour pressure (in this context). For this reason
it would be inappropriate to simply apply the organic flame retardants defaults from the ESD,
as the loss scenarios will be different:

¢ the potential for dust formation is removed
e there may be volatilisation
e process controls may be different.

These factors are thought to have a significant effect upon the handling and compounding
stages, though once the additive is formulated, its original physical state is less relevant.
Having said that, it is noteworthy that ESD losses from the stage of conversion (e.g. foaming)
are (for additive types where it is recognised that a range of substance types are used)
dependent on the volatility of the additive.

Variation of loss rate based on volatility in the ESD/UCD

In the stages of compounding (e.g. formulation of systems) and conversion (e.g. foaming), the
rates of loss given in the ESD/UCD conform to a pattern; a ratio of 1:5:25 between rates of
loss of low: medium: high vapour pressure additives is well established. This relationship is
applied in some cases here (e.g. for some in-service loss stages) in the derivation of
‘correction factors’ to derive default rates of loss for TCPP (high volatility) based on
corresponding known rates of loss for a medium-volatility additive.

Distinction between conversion at large and small sites in the ESD

The ESD, which sets out default rates of loss from all stages of the life cycle, also indicates
that ‘small’ sites tend overall to have a higher rate of loss:
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“As is noted specifically for some of the processes, fume elimination equipment is commonly
used to reduce emissions... All the [release estimates from conversion] relate to situations
where fume elimination equipment is in operation, i.e. larger sites. For smaller sites
(<...~750 tonnes of plastic) the emission factors should be increased by a factor of 10”.

It is notable that industry has consistently indicated that this assumption is overly
conservative, since exposure to di-isocyanate fumes is always closely controlled. The
evidence has been carefully considered and the factor of ten is not applied to life cycle stages
of PUR foaming in this risk assessment.

3.1.2 Environmental releases
3.1.2.1 Release from production
3.1.2.1.1 Defaults

It is not considered necessary to seek default rates of loss. All manufacturing sites within the
EU have been identified and site-specific release data have been provided by the industry.

3.1.2.1.2 Extent of site-specific data

Site-specific data provided by the producers of TCPP are set out in the Confidential Annex.

3.1.2.2 Release from formulation: Use A

For all life cycle stages following production, it could be considered that the releases
associated with one life cycle stage should be subtracted from the tonnage taken forward to
subsequent life cycle stages. However, it is considered that for this substance, such variations
will be within the range of error in the risk assessment. Therefore, no such correction has
been used in the risk assessment.

3.1.2.2.1 Overview

This life cycle stage has been divided as follows (with further information given in the
Confidential Annex):

large systems houses

medium sized systems houses

smaller systems houses

systems houses using pre-formulated polyol, i.e. purchasing TCPP-containing polyols
from others (1% of tonnage for large, medium and small systems houses).

The large, medium and small sized system houses each account for 30% to 35% of the TCPP

consumed. System houses producing one-component foams are considered separately (Use
E).
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Rates of release from formulation (compounding) of systems for rigid foams and spray foams
are evaluated together on the recommendation of the rigid foam industry (pers. comm. 31
July 2002, producers and downstream users). These processes are also effectively the same in
terms of the default process.

3.1.2.2.2 Large systems houses: Use Al

Large systems houses are assessed on a partly site-specific basis. Information is provided in
the Confidential Annex.

3.1.2.2.3 Medium systems houses: Use A2

Number and nature of sites

The B-tables (Table B2.3) give the following for IC11, formulation, loading rate 15%, with
10% in the main region.

Fraction of the main local source = 0.8
300 days’ operation per year

The main systems houses have sites in six regions (IAL 2000). The following set of values is
used in preference to the B-table defaults based on information set out in the Confidential
Annex:

Fraction in the main region = 0.133 (gives sites in a minimum of 8 regions)
Fraction of the main local source = 1 (one site in the main region)
Number of days per year = 300

The main site handles just under 1000 tpa of TCPP and produces 22 tonnes of formulation per
day (with an assumed loading rate of 15%).

Releases

The ESD defines separate rates of loss from handling of raw materials at compounding sites
and from the compounding process itself. On the basis of a site visit and ISOPA data (ISOPA
2002b), releases from handling are set to 0%.

From the ESD:
Total losses from compounding =0.025% to air
=0.025% to wastewater

There is some evidence available, from an industry monitoring study undertaken at a
European systems house (Tauw, 2007), to suggest that releases to air might be very much
lower than those modelled, when best practice is followed!>.

15 Sampling was undertaken at relevant emission points. In each case a suction probe was placed at the emission
point and flue gas was led over an XAD-2 adsorption tube. TCPP was extracted using dichloromethane with
ultrasonication; analysis was performed using GC-MS. Validation checks gave satisfactory results. The study has
certain limitations. Monitoring was performed on one occasion only. The focus was on certain specific unit
operations, associated with handling processes (believed to be the only potential sources of emission at the site).
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3.1.2.24 Small systems houses: Use A3

Number and nature of sites

The B-tables (Table B2.3) give the following for IC11, formulation, loading rate 15%, with
10% in the main region.

Fraction of the main local source = 0.8
300 days’ operation per year

There are at least 50 small to medium-sized systems houses across the EU (IAL 2000). Based
on this and data set out in the Confidential Annex, the following set of values are used in
preference to the B-table defaults:

Fraction in the main region = 0.1 (sites spread across the EU)
Fraction of the main local source = 0.45 (gives at least 3 sites in the main region)
Number of days per year = 300

The main site handles 250 tpa of TCPP and produces 5.5 tonnes of formulation per day (with
an assumed content of TCPP in the formulation of 15%).

Releases

The ESD defines separate rates of loss from handling of raw materials at compounding sites
and from the compounding process itself. On the basis of a site visit and ISOPA data (ISOPA
2002b), releases from handling are set to 0%.

From the ESD:
Total losses from compounding =0.025% to air
=0.025% to wastewater

There is some evidence available, from an industry monitoring study undertaken at a
European systems house (Tauw, 2007), to suggest that releases to air might be very much
lower than those modelled, when best practice is followed".

3.1.2.2.5 Systems houses using pre-formulated polyol: Use A4

In the absence of firm information, a loading rate of 10% is assumed.

Number and nature of sites

Industry indicates these systems houses account for less than 1% of the TCPP tonnage. No
data are available on the number and distribution of these sites. It is thus assumed that these
are spread across the EU as follows:

Emissions are given in terms of unit operations (<0.002 g TCPP per drum filling operation; <0.0002 g TCPP per
pumping operation for transfer into production). The ESD default fraction released to air associated with
blending processes was 2.5E-04. Release from the monitoring work for a component of this process (loading of
blended product into drums) is equivalent to ~2E-08 and this could suggest that, assuming similar levels of
control are in place for other aspects of the blending process, overall release fraction would be unlikely to be
above 2E-06. These figures are subject to too much uncertainty to use in place of ESD defaults, but are
indicative that the ESD could be significantly overestimating release potential at sites where best practice is
applied. Further details are provided in the Confidential Annex.
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Fraction in the main region = 0.1 (sites spread across the EU)

Fraction of the main local source = 1 (one site in the main region)

Number of days per year = 205

The main site handles just over 20 tpa of TCPP and produces 1 tonne of formulation per day
(with an assumed loading rate of 10%).

Releases
Following the pattern of other systems houses, releases from handling are set to 0%. Thus,

Total losses from compounding =0.025% to air
=0.025% to wastewater

There is some evidence available, from an industry monitoring study undertaken at a
European systems house (Tauw, 2007), to suggest that releases to air might be very much
lower than those modelled, when best practice is followed".

3.1.2.3 Release from flexible foams: Use B

3.1.2.3.1 Foam production

Loading rates

The report on flame retardants by the German government (Leisewitz A, Hermann K and
Schramm E, 2001) gives TCPP loading rates for flexible foams of between 3% to 5% of
weight. Data provided by the producers of flexible foams in response to the questionnaire
widens this range to between 2.5% and 14%, with two of the producers indicating a loading
rate of around 7% to 8% TCPP on average.

Foamers indicate that variation is as a result of variations in the density of the foam, with
different parts of the furniture requiring differing densities of foam. Seats need to be the
hardest wearing and thus are of the highest densities. Seat backs are not subject to the same
stresses and can thus be of lower densities. As low density foams are more difficult to flame
retard, these are associated with a higher loading rate. Higher loadings of TCPP may also be
used to maintain foaming properties and avoid the use of solids such as melamine.

Based on the information available, a loading rate of 8% in the foam is considered realistic
and is used in the assessment.

Number of sites

ISOPA data (undated 1) indicates that 400 foamers/moulders are involved in the production
of furniture and bedding from PUR foam in Europe each year, consuming 530,000 tonnes of
polyurethane. Not all of these will be using flame retardants, and not all that use flame
retardants will be using TCPP. EUROPUR have estimated that 390,000 tonnes of flexible
slabstock PUR foams are produced in the EU each year, 60,000 tonnes of which are produced
in the UK (RPA 2000). The low price of TCPP and the mature market for this product means
that TCPP tends to be used by the larger sites producing flexible foam (pers. comm. 8"
February 2002, Rhodia).
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Data have been provided by the producers of TCPP and by companies using TCPP in the
production of furniture. There are five manufacturers of flexible foam in the UK: Caligen
Foam, Kay Metzler, Vita Foam (all British Vita companies), Recticel and Carpenter (pers.
comm., not attributable). All five of these companies have provided information on TCPP
consumption in the year 2000, and accounted for the consumption of 4,800 tonnes of TCPP,
71% of the TCPP used in this application!6. Thus, most of the TCPP used in flexible foam
production is consumed by very large UK-based sites.

The B-tables (Table B3.9) give the following, for IC11, processing, loading rate 8%, with
10% in the main region (Fraction in the main region = 0.1)

Fraction of main local source = 0.1

300 days’ operation per year

This default is equivalent to a minimum of 100 foamers, maximum size 67 t of TCPP. It bears
no relationship to practice.

Based on what is known, the following set of values would be preferable to the B-table
defaults:

“Very-large’ foamers (Based in the UK, accounting for around 70% of the TCPP used in
flexible foam, with the largest site handling 1,920 tonnes per annum TCPP and an estimated
24,000 tonnes foam based on a loading rate of 8%).

Fraction in the main region = 1
Fraction of the main local source = 0.4
Number of days per year = 300

The remaining 30% of the flexible foam tonnage is split between ‘large’ and ‘small’ sites;
some of the latter use systems rather than TCPP directly. The basis of the split is described in
the Confidential Annex.

‘Large’ foamers using TCPP direct (spread around the rest of Europe, with the largest site
handling around 350 tonnes per annum TCPP and an estimated 4300 tonnes foam based on a
loading rate of 8%)

Fraction in the main region = 0.2
Fraction of the main local source = 1
Number of days per year = 300

‘Small’ foamers using TCPP direct (spread around the rest of Europe, with the largest site
handling around 40 tonnes per annum TCPP and an estimated 500 tonnes foam based on a
loading rate of 8%)

Fraction in the main region = 1
Fraction of the main local source =1
Number of days per year = 300

16 Tt has been confirmed with the British Rubber Manufacturers Association (BRMA), the UK trade association
for flexible foams, that it is not breaching commercial confidentiality to reveal this tonnage (pers. comm. 17"
July 2002).
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Small foamers using TCPP in systems, in the absence of specific information, are assumed to
be spread across Europe (with the largest site handling 75 tonnes per annum TCPP and an
estimated 940 tonnes foam based on a loading rate of 8%):

Fraction in the main region = 0.32
Fraction of the main local source = 1
Number of days per year = 300

Major sources of release

The ESD for plastics additives (OECD, 2004) has been consulted extensively in the course of
preparation of this risk assessment. However, the magnitude of releases are based on a report
(Appendix B), which brings together theoretical modelling with the results of various
published studies of releases of FRs from foams.

The possible sources of environmental release during the manufacture of flexible
polyurethane foam are likely to be associated with:

e the handling of the flame retardant prior to mixing with other ingredients (TCPP is a
liquid)

e volatilisation from the foam while at elevated temperatures (curing)

e volatilisation from the foam in storage

Site visits and information received from the industry (see section 2 and Appendix A) indicate
that volatilisation in the foaming process and cleaning of equipment (both of which could
theoretically be sources of release of a plastics additive) are not relevant in this case.

Mixing of the components required for the foam is usually carried out by a mixing head
immediately prior to feeding into the moulding system. The flame retardant additives can
either be metered directly to the mixing head or may be premixed with the polyol component
of the foam before feeding to the mixing head. Two main types of mixing head are commonly
used: low pressure and high pressure. Low pressure mixing heads need to be cleaned out
between cycles by flushing with a suitable solvent (e.g. methylene chloride) or may be
flushed with further polyol which can then be reused if the formulation allows. High-pressure
(impingement) mixing heads do not require solvent flushing between batches (HMIP, 1995).

Releases from curing and storage are set out below.

Defaults

Although not used as the numerical basis of the risk assessment, it is of interest to explore the
use of ESD defaults. Information on the release of flame retardants during the processing of
plastics and foams is also given in the Emission Scenario Document (OECD, 2004). One
source of release for liquid (flame retardant) additives is associated with the handling of the
raw material (e.g. splashes, spills, etc.) prior to the foaming process. The ESD estimates
releases to wastewater to be of the order of 0.01% (i.e. 0.1 kg/tonne).

Handling losses at foam producers: 0.01% to wastewater.

This route of release does not apply for the foamers using TCPP in systems, only for those
adding TCPP direct.
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The ESD sets out rates of release of various additive types from various types of process. To
select the correct value some subtlety is necessary, as prescriptive application of the ESD
default losses for flame retardants from foaming is not appropriate in the present case.

e Flame retardants are considered by the ESD to be solids and therefore of ‘low’ vapour
pressure. Therefore it is necessary to multiply by a factor of 25 to derive equivalent rates
of loss for a ‘high’ vapour pressure (in the context of the ESD) substance such as TCPP.
The use of this correction factor is in accordance with relative rates of loss from ‘low’
and ‘high’ volatility additives given in the ESD for all types of polymer processing. The
corrected rate of loss is equal to the rate given by the ESD for open processes and foamed
articles for various ‘high’-volatility additive types (e.g. antioxidants).

e Another correction factor can be seen in the relative rates of loss from open and closed
processes given in the table. Like for like, the rate of loss from foaming (always
considered an open process in the ESD) is ten times higher than from closed processes.
However, consultation and site visits indicate that foaming of polyurethane in particular
is always closed, in order to prevent workers being exposed to di-isocyanate.

Therefore the appropriate default to use is the rate of loss of a ‘high’-volatility additive (in the
context of the ESD) from a closed process. This is a rate of 0.05% (i.e. 0.5 kg/tonne) lost in
equal proportions to air and wastewater.

Reasonable worst case emissions

In the case of polyurethane, the evidence is that due to the high levels of vapour controls in
the workplace, it is not appropriate to differentiate between different site sizes, since controls
must be equally stringent at all sites. Therefore the factor of ten is not applied for
polyurethane related processes in this risk assessment.

Discussions with foam producers and their UK and European representatives — the British
Rubber Manufacturers Association (BRMA), which represents UK foamers, and EUROPUR,
the European Flexible Polyurethane Foam Blocks Manufacturers Association - indicate that in
practice emissions from foamers will be very much lower than the default emissions. This
was confirmed through a visit to a very large foamer in the UK. On the basis of that visit the
following emission rates have been developed for very large foamers and are used in the
assessment. The applicability of these values to all large sites in the UK has been confirmed
by BRMA.

Emissions from handling TCPP are considered to be effectively zero owing to the storage of
TCPP in large vessels which are located in large bunded areas. TCPP is moved in a closed
system and pumped direct from the storage vessels to the mixing head. No water washing is
used anywhere on site.

Emissions to air from foaming are also effectively zero. The foaming process is enclosed,
with all fumes emitted through an activated carbon filter or other abatement methods. Studies
by the International Isocyanate Institute indicate that the concentrations of TCPP emitted in
exhaust gases from laydown and cutting processes are detectable but below the level of
quantification. All UK based foamers operate in a similar manner owing to worker safety
legislation controlling exposure to di-isocyanates. More information is given in the risk
assessment report for methylene di-isocyanate (Federal Public Service for Public Health,
Safety of the Food Chain and the Environment, 2003).
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Water is not used to clean the mixing head or other machinery. When mixing vessels require
cleaning, the plant is shut down and a polyol or solvent flush is used. Methylene chloride is
used, drummed and sent for re-distillation. Thus, emissions to water from foaming are also
Zero.

There are emissions to solid waste from foaming, arising from the disposal of the polythene
used to line the sides of the foam blocks. Around 2 mm of foam adheres to the blocks when
the polythene sides are removed. The paper used to line the base of the blocks is removed at
the cutting stage with no loss of foam. Taking account of the area of the side panels, 0.2% of
a block is lost with the disposal of the side panels to landfill (i.e. 2 kg/tonne of TCPP). Thus,
for a site handling 1,920 tonnes per annum of TCPP, 3.67 tonnes of TCPP will be lost to
landfill.

0.2% TCPP to solid waste

Releases from curing and storage

Peak exothermic conditions occur approximately one hour after foaming i.e. during the curing
phase. There is thus the potential for TCPP release during curing, since the foam is at elevated
temperatures, e.g. up to 150°C for several hours (depending on the size of the block). Data
provided by the foam producers indicate that at any one time, up to 2.5% of the TCPP used at
the facility could be present in blocks undergoing curing and storage. This figure is based on
data on the tonnage of foam present on the site and the loading rate of TCPP. Thus for a site
handling 1,920 tonnes per annum TCPP, 48 tonnes could be present at any one time in blocks
undergoing curing and in storage.

The proposed rate of release in curing and storage, accounting for the finding that for TCPP,
only 40% of the substance present is available for release, is 1.2E-04% to air and to
wastewater. This is based on a model which brings together theoretical modelling with the
findings of various published studies (Appendix B).

While some internal parts of the foam blocks reach a high temperature during curing, this is
not expected to have a significant influence on the release rate. This is because the blocks are
large and the exterior of the block soon cools.

An additional release of 0.01% to wastewater from handling of raw materials is included for
small sites.

Releases to air: 1.2E-04%
Releases to wastewater: 1.2E-04% (large sites)

0.01012% (small sites)

3.1.2.3.2 Foam cutting and manufacture of furniture

There may also be losses to the environment associated with the cutting of slabstock foams
during cutting and trimming processes and manufacture of furniture. Releases associated with
the generation of foam dusts must be assessed, since modelling shows that FR contained in
foam dusts will be volatilised very rapidly (Appendix B). While it is known from
consultation with industry that dusts are collected at the point of cutting by extractors attached
to the blade, it could still be the case that a small proportion of dusts and small pieces of foam
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are exposed to air and hence that some FR could be released on a local scale. A study
undertaken by EUROPUR (EUROPUR, 2005b) has established that up to 0.1% of foam is
lost as dust and non-recycled offcut pieces. It is estimated that 1% of this material might not
be collected by the extractor systems. These pieces of FR foam could then release FR into the
workplace air and could reach the environment via air and also wastewater (via adsorption
and cleaning). A release rate of 0.0002% to air and 0.0002% to water is proposed, accounting
for the finding that for TCPP, only 40% of the substance present is available for release. This
is based on a model which brings together theoretical modelling with the findings of various
published studies (Appendix B).

In the absence of specific information the following set of values are used in the assessment:

Fraction in the main region = 0.75
Fraction of the main local source = 0.05 (from Table B3.9)
Number of days per year = 300

Thus, the largest site handles ~3200 tonnes foam, i.e. approximately 250 tonnes TCPP per
year, consistent with approximately 11 tonnes foam being cut per day. This combination of
factors reflects the focus of TCPP foam processing in the UK.

3.1.2.3.3 Rebonding and loose crumb

Rebonding

Elevated temperature processing applies to what is essentially an additional processing stage
in the life cycle. It is assumed that 10.5% of the TCPP in furniture foams (see section
2.2.2.2.5) will be rebonded in the EU (this is based on the combination of 20% of foam being
available for recycling; 75% remaining in EU for recycling; and 70% of recycling being in the
form of rebonding!7). (Neither the quantity of TCPP-containing foam that is rebonded nor the
concentration of TCPP in the rebond is relevant to this assessment as releases are estimated on
the total amount of TCPP present, which depends on the levels of scrap foam).

The granulation and rebonding processes are contained within equipment, therefore rates of
loss are anticipated to be much lower than the theoretical model might suggest. Granulating
machines are fitted with dust extraction equipment. Taking the same approach as for cutting at
furniture manufacturing sites, it could be estimated that up to 0.1% of foam is lost as dust, and
that 1% of this material is not collected by the extractor systems and could be released to the
local air compartment. Releases are therefore 4E-04% to air, accounting for the finding that
for TCPP, only 40% of the substance present is available for release. There are no releases to
wastewater (Appendix B).

A survey carried out by EUROPUR has produced results in the form of numbers of sites and
quantities of rebonded foam, associated with various EU15 countries (pers. comm. 7
December 2005). The survey data relate to total PUR, including non-FR foam. Conclusions
have been drawn for TCPP-containing foam, taking into account the known concentration of

17 Note: industry (EUROPUR) has indicated that 30% recycling in the form of loose crumb may be an
overestimate (pers. comm., 27" March 2006). Therefore it is possible that a higher proportion may be rebonded.
However, due to the similarities between the release levels from loose crumb and rebonding processes, and the
similarity of site distribution (information provided in the EUROPUR survey) (pers. comm. 7" December 2005),
this has no significant implications for the risk assessment at the processing stage.
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foam manufacture in the UK and Ireland. The following set of values is used in the risk
assessment:

Fraction in the main region = 0.9

Fraction of the main local source = 0.55

Number of days per year = 300

As for the foaming stage, a loading rate of 8% is used.

Thus the largest site handles 353 tonnes of TCPP, which is consistent with 14.7 tonnes of
rebonded foam produced per day.

Loose crumb

It is assumed that 4.5% of the TCPP in furniture foams (see section 2.2.2.2.5) will be recycled
as loose crumb in the EU (this is based on the combination of 20% of foam being available
for recycling; 75% remaining in EU for recycling; and 30% of recycling being in the form of
loose crumb'®).

The granulation process is contained within equipment, therefore rates of loss are anticipated
to be much lower than the theoretical model might suggest. Granulating machines are fitted
with dust extraction equipment. Taking the same approach as for cutting at furniture
manufacturing sites, it could be estimated that up to 0.1% of foam is lost as dust, and that 1%
of this material is not collected by the extractor systems and could be released to the local air
compartment. Releases are therefore 4E-04% to air, accounting for the finding that for TCPP,
only 40% of the substance present is available for release. There are no releases to
wastewater (Appendix B).

It has been indicated that granulation associated with loose crumb recycling generally does
not take place at the same sites as rebonding (pers. comm., 27" March 06). However, since
both rebonding and loose crumb are dependent on the availability of scrap foam from the
same sources, site distribution may be expected to follow the same distribution pattern.

In the absence of specific information the following set of values are used in the assessment:
Fraction in the main region = 0.9

Fraction of the main local source = 0.55

Number of days per year = 300 (from Table B3.9)

As for the foaming stage, a loading rate of 8% is used.

Thus the largest site handles 151 tonnes of TCPP, which is consistent with 6.3 tonnes of loose

crumb foam produced per day.

3.1.2.34 In-service losses

Default rate of release

Based on measured releases, the ESD estimates loss to air and to water. It is known that all of
the rates of loss used in the ESD were derived from measurements of medium-volatility
additives, therefore it is appropriate to multiply these rates by 5 (in accordance with the
correction applied to rates of loss from conversion) to obtain the rate of loss of TCPP.
Therefore the default release rates can be taken to be:
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Indoor service:
Loss to air 0.25% over lifetime
Loss to wastewater  0.25% over lifetime

Outdoor service:
Loss to air 0.25% over lifetime
Loss to wastewater  0.75% per year

Values used in the risk assessment: Furniture and mattresses

It is known that the vast majority of flame-retarded furniture containing TCPP is used in the
UK and Ireland. Therefore a fraction of 0.9 in the main region is used.

The ESD gives lifetimes for furniture of five to ten years. ISOPA (1997) gives PUR-specific
lifetimes for furnishing/mattresses of greater than ten years. This is supported by reports that
50% of households change their upholstered furniture every eight to sixteen years (DTI
undated). In the risk assessment, a lifetime of ten years is used.

All in-service losses are evaluated on a regional basis (over 365 days per year) because no
specific local source can be identified for these releases. All service is taken to be indoors.

Given that the air surrounding the foam is likely to be slow moving, and the foam is covered
in service by fabrics and upholstery, an annual rate of release of 9.6E-03% per year to air is
proposed, accounting for the finding that for TCPP, only 40% of the substance present is
available for release. This is based on a model which brings together theoretical modelling
with the findings of various published studies (Appendix B). All in-service losses are
evaluated on a regional basis because no specific local source can be identified for these
releases.

Since TCPP is an additive flame retardant it may be subject to volatilisation or leaching from
the polymer matrix during the lifetime of the use of an article. Given that the parts are
unlikely to be washed, the actual potential for leaching from the foam during use would
appear to be minimal.

Rebond and loose crumb foams

The application of rebonded foam is assumed to be in indoor applications (such as furniture,
mats, cushions and sound insulation, as described in section 2.2.2.2.5). The proportion in the
main region is assumed to be 0.1 and a lifetime of ten years is used in the risk assessment.

Given that the air surrounding the foam is likely to be slow moving, and the foam is covered
in service by fabrics and upholstery, an annual rate of release of 9.6E-03% per year to air is
proposed, accounting for the finding that for TCPP, only 40% of the substance present is
available for release. This is based on a model which brings together theoretical modelling
with the findings of various published studies (Appendix B).

Loose crumb foam is assessed as outdoor service (garden furniture). A fraction of 10% in the
main region is considered acceptable.

Given that the foam is covered in service by fabrics and upholstery, an annual rate of release
of 0.096% per year to air is proposed, accounting for the finding that for TCPP, only 40% of
the substance present is available for release. This is based on a model which brings together
theoretical modelling with the findings of various published studies (Appendix B). (Note: as
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described in Appendix B, the rate of release from loose crumb is ten times higher due than
that from rebonded foam, due to its use in outdoor applications with higher air turnover).

Waste remaining in the environment

In keeping with the requirements of the TGD, some consideration of release through
weathering and wear over the service life and at disposal is appropriate. A total of 2% release
over the lifetime of the article is assumed for most life cycle stages. The release of TCPP is
limited by the available fraction (for TCPP, only 40% of the substance present is available for
release). Since modelling indicates immediate volatilisation from small particles (Appendix
B), in this risk assessment the release is assessed as being entirely to air in the first instance.
Hence the release rate used in the risk assessment is 0.8% to air. Redistribution of the
substance via fugacity modelling is then dealt with by EUSES. These releases, which are
associated with physical erosion of the polymer, are additional to ‘in-service loss’, which is
associated with volatile releases from the article itself.

It is important to differentiate this route of release from the assessment of in-service loss.
Waste remaining in the environment is associated with physical weathering and wear and
hence release of FR from foam particles. In-service loss is simple volatilisation out of the
foam article itself.

Not all life cycle stages will be subject to weathering and wear processes: these releases are
assessed only for TCPP used in flexible foams used for furniture, rebonded foam and loose
crumb furniture. The releases are evaluated on a regional scale, with the same in-service
distribution of the polymer between the regions for these applications.

In reality the potential for release of particulate waste from weathering, wear, etc., during the
service life of furniture foams may be lower than this estimate, because the foam will have a
protective covering. Furthermore, the scenario described above is theoretical only and it has
not been possible to test its validity.

3.1.24 Release from rigid foams: Use C

3.1.24.1 Loading rate

Data on the loading rate for TCPP levels in rigid foam are given in Table 3.1. One reason for
the variation in loading rates could be that TCPP can be used alone or in combination with
other flame retardants (e.g. brominated polyols or other organic phosphoric acid esters) in
polyurethane insulation (Leisewitz A, Hermann K and Schramm E, 2001).
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Table 3.1 Loading rates for rigid foam

Application Loading rates Source

Insulation board (flexible faced | 2% to 25% (lowest 2% to 3%, highest 20% to | Questionnaires
laminate) 25%)

0% to 20% in the polyol component ISOPA 2003
0% to 10% of the foam
15% to 20% of the polyol component Schupp 2001
7% to 10% of the PUR system
Insulation foams approx. 5% of weight Leisewitz A, Hermann K and Schramm E
(2001)
3.1.2.4.2 Rate of release from board manufacture

The ESD for plastics additives (OECD, 2004) has been consulted extensively in the course of
preparation of this risk assessment. However, the magnitude of releases are based on a report
(Appendix B), which brings together theoretical modelling with the results of various
published studies of releases of FRs from foams.

The possible sources of environmental release during the manufacture of rigid polyurethane
foam are likely to be associated with:

e the handling of the flame retardant prior to mixing with other ingredients (TCPP is a
liquid);

e volatilisation from the foam while at elevated temperatures (curing); and

e volatilisation from the foam in storage.

Site visits and information received from the industry (see Section 2 and Appendix A)
indicate that volatilisation in the foaming process and cleaning of equipment (both of which
could theoretically be sources of release of a plastics additive) are not relevant in this case.

Although not used as the numerical basis of the risk assessment, it is of interest to explore the
use of ESD defaults. The ESD estimates a rate of 0.01% to wastewater from handling of raw
materials. This route of release would theoretically still apply for the foamers using TCPP in
systems, not only for those adding TCPP direct, to account for possible spillage of the
formulation. However, ISOPA (2002b) states that >80% of rigid foamers “add the foam
under closed loop conditions”. This is taken to indicate that there is no need to account for
handling losses for rigid foam, since controls are so widely applied.

The ESD sets out rates of release of various additive types from various types of process. As
for flexible foam producers, the ESD notes that smaller sites may have up to ten times higher
releases, but this is not applied in the case of the polyurethane industry, as explained in
section 3.1.1.

Rigid foam producers:0.025% to air
0.025% to wastewater
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Values used in the risk assessment

Foam blocks are large and the air around them would probably be saturated with TCPP
vapour. The presence of facing panels will be an important additional retarding factor. The
proposed rate is therefore 6.6E-06% per day. This fraction applies to the fraction of product
actually in storage at any one time. This is not estimated in the RAR but could be around 1%,
giving an overall loss of 2.4E-05% per year, for all sites. Accounting for the finding that, for
TCPP, only 40% of the substance present is available for release, the resulting release rate for
use in the risk assessment is 9.6E-06%. This is divided equally between air and wastewater,
i.e. 4.8E-06% to each per year. This is based on a model which brings together theoretical
modelling with the findings of various published studies (Appendix B).

An additional release of 0.01% to wastewater from handling of raw materials is included for
small sites.

Releases to air: 4.8E-06%
Releases to wastewater: 4.8E-06% (large sites)

0.0100048% (small sites)

Number and nature of sites

The B-tables (Table B3.9) gives the following for IC11, processing, loading rate 10%, with
10% in the main region.

Fraction of the main local source = 0.1
300 days’ operation per year

ISOPA data (ISOPA undated) indicates that 500 insulation foam manufacturers are involved
in the production of construction materials from PUR in Europe each year, consuming
500,000 tonnes of polyurethane.

Questionnaires were returned by just nine producers of rigid foam for use in construction, one
of which is located in Switzerland. Eight produce insulation board. The eight EU-based
facilities account for 3,005 tonnes of TCPP, just 12% of the tonnage associated with
construction applications. Further information is given in the Confidential Annex. A
questionnaire was also returned by one further site using TCPP in the production of PIR rigid
cell foam for insulation.

A loading rate of 10% is used in the risk assessment.

Of the 26,650 tonnes of TCPP that were used by rigid foamers in the year 2000, 70% was
added via systems and the rest direct by rigid foamers. In general, large rigid foamers will
tend to use TCPP direct, with systems used by smaller producers.

Based on the above and information in the Confidential Annex, the following set of values
would be preferable to the B-table defaults for larger sites, accounting for 30% of the tonnage
of TCPP, added directly by the foamers:

Fraction in the main region = 0.2
Fraction of the main local source = 1
Number of days per year = 300
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Indicates 1,500 tonnes of TCPP consumed at the main site each year and 5 tonnes foam per
day.

For smaller sites, accounting for 70% of the tonnage of TCPP present in systems:

Fraction in the main region = 0.1
Fraction of the main local source = 0.175
Number of days per year = 300

Indicates 300 tonnes of TCPP consumed at the main site each year and 1 tonne foam per day.

All rigid foam tonnage is treated as foam for building use.

Adhesive pressing  Use Q

Approximately 400 tonnes of TCPP contained in rigid foam scrap go to adhesive pressing.
Rates of release from the process of adhesive pressing are read across from the ESD in the
absence of further information. The ESD sets out rates of release from various types of
processing.

For open systems (worst case):
0.25% to air
0.25% to wastewater

Accounting for the finding that for TCPP, only 40% of the substance present is available for
release, the resulting release rates for use in the risk assessment are 0.1% to air and to
wastewater.

The site distribution is taken from the B-tables, assuming a fraction of 0.4 in the main region.

From Table B3.9:

Fraction of the main local source 0.15

Number of days 96

Implies 2.5 tonnes per day processed at the main region.

This number of sites is consistent with this use being associated with rigid foam production.

With regard to in-service loss, the main applications are furniture in kitchens and sailing
boats, and flooring material, e.g. in gymnasiums, which need to have a certain elasticity (see
ISOPA 2001b).

While use of adhesive pressed foam is in rigid panels, in-service loss cannot simply be read
across from the value used for rigid foams (see section 3.1.2.4.3 below), as the panels are not
sealed into the structure in the same way as sandwich panels. Rates of release are taken from
the ESD, for indoor service (see section 3.1.2.3.4):

Loss to air 0.25% over lifetime
Loss to wastewater  0.25% over lifetime.

Assuming an average service life of 30 years and accounting for the finding that for TCPP,
only 40% of the substance present is available for release, the resulting release rate for use in
the risk assessment is 3.33E-03% per year to both air and wastewater.
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The fraction in the main region is taken to be 0.1 for the service life.

In the absence of firm information it is assumed that the entire tonnage goes to landfill at the
end of life.

3.1.24.3 In-service losses

Losses from foams for in-structural use in buildings

From TCPP applications such as insulation panels and window frame sealant foam, which are
effectively sealed within building walls, the rates of loss from the ESD are far too high. Air
circulation would be negligible around the exposed foam and edges of panels and hence
releases from these panels in service need not be considered further in this risk assessment. A
lifetime of 30 years is used, on the basis of information from ISOPA (1997).

3.1.2.5 Release from spray foams: Use D

These foams are formulated by systems houses and foamed at the point of use (i.e. on site)
and not in purpose built foaming facilities. Thus emissions from foaming will be direct to the
environment. Emissions from the formulation of spray foams in systems houses are
accounted for in Use A.

Foaming on-site

It is inappropriate to apply the rates of loss for foaming from the ESD, as this is foaming at
the point of service (often building sites or outside). In view of the uncharacterised nature of
the sites of loss it is most appropriate that releases from these stages should be evaluated on a
regional level.

Releases from foaming in situ are based on the rate of release in service. Based on an
uncovered foam (at the time of spraying) the loss rate can be estimated as 0.00066% per day
(i.e. 0.24% over the year) (Appendix B). Accounting for the finding that for TCPP only 40%
of the substance present is available for release, the resulting release rate for use in the risk
assessment is 0.096% to air. A fraction of 0.25 in the main region is used in the risk
assessment.

In-service loss

Air circulation would be negligible around the foam and hence releases from spray foams in
service need not be considered further in this risk assessment. The service life of spray foams
is given as 25 years by Kraehling H and Zipfel L (2000).
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3.1.2.6 Release from one-component foams: Use E

3.1.2.6.1 Compounding

Loading rates

The German report on flame retardants gives a 14% loading rate for one component foams
(Leisewitz A, Hermann K and Schramm E, 2001). However, concentrations of TCPP in any
initial polyol blend can be considerably higher. Data provided by manufacturers of PUR
foam in cans indicate loading rates from 6% to 20% TCPP in the aerosol can. One reason for
variation is that TCPP can be used alone or in combination with other flame retardants (e.g.
brominated polyols or other organic phosphoric acid esters) in one-component foams
(Leisewitz A, Hermann K and Schramm E, 2001). It has more recently been stated that the
typical “highest level of TCPP containing formulations” contain <15% TCPP. Other
formulations mainly contain Chloroparaffins (CP) or combinations TCPP/CP (Typical TCPP
levels: 0 to 5%). There has been a trend away from TCPP to lower cost CP in one-component
foams, and TCPP is now only used in formulations where it is really needed for certain
performance reasons (ISOPA and the rigid polyurethane foam industry, 2006).

Based on the information presented above, a loading rate of 15% is considered appropriate,
though recent information from industry suggests this may be an overly conservative model.

Rate of release

The ESD defines separate rates of loss from handling of raw materials at compounding sites
and from the compounding process itself.

From the ESD:
Losses from handling =0.01% to wastewater
Total losses from compounding =0.025% to air

= 0.025% to wastewater

Producers of one-component foams indicate that these are produced in completely sealed
units. There is no process water. There are no site drains. Thus they suggest emissions to
water should be zero (pers. comm. 31* July 2002, producers and downstream users). There is
some evidence available, from an industry monitoring study undertaken at a European one-
component foam plant (Tauw, 2007), to suggest that releases to air might be very much lower
than those modelled, when best practice is followed!8. However, without wide scale evidence
including consideration of all processes on site, including handling and cleaning processes,
this has not been accepted for the purposes of risk assessment.

The information from industry would suggest that the model used in the risk assessment may
be over-conservative in respect of the life cycle stage of manufacture of one-component
foams, both in terms of overestimated loading rate and possible emissions of TCPP to waste
water. This may mean that PEC/PNEC ratios presented are conservative. However, in view

18 The same sampling strategy was followed as for systems houses, and so the results have similar drawbacks. In
this case, emissions are given in terms of unit operations (<0.02 g TCPP per truck unloading operation). The
ESD default fraction released to air associated with blending processes was 2.5E-04. Release from the
monitoring work could suggest that overall releases would be unlikely to be above 2E-06. These figures are
subject to too much uncertainty to use in place of ESD defaults, but are indicative that the ESD could be
significantly overestimating release potential, at sites where best practice is applied.
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of the various uncertainties, it is considered that the model as it stands represents a realistic
worst case.

The B-tables (Table B2.3) give the following for IC11, formulation, loading rate 15%, with
10% in the main region:

Fraction of the main local source = 0.8

300 days’ operation per year

The TCPP industry has indicated that one component foams (i.e. can foams) tend to be made
by large companies as making these is a difficult process (Pers. comm. 16/10/01). However,
TCPP usage per site does not bear this out.

Based on the available information about systems houses (section 2.2.2.1), the following set
of values would be preferable to the B-table defaults:

Fraction in the main region = 0.48

Fraction of the main local source =1

Number of days per year = 300

This implies that the main site produces 20 t formulation per day.

3.1.2.6.2 Foaming

It is inappropriate to apply the rates of loss for foaming from the ESD, as this is foaming at
the point of service (often building sites or outside). In view of the uncharacterised nature of
the sites of loss it is most appropriate that releases from these stages should be evaluated on a
regional level.

Releases from foaming in situ are based on the rate of release in service. Based on an
uncovered foam (at the time of spraying) the loss rate can be estimated as 0.00066% per day
(i.e. 0.24% over the year) (Appendix B). Accounting for the finding that, for TCPP, only
40% of the substance present is available for release, the resulting release rate for use in the
risk assessment is 0.096% to air. A fraction of 0.20 in the main region is used in the risk
assessment (total tonnage 2400 t including imports).

In-service loss

Air circulation would be negligible around the foam and hence releases from spray foams in
service need not be considered further in this risk assessment.

3.1.2.7 Release from other uses

Rates of release and site sizes for other uses are discussed in the Confidential Annex.

RAPPORTEUR IRELAND/UK 55



EU RISK ASSESSMENT — TCPP  cAS 13674-84-5 CHAPTER 3. 2BENVIRONMENT

3.1.2.8 Release from disposal

3.1.2.8.1 Releases of TCPP from landfill

Since TCPP is relatively soluble in water and leaching is a definite possibility, the likelihood
of emissions from landfill sites should be considered. Due to the variety of landfills, in respect
of their design, age and use, theoretical modelling of landfill emissions is difficult. Therefore,
the Environment Agency of England and Wales conducted measurements of the concentration
of TCPP in landfill leachate, during 2005 (pers. comm., 3rd August 2005). Fifty-eight data
points from 22 locations were obtained. Of these, 16 were above the limit of quantitation of
TCPP (10 pg/l). The data do not comply with every quality criterion of the TGD on a site-by-
site basis but are of sufficient quality to use in the risk assessment, particularly when the data
from the sites are combined.

Sources of FR-PUR in landfill in the risk assessment of TCPP include:

e Post-consumer (i.e. a proportion of end of life) flexible foam, rebond, and loose crumb
foams

e Construction wastes (i.e. a proportion of end of life rigid foam, spray foam, one-
component foam and adhesive pressed foam)

e Industrial wastes including solid wastes/sludges from industrial processes (virtually
impossible to estimate quantitatively), peeled slabstock foam ‘skins’, etc.

e Confidential life cycle stages: end-of-life disposal.

Overall, the amount released to landfill can be estimated based on the tonnages of different
types of end product containing TCPP and their distribution in service. Further justification
for the quantities released to landfill is given in section 3.1.2.8 of the Confidential Annex.
Annually, the RAR model suggests, approximately:

e Domestic wastes: ca. 5100 t TCPP per year in the main region
e Industrial/commercial wastes: at least ca. 12 t TCPP per year in the main region
e Construction wastes: ca. 2700 t TCPP per year in the main region.

Since some of these waste streams also include contributory volumes relating to confidential
applications, it is not possible to break down these figures exactly here. (N.B. none of the
above accounts for volatile releases in service or through waste remaining in the
environment).

Screening with MOCLA model

The MOCLA model (Kjeldsen and Christensen, 2000) was applied to TCPP and the results
suggested that landfill releases could be important. Disposal quantities of the order of
magnitude indicated above were used in the MOCLA modelling. MOCLA is not well
validated for adsorbing organic substances, and therefore these results should be treated with
caution. Furthermore, there is uncertainty over the degradation rates to use. Absolute results
from this model are therefore not useful but relative results are likely to be of use. TCPP has
been in use for some years, and so it is not surprising that it can be detected. General
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consideration of chemicals in landfill suggests that TCPP meets the expected criteria for being
found in leachate: it is fairly stable, has appreciable water solubility and low volatility.

Although the MOCLA model is not fully validated, its use does suggest that at the time of
writing (2006), we are entering or have already entered the period of maximum TCPP release,
on the basis of the known use pattern and dates for implementation of the Landfill Directive.
Hence, the results of recent monitoring (see below) could be considered representative of the
expected highest levels.

Information derived from landfill monitoring of TCPP releases

Summary of data

The results are listed in Table 3.2. Most are less than the limit of quantification (LOQ),
10 pg/l. Three results reported in the spreadsheet, which were less than this value, are
considered questionable but for simplicity they have been set to half the LOQ. It should be
noted that all individual data points (concentrations in pg/l), including <LOQ results, are used
in the analysis.
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Table 3.2 Environment Agency data for UK landfill sites

Location

Concentration data

Leachate volume

Other details

Thames Region

Pickeridge Farm

Three data points, one at
19.6 ug/l.

No data on leachate volume.

Rainham Clearaway

Three data points, 11.6, 13.3
and <10 pg/l.

No data on leachate volume.

Prospect Park No values above LOQ
Hatfield Quarry No values above LOQ
Wood Farm Three data points out of No data on leachate volume.

eleven above LOQ - 15.5,
21.1,17.7 pg/l.

Patterson Court

Three data points, one at
19.8 ugll.

Dilute and disperse landfill, used to
use fragmentiser waste (including
shredded foam) as cover material.

Norlands Lane

Three data points, one at
12.8 ug/l.

No data on leachate volume

Trumps Farm

Three data points, two above
LOQ-38.5and 21.9 g/l

Leachate volume 427 000 gallons
per year = 95 000 L, giving a total

(avg. =23.5). of 2.2 g TCPP per year.
Beddington Three data points, one at Clay lined and capped
Farmlands 66.6 ug/l.
Ardley Three data points, one at Maximum leachate = 100 m3/d.
24 pgll. Release rate of TCPP = 24 x 10
x 100 x 103 g/d = 2.4 g/d
Purton Three data points, two above | Maximum leachate flow rate =
LOQ -25.3 and 55.5 pg/l 140 m3/d. Release rate of TCPP
(avg. = 30.3 pg/l). =30.3x10%x 140x 103 g/d =
4.2 gld.
Chapel Farm Three data points, one at Information on leachate but time

14.7 g/,

scale not indicated.

High Heavens

No values above LOQ

Anglian Region

Folly Farm Concentration of TCPP No data on volume.
unclear.

Gayton No values above LOQ

Bluewater No values above LOQ

Southern Region

Efford

One value at 39.3 ugl/l.

Produced at 100 m3/d. Release
rate of TCPP = 39.3 x 10 x 100
x103=3.9 g/d.

Wales

Abernant

No values above LOQ

Giants grave

No values above LOQ
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Results are considered in terms of mass flow and absolute concentration. The highest
concentration of 67 pug/l in a flow of 100 m*/day (a typical maximum) would give 6.7 g/d.

There is a wide spread of landfill leachate volumes, reflecting the variety of landfill types and
practices at the different locations. The volume data was provided by local inspectors and is
considered to be reliable.

Interpretation

There is insufficient data about leachate volumes to calculate many mass flow values.
However, the raw concentrations can be analysed and compared to the cadmium
concentrations obtained in the risk assessment of cadmium, which also considered landfill
releases (EC 2005). By setting ‘<LOQ’ values equal to 5 pg/l and taking the arithmetic mean
across the data set, a reasonable worst case for TCPP is 11+4 ng/l, where the + represents a
95% confidence interval assuming a normal distribution. However, statistical analysis of a
data set containing mostly ‘<LOQ’ values is difficult. It cannot be determined whether the
data do or do not fit a normal distribution. Use of a geometric mean would underestimate the
importance of the definite values; use of a 90" percentile would give a high value unsuitable
for extrapolation for estimation of regional releases. The highest concentration was 67 pg/l.

Comparison to Cadmium RAR

A similar approach to that outlined in the cadmium risk assessment report is used to predict
emissions from landfill (EC 2005). Landfill sites which could contain cadmium battery waste
are likely to be municipal, with the batteries arising from domestic consumers. Industrial scale
batteries, or plating waste, would not ordinarily be found there. Therefore it is reasonable to
expect that such sites would be comparable with landfills receiving PUR waste (containing
TCPP) from domestic sources. Commercial sources of FR-containing wastes would be treated
differently. Construction waste is also important for TCPP: it is understood that co-disposal of
construction with domestic waste is not common (e.g. the TGD refers to them as separate
types of site). Domestic waste disposal dominates the model for disposal in the main region
(i.e. in the UK).

Extrapolation from the cadmium report
The Cadmium RAR uses 5 pg/l cadmium as the concentration in landfill leachate.

A factor of 2.2 (11 pg/l / 5 pg/l) is applied to cumulative cadmium emissions expressed as
mass flow, to estimate equivalent TCPP emissions. The figures, at the local level, are derived
from the 20-year figures for emissions to water given in Table 3.1.50 of the cadmium report.

The report describes two landfill profiles,

e Landfill profile 1: landfill with bottom liner and final top layer consisting of a single
compacted clay liner

e Landfill profile 2: landfill with bottom liner and final top liner consisting of a single
composite liner

and scaled up from cadmium rates these give TCPP releases as follows, assuming a leachate
emission of 100 m*/d:
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Profile 1: 0.46 kg collected (0.062 g/d)
11.1 kg fugitive (30 g/d)
Profile 2: 5.5 kg collected (7 g/d)
0.23 kg fugitive (0.031 g/d)

These are not contradictory to the measured data derived in Table 3.2. Any fugitive releases
can be ignored in local scale assessment, because they are unlikely to reach surface water,
although there is a possibility of release to groundwater.

Local risk assessment

Landfill leachate should be disposed of via a municipal wastewater treatment plant, in
accordance with the Landfill Directive 1999/31/EC. The highest available release extrapolated
from the cadmium report is 30 g/d in total, which potentially could all be collected. If this
were released to a standard (i.e. TGD default) WWTP then the PEC water would be

30 x 10°x 0.98 =1.5x 10° mg/l
2x107

A rate of 4.2 g/d is the highest available from the Environment Agency measured data set. If
this were released to a standard WWTP then the PEC water would be

42x10°x0.98 =2.1x 10" mg/l
2x107

The PNEC is 0.64 mg/l. Hence there is no apparent likelihood of local risk, expressed as
PEC/PNEC and a local risk assessment of TCPP need not be performed in detail in the RAR.

Regional risk assessment

At the regional level, the cadmium RAR gives a UK flux of cadmium of 272 kg/y, which can
be approximated (scaled up) to (2.2 x 272 kg/y)/365 = 1.64 kg/d of TCPP to water. For the
rest of the EU, an equivalent figure can be derived from the proportion of wastes expected to
find their way annually into municipal landfills, based on annual tonnages in service in
relevant applications. Approximately three-quarters of the total volume of TCPP in waste
landfilled in EU are disposed of in the main region. In other words, 1 tonne TCPP enters
municipal landfill outside the main region (at the EUSES ‘continental’ scale) for every
3 tonnes inside the main region. Therefore the equivalent release at the continental level
would be approximately one third of the regional release, i.e. 0.55 kg/d (i.e. an EU total of
2.19 kg/d). These would be taken as the Regional and Continental contributions respectively.
In accordance with the TGD defaults, and supported by the available information about
landfill operation, it is assumed that for a minority (20%) of sites the release will be direct to
surface water rather than entering the municipal system. Whilst this is a somewhat arbitrary
assumption, it allows for a realistic treatment of the fact that older landfills may have leakage.

This should be compared to the releases from other life cycle stages. In the current version,
regional releases from all the other life cycle stages are modelled to be around 17.5 kg/d and
continental scale around 23.5 kg/d (a total of 41 kg/d) to wastewater for TCPP. Therefore the

RAPPORTEUR IRELAND/UK 60



EU RISK ASSESSMENT — TCPP  cAS 13674-84-5 CHAPTER 3. 2BENVIRONMENT

releases from landfill are significant enough to include, which has been done, but are
relatively small contributors (ca. 7%) to the total regional release.

An alternative method would be to consider the number of landfills in the UK that might be
releasing TCPP. There are a total of ca. 2500 landfills; take a flow of (for example) 3 g/d; 700
such domestic landfills (a reasonable estimate) would give 2.1 kg/d, which is a reasonable
agreement with 1.64 kg/d.

Conclusion

A limited amount of monitoring data on concentrations of TCPP in landfill leachate have been
interpreted to provide a generic worst case local release, and a separate calculation of total
regional and continental releases. Landfill leachate makes a significant contribution (ca. 7%)
to the total regional releases of TCPP to wastewater, and this has been included in the risk
assessment.

3.1.2.8.2 End of life for furniture foams

The ESD indicates that plastics constitute 72% of municipal solid waste arisings. Of this
waste stream:

e 20% is incinerated and the heat recovered
e 1% is mechanically recovered
e 79% is landfilled or incinerated (without heat recovery).
Data from ISOPA (1997) indicate the following for post-user plastics waste in West Europe:
e 0% mechanical recycling
e 3% incineration without energy recovery
e 13% incineration with energy recovery
o 78% landfill.

Data from APME (2000) for 1998 indicate that of the 11,370,000 tonnes of plastic present in
municipal waste in Europe

o 4% is incinerated

® 66% landfilled

e 3% consumed in feedstock recycling

e 4% mechanically recovered (and a further 0.25% exported for mechanical recovery)
e 22% used for energy recovery.

Industry indicates that at end of life most furniture goes to landfill (see section 2.2.2.2.5). For
the purposes of this risk assessment it is assumed that all furniture is landfilled at end of life.
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3.1.2.8.3 End of life for rigid foams
Table 3.3 gives details of lifetimes for construction products for a range of publications.

The ESD considers losses from disposal of polymer additives. For both incineration (air and
water) and landfill (air) the emission factor for flame retardants is 0%. With respect to losses
to water from landfill, the ESD indicates that these will depend on many factors relating to the
type of landfill as well as the properties of the additive and the nature of the polymer in which
it was used. The maximum potential loss could be calculated from the total amount of
additive remaining in the plastic at disposal.

Table 3.3 Lifetimes for construction products

Application Lifetime Comments/Source

Buildings and >10 years Emission Scenario Document (OECD 2004)

construction

Construction (PUR > 25 years ISOPA (1997)

specific)

Insulation foams > 50 years When insulation foams are salvaged from buildings, are expected to
have served > 50 years. ISOPA (ISOPA 1996b)

Insulation board 50 years Used in cavity walls and warm pitched roofs of domestic houses
Kraehling H and Zipfel L (2000)

Insulation waste 2% in < 2years APME (undated) uses these lifetimes to estimate insulation waste

arisings arisings

10% in 10 to 20 years
50% in 20 to 40 years
38% in > 40 years

The ESD indicates that plastics constitute 5% of construction/demolition waste arisings. Of
this waste stream, 10% is mechanically recovered, and the remaining 90% is landfilled or
incinerated.

Data from APME (2000) for 1998 indicate that of the 585,000 tonnes of plastic present in
building and construction waste in Europe 91% is landfilled and the rest mechanically
recovered.

3.1.2.84 End of life for spray foams

The ESD considers losses from disposal of polymer additives. For both incineration (air and
water) and landfill (air) the emission factor for flame retardants is 0%. With respect to losses
to water from landfill, the ESD indicates that these will depend on many factors relating to the
type of landfill as well as the properties of the additive and the nature of the polymer in which
it was used. The maximum potential loss could be calculated from the total amount of
additive remaining in the plastic at disposal.

The ESD indicates that plastics constitute 5% of construction/demolition waste arisings. Of
this waste stream, 10% is mechanically recovered, and the remaining 90% is landfilled or
incinerated.
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Data from APME (2000) for 1998 indicate that of the 585,000 tonnes of plastic present in
building and construction waste in Europe 91% is landfilled and the rest mechanically
recovered.

3.1.2.8.5 End of life for one-component foams

The ESD considers losses from disposal of polymer additives. For both incineration (air and
water) and landfill (air) the emission factor for flame retardants is 0%. With respect to losses
to water from landfill, the ESD indicates that these will depend on many factors relating to the
type of landfill as well as the properties of the additive and the nature of the polymer in which
it was used. The maximum potential loss could be calculated from the total amount of
additive remaining in the plastic at disposal.

The ESD indicates that plastics constitute 5% of construction/demolition waste arisings. Of
this waste stream, 10% is mechanically recovered, and the remaining 90% is landfilled or
incinerated.

Data from APME (2000) for 1998 indicate that of the 585,000 tonnes of plastic present in
building and construction waste in Europe 91% is landfilled and the rest mechanically
recovered.

3.1.29 Regional and continental total releases

Total releases at the regional and continental scale include contributions both from local sites
and from several life cycle stages evaluated only at the regional and continental scales. In
total the release rates to the various compartments are as shown in Table 3.4 below.

Table 3.4 Total releases to the regional and continental environmental compartments

Endpoint Emission in kg/d
Total regional emission to air 134.85
Total regional emission to wastewater 18.70
Total regional emission to surface water 4.68
Total regional emission to industrial soil 0.86
Total continental emission to air 89.56
Total continental emission to wastewater 24.09
Total continental emission to surface water 6.02
Total continental emission to industrial soil 7.78
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3.1.3 Environmental fate

3.1.3.1 Degradation in the environment

Results are summarised in Table 3.5.

3.1.3.1.1 Atmospheric degradation

Photodegradation

A half-life in air of 8.6 hours has been proposed based on an OH radical concentration of
5 x 10° molecules/ml, which is the default in the TGD (EC 2003).

As shown below, the Syracuse Research program AOPWIN gives a predicted reaction rate
constant of 44.76 x 10" cm’/molecule.sec. With the TGD model for photodegradation, this
is equivalent to a half-life of 8.6 h, suggesting that the rate reported by industry was estimated
using AOPWIN.

SMILES : 0=P(OC(CCL)C)(0OC(CcL)Cc)oc(ccrL)c

CHEM : 2-Propanol, 1-chloro-, phosphate (3:1)

MOL FOR: C9 H18 CL3 04 P1

MOL WT : 327.57

——————————————————— SUMMARY (AOP v1.90): HYDROXYL RADICALS -—---———————————-
Hydrogen Abstraction 44.7631 E-12 cm3/molecule-sec
Reaction with N, S and -OH .0000 E-12 cm3/molecule-sec
Addition to Triple Bonds .0000 E-12 cm3/molecule-sec
Addition to Olefinic Bonds .0000 E-12 cm3/molecule-sec
Addition to Aromatic Rings .0000 E-12 cm3/molecule-sec
Addition to Fused Rings .0000 E-12 cm3/molecule-sec

[eNoNoNoNe)

OVERALL OH Rate Constant = 44.7631 E-12 cm3/molecule-sec

3.1.3.1.2 Aquatic degradation

Abiotic degradation

In a GLP-compliant report (Geurts and van Veenendaal, 2001), preliminary hydrolysis testing
was undertaken at 50°C for five days. A decrease in concentration of less than 1% was
observed at pH 4, 7 and 9. Based on this result, it is concluded with no need for further
testing in accordance with the OECD guideline, that TCPP is stable in water at pH 4, 7 and 9
at 25°C, with a half-life greater than or equal to one year.

Gerlt (1992) describes the two known mechanisms for non-enzymatic hydrolysis of phosphate
esters, and reviews enzymatic catalysis relevant to biological systems. No information on
rates is given, and discussion is general only.

Phosphate esters are known to hydrolyse although this is expected to be slow under
environmentally relevant conditions.

It is very unlikely that the rate of hydrolysis at environmentally-relevant pH values is fast
enough to have any influence on predicted environmental concentrations.
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Biodegradation studies

Sludge was collected from ten sites in Japan: four sewage plants and six surface waters
(rivers, a lake and ‘bays’) for a MITI study (MITI, undated). Samples were taken regularly
and fresh and old samples were mixed. Sludge was present at 30 or 100 mg/l in test vessels.
No information is given on the purity of test substance. The test substance was present at
30 or 100 mg/l. No degradation (0%) was observed with sludge present at 30 mg/l1 and test
substance at 100 mg/l. The report does not set out results in any detail and does not report
values for other loading rates. Aniline was used as the reference substance, present at
100 mg/1. The rate and extent of aniline degradation fulfilled the validity criteria for the test.

In a GLP-compliant study (Bayer, 1991a; test report in German) sludge (mixed population)
was obtained from communal lab outflow/sewage drain, not from municipal sewage plant.
Sludge level in test vessels was unclear. The test substance was present in test vessels at 23
mg/l DOC at the start. 14% degradation had occurred by day 28. However the measurements
during the test period are inconsistent, recording 19% degradation on day 7 and 14. Aniline
was used as the reference substance, present at 20 mg/l DOC. The rate and extent of aniline
degradation fulfilled the validity criteria for the test.

Activated sewage sludge was sampled from ten sites in the UK for a study of inherent
biodegradability (SafePharm, 1996). The report is a summary and does not claim compliance
with GLP. Sludge was present in test vessels at 100 mg/l. The test substance was present in
the test vessels at a concentration of 30 mg/l. 21% degradation was observed by day 28.
Degradation was assessed on the basis of a ThOD of 1.17 mg O,/mg since the test substance
was considered to be too insoluble to use DOC. Aniline was used as the reference substance,
present at 100 mg/l. Aniline degradation fulfilled the test validity criteria, based upon DOC
measurements.

The test is reported to provide ‘evidence of inherent biodegradability’. This conclusion would
not be reached today because stricter criteria now apply. The conclusion would also appear to
be unsound; there appears to have been an acclimation period of around 13 days at the start of
the test, followed by rapid degradation over three days (up to 13%). There then followed a
period of slow degradation that had not reached a plateau by the end of the 28-day exposure
period, although it had reached 21%. More information could have been obtained from a
study with a longer exposure period, but the evidence from this summary indicates that the
substance is susceptible to partial degradation.

A mixed inoculum from soil, activated sludge and raw influent sewage was used in a study of
biodegradation (Madsen, 1993). The substance was present at 10 mg C/1 (this concentration is
valid only for the degradation phase, and not for the acclimation phase). There was a two-
week acclimation phase, and then degradation was monitored over 28 days, using DOC and
CO; evolution. The test substance and reference substances were the sole carbon sources in
their respective tests. The extent of degradation was close to zero at the end of 28 days. The
reference substance (dextrose) was degraded completely.

A SCAS inherent test has been submitted (Van Ginkel and Stroo, 2001). The acclimation
period was long (approximately 3 weeks), and was followed by a period of rapid degradation.
The result suggests that aqueous environments exposed regularly to TCPP could support
strains capable of degrading the substance. This might apply to some larger sites should
releases occur. The SCAS result is an indicator of inherent biodegradability; however, the
TGD does not allow biodegradation rate constants greater than zero (i.e. no degradation) to be
set on the basis of this test.
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A prolonged closed bottle test has been performed which confirms that TCPP can be classed
as inherently biodegradable under aerobic conditions (van der Togt and van Ginkel, 2002).
Secondary activated sludge was obtained from a wastewater treatment plant treating
predominantly domestic wastewater. It was used at 4 mg dw/l, and TCPP was present at
4 mg/l. The sludge was aerated for one week prior to the start of the test. Oxygen
consumption was measured at 7 day intervals up to 28 days (at which point the degradation
had reached 13%), and thereafter at 42, 56 and 84 days. After Day 21 degradation started and
reached 60% by day 50. At the end of the study the oxygen consumption was equivalent to
complete mineralisation.

Whilst not a standard study, the prolonged closed bottle test appears acceptable. The test
conditions were unfavourable relative to standard inherent tests such as the Zahn-Wellens test
(e.g. much lower concentration of inoculum). Significant degradation was observed, and the
positive result of the SCAS test supports this outcome.

Based on the weight of evidence, some biodegradation in the environment should be allowed
for, though the criteria for degradation in the WWTP are not met. Therefore, TCPP is
evaluated as 'inherently biodegradable, not fulfilling the criteria' in this risk assessment.

3.1.3.1.3 Degradation in soil

No soil degradation data are available for review.

3.1.3.14 Summary of environmental degradation

Table 3.5 summarises the results of studies described in section 3.1.3.1, and Table 3.6 shows
the implications for the rate of degradation.
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Table 3.5 Summary of environmental degradation for TCPP

Endpoint Year test Protocol cited Results Reliability* Study
completed reference
Hydrolysis of TCPP 2001 EC method ti2>1yearatpH4,7 | (1) valid without Geurts and
C10 and 9 at 25°C restriction van
Veenendaal,
2001
Phosphate ester 1992 Discussion of (4) not assignable Gerlt (1992)
hydrolysis mechanisms only.
Rates not given
Stability in soil - - - - -
Distribution - - - - -
28d Ready biodegradability Unknown MITI Not readily (4) not assignable MITI,
biodegradable undated
28d Ready biodegradability 1991 OECD 301e Not readily (4) not assignable Bayer,
biodegradable 1991a
28d | Effectively a ‘ready 1993 USEPA TSCA | Not biodegradable (1) valid without Madsen,
test’ preceded by an 796.3100 restriction 1993
acclimation phase
28d Inherent 1996 Modified MITI | “evidence of inherent | (4) not assignable SafePharm,
biodegradability (1 biodegradability” 1996
84d | Prolonged closed 2002 EC method C6 | Inherently (2) valid with van der Togt
bottle test modified biodegradable restrictions and van
Ginkel, 2002
64d | Inherent 2001 OECD 302A Inherently (2) valid with van Ginkel
biodegradability (SCAS) biodegradable restrictions and Stroo,
2001

T Klimisch code

Table 3.6 Summary of estimated ultimate biodegradation rate constants for use in the EUSES model

Compartment Reaction rate constant Half-life
Wastewater treatment plant 0d Infinite
Surface water 4.62x 104 d 150 d
Soil Kpsai = 11.5 I/kg 2.31x103%d" 300d
Sediment Kpsed = 28.8 I/kg 2.31x104d" 3000d
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3.1.3.2 Distribution

Table 3.7 summarises the results of studies described in section 3.1.3.2.

Table 3.7 Summary of results of distribution studies

Endpoint Year test Protocol cited Results Reliability Study reference
completed
Adsorption to soil! 2002 Method C.19 Log Koc = (1) valid without Cuthbert and Mullee,
of 2001/59/EC | 2.76+0.22 | restriction2 2002a

Notes: 1 - Test sample was a composite sample of purity 97.9% (total of the four isomers), derived from recent representative
commercial products from the main producers.

2 - Itis important to note that while this result is of reliability (1), the results are not suitable in this case for application in risk assessment,
for reasons expanded upon in the text (see Section 3.1.3.2.1). The method used is a screening study.

3.1.3.2.1 Adsorption

The understanding of the adsorption behaviour of TCPP, and the structurally-related
substances TDCP and V6, is based on a number of items of data. These are:

e Measured adsorption coefficient in soils, sediment and sludge for TDCP, in
accordance with OECD guideline 106.

e [Estimated adsorption coefficient by HPLC measured with all three
substances, in accordance with OECD guideline 121.

¢ Prediction by standard QSAR methods, from the TGD.

Application of findings of OECD 106 study for a structurally-related substance

The K, of the structurally-related substance TDCP has been determined to be 1780 in a
reliable study (Schaefer and Ponizovsky, 2006).

The Ko of TDCP predicted using the TGD equation for phosphates is 950 and using the
‘hydrophobics’ equation is 1230. These are somewhat lower than the measured value,
suggesting that TDCP is adsorbing to organic matter more strongly than predicted by these
equations. The TGD methods are discussed in more detail below.

From the OECD 106 study on TDCP, a regression equation was derived from a plot of log Kq
versus log OC (organic carbon concentration), in order to derive a K, from the whole data
set. Further details are reported in the TDCP risk assessment report. The log Koy of TDCP is
3.69. Based on the measured log K,y of 3.69 and the measured log K,. of 3.25 from the
OECD 106 study, the following empirical relationship can be derived: log K,. = -0.44 + log
Kow. It is assumed that this same relationship can be applied to TCPP. Applying the same
relationship for TCPP (log K, = 2.68), gives the result log K,. = 2.24, K,. = 174. The basis
of such an approach is the structural analogy between the substances, and is justified because
the most reliable information in the whole data set is the measured K,. of TDCP. The
robustness of this approach is reviewed below.

For the substance TDCP it was found that the HPLC test resulted in a 7-fold higher K, than
was found in the OECD 106 study. This suggests that some specific interaction with the
HPLC column, possibly involving the phosphate group, had occurred; binding to the natural
substrates in the OECD 106 test system was much lower than to the HPLC column substrate.
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This interpretation is further supported in that V6, which has two phosphate groups, is the
substance for which the HPLC estimate is most out of line, relative to the K. Adsorption
behaviour in the OECD 106 study was proportional to organic carbon content as expected,
suggesting that adsorption to components other than organic carbon was not significant.

HPLC estimation method

A reliable modern measurement of the soil adsorption coefficient K, obtained by the HPLC
estimation method is available (Cuthbert and Mullee, 2002a). The result is Ko = 576, log Ko
= 2.76£0.22. The + value is the 95% confidence interval. It should be noted that the
calibration substances were general substances, not related structurally to TCPP, there being
insufficient reliable calibration substances containing the phosphate group. For this reason,
estimates of K,. from the EPIWIN program are not considered to be reliable enough for
phosphates and are not included here.

OSAR methods from the TGD

The TGD gives a method for estimating the value of K, based on log K,y,. The most

appropriate equation is that for phosphates:
Log Koe = 0.49 log Koy + 1.17 (n=41, 1" =0.73, s.e. = 0.45)

The log K,y for TCPP is 2.68 + 0.36. On the basis of the uncertainty on this value, a range of
log K, can be estimated. From the above equation, K,. = 304.2 (range 202.7 — 456.7).

The HPLC-estimated K,. value is somewhat higher than the predicted value from the TGD
method. This is consistently true for this group of substances. Within the ESR assessment of
other chloroalkyl phosphates (4th priority list; Rapporteur UK/Ireland and o priority list;
Rapporteur Germany) measured K, values exceed K, values calculated, in accordance with
the TGD, on the basis of log K,y, using the QSAR for phosphates. These values are
summarised in Table 3.8. Estimates made using the hydrophobics equation are also provided
for reference.

Table 3.8 Comparison of measured and estimated Ko for chloroalkylphosphates in the ESR process

Substance (CAS) Koc derived from Koc measured [I/kg] | Koc estimated [Ilkg] | Koc estimated [I/kg]
OECD 106 result for | by HPLC estimation | from log Kow from log Kow
TDCP (Phosphates) (Hydrophobics)

TCPP (13674-84-5) 174 576 304 187

TDCP (13674-87-8) 1780 12300 951 1230

V6 (38051-10-4) 245 11000 360 247

TCEP (115-96-8) 110

Conclusions

The estimates from HPLC are consistently out of line with other approaches. Both the
phosphates and hydrophobics equations predict statistically similar K, values for TCPP to the
value derived using the OECD 106 measured value for TDCP. It is considered that the
uncertainty in reading across from TDCP to TCPP is less than or similar to the uncertainty in
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applying the QSAR methods, especially given the relatively low value of r* for the phosphates
equation.

The value of K. = 174 is used in the risk assessment of TCPP.

The coefficients in Table 3.9 are derived from this value, using default conversion factors.

Table 3.9 Adsorption coefficients used in the environmental risk assessment

Partition coefficient Symbol Values used

Organic carbon - water partition coefficient Koc 174 1/kg

Solids — water partition coefficient for soil Kpsoi 3.48 Ilkg

Solids — water partition coefficient for sediment Kpsed 8.7 llkg

Solid — water partition coefficient for suspended matter Kpsusp 17.4 kg

Soil - water partition coefficient Ksoil-water 5.42 m¥m?3

Sediment — water partition coefficient Ksed-water 5.15 m¥/m3

Suspended matter - water partition coefficient Ksusp-water 5.25 m3/m?3
3.1.3.2.2 Precipitation

The relatively low volatility and moderate solubility and adsorption coefficient suggest that
most TCPP found in the atmosphere will adsorb to particulate matter, which may then be
washed out by rainfall. The TGD estimates this from vapour pressure, leading to a similar
conclusion.

3.1.3.2.3 Volatilisation

A Henry’s Law constant of 3.96 x 10™* Pa.m?/mol can be calculated from the vapour pressure
and water solubility. This indicates a preference for water compared to air, and hence a low
rate of volatilisation from surface water to air.

3.1.3.24 Distribution in wastewater treatment plants

Based on the physico-chemical properties of TCPP (vapour pressure = 1.4 x 107 Pa, water
solubility = 1080 mg/l, Henry’s law constant = 3.96 x 10 Pa m*/mole, K. = 174 l/kg), and
the weight of evidence supporting a conclusion of inherent biodegradability (not meeting the
criteria), the predicted behaviour of the substance during wastewater treatment (as estimated
by the SIMPLETREAT program within EUSES) is:

Fraction to air 0%
Fraction to surface water  97.9%
Fraction to sludge 2.1%
Fraction degraded 0%

Adaptation in industrial WWTP

A number of inherent-type biodegradation studies were performed with TCPP. While not
standard tests, the studies showed that degradation of the test substance started after an
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acclimation period of 2 weeks or more, indicating possible adaptation of the activated sludge.
At industrial sites where releases are made regularly to on-site wastewater treatment, an
adapted microbial population may be maintained, and could result in a higher removal rate
than estimated using the SIMPLETREAT model (though at present the risk assessment does
not allow for any such acclimation).

3.1.3.2.5 Distribution in the environment

Distribution according to fugacity modelling

The approach to distribution modelling is described below. Two models have been used:

The 1997 EQC model, at Level 1
The 1999 Level III model, using the EU default parameters.

The physicochemical properties entered were as given in section 1; K, is estimated by the
program from K, as 196, which is sufficiently close to the value of 174 used in the
assessment that no adjustment is required to the input value of log K,y

The reaction half-lives have been set at negligible reaction in all compartments. For purposes
of examining the importance of the value of Ky, and K, the emissions were to air, water and
soil.

The results obtained are shown in Table 3.10.

Table 3.10 Environmental distribution of TCPP for various models

EQC Level | Level Il
% in air 0.005 0.0015
% in soil 29.6 86.4
% in water 69.8 13.6
% in sediment 0.66 0.044

The results for EQC level I (the simplest model) indicate that water, soil and sediment are all
significant should TCPP be stable in the environment. Furthermore, the outputs of the model
are sensitive to the Koy, (i.e. Koc) input. The Level III result shows less substance in water
because it accounts for mass flow of water out of the region being modelled.

The Level III model has been used to indicate the fate modelled for separate releases into
different compartments. No inflow from outside the modelled area (the whole EU) has been
included. The results are in Table 3.11.
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Table 3.11 Output of fugacity model for various release scenarios

Release: To air, water and soil To air To water To soil
% in air 0.0015 0.0036 0 0
% in soil 86.4 90.5 0.034 90.9
% in water 13.6 9.46 99.6 9.09
% in sediment 0.044 0.03 0.32 0.029

The results reflect that most TCPP found in air would be precipitated to soil, and that there is
very little movement between soil and water, because transfer via the air compartment is very
slow, for a substance of low volatility. In water, the modelled adsorption to sediment is very
low.

3.1.3.3 Accumulation and metabolism
3.1.3.3.1 Aquatic organisms
Table 3.12 Bioaccumulation of TCPP
Endpoint Year test | Protocol Results Reliability Study
completed | cited reference
42d Bioaccumulation in fish 1992 MITI (OECD BCF0.8-4.6 | (2) valid with restrictions. | MITI
(Cyprinus carpio) 305C) attwo Toxicity to carp was not undated
concentrations | established.
over 6 weeks

One measurement of bioconcentration is available (MITI, undated), summarised in Table
3.12. Test concentrations appear to be acceptable, being nominally 0.2 and 0.02 mg/1, 0.4 and
0.04% of the lowest LCs for other species (see section 3.3.1.1.1). Fish were kept in flow-
through conditions for 28 days prior to exposure to test substance. The exposure period was
six weeks after which the concentration of TCPP in fish was determined (method not stated).
BCFs of 0.8 — 2.8 and <1.9 — 4.6 were obtained for the two concentrations respectively.
Bioconcentration is calculated as (concentration in fish)/(concentration in water).

The TGD gives a method for estimating the value of BCF in fish based on log K,y. The
appropriate equation is the linear equation for substances with log K, <6:

Log BCFiigh = 0.85 log Kow — 0.70

The log Koy for TCPP is 2.68 & 0.36. On the basis of the uncertainty on this value, a range of
log BCF can be estimated. From the above equation, BCFy, = 37.8 (range 18.7 — 76.6).

The measured BCFs are relatively low in comparison with the predictions and with other
substances of similar log K, values. There could be various causes for such a result,
including the possibility of rapid metabolism in the organism. There is evidence for
mammalian metabolism of both TCPP (which is discussed in Section 4.1.2.1) and TDCP
(refer to HSA/EA, 2008a). TCEP has a similarly low measured BCF value and metabolism
occurred in both in vivo toxicokinetics and in vitro studies.
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The measured BCF of 2.7 I/kg is used in the risk assessment; this is the arithmetic mean of the
range 0.8 to 4.6. Since the values are in a narrow range, a mean is considered acceptable and
representative.

3.1.3.3.2 Terrestrial organisms

The revised TGD gives a new method for estimating the value of BCF in earthworms based
on log Koy, using the method of Jager (1998)

BCFearthworm = (084 + 0012K0w)
RHOearthworm

For RHO¢asthworm by default a value of 1 kgwwt.L'1 can be assumed. The log K, for TCPP is
2.68 = 0.36. On the basis of the uncertainty on this value, a range of BCF can be estimated.
From the above equation, BCFcyihworm = 6.58 (range 3.35 — 14.0).

3.14 Aquatic compartment (including sediment)
PECgediment 1 calculated using the equilibrium partitioning approach.

The value Clocalessiyent for wastewater treatment plants is used as the value of PEC for WWTP
micro-organisms.

3.14.1 Calculation of predicted environmental concentrations (PEC)oca)

The PECs for TCPP are calculated using the methods given in the Technical Guidance
Document, except where site-specific assessment is appropriate and suitable acceptable data
have been provided (more information is given in the Confidential Annex). Where a default
local assessment applies, the usual models, equations and assumptions apply.

Some notes on the basis of PEC are given in Table 3.13.
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Table 3.13 Notes on the basis of PECs for specific life cycle stages

Basis of release rates to the environment
Producer 1 Site specific data
Producer 2 Site specific data
Producer 3 Site specific data
Producer 4 Site specific data
A1a  [Large systems houses Site specific data; ESD for plastics additives
A2 Medium systems houses ESD for plastics additives
A3 Small systems houses ESD for plastics additives
A4 Systems houses using preformulated polyol ESD for plastics additives
B1a  |Flexible foam — furniture - very large sites Site specific data; Appendix B
B1b  [Flexible foam — furniture - large sites Appendix B
B1c  [Flexible foam — furniture - small sites Appendix B
B1d  [Flexible foam — furniture - small sites using systems |Appendix B
B2 Foam cutting Appendix B
C1 Rigid foam - large sites Appendix B
C2 Rigid foam - large sites Appendix B
E1|ore-component fss e B (oaming, e 0% prased)
F1 CONFIDENTIAL Estimates from rele\(ant ESDs; read across from_ rglevant
o1 CONFIDENTIAL \F/)\;‘\e/\\llll(')l:l:ij ggti)llésir:]egonr:lé ierl]s;aers](s:?sents; site specific info and
G2  [CONFIDENTIAL
H1 CONFIDENTIAL
11 CONFIDENTIAL
J1 CONFIDENTIAL
K1 CONFIDENTIAL
K2  |CONFIDENTIAL
L1 CONFIDENTIAL
M1 [CONFIDENTIAL
N1 CONFIDENTIAL
P1 CONFIDENTIAL
01 Rebonding Appendix B
Q1 IAdhesive pressing Read across from Appendix B
R1 Loose crumb Appendix B
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3.14.1.1 Calculation of PEC,,, for production

PEC,ocal for production is based on site specific, confidential details of effluent concentration
and wastewater treatment plant size and function. Calculated PECs are summarised in Table
3.14.

Table 3.14 Values used in calculation of PEC for production

Clocaletiuent [mg.I-1] Clocalwate [mg.I-1] PECuater [mg.I-1] PECsediment
[mg.kgwwt-1]
Producer 1 0.0641 6.41E-04 1.14E-03 5.21E-03
Producer 2 0.15 0.0103 0.0108 0.0492
Producer 3 0.0347 2.08E-05 5.20E-04 2.37E-03
Producer 4 0.0783 7.83E-04 1.28E-03 5.85E-03
3.14.1.2 Calculation of PEC,ca for formulation

PECjocal for formulation of systems is based on the ESD for additives used in the plastics
industry, with site specific, confidential details of effluent concentration and wastewater
treatment plant size and function for large sites. Calculated PECs are summarised in Table

3.15.

Table 3.15 Values used in calculation of PEC for formulation

Clocaleffiuent [mg.I-1] Clocalwater [mg.I-1] PECwater [mg.l-1] PECsediment
[mg.kgwwt-1]

A1a: Large systems
houses 0.597 5.32E-06 5.04E-04 2.30E-03
A2: Medium systems
houses 0.408 0.0408 0.0413 0.188
A3: Small systems
houses 0.102 0.0102 0.0107 0.049
Ad4: Systems houses
using preformulated
polyol 0.0122 1.22E-03 1.72E-03 7.86E-03
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3.14.1.3 Calculation of PEC,,, for industrial/professional use

PECiocar values for industrial and professional use are calculated for all life cycle stages.
Calculated PECs are summarised in Table 3.16.

Table 3.16 Values used in calculation of PEC for industrial and professional use

Clocalefiivent [mg.I-1] Clocalwater [mg.I-1] PECuwater [mg.I-1] PECsediment [mg.kg
wwit-1]
B1a: flexible foam
(furniture) very large 3.76E-03 3.76E-04 8.75E-04 3.99E-03
B1b: flexible foam
(furniture) large 6.73E-04 6.73E-05 5.66E-04 2.59E-03

B1c: flexible foam
(furniture) small - not
using systems 6.93E-03 6.93E-04 1.19E-03 5.44E-03

B1d: flexible foam
(furniture) small - users

of systems 0.0124 1.24E-03 1.74E-03 7.93E-03
B2: flexible foam

cutting 8.32E-04 8.32E-05 5.82E-04 2.66E-03
C1: rigid foaming large

sites 1.25E-04 1.25E-05 5.12E-04 2.34E-03
C2: rigid foaming small

sites 0.0533 5.33E-03 5.83E-03 0.0266
E1: one-component

foams 0.514 0.0514 0.0519 0.237
F1: confidential 0.0783 7.83E-03 8.33E-03 0.038
G1: confidential 1.3 0.13 0.131 0.598
G2: confidential 1.22 0.122 0.123 0.561
H1: confidential 245 0.245 0.245 1.12
11: confidential 0.122 0.0122 0.0127 0.0581
J1: confidential 0.621 0.0621 0.0626 0.286
K1: confidential 0.0813 8.12E-03 8.62E-03 0.0394
K2: confidential 0.488 0.0488 0.0493 0.225
L1: confidential 3.70E-03 3.69E-04 8.68E-04 3.96E-03
M1: confidential 0.0139 1.39E-03 1.89E-03 8.64E-03
N1: confidential 0.245 0.0245 0.025 0.114
01: rebonding 0 0 4.99E-04 2.28E-03
P1: confidential 0.0404 4.04E-03 4.54E-03 0.0207
Q1: adhesive pressing 0.122 0.0122 0.0127 0.0581
R1: loose crumb 0 0 4.99E-04 2.28E-03
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3.14.14 Calculation of PEC,, for private use

Not applicable. Non-industrial applications, in-service loss and waste remaining in the
environment are characterised on a regional scale.

3.14.1.5 Calculation of PEC,,, for disposal

Preliminary research suggests that local scale exposure is possible due to WWTP treatment of
landfill leachate, however an example calculation suggests that no local scale risks would be
anticipated (see section 3.1.2.8.1). The contribution of release via landfill leachate to the
regional PEC has been accounted for in the risk assessment (see section 3.1.2.8.1).

3.1.4.2 Measured levels
All available data are summarised in Table 3.36.

Since no laboratory reports are supplied, validation and good laboratory practice cannot be
verified by the Rapporteur. Therefore all results must be treated as of non-assignable
reliability.  Older results are of little value for comparison with any environmental
concentrations predicted by modelling, although they do at least indicate that TCPP can be
detected in the environment.

3.14.2.1 Monitoring data provided by regulatory authorities in England and
Wales

The Environment Agency WIMS database contains some data on the environmental
concentration of TCPP in various media (EA 2001, pers. comm. 31 August 2005 and pers.
comm. 22™ December 2005). This information has been provided and comprises the
following measurements, taken between 1995 and 1999 and between November 2003 and
July 2005:

A total of 220 measurements in fresh surface water

181 measurements in sewage final effluent

3 measurements in ground water (one is for an isomer of TCPP)
11 measurements in trade effluent.

Most of the data relate to the Midlands Region of Environment Agency responsibility. The
sites are identified by grid reference and are mostly in the vicinity of the site previously
owned by Courtaulds Acetate Ltd (now Acordis) near Derby, where TCPP used to be
produced.

Fresh surface water in general contains less than 5 — 10 pg/l. The highest value is 304 ng/l.
This is one of a few very high outliers which may possibly reflect the data having been
recorded in incorrect units. These high values were measured at ‘New Inlet Attenborough
GP’. The more recent data include high values sampled in the river Severn, with a maximum
of 150 pg/l. Values for other sampling locations (river Derwent) are <3 pg/I.

For purposes of risk assessment, a concentration in fresh surface water may represent a local
or background concentration depending on whether it is up or down stream from a point of
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effluent intake e.g. a sewage works. In almost all of the data provided, this important
information is not given. However, for a handful of the data, this information was supplied
separately by the Environment Agency. On the basis of these data, it is suggested that the
regional background in the UK would be of the order of 0.56 pg/l. Concentrations
downstream of a nearby wastewater treatment plant fit in with the general spread of values in
freshwater.

In general, sewage final effluent contains less than 20 ug/l. Again there are some very high
outliers, of which the highest recorded value is 3.32 mg/I recorded in the town of Kimberley
on the river Erewash, near Nottingham. The more recent data are for two sites only; the
TCPP concentrations are all below 10 pg/l.

The measurements for trade effluent showed concentrations of less than 2 pg/l.

The measurements for ground water were 199 ng/l, measured in open land north-west of
Worcester, near the River Teme; a high value of 21 pg/l, measured in an unspecified location
in the Grimsby area, is considered by the source to be invalid and should be discounted; and
0.56 pg/l, measured in an unspecified site of unknown location. The values were collected as
part of a screening assessment. The reliability is not assignable.

Landfill leachate

As described in section 3.1.2.8.1, the Environment Agency of England and Wales has
conducted some limited studies of the concentration of TCPP in leachate from 22 landfills in
southern England and Wales. The data are presented in full in section 3.1.2.8.1.

Freshwater sediments

In a study conducted on behalf of DEFRA (CEFAS, 2002), various samples were collected
from around England and Wales during or prior to 2002. Freshwater sediments (50 samples)
were analysed using LC-MS for selected chemicals including TCPP (lower limit of
quantitation 10 ng/g w/w for all matrices). TCPP was not detected in any samples.

3.1.4.2.2 Measured levels reported in the open literature
All measured data are summarised in Table 3.36..

Measured levels in the EU

Water

TCPP has been measured in drinking water (Galassi, Guzzella and Sora, 1989). Samples of
drinking waters were taken from three sites in northern Italy. Sampling strategy is not clear in
the paper. Water taken from a public fountain (water originating from Lake Como) was
found to be mutagenic in S. typhimurium and S. cerevisiae. “Higher than background” levels
of TCPP (and TCEP) were found. Other contaminants were present.

Samples were analysed using GLC and HPLC. The levels found are summarised in Table
3.17.
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Table 3.17 TCPP in drinking water

Time period Total DOC (mg/l) TCPP (ugll)

Turin la 9/86 0.39 0.02
[ 9/86 0.41 <0.01
Il 11/86 0.33 <0.01
Il 2/87 3.57 <0.01
Ferrara la 9/86 0.60 <0.01
I 9/86 1.7 <0.01
Il 11/86 0.39 <0.01
Il 2187 2.05 <0.01
Como la 9/86 1.09 0.08
I 9/86 1.74 882
Il 11/86 0.79 0.02
Il 2187 1.27

a—raw water extracts

Water was extracted from the River Po at a site in Ferrara, at the closing section of the river
basin (Guzzella and Galassi, 1993). Samples were taken from May 1988 — September 1989. A
bacterial assay using the Vibrio fischeri photobacterium (also known as Photobacterium
phosphoreum) was used to determine toxicity of the samples; chemical analysis was
performed using GC with an N/P-selective detector. The detection limit for organophosphorus
compounds in water was 1 ng/l. Number of tests per sample is not stated. The results are
summarised in Table 3.18.

Table 3.18 Concentration of TCPP recorded (ng/l)

May ‘88
68

Jan ‘89 Feb

52 0

Jul
19

Jun

42

Nov

23

Sept
28

May
33

Aug
16

Sept
27

The report indicates that the origin of the pollutants is likely to be urban/industrial. This
suggests that the measurement represents a local concentration.

A LUMIStox bacteriological assay was used. The micropollutants were removed from the
water and redissolved.

Several pesticide and non-pesticide organophosphorus compounds were screened for in the
river Po and shortly after its point of discharge into the Adriatic sea (Galassi, 1991). Water
was sampled at three locations: station A on the Po, at Ferrara; B and C in the Adriatic sea
some way from the coastline, presumably following the plume of Po river water. Samples
were taken four times between April and August 1988. A detection limit of 10 ng/l applied for
TCPP (yet two samples are quoted as being an exact value less than 10). The results are
summarised in Table3.19.

Table 3.19 Measured levels of TCPP (ng/l)

20/4/88 18/5/88 16/6/88 2/8/88
A B c A A B c A B c
27 5 <10 68 92 <10 <10 64 31 9
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The results do not imply a consistent rate of downstream dilution, but the levels of TCPP do
decline with distance.

River water, effluents and sediments in the region of the Elbe were sampled between 1996-99
(Reincke et al., 2000). Surface waters were examined for chloroalkyl phosphates in 1996 and
1998; suspended sediments were investigated in 1998-99 (sampling twice monthly) and at the
end of 1999 there was a special monitoring programme for water, wastewater and sediments
in the governmental districts of Leipzig and Halle.

In 1996, samples were taken six times over the year at seven sites. In 1998, samples were
taken in February and in July, at ten sites. TCPP was detected in all samples at levels of 20-
780 ng/l. The results are summarised in Table 3.20.

Table 3.20 TCPP concentration in surface water samples (Reincke et al., 2000)

1996 (ng/l) 1998 (ngll)

Min Median Max Min Max
Schmilka 20 72 160 <25
Dommitzsch - - - <25 27
Gorsdf. (Schw. Elster) | - - - 33 720
Dessau (Mulde) 160 284 450 71 79
Rosenburg (Saale) 130 305 780 <25 140
Magdeburg 90 217 520 <25 80
Schnackenburg 120 197 310 <25 77
Bunthaus - - - <25 88
Seemannshoft 70 207 370 29 61
Grauerort 75 169 260 <25 68

The 1999 samples in Leipzig and Halle districts were taken in December of that year. The
one-off results are summarised in Table 3.21.

Table 3.21 TCPP concentration in further surface water samples (Reincke et al., 2000)

TCPP concentration (ng/l)

Saale catchment area

Faule Pfiitze, uh. Klarteiche Gaulis 200
Neue Gosel, Gltepegel 31000
Pleipe, Giitepegel 1800
Neue Luppe, Glitepegel 900
WeiBe Elster, Gitepegel 1300
Mulde catchment area

Lober, Giitepegel 2400
Mulde, Gitepegel 100
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Overall the highest concentration in surface water was 31 pg/l in surface water at Neue Gosel,
Gitepegel in December 1999.

This paper also cites some other monitoring data, given in Table 3.22, that are new for this
RAR. The cited references are not available for review.

Table 3.22 TCPP concentrations in river waters

Location Year Number of samples Result type Value

Rhein at Koin 1996 103 50%, max 190, 790 ng/l
Rhein at KéIn 1998 90 50%, max 50, 160 ng/l
Rhein at KoIn 1998 104 50%, max 80, 240 ng/l
15 FlieBgewasser 1997-98 2 range <100-700 ngl/l
(Hessen)

13 FlieBgewéasser 1996 12 range 20-3670 ng/l
(Me.-Vorp.)

Twenty-nine bath lakes and 573 house wells in Mecklenburg-Vorpommern were sampled and
analysed for TCPP in 1999 and 1997-98 respectively (Prosch et al., 2002). Additionally, bath
lakes were sampled (16 samples) during summer 2000. Analysis was by GC-FPD. The
results are summarised in Table 3.23.

Table 3.23 TCPP concentrations in bath lakes and house wells

Bath lakes
Of the 29 samples taken in 1999:
<0.02 pgll 0.02-0.1 pg/l >0.1 pg/l Median (ug/l) Max (ug/l)
Number 1 23 4 0.03 0.37

Of the 16 samples taken in 2000:

<0.02 g/l Min (ug/l) Median (ug/l) Max (ug/)
Number 0 0.03 0.04 0.05
House wells
Of the 573 samples taken in 1997-98:

<0.02 pg/l 0.02-0.1 pg/l >0.1 gl Max (ugll)
Number 560 7 6 1.0

Eleven WWTP receiving waters were sampled and analysed as part of a wider study (Kuch et
al., undated). The surface waters were sampled upstream and downstream of the receiving
point of treated effluent from the respective WWTP. Details of the sampling regime and
analytical methods are not presented. Chloroalkylphosphate FRs were predominantly detected
in trace concentrations.

River water of the Ruhr and its tributaries were sampled at 38 locations in the Ruhr river
system (Andresen et al., 2004). Samples were taken in September 2002, at a time of low
water flow due to low rainfall. Some samples had also been sampled in July 2002 and
comparative results are available. Analysis was by GC-MS and TCPP had a recovery rate of
101% and a limit of quantification of 4.9 ng/l. In river waters (Ruhr, Mohne, Lenne, and
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other tributaries) the concentration of TCPP varied between a few ng/l up to ~300 ng/l.
Samples of river water were also taken from the Rhine and Lippe rivers, for comparison with
the above results. Analysis showed that TCPP was present at 80-100 ng/l and 100 ng/l
respectively in Rhine and Lippe river waters.

Lake waters were sampled and analysed in three lakes in Italy in a study by Galassi et al.
(1992). Samples were taken between 1986 and 1988 in the area of maximum depth of the
lakes (Varese, Comabbio and Monate). It is noted that the watersheds of the three lakes are
densely populated with a high density of industries in the area between lake Varese and
Comabbio. Analysis of TCPP was by GC-MS, after extraction of the samples with hexane.
The detection limit was 20 ng TCPP per 1 ml of hexane extract. TCPP was detected at
4.5 pg/l in lake Varese water, 17.8 pg/l in lake Comabbio water, and 0.04 pg/1 in lake Monate
water.

Additional data are available for river water in the Netherlands. The following summary is
taken from an RIVM report (RIVM 2005):

For TCPP, monitoring data are available from the internet-database Waterbase (V&W). The
concentrations of TCPP at Amsterdam, Belfeld, Eemmeerdijk, Eijsden, Haringvlietsluit,
[Jmuiden, Lobith, Maassluis, Schaar van Ouden Doel, and Steenbergen in 2002 and 2003
were all lower than the detection limit of 5 ug/L. However, this limit seems rather high and
lower values have indeed been reported. The average values are 1.93 pg/L in the effluents of
STPs discharging into the river Meuse (Table 3.24) and 0.27 and 0.55 pg/L for two isomers
in water of from the river Lek (Table 3.25). The 90w percentiles were 0.07 pg/L in the river
Roer (tributary of the river Meuse) in 2002/2003 (Table 3.24) and 0.31 and 0.61 pg/L for two
isomers in water of from the river Lek at Nieuwegein in 2002 (Table 3.25).

Table 3.24 Monitoring data for several phosphate ester in the river Meuse and tributaries and discharging effluents

Location Date Max [ug/L] 90t P [ug/L] | Avg [pg/L] Med [ug/L] Min [pg/L]
STP effluents (5) 12/2002-3/2003 | 4.2 1.93 1.57 0.11
Meuse basin

Roer 3/2002-2/2003 0.07

Monitoring data for several phosphate esters in the river Meuse and tributaries (data from Jeuken and Barreveld (2004)) and discharging
effluents in comparison with effluents in Friesland (data from Berbee et al. (2004)).

Table 3.25 Monitoring data for several phosphate esters near the river Lek at Nieuwegein

Location Date Max [ug/L] 90t P [ug/L] | Avg [pg/L] Med [ug/L] Min [pg/L]
Nieuwegein 4/2002-6/2002 1.72 0.31 0.27 0.09 0.05
Nieuwegein 4/2002-6/2002 0.62 0.61 0.55 0.49 0.48

(data from RIWA (2003)); data represent two different isomers

TCPP was one of several organophosphates analysed for in a study of three drinking water
purification plants, using a range of water treatment processes (Andresen and Bester, 2006).
Samples were taken over a five-day period and analysed using GC/MS. Amounts of TCPP
were reduced from 54 ng/l in the river Ruhr to 2.9 ng/l in the finished water at site A, 95 to
50 ng/l at site B, ca. 74 ng/l to ca. 4 ng/l at site C. Filtration with activated carbon was found
to be the most effective treatment method for removal of TCPP and related substances.

Andresen et al. (2007) monitored for TCPP among other organophosphate compounds and
other pollutants in the German Bight (an area heavily influenced by the Elbe estuary plume)
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in the North Sea (an area which receives outflow from several relatively highly-polluted
European rivers). Data were also obtained for Lake Ontario, the most downstream of the
Great Lakes, for comparison, but being of low relevance to the EU environment, these data
are not discussed here.

Water samples were extracted using toluene, separated, dried and concentrated. Samples were
analysed using GC-MS with quadrupole mass spectrometric detection, and equipped with a
programmed temperature vaporiser injector. Extractions and analyses were both carried out in
duplicate. Substance-specific recovery rates are not presented. A concentration of 90 ng
TCPP/1 was measured in the River Elbe (near the town of Stade).

WWTP and other effluents

TCPP was detected in various waters (Puchert and Prosch, undated). The time of sampling is
not given.

Industrial outflows, receiving rivers and water-works waters were examined. The discussion
is brief. Tris(chloroisopropyl)phosphate was one of three phosphates identified (by GC/MS
and GC/FPD). No CAS number is given, but the substance is thought to be the TCPP which is
the subject of this risk assessment. The results are summarised in Table 3.26.

Table 3.26 Levels of TCPP reported (ng/l)

Warnow Nebel Elbe Wasserwerk 1 Wasserwerk 2 Wasserwerk 3
(direkte (Uferfiltrat) (Uferfiltrat)
Entnahme)

280 830 280 37 2.6 <1

No validation data relating to the analytical recovery or storage conditions are presented.

Effluents from thirteen wastewater treatment plants in the Baltic Sea catchment area were
analysed in a study by Prosch, Puchert and Gluschke (2000). These are municipal or industrial
sites, as indicated in the table below. Effluents were sampled once monthly during 1998.
Samples were analysed by GC and all isomers of TCPP are included in the results. TCPP
was detected in all thirteen samples at average concentrations of 0.18 — 26.7 pg/l (note that
there is significant variation in size and hence total annual emission of TCPP). The results
are summarised in Table 3.27.
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Table 3.27 TCPP concentrations in effluents (Prosch, Puchert and Gluschke, 2000)

TCPP concentration in pgl/l TCPP releases in kglyear
WWTP (Tmh;;;;;g';)w‘ Industrial | Min Median | Max Min Max
Frankfurt/Oder 5780000 0.65 0.93 1.43 3.76 8.27
Eisenhiittenstadt 3100 000 Y 6.11 14.19 26.72 18.94 82.83
Schwedt 2070000 0.61 0.87 1.38 1.26 2.86
Altfriedland 763 000 0.92 1.23 1.98 0.70 1.51
Rostock 16 200 000 0.81 1.21 1.88 13.12 30.46
Stralsund 6 260 000 0.96 1.25 1.93 6.01 12.08
Wismar 3520 000 0.28 0.80 1.21 0.99 4.26
Glstrow 2800 000 0.28 0.64 1.08 0.78 3.02
Gorlitz 3440000 0.58 0.93 1.31 2.00 451
Zittau 3480 000 Y 0.61 2.33 6.92 212 24.08
Rothenburg 226 000 0.68 1.03 1.40 0.15 0.32
Kiel 23100 000 0.63 1.16 1.99 14.55 45.97
Osterby 50 000 0.18 0.42 0.80 0.01 0.04

Taking the maximum average concentrations and average throughputs, i.e. assuming a steady
rate of release over the year, the largest release of TCPP would be from Eisenhiittenstadt, a
total of approximately 83 kg/year. The smallest release is from Osterby, with a maximum
average of 0.04 kg/year. The level of dilution and hence implications for PEC are not made
clear. The mean effluent concentration suggests an influent concentration to the WWTP of
around 1 pg/l. The PEC cgional is 2.2 pg/l, a value not inconsistent with these findings.

Effluents in the region of the Elbe were sampled between 1996-99 (Reincke et al., 2000). At
the end of 1999 there was a special monitoring programme for wastewater in the
governmental districts of Leipzig and Halle. Samples were taken in December 1999 in
Leipzig and Halle districts. The one-off results were as follows. The highest concentration of
TCPP was 74 ng/l in effluent from Klaranlage MUE GmbH. The results are summarised in
Table 3.28.

Table 3.28 TCPP concentrations in effluents (Reincke et al., 2000)

TCPP concentration (ng/l)

Saale catchment area

Kléranlage MUE GmbH 74000
Klaranlage Leipzig-Rosental 1300
Fabrikabwasser-Kanal, BUNA 8100
Kihl- und Regenwasser-Kanal 2, BUNA 200

Mulde catchment area

Klaranlage Delitzsch 7300
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20 wastewater treatment plants and 4 disposal site effluents were sampled and analysed as
part of a wider study (Kuch et al., undated). Details of the sampling regime and analytical
methods are not presented. Chloroalkylphosphate FRs were predominantly detected in trace
concentrations.  Concentrations of TCPP in treated effluent were up to 2.3 pg/l
Concentrations in disposal site effluents reached the mg/l range. However, after treatment
with active charcoal the substances were no longer detectable by the analytical method used.
This suggests that treatment using activated charcoal is suitable for effectively treating highly
loaded effluents.

Two WWTPs, in Koln and Diisseldorf were sampled at different steps of the wastewater
treatment process between February and March 2003 (NRW, 2003). The samples were
analysed for certain chlorinated and non-chlorinated organophosphate esters. The report
states that in a previous study of the STP of Diisseldorf, TCPP was eliminated up to 21%.
However in this study no removal was apparent. At both WWTPs the efficiency of the
cleaning process concerning the flame retardants was comparable so the type of construction
of the WWTP does not seem to be relevant for the elimination of these substances. By
comparison, non-chlorinated alkylphosphates were eliminated by 57-86% (Kd6ln) and 60-85%
(Diisseldorf). Concentrations of up to 9 pg/l TCPP were measured in treated effluent. Raw
data are not presented. Median and maximum concentrations are shown in Table 3.29.

Table 3.29 TCPP concentrations in wastewater streams (NRW, 2003)

Number of Number > Detection limit | Maximum Median (ug/l) Elimination
samples detection limit | (ng/) value (ug/l)

Disseldorf

Influent 12 12 0.01 1.49 1.01

Effluent 12 12 0.01 1.74 0.92 9%

Kéin

Influent 12 12 0.01 12.9 3.5

Effluent 12 12 0.01 9.0 3.5 0%

In a very similar study (Fahlenkamp et al., 2004), samples from influent and effluent of two
municipal wastewater treatment plants were analysed for organic contaminants. In the
Diisseldorf WWTP, TCPP was present at approximately 1.0 pg/l in influent, and
approximately 0.9 pug/l in effluent. In the Koln WWTP, TCPP was present at approximately
3.4 pg/l in both influent and effluent.

In another very similar study (Meyer and Bester, 2004), influent and effluent from two
unidentified WWTPs in the North Rhine-Westphalia region of Germany were sampled in
spring 2003 and analysed. Samples analysed were 24-hour composite samples. Details of the
samples taken are given in Table 3.30 and the results are summarised in Table 3.31.
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Table 3.30 WWTP sampling locations (Meyer and Bester, 2004)

Wastewater Inhabitant Fate of effluent Sampling locations (see diagrams)
volume (m?3/d) equivalents
STPA 220,000 1,100,000 Receiving water not Influent stream, intermediate settling tank, final
identified. sedimentation tank, final effluent
STPB 108,959 1,090,000 Effluent passes into Influent, primary settling tank, final
river Rhine sedimentation tank, final effluent

STP A: Influent -> 1st aeration basin -> intermediate settling tank -> 2nd aeration basin -> final sedimentation tank -> Filter -> Effluent
STP B: Influent -> primary settling tank -> aeration basin -> final sedimentation tank -> Filter -> Effluent

Results showed concentrations of TCPP of 570-5800 ng/l in influent and 1700-6600 ng/l in
effluent.

Table 3.31 TCPP concentrations in wastewater streams (Meyer and Bester, 2004)

STP A (ng/l) STP B (ng/l)
Influent Max 5800 Max 940
Mean 2000 Mean 650
Intermediate settling tank | Max 5900 Max 780,
/ primary setting tank Mean 2500 Mean 950 [sic]
Final sedimentation tank Max 4500 Max 1400,
Mean 2600 Mean 820
Effluent Max 6600 Max 1100
Mean 3000 Mean 820

There is no evidence of removal of either substance at either WWTP.

Other findings were that at STP A, the load of TCPP was discernibly lower at weekends than
on weekdays. This suggests that this WWTP was receiving TCPP-containing effluent
associated with some kind of industrial activity. In the absence of identification of the STP it
is not possible to judge the significance of this information in the context of the risk
assessment. The day-to-day variability in organophosphates at both WWTPs is described as
‘extremely high’.

In a further very similar study, Friedrich et al. (2005) report TCPP concentrations in influent
and effluent for municipal wastewater treatment plants Diisseldorf-Sud and K6In-Stammheim.
Median concentrations suggest very low levels of removal in either treatment plant, with
TCPP concentrations of ca. 1 pg/l in influent and ca. 0.9 pg/l in effluent of Diisseldorf-Sud,
and ca. 3.5 pg/l in both influent and effluent of K&Iln-Stammbheim.

WWTP effluents were sampled at 38 locations in the Ruhr river system (Andresen et al.,
2004). Samples were taken in September 2002, at a time of low water flow due to low
rainfall. Some samples had also been sampled in July 2002 and comparative results are
available. Analysis was by GC-MS and TCPP had a recovery rate of 101% and a limit of
quantification of 4.9 ng/l. In STP effluents, concentrations of ~20-~380 ng/l were analysed.

Influent and effluent water and sludge were sampled at a WWTP site located in a major city
(Bester, 2005). TCPP was identified by GC-MS. The concentration in influent and effluent
were 520 ng/l and 380 ng/l respectively (mean values). The concentrations of TCPP in the
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wastewater inflow exhibited a high variability. Rates of elimination in the sewage treatment
plant were also variable but were not high. Concentrations in sewage sludge of the same plant
were also analysed: mean value 5100 ng/g dwt., 1700 ng/g wwt., equivalent to 5.1 mg/kg dwt
and 1.7 mg/kg wwt respectively. For purposes of comparison, sludge samples from twenty
other plants were analysed. In these samples, concentrations ranging from 1000-20 000 ng/g
(dry wt.), equivalent to 1-20 mg/kg dwt, were detected; the average concentration was similar
to the main WWTP site analysed. Authors calculated that 0.1% of TCPP sold in Germany
reaches the sewage system, using a rather simplistic calculation. It is notable that one of the
isomers of TCPP behaved similarly to the main isomer.

Samples of influent water, effluent water and/or sludge from eleven Swedish WWTPs were
analysed (Marklund et al., 2005b). It is stated that the sampling locations were selected on
the basis of these WWTPs being small municipal plants with negligible industrial inflow;
medium sized plants receiving water from large industrial sites; and large plants serving big
cities. However the results are not divided in these contexts. Information about flow and
sludge volumes is presented as well as concentration data (for most sites data are available for
single samples only). Analysis was by GC-NPD. For TCPP, the data presented represent the
sum of three isomers detected. The data are presented in Table 3.32.

Table 3.32 TCPP in WWTP waters and sludges (Marklund et al., 2005b)

STP Water volume  [Sludge volume t [Influent concentration [Effluent concentration [Sludge concentration
m3/d dwly ng/l ng/l ng/g dw

1 4700 170 1800 2200 1 64
4700 170 61

2 140900 5800 2900 1800 850
140900 5800 1600 1700 ! 610

3 46100 3500 3400 2400 1900
46100 3500 1500

4 317500 13900 2800 1500 650
317500 13900 1500 1600 840

5 2 500 - 1100 - 200

6 10300 790 18000 24000 ! 1900

7 14900 770 2500 2300 790
14900 770 1300

8 - 800 1200
- 800 1300

9 - 240 250

10 - 14400 750

1 - 1900 700

Notes 1 - The authors noted the increases in TCPP concentration in effluent compared to influent in some cases. It was concluded

that this was due to day-to-day variations in influent concentration, and that effluent concentrations could be expected to be more
stable due to extensive mixing processes inside WWTP.

2 - no biological treatment at site 5.
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Rodil et al. (2005) reported concentrations of TCPP in raw wastewater, primary effluent and
tertiary effluent (i.e. treated wastewater) of a WWTP, in a paper that focuses principally on
analytical determination method and recovery. Samples were taken in August 2004 and
analysed as 24-hour composite samples. TCPP concentrations varied from 3.1 pg/l (raw
wastewater), 2.4 ug/l (primary effluent) to 2.6 ug/l (tertiary effluent).

Two WWTPs in the Frankfurt area were sampled in a study reported by Héhne and Piittmann
(2006). TCPP was among a number of flame retardants analysed. The maximum influent
concentrations were 10.4 pg/l TCPP (Niederrad/Griesheim) and 4413 ng/l (Sindlingen);
reducing to 6646 ng/l and 2634 ng/l respectively. Minimum and median concentrations
suggest significant variability in levels of TCPP entering the Sindlingen plant as reported
concentrations increase significantly in treated effluent (min. 333 ng/l increasing to 736 ng/l;
median 1004 increasing to 1616 ng/l).

Rainwater and snow

Chloroalkyl phosphates were identified and determined as part of a larger study into the
occurrence of chloro-organics in samples of rainwater and snow (Laniewski, Bérenand and
Grimvall, 1998). It had previously been reported that TCEP was found in rain and snow, and
in this study TCEP was found, together with lower levels of other chloroalkyl phosphates.
GC-MS analysis identified three isomers of tris(chloropropyl) phosphate, of which TCPP was
one. TCPP was positively identified in snow in southern Sweden (rural area), Gdansk
(Poland; densely built-up area), in glacial ice in northern Sweden, and in rainwater in Mace
Head, Ireland (both remote areas). The maximum concentration of TCPP found was 3.0 ng/l
but it is not stated which sample medium this referred to.

In snow samples collected in northern Sweden, TCPP concentrations dominated in the
analysis (Marklund et al., 2005a). Snow samples were taken in March 2003, at a municipal
airport, and in the vicinity of a road intersection. Samples were analysed using GC-NPD and
GC-MS. The authors reported that TCPP (sum of all isomers) showed a pattern of decrease in
concentration with distance from the road intersection, and concluded that traffic could be a
source of TCPP in outdoor environments, though since TCPP is not used in automotive
applications this seems unlikely. Results are presented in Table 3.33.

Table 3.33 TCPP concentrations in snow (Marklund et al., 2005a)

Concentration (ng/kg snow)
Road 1 170
Road 2 130
Road 3 110
Airport 1 120
Airport 2 100
Airport 3 210
Sediment

Sediment from three lakes in northern Italy were sampled and analysed for various chemical
classes of pollutants (Galassi, Provini and De Paolis, 1990). The number of samples taken
reflects the size of the lake. Samples were taken in May 1986 and September 1987. ‘TCPP’
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(tris(3-chloropropyl)phosphate) was detected at levels of 0.600-1 and 0.3 pg/g dry weight
among other phosphate esters at two of the lakes. A structure is not presented and it seems
unlikely from the nomenclature that this is the TCPP that is the subject of this risk
assessment.

The substance detected is likely to be present as a result of outflow from “point sources of
pollution in the aquatic environments considered”. The paper refers to an industrial site on the
lake where it was detected at the higher level, so this may represent a local measurement.
Detection was by GC with an N/P selective detector.

Analysis of flame retardant compounds in sediments of the river Elbe has been undertaken
(Heemken, Kuballa and Stachel, undated). Samples of freshly-deposited sediment were taken
at ten sites, the intention being to obtain a pollution profile along the river. TCPP (‘technical
mixture’) was one of nine FRs analysed for, and the tris-isopropyl structure (i.e. TCPP as
described in section 1.1) and an isomer (Bis(1-chloro-2-propyl)-2-chloropropyl phosphate,
though the structure depicted is incorrect) were analysed for separately. Analysis was by
GC/MS. TCPP was detected in twenty samples (it is presumed that two samples were taken
at each point though this is not stated; no FR occurs in more than 20 samples), at a
concentration range of 15 — 540 micrograms/kg (mean 302 micrograms/kg).

Sediments in the region of the Elbe were sampled between 1996-99 (Reincke et al., 2000).
Suspended sediments were investigated in 1998-99 (sampling twice monthly) and at the end
of 1999 there was a special monitoring programme for sediments in the governmental districts
of Leipzig and Halle. Suspended sediments were measured bi-monthly in 1998 and 1999, at
ten and eleven sampling sites respectively. TCPP was detected in all samples at levels of 2-
1100 pg/kg. The results are summarised in Table 3.34.

Table 3.34 TCPP concentrations in sediments from the river Elbe

1998 (ug/kg) 1999 (ug/kg)

Min Median Max Min Median Max
Schmilka 92 172 220 110 235 420
Dommitzsch 160 297 400 150 300 540
Gorsdf. (Schw. Elster) | 140 312 420 22 319 480
Bad Diiben (Mulde) - - - 230 390 690
Dessau (Mulde) 290 527 1100 160 292 510
Rosenburg (Saale) 340 500 690 2 290 500
Magdeburg 350 432 520 280 408 690
Schnackenburg 89 212 340 27 158 250
Bunthaus 28 186 280 10 127 230
Seemannshoft 15 72 210 19 33 45
Grauerort 10 25 48 5 17 31

The 1999 samples in Leipzig and Halle districts were taken in December of that year. The
one-off results are shown in Table 3.35.

RAPPORTEUR IRELAND/UK 89



EU RISK ASSESSMENT — TCPP  cAS 13674-84-5 CHAPTER 3. 2BENVIRONMENT

Table 3.35 TCPP concentrations in sediments

TCPP concentration (ug/kg)
Saale, at Meuschau 160
Saale, at Planena 20
Weipe Elster, at Ammendorf 38
Saale, at Trotha 350

Overall the highest concentration in surface water was 1100 pg/kg in Mulde sediments at
Dessau in 1998.

Sediments were taken from the rivers Danube, Neckar and Rhine, as part of annual
monitoring by the local environmental protection authority. The results were reported as part
of a wider study (Kuch et al., undated). Details of the sampling regime and analytical
methods are not presented. Chloroalkylphosphate FRs were predominantly detected in trace
concentrations. High concentrations in the sediments of the three rivers (up to 1.3 mg/kg dry
weight) are noteworthy, since this suggests accumulation.

A review of findings for many FRs (BAG/ERZ, 2000) notes that TCPP was found at up to
160 ng/kg in freshwater sediments (Lach and Steffen 1997).

Sediments were sampled and analysed in three lakes in Italy in a study by Galassi et al.
(1992). Sediment core samples were taken between 1986 and 1988 in the area of maximum
depth of the lakes (Varese, Comabbio and Monate). It is noted that the watersheds of the
three lakes are densely populated with a high density of industries in the area between lake
Varese and Comabbio. Analysis of TCPP was by GC-MS, after extraction of the samples
with hexane. The detection limit was 20 ng TCPP per 1 ml of hexane extract. TCPP was
detected at 0.30 pg/g dw in lake Varese sediment, 0.86 pg/g dw in lake Comabbio sediment,
and not detected in lake Monate sediment. The two measurements are equivalent to
0.30 mg/kg and 0.86 mg/kg dwt respectively.

Sediments were sampled and analysed after a period of flooding of the Elbe (Stachel et al.,
2005). The samples were taken following the flooding in September 2002 along the Elbe and
at the mouths of its major tributaries. Samples were analysed using GC-FPD. Across
37 samples, concentrations of TCPP ranged between 5.9-311 pg/kg dwt, median
57 ng/kg dwt. The results show that only a few weeks after the flood, contaminant
concentrations in solid matter were comparable to those prevailing beforehand. Significant
sources of contaminant input are believed to include the tributaries Vltava (Moldau), Bilina
(both in the Czech Republic), and the Mulde (Germany), as well as industrial and municipal
WWTPs located along the Elbe. The chemical analyses were complemented by results of
ecotoxicological studies with two sediment organisms (Chironomus riparius and
Potamopyrgus antipodarum).

Groundwater

Three groundwaters were sampled and analysed as part of a wider study (Kuch et al.,
undated). Two of the groundwaters were sampled from a location of high exposure. Details
of the sampling regime and analytical methods are not presented. Chloroalkylphosphate FRs
were predominantly detected in trace concentrations; the limit of quantitation appears to be
approximately 0.1 pg/l so it is assumed that TCPP was below this level in the groundwater
samples.
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Measured levels in Asia

Water

TCPP was sampled in surface waters (Fukushima, Kawai and Yamaguchi, 1992). Monitoring
data for organophosphoric acid triesters since 1976 in the Yodo river basin, Yamato river and
Osaka bay, Japan. River water is “typically polluted” by receiving various kinds of
agricultural, domestic and industrial wastewaters with or without treatment”.

TCPP (tris(chloropropyl)phosphate) was found, but without structural representation or CAS
number it is not confirmed that it is 13674-84-5. Samples were analysed for organophosphoric
acid triesters using GC/MS and determined by GC with a flame photometric detector. Maps
showing distribution of different levels are presented in the paper. Particularly high levels of
TCPP (13.1 ng/l) were determined in the Yamato river. The nature of local industries in the
areas surrounding the sampling sites is not set out.

Effluents

TCPP was detected in samples of effluents (Ishikawa et al., 1985). Neither article nor
abstract are translated from the Japanese. There is reference to TCPP but there is no full
chemical name or diagram so it is not clear whether this is the TCPP that is the subject of this
risk assessment. Factory effluent from food, chemical, steel, metal and ‘others’ industries
were sampled. TCPP was detected at a level of 60 ng/l in the effluent from only one site
(‘other’ industries). TCPP was also detected in four of 14 river waters, the maximum level
being 180 ng/l.

In domestic miscellaneous effluent TCPP was not detected (i.e. <30 ng/l). In sewage
treatment plant effluent, TCPP was detected at only one of six sampling sites, at which
980 ng/l was measured in the influent and 320 ng/l in the effluent (implying 67% removal,
although any time delay between the measurements is not made clear). Any relationship
between the different effluent release sites and the river water sampling sites is not made
clear.

Samples were taken from degradation ponds at a sea-based disposal site (Kawagoshi et al.,
2002). The site is divided into three areas of which one takes solid wastes (presumably inert
wastes) and two take dredged soils. Degradation of organophosphates was determined in
seven different test conditions (presence and absence of sediments, aeration, presence and
absence of biota). Initial concentration of TCPP was approximately 70 pg/l. TCPP was
relatively stable under all conditions over 78 days.

Measured levels in North America

Packaged foods

As part of a major study (Kan-Do, 1995), packaged foods were prepared according to the
manufacturers’ recommendations and then screened for the presence of around 300 different
chemical substances (nutrients, toxic elements and pesticides) using established methods
appropriate to the substance (not named). TCPP (not clearly identified as the substance that is
the subject of this risk assessment) was found in three of the 234 food items investigated (raw
peach and pear, and catsup), at an average level of 0.0093 pg/l.
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Table 3.36 TCPP concentrations in the environment: Freshwater and related data

Sample type | Location Sample Analytical method | Results Scale represented Reliability Study reference
period

Drinking EU: 1986-87 GLC/HPLC Max 0.09 pg/l Unclear but probably (4) not assignable. No Galassi, Guzzella
water and Northern Italy regional validation of storage and | and Sora, 1989
surface water analysis
River water EU: 1988-89 GC 0-68ngll Local (2) valid with restrictions. | Guzzella and

River Po at Ferrara Galassi, 1993
River and sea | EU: 1988 GC Max 92 ng/l Sample point A likely tobe | (4) not assignable. No Galassi, 1991
water River Po and Adriatic local for private use stage: validation of storage and

level of industrialisation is analysis
not known.

Surface EU: 1996-99 ND - 780 ng/l (Elbe); | Unclear but probably (4) not assignable. No Reincke et al.,
waters and River Elbe and various ND - 31 uall (oth regional validation of storage and | 2000
suspended other surface waters t_ ugfl (other analysis
sediments (max conc. in Neue waters)

Gosel, Gutepegel)
Rive rwaters | EU: Sept 2002 GC-MS Ruhr and tributaries: Unclear but probably (4) not assignable. No Andresen et al.,

River Ruhr and its max ~300 ng/l regional validation of storage and | 2004

tributaries including . analysis

Méhne and Lenne: Rhine 80-100 ng/l

also Rhine and Lippe Lippe 100 ng/!
River water EU: Not clear GC/MS Concentrations in river | Unknown without further (4) not assignable. Andresen and
and treated River Ruhr water 54, 95 and ca. information. Bester, 2006
drinking 74 ng/l
water Concentrations in

treated drinking water
2.9,50 and ca. 4 ng/l
Fresh surface | EU: 1995-99, Largely 5— 10 pg/l. Not known (2) valid with restrictions. | Environment
water UK Midlands region 2004-2005 Highest value 304 g/l Acceptable, though Agency WIMS
possible some data database

points may be in
incorrect units
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Sample type | Location Sample Analytical method | Results Scale represented Reliability Study reference
period
Fresh surface | EU: 1995-99 0.56 pg/l Regional (2) valid with restrictions. | Environment
water UK Midlands region Acceptable, though Agency WIMS
possible some data database
points may be in
incorrect units
Freshwater EU: 2002 or LC-MS Not detected Unclear (2) valid with restrictions | CEFAS, 2002
sediments England and Wales earlier (<10 pg/kg wwt)
Bath lakes EU: 1997-99 GC-FPD Bath lakes: max 0.37 Unclear (4) not assignable. Prosch et al.,
and house Mecklenburg- g/l 2002
I Vi
el orpommenn House wells: max 1.0
g/l
River/estuarin | EU: R. Elbe estuary May-June GC/MS 90 ngll Unclear (4) not assignable. Andresen et al.
e water 2005 (2007)
WWTP EU: Not stated GC/FPD, GC/MS Max 830 ng/l Local pre- and post- (4) not assignable. Puchert and
receiving Germany wastewater treatment. Prosch, undated
waters
WWTP EU: Not stated Not stated Trace concentrations Local pre- and post- (4) not assignable. Kuch et al.,
receiving Germany wastewater treatment. undated
waters
Lake waters EU: 1986-88 GC/MS Varese: 4.5 gl Varese and Comabbio are (4) not assignable. Galassi et al.,
three ltalian lakes . local sites though the type 1992
Comabbio: 17.8 ug/ of industry is not indicated
Monate: 0.04 ug/! in the report
Sewage final | EU: 1995-99 Largely <20 ug/l. Local (though the sources (2) valid with restrictions. | Environment
effluent UK Midlands region Highest value of TCPP are not made Acceptable, though Agency WIMS
3.32 mgll clear, and cannot be linked | possible some data database

to specific life cycle stages)

points may be in
incorrect units
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Sample type | Location Sample Analytical method | Results Scale represented Reliability Study reference
period
Municipal and | EU: 1998 GC Municipal sites: Local (though the sources (4) not assignable. Présch, Puchert
industrial Baltic Sea catchment max 0.8-1.99 ug/l of TCPP are not made and Gluschke,
WWTP area L clear, and cannot be linked 2000
effluents Industrial sites: max | 15 pecific life cycle stages)
6.9-26.7 pgll
WWTP EU: 1996-99 Max 74 pgll Local (though the sources (4) not assignable. Reincke et al.,
effluents Elbe region and of TCPP are not made 2000
Leipzig and Halle clear, and cannot be linked
districts to specific life cycle stages)
WWTP and EU: Treated effluent; Local (though the sources (4) not assignable. Kuch et al.,
disposal site | Germany max 2.3 g/l of TCPP are not made undated
effluents ) . clear, and cannot be linked
Disposal site effluent: | 15 specific life cycle stages)
in mg/l range
WWTP EU: Feb - Treated effluent: Local (though the sources (4) not assignable. NRW, 2003
effluents Germany March 2003 max 9 g/l of TCPP are not made
clear, and cannot be linked
to specific life cycle stages)
WWTP EU: Treated effluent: 0.9- Local (though the sources (4) not assignable. Fahlenkamp et
effluents Germany 3.4 ugll of TCPP are not made al., 2004
clear, and cannot be linked
to specific life cycle stages)
WWTP EU: Spring 2003 Treated effluent; Local (though the sources (4) not assignable. Meyer and
effluents North Rhine- 1.7-6.6 pgll of TCPP are not made Bester, 2004
Westphalia clear, and cannot be linked
to specific life cycle stages)
WWTP EU: Sept 2002 GC-MS Treated effluent: Local (though the sources (4) not assignable. Andresen et al.,
effluents WWTPs in Ruhr river ~20-~380 ng/l of TCPP are not made 2004

system

clear, and cannot be linked
to specific life cycle stages)

"INJNNOHIANIGZ

G-¥8-719¢€) SYO ddD1 — LNIWSSISSY MSIH N3

'€ ¥3ALdVHD



MN/ANVI3H| INFLH0ddVd

S6

Sample type

Location

Sample
period

Analytical method

Results

Scale represented

Reliability

Study reference

WWTP
effluents

EU:
Germany

Not clear

Not clear

Dusseldorf-Sud ca. 1
g/l in influent and ca.
0.9 ug/l in effluent

KéIn-Stammheim ca.
3.5 ug/l in both influent
and effluent

Unknown

(4) not assignable

Friedrich et al.
(2005)

WWTP
effluents

Not clear

2004

LC-ESI-MS/MS

3.1 pgll (raw
wastewater), 2.4 pgll
(primary effluent)

2.6 pgll (tertiary
effluent)

Unknown

(4) not assignable

Rodil et al.
(2005)

WWTP
effluents

EU:
Germany (Frankfurt
area)

Not clear

Not clear

Niederrad/Griesheim:
Max 10.4 ug/l
(influent)

Max 6646 ng/l
(effluent)

Sindlingen
Max 4413 ng/l
(influent)

Max 2634 ng/l
(effluent)

Unknown

(4) not assignable

Hoéhne and
Pittmann (2006)

Trade effluent

EU:
UK Midlands region

1995-99

<2 ugll

Unknown

(2) valid with restrictions.
Acceptable, though
possible some data
points may be in
incorrect units

Environment
Agency WIMS
database
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Sample type | Location Sample Analytical method | Results Scale represented Reliability Study reference
period
WWTP EU: April 2002 GC-MS WWTP influent: 520 Local (though the sources (4) not assignable. Bester, 2005
effluent and Dortmund, Germany ng/l of TCPP are not made
sludge Effluent: 380 ng/l clear, and cannot be linked
(means) to specific life cycle stages)
Sludge: 5.1 mg/kg
dwt
20 other sludge
samples:
1-20 mg/kg dwt
WWTP EU: Swedish WWTPs | 2003 GC-NPD 1100 - 18,000 ng/l Local (though the sources (4) not assignable. Marklund et al.,
effluents and measured in influent of TCPP are not made 2005b
sludges wastewater clear, and cannot be linked
1500 - 24,000 ngll to specific life cycle stages)
measured in treated
wastewater
61— 1900 ng/g dw
measured in sludge
Landfill EU: 2005 Not stated 21 sites with analysis | Local (2) valid with restrictions | Pers. comm., 3r
leachate UK (Environment for TCPP: range of August 2005
Agency Thames, results
Anglian and Wales 0.4 -66.6 pg/l;
Regions) mean 24.6 pg/l
Ground water | EU: 1995-2005 56 ngll Unknown (4) not assignable. Environment
UK 199 ng/l Acceptable, though Agency WIMS
possible some data database and
points may be in pers. Comm, 22nd
incorrect units December 2005
Ground EU: Trace concentrations (4) not assignable. Kuch et al.,
waters Germany undated
Rainwater EU: 1996-97 GC/AED and Max 3.0 ng/l Gdansk likely to be local, (4) not assignable. Laniewski,
and snow Sweden, Poland and GC/MS/ SIM others are regional Borenand and

Ireland

Grimvall, 1998
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Sample type | Location Sample Analytical method | Results Scale represented Reliability Study reference
period
Snow EU: March 2003 | GC-NPD and Near road intersection: | Unclear (4) not assignable Marklund et al.,
Northern Sweden GC/MS 110-170 ng/kg snow 2005a
Airport: 100-210 ng/kg
show
Lake EU: 1986-87 GC 0.600-1 and 0.3 ug/g | Unclear (4) not assignable. Galassi, Provini
sediments Northern ltaly dry weight, but may and De Paolis,
not be the relevant 1990
substance
River EU: Jan-Feb GC/MS Max 540 ug/kg, mean (4) not assignable Heemken,
sediments River Elbe 2001 302 uglkg Kuballa and
Stachel, undated
Suspended EU: 1996-99 Elbe region: 2- Unclear (4) not assignable. Reincke et al.,
sediments River Elbe region and 1100 pg/kg 2000
I&Et;;iz(fsand Halle Leipzig and Halle
districts: 20-350 pg/kg
River EU: Max 1.3 mg/kg dry Unclear (4) not assignable. Kuch et al.,
sediments Danube, Neckar and weight undated
Rhine
Freshwater Unclear Max 160 pg/kg Unclear (4) not assignable. Lach and Steffen
sediments 1997, in
BAG/ERZ, 2000
Lake EU: 1986-88 GC/MS Varese: 0.30 mg/kg Varese and Comabbio are (4) not assignable. Galassi et al.,
sediments three Italian lakes dwt local sites though the type 1992
. of industry is not indicated
Comabbio: 0.86 mg/kg in the report
dwt
Monate: ND
River EU: 2002 GC-FPD 5.9-311 ug/kg dwt, Presumably local (4) not assignable Stachel et al.,
sediments River Elbe and median 57 pg/kg dwt 2005

tributaries
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Sample type | Location Sample Analytical method | Results Scale represented Reliability Study reference
period
River water Asia: 1976-90 GC/MS and <13.1 g/l Maximum concentrationis | (2) valid with restrictions | Fukushima,
Various rivers, Japan GC/FPD probably downstream from Kawai and
a facility but this is not Yamaguchi, 1992
explicitly stated.
Effluents and | Asia: Unknown Unknown Max 980 ng/l (sewage | Local (factory effluents) and | (4) not assignable. Ishikawa et al,
river water Kitakyushu City, Japan treatment influent) unclear (other samples) 1985
Degradation | Asia: approximately 70 ug/l | Presumably represents (4) not assignable. Kawagoshi et al.,
ponds at sea- | Japan local environment for 2002
based disposal
disposal site
Packaged North America: 1982-91 0.0093 pg/ N/A (4) not assignable Kan-Do, 1995
foods USA
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3.143 Comparison between predicted and measured levels

UK monitoring data provided by the Environment Agency result in a regional background
concentration of 0.56 pg/l in water, which compares well with the modelled value of
0.50 pg/l. UK data are particularly relevant, since the largest volume of TCPP-containing
furniture foam is believed to be in service in the UK and Ireland.

The existence of EU measurements of comparable magnitude to the modelled PECcgional value
of 0.50 g/l for water suggests that the predicted release rates are not unreasonable, since the
predicted concentrations are within an order of magnitude of measured values.

It is notable that the data suggest that TCPP is detectable in a wide range of non-industrial
indoor environments. This supports the modelling of releases by volatilisation in service and
from waste remaining in the environment.

The finding from studies of WWTP effluents that removal of TCPP in treatment plants was
not significant supports the SimpleTreat model, which estimates that over 90% of the
substance would be directed to water in a biological treatment plant.

UK monitoring data show that measured levels in freshwater sediments are less than
10 ng/g wwt (equivalent to 10 ng/kg wwt). The EUSES predicted concentrations at regional
scale and many local scale endpoints are in agreement with this finding, though several
predicted local sediment concentrations are higher than this limit of detection.

3.1.5 Terrestrial compartment

3.1.5.1 Calculation of PEC,ycal

The most significant contribution to PEClocal s comes from spreading of WWTP sludge
onto agricultural land. The PECs for TCPP are calculated using the methods given in the
Technical Guidance Document, except where site-specific assessment is appropriate and
suitable acceptable data have been provided (more information is given in the Confidential
Annex). Where a default local assessment applies, the usual models, equations and
assumptions apply.

3.1.5.1.1 Calculation of PEC,, for production

PEC,oca for production is based on site specific, confidential details of effluent concentration
and wastewater treatment plant size and function. Calculated PECs are summarised in Table
3.37.
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Table 3.37 PECsoil values for production

Agric. soil 30 day average Agric. soil 180 day average Grassland 180 days
(mglkg wet w t.) (mglkg wet wt.) average (mg/kg wet wt.)
Producer 1 5.75E-03 5.75E-03 5.75E-03
Producer 2 5.75E-03 5.75E-03 5.75E-03
Producer 3 5.75E-03 5.75E-03 5.75E-03
Producer 4 0.0153 0.0136 8.53E-03
3.1.5.1.2 Calculation of PEC,., for formulation

PECocai for formulation of systems is based on the ESD for additives used in the plastics
industry, with site specific, confidential details of effluent concentration and wastewater

treatment plant size and function for large sites. Calculated PECs are given in Table 3.38.

Table 3.38 PECsoil values for formulation

Agric. soil 30 day average | Agric. soil 180 day average Grassland 180 days
(mg/kg wet w t.) (mglkg wet wt.) average (mg/kg wet wt.)
A1a: Large systems houses 0.0825 0.0695 0.0335
A2: Medium systems houses 0.0564 0.0475 0.0217
A3: Small systems houses 0.0185 0.0162 9.74E-03
Ad4: Systems houses using
preformulated polyol 7.26E-03 6.99E-03 6.21E-03

3.1.5.1.3 Calculation of PEC,,, for industrial/professional use

PECjocar values for industrial and professional use are calculated for all life cycle stages.
Calculated PECs are given in Table 3.39.

3.15.14 Calculation of PEC, for private use

Not applicable. Non-industrial applications, in-service loss and waste remaining in the
environment are characterised on a regional scale.

3.1.5.1.5 Calculation of PEC,,, for disposal

Not included in the present assessment, though preliminary research suggests that low levels
of local scale exposure is possible due to WWTP treatment of landfill leachate. This is
covered by discharge consents and is not a high priority in this risk assessment at this time.

3.1.5.2 Measured levels

No data are available for review.
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3.15.3

No data are available for review.

Table 3.39 PECsoil values for industrial and professional use

Comparison between predicted and measured levels

Agric. soil 30 day average | Agric. soil 180 day average Grassland 180 days
(mglkg wet w t.) (mglkg wet wt.) average (mg/kg wet wt.)

B1a: flexible foam (furniture)

very large 6.21E-03 6.13E-03 5.89E-03
B1b: flexible foam (furniture)

large 5.83E-03 5.81E-03 5.7T7E-03
B1c: flexible foam (furniture)

small - not using systems 6.59E-03 6.44E-03 5.99E-03
B1d: flexible foam (furniture)

small - users of systems 7.26E-03 6.99E-03 6.19E-03
B2: flexible foam cutting 5.85E-03 5.83E-03 5.78E-03
C1: rigid foaming large sites 5.76E-03 5.76E-03 5.75E-03
C2: rigid foaming small sites 0.0123 0.0111 7.64E-03
E1: one-component foams 0.0693 0.0581 0.0253
F1: confidential 0.0154 0.0137 8.74E-03
G1: confidential 0.165 0.137 0.0523
G2: confidential 0.155 0.129 0.0493
H1: confidential 0.305 0.251 0.0928
[1: confidential 0.0208 0.0181 0.0102
J1: confidential 0.0824 0.0688 0.0291
K1: confidential 0.0159 0.0141 9.06E-03
K2: confidential 0.0654 0.0547 0.0231
L1: confidential 6.20E-03 6.12E-03 5.88E-03
M1: confidential 7.48E-03 7.17E-03 6.29E-03
N1: confidential 0.0357 0.0303 0.0144
O1: rebonding 5.75E-03 5.75E-03 5.75E-03
P1: confidential 0.0108 9.88E-03 7.32E-03
Q1: adhesive pressing 0.0208 0.0181 0.0102
R1: loose crumb 5.75E-03 5.75E-03 5.75E-03

3.1.6 Atmosphere

Given the low levels of releases, the relatively low volatility and moderate solubility and
adsorption coefficient of TCPP, together with its short predicted atmospheric half-life for
degradation by hydroxyl radicals, it is not expected that exposure via the atmosphere will be

significant.

The concentrations of TCPP in the atmosphere have been estimated using EUSES 2.0.3. The
predicted local and regional atmospheric concentrations are shown in Table 3.40.
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Table 3.40 Estimated air concentrations of TCPP

Scenario Air concentrations (Ciocal) (mg/m?) PECiocal(air), ann
Emission Annual average (mgim?)
episode

Producer 1 2.50E-09 2.06E-09 1.42E-07

Producer 2 4.73E-07 3.89E-07 5.29E-07

Producer 3 0 0 1.40E-07

Producer 4 3.06E-08 1.78E-08 1.58E-07

A1a: Large systems houses 1.07E-03 8.76E-04 8.76E-04

A2: Medium systems houses 2.32E-04 1.90E-04 1.91E-04

A3: Small systems houses 5.82E-05 4.78E-05 4.79E-05

Ad: Systems houses using preformulated polyol 6.95E-06 3.90E-06 4.04E-06

B1a: flexible foam (furniture) very large 2.14E-06 1.75E-06 1.90E-06

B1b: flexible foam (furniture) large 3.83E-07 3.14E-07 4 55E-07

B1c: flexible foam (furniture) small - not using systems 4.67E-08 3.84E-08 1.79E-07

B1d: flexible foam (furniture) small - users of systems 8.34E-08 6.85E-08 2.09E-07

B2: flexible foam cutting 4.73E-07 3.88E-07 5.29E-07

C1: rigid foaming large sites 7.11E-08 5.85E-08 1.99E-07

C2: rigid foaming small sites 1.45E-08 1.19E-08 1.52E-07

E1: one-component foams 2.09E-04 1.71E-04 1.72E-04

F1: confidential 4.17E-05 2.86E-05 2.87E-05

G1: confidential 9.27E-05 1.52E-05 1.54E-05

G2: confidential 6.95E-06 6.85E-07 8.26E-07

H1: confidential 1.39E-05 7.62E-07 9.02E-07

[1: confidential 6.95E-05 1.52E-05 1.54E-05

J1: confidential 3.50E-04 1.63E-04 1.63E-04

K1: confidential 2.31E-04 5.69E-05 5.71E-05

K2: confidential 3.47E-07 6.46E-08 2.05E-07

L1: confidential 2.49E-08 4.57E-09 1.45E-07

M1: confidential 7.65E-06 6.28E-06 6.42E-06

N1: confidential 1.08E-09 1.18E-10 1.40E-07

0O1: rebonding 1.31E-06 1.08E-06 1.22E-06

P1: confidential 2.29E-05 1.89E-05 1.90E-05

Q1: adhesive pressing 6.95E-05 1.83E-05 1.84E-05

R1: loose crumb 5.61E-07 4.61E-07 6.02E-07

Some monitoring data for indoor air and environments have been obtained and these are
presented in section 3.1.6.1 below. These are informative in terms of context for the models
of release via volatilisation, but cannot be directly compared with predicted environmental
concentrations from the risk assessment.

RAPPORTEUR IRELAND/UK 102



EU RISK ASSESSMENT — TCPP  cAS 13674-84-5 CHAPTER 3. 2BENVIRONMENT

3.1.6.1 Measured levels reported in the open literature

The following measured data relate to indoor environments. All results are summarised in
Table 3.47.

Measured levels in the EU

Indoor environments

In a study conducted on behalf of the Swiss Federal Office of Public Health, air samples were
analysed for FR content (Biirgi, 2002). Samples were taken in eleven locations: electronic
appliance showrooms, open-plan offices, car interiors and a theatre. Air samples of
approximately 2 m’ were taken using polyurethane foam adsorbents, which were later
extracted and analysed using GC-MS.

TCPP was detected in indoor air at levels of up to 261 ng/m’. The levels of TCPP were not
found to be correlated with dust levels, although it would be expected that these substances
would be found mostly in particle-bound form. It is of interest to note that this concentration
represents 0.13% of saturation (based on the vapour pressure).

Settled dusts were collected from 15 environments including workplaces, domestic and public
buildings in a recent study (Marklund et al., 2003). Dust was collected from vacuum cleaner
dust bags and also collection by hand in some cases. Wipe sampling was also used to look at
surfaces. Dust samples were stored in glass jars in freezers prior to analysis. The samples
were extracted using DCM with ultrasonication and analysis was by GC-NPD. TCPP was
detected at the concentrations shown in Table 3.41.

These findings are very interesting. The highest levels of TCPP were detected in office,
university lobby, hotel, prison and hospital office (all above 5 mg/kg dust). Office and lobby
environments will be furnished with upholstered furniture and this is the most likely source.
In the university lobby the upholstered furniture itself had actually been vacuumed. It has
been indicated that foam mattresses and mattress coverings in prisons are heavily flame
retarded due to the high fire and arson risks, which might explain the high levels detected in
this environment (pers. comm., 27" July 2005). TCPP was found at significant concentration
on the surface of computer screen/casing. It is unclear how this could have arisen as TCPP is
not used in such materials; it could be due to adsorption.

It is unclear why the levels determined in public/occupational environments are so much
higher than domestic environments, though the frequency of vacuuming may be a factor, and
it is possible that statutory requirements may exist requiring higher levels of flame retardancy
in some specific types of location, such as prisons. The possible roles of variations in total
dust load, dust type (e.g. composition, particle size) are mentioned in the report but no
conclusions are drawn regarding the samples analysed. Overall, these findings support those
of previous reports in the indication that TCPP can be detected in environments of use, which
naturally leads to the conclusion that there is release in service.

The report also cites findings from previous work, including detection of TCPP in indoor
atmospheres of buildings in Sweden and Japan at concentrations in the ng/m’ range (Carlson
etal., 1997 and Otake et al., 2001).
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Table 3.41 TCPP concentrations in settled dusts (Marklund et al., 2003)

TCPP2
mgl/kg dust or ng/m? for computer screen and computer
cover
Home 1o 0.47
Home 2 0.93
Day care centre 2.5
Hospital wards® 2.3
Hospital officec 5.3
Radio shop® 2.3
Textile shop 1.4
Hotel 8.9
Prison¢ 8.9
University lobby 50
Officee 73
Libraryd 2.9
Aircrafte 2.2
Cinemac 24
Public dance hall° 1.5
Computer screen 370
Computer cover 220
Notes

a Sum of isomers.
b Average of three replicates.
¢ Average of two parallel samples.

Indoor air has been sampled in similar environments (Marklund et al., 2005¢). Samples were
collected using solid phase extraction tubes at a height chosen to represent the breathing zone
of people working in the room. Analysis was by GC-NPD. The results are presented in

Table 3.42.
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Table 3.42 TCPP concentrations in indoor air (Marklund et al., 2005¢)

TCPP (ng/m?) (sum of three isomers)
Home 1 210
Home 2 38
Day care centre 28
Hospital ward 69
Radio shop 10
Textile shop 32
Hotel 69
Prison 570
University lobby 440
Office 160
Library 40
Public dance hall 97
Furniture store 73
Plastics Factory 1 32
Plastics Factory 2 27
Bowling alley 93
Laboratory 31
Blank (n = 3) 5.1

In a recent study (Prosch and Puchert, 2003), cotton pieces were exposed to indoor air in situ
e.g. in cars and rooms, then washed. Levels of up to 1400 ng TCPP were extracted from the
wash water. Flats and houses, old and new-built, were included in the work. TCPP-
containing materials were present (e.g. in the installation of windows, building foam and
fixing foam around door frames). Automotive interiors were also included, though this is not
believed to be a relevant application for TCPP foam.

The exposure period was at least one week. Pieces of 100% cotton cloth 8 x 8 cm (i.e.
64 cm”) were used to take samples. Prior to use, these were soaked for 1 hour in acetone.
The cloths were stored before and after exposure in sealed glass containers. After exposure
the cloths were washed in the laboratory with vibration at 40°C for 30 minutes. The cloths
were dried carefully and the cooled wash-water analysed using solid phase extraction
GC/flame photometer.

Results were as shown in Table 3.43.
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Table 3.43 TCPP concentrations sampled from indoor air

TCPP in ng/cloth
Room 1 Room 2 Room 3
Dwelling 1 ~20 ~150 ~300 Vehicle 1 ~250
Dwelling 2 ~100 ~450 ~900 Vehicle 2 1400
Dwelling 3 ~100 ~250 ~930 Vehicle 3 ~40
Dwelling 4 ~20 ~30 ~30 Vehicle 4 <10
Dwelling 5 ~40 ~50 ~80 Vehicle 5 ~10
Dwelling 6 ~30 ~430 - Vehicle 6 ~10

Settled and suspended dusts were collected as part of a recent study (Nagorka and Ullrich,
2003). Analysis was by GC-NPD and GC-MS. This report concentrates primarily on
development of the analytical method. It also reports some findings from previous studies;
TCPP was detected in the samples summarised in Table 3.44.

Table 3.44 Reported TCPP concentrations in dusts

TCPP in 436 house dusts (Ingerowski et al., 2001) <0.1-375 mg/kg dust
95th Percentile 3.4 mg/kg

Organophosphate FR in dusts from a kindergarten with 44 mgl/kg dust

organophosphate-containing building materials

Organophosphate FR in dwellings in Munich (Carl, 1998) 0.4-25 mg/kg dust

Organophosphate FR in dusts from buildings with Not detected

Organophosphate FR building materials (Hansen et al., 2001)

A review of findings for many FRs (BAG/ERZ, 2000) notes that organophosphate esters were
detected in indoor air in schools and offices (Carlsson et al. 1997).

Indoor air was sampled at twelve locations around Zurich (Hartmann et al., 2004): car
interiors, a theatre, two furniture stores, three offices and three electronics stores. A single
sample per site was taken via polyurethane foam plugs, with a sampling rate of 4 1/minute
over a sampling period of 8 hours. Some overnight samples (6 or 14 hours) were taken. The
precise location of air intake was chosen to be in the ‘breathing zone’ of workers or
consumers in those locations. Samples were analysed by GC/MS, though a method recovery
was not performed for TCPP (no reason is given). The limits of detection and quantification
are 0.12 and 1.2 ng/m’ respectively for TCPP.

TCPP was detected at 260 ng/m’ in the 9-year-old car (undisturbed sample; with ‘occupation’
— with people entering and leaving the car every 30 minutes, the concentration was
190 ng/m*). Lower levels (23 ng/m®) were analysed in the new car and TCPP was below the
detection limit in the 1-year-old car. Both furniture stores, the theatre and one of the offices
gave levels of TCPP ranging from 46 to 130 ng/m>. TCPP was not detected in samples taken
at any of the electronics stores or the other offices.

In the 9-year-old car, variation of TCPP concentration was within analytical uncertainty
between the samples with high and low dust concentrations.
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Five indoor environments were sampled and analysed in a study by Carlsson et al. (1997).
Indoor air was sampled at three school buildings, a day-care centre and an office.
separate TCPP isomers were detected but it was not possible to link the concentrations found

with a specific isomer structure. Samples were analysed using GC-NPD, GC-AED, and

GC/MS. The limit of detection of TCPP was 5 pg. Results are summarised in Table 3.45.

Table 3.45 Concentrations of TCPP isomers in indoor air (Carlsson et al., 1997)

Concentrations(ng/lm3; mean values)
School 1 School 2 School 3 Day Care Centre Office
‘TCPP 1’ 14 41 35 34 31
‘TCPP 2 5.1 15 12 16 12
‘TCPP 3 <0.5 1.5 1.1 29 1.4
Total ! 19.1 57.5 48.1 52.9 44.4

Three

Note: 1 — Total of all TCPP isomers calculated by the Rapporteur, not taken from the published paper

Another study investigated air concentrations of TCPP and other flame retardants in
automobile interiors (Wensing et al., 2004). Eight new vehicles were tested at approximately
20°C and 65°C, while flushing the vehicles with 0.6 m*/h ultrapure nitrogen at 23°C and 50%
relative humidity. A nine-month-old vehicle was also tested after being left outdoors at a
temperature of 26°C (internal temperature 48°C). Samples were also taken from one new and
one old car during a journey.

Samples were collected using the adsorbent WAD-2 which was later extracted and analysed
using GC-MS. Results for TCPP are summarised in Table 3.46. As expected, measured air
concentrations of both substances were higher in the heated vehicles than at 20°C. However,
during a journey, levels were found to drop below detection levels after twelve minutes.

It is surprising that TCPP was detectable in any instance, since it is known that TCPP tends
not to be used in flexible PUR for automotive applications, owing to its volatility and fogging
potential.

Table 3.46 Summary results of Wensing et al. (2004)

Vehicle Oid New (all vehicles) New (single vehicle)
Temp 48! 202 201 651 65 652 502 402
(°C)
TCPP 1.7 <02 | <001- 0.07-11.1 0.60 <0.39 <0.53 <0.34
(ug/md) 0.48
1Stationary

2 Measurement when travelling; the temperature range reflects the different parts of the vehicle in which the foam is used

Staaf and Ostmann (2005) reported concentrations of TCPP among various organophosphate
compounds in 29 indoor environments. TCPP concentrations ranged from 7-160 ng/m’ in ten
private homes; 5-2300 ng/m’ in seven transport vehicles; 41-120 ng/m’ in three offices; 12-
22 ng/m’ in three workshops; 1-96 ng/m’ in four shops and 26-140 ng/m’ in three healthcare
facilities.
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Table 3.47 TCPP concentrations in air and indoor environments

Sample type | Location Sample period Analytical method | Results Scale represented Reliability Study reference
Indoor EU: Max 261 ng/m3in indoor | Presumably represents (4) not assignable. | Biirgi, 2002
environments | Indoor air air local environment for in-
service loss
Indoor air EU: solid phase Dwellings: 20-450 Dwellings presumably (4) not assignable. | Prdsch and Puchert,
Indoor air extraction GC/flame | ng/sample represent local 2003
photometer Vehicles: environment for in-
<10-1400 ngfsample | Se"Vice 10ss
TCPP not used in
automotive applications;
Indoor air Detected Carlsson, Nilsson et
al. 1997 in BAG/ERZ,
2000
Indoor air Europe: GC/MS Vehicles: <LOD - Buildings presumably (4) not assignable. | Hartmann et al., 2004
Zurich 260 ng/m? represent local
I environment for in-
?g(l)ldr:g?nié% to service loss
TCPP is not used in
automotive applications.
Indoor air Europe: GC-NPD, GC-AED | Totals across TCPP Buildings presumably (4) not assignable. | Carlsson et al., 1997
Sweden and GC/MS isomers (means): represent local
environment for in-
Schools max 57.5 ngim3 service loss
Day care centre 52.9
ng/m?3
Office 44.4 ngim3
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Sample type | Location Sample period Analytical method | Results Scale represented Reliability Study reference
Indoor air Europe: Sweden GC-NPD 10-570 ng/m? Buildings presumably (4) not assignable. | Marklund et al., 2005¢
Concentrations above represent local ;
100 ng/m3seen in Home enwlronment forin-
: M service loss
1, Prison, University
Lobby and Office (210,
570, 440 and 1600 ng/m?3
respectively)
Indoor air Europe: Sweden GC-NPD 1-2300 ng/m®inarange | Buildings presumably (4) not assignable. | Staaf and Ostmann
of indoor environments. represent local (2005)
. environment for in-
Concentrations gboye service loss
100 ng/m3seen in private
homes, offices, transport
vehicles, and healthcare
facilities.
Settled dust EU: GC-NPD Levels above 5 mg/kg Presumably represents (4) not assignable. | Marklund et al., 2003
Workplaces, domestic dust in several locations local environment for in-
and public buildings service loss
Settled and GC-NPD and GC- ND - 3.4 mg/kg dust Presumably represents (4) not assignable. | Various, in Nagorka
suspended MS (95%ile) local environment for in- and Ullrich, 2003
dusts service loss
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3.1.7 Secondary poisoning

The concentrations of contaminant in food (fish or worms) of fish- or worm-eating predators
(PECoral, predator, fish and PECoral, predator, carthworm) are calculated in accordance with the TGD.

Table 3.48 sets out the values of PEC i, predator fOr fish and earthworm predators for each life
cycle stage. The regional background contribution to the value is already accounted for and is
not evaluated separately. The regional background level does not in itself constitute a risk,
and for most life cycle stages its contribution to local PEC is not significant.

3.1.8 Calculation of PEC,¢gional and PEContinental

PECregionalwatery = 4.99E-04 mg/l from the EUSES v2.03 model.

PECregional freshwater sediment) = 2.42E-03 mg/kg wwt from the EUSES v2.03 model.
PEC regionalsoiiy = 2.65E-03 mg/kg wwt from the EUSES v2.03 model.

PECcontinentalwater) = 1.27E-05 mg/1 from the EUSES v2.03 model.

PECcontinental sreshwater sedimenty = 6.17E-05 mg/kg wwt from the EUSES v2.03 model.
PEC continentalsoiy = 1.19E-05 mg/kg wwt from the EUSES v2.03 model.
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Table 3.48 PECs for secondary poisoning assessment

PECoral, predator, fish [mg.kgwwt-1] PECoral, predator, earthworm [Mg.kg-1]
Producer 1 2.06E-03 8.22E-03
Producer 2 0.0128 8.22E-03
Producer 3 1.37E-03 8.22E-03
Producer 4 1.96E-03 0.0159
A1a: Large systems houses 1.35E-03 0.0706
A2: Medium systems houses 0.0466 0.0491
A3: Small systems houses 0.0127 0.0185
A4: Systems houses using preformulated
polyol 2.27E-03 9.43E-03
B1a: flexible foam (furniture) very large 1.76E-03 8.59E-03
B1b: flexible foam (furniture) large 1.42E-03 8.28E-03
B1c: flexible foam (furniture) small - not
using systems 2.12E-03 8.90E-03
B1d: flexible foam (furniture) small —
users of systems 2.72E-03 9.43E-03
B2: flexible foam cutting 1.44E-03 8.30E-03
C1: rigid foaming large sites 1.36E-03 8.23E-03
C2: rigid foaming small sites 7.26E-03 0.0134
E1: one-component foams 0.0583 0.0594
F1: confidential 8.59E-03 0.016
G1: confidential 0.0303 0.136
G2: confidential 0.0176 0.128
H1: confidential 0.0194 0.248
[1: confidential 4.97E-03 0.0203
J1: confidential 0.0404 0.0699
K1: confidential 4.05E-03 0.0164
K2: confidential 0.0136 0.0561
L1: confidential 1.44E-03 8.58E-03
M1: confidential 2.89E-03 9.61E-03
N1: confidential 4.97E-03 0.0322
01: rebonding 1.35E-03 8.22E-03
P1: confidential 5.83E-03 0.0123
Q1: adhesive pressing 5.69E-03 0.0203
R1: loose crumb 1.35E-03 8.22E-03
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3.2 MARINE EXPOSURE ASSESSMENT

3.2.1 General discussion

The marine PECs for TCPP are calculated using the methods given in the Technical Guidance
Document.

TCPP does not contain any ionisable functional groups, therefore the partition coefficients
derived for the freshwater assessment can be used without adjustment.

3.2.2 Degradation

TCPP is considered inherently biodegradable on the basis of several non-standard freshwater
tests, therefore a mineralisation half-life of 150 days can be assumed for the marine
environment.

3.2.3 Calculation of Predicted Environmental Concentrations (PEC)

For the local assessment it is assumed that industrial effluents are not treated in a municipal
biological STP and a dilution factor of 100 can be assumed for discharges to coastal regions.

Values Of PEcregionaI(seawater), ClOC&l seawaters PEclocaI(seawater) and PEC'OC&'sed are eValuated
in accordance with the revised TGD.
3.2.3.1 Calculation of PEC,,, for production

PEC,ocal for production is based on site specific, confidential details of effluent concentration
and wastewater treatment plant size and function. Calculated PECs are summarised in Table
3.49.

Table 3.49 Marine PEC for production

PECsea water [Mg.I-1] PECmarine sediment [Mg.kgwwi-1]
Producer 1 6.90E-04 3.15E-03
Producer 2 1.55E-03 7.08E-03
Producer 3 6.93E-05 3.16E-04
Producer 4 8.48E-04 3.87E-03
3.2.3.2 Calculation of PEClocal for formulation

PECjocar for formulation of systems is based on the ESD for additives used in the plastics
industry, with site specific, confidential details of effluent concentration and wastewater

treatment plant size and function for large sites. Calculated PECs are summarised in Table
3.50.
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Table 3.50 Marine PEC for formulation

PECsea water [mg.I-1] PEChmarine sediment [Mmg.kgwwt-1]
A1a: Large systems houses 5.40E-05 2.46E-04
A2: Medium systems houses 4.21E-03 0.0192
A3: Small systems houses 1.09E-03 5.00E-03
A4: Systems houses using
preformulated polyol 1.73E-04 7.92E-04
3.2.33 Calculation of PEClocal for industrial/professional use

PECjoca1 values for industrial and professional use is calculated for all life cycle stages.
Calculated PECs are summarised in Table 3.51.

Table 3.51 Marine PEC for industrial and professional use

PECsea water [mgl-1]

PECarine sediment [mgkgWWt-1]

B1a: flexible foam (furniture) very large 8.69E-05 3.97E-04
B1b: flexible foam (furniture) large 5.54E-05 2.53E-04
B1c: flexible foam (furniture) small - not

using systems 1.19E-04 5.45E-04
B1d: flexible foam (furniture) small -

users of systems 1.75E-04 7.99E-04
B2: flexible foam cutting 5.70E-05 2.60E-04
C1: rigid foaming large sites 4.98E-05 2.27E-04
C2: rigid foaming small sites 5.93E-04 2.71E-03
E1: one-component foams 5.30E-03 0.0242
F1: confidential 8.48E-04 3.87E-03
G1: confidential 0.0134 0.0611
G2: confidential 0.0125 0.0573
H1: confidential 0.025 0.114
[1: confidential 1.30E-03 5.93E-03
J1: confidential 6.40E-03 0.0292
K1: confidential 8.79E-04 4.01E-03
K2: confidential 5.04E-03 0.023
L1: confidential 8.63E-05 3.94E-04
M1: confidential 1.91E-04 8.72E-04
N1: confidential 2.55E-03 0.0116
O1: rebonding 4.85E-05 2.22E-04
P1: confidential 4.61E-04 2.10E-03
Q1: adhesive pressing 1.30E-03 5.93E-03
R1: loose crumb 4.85E-05 2.22E-04
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3.234 Calculation of PEClocal for private use

Not applicable. Non-industrial applications, in-service loss and waste remaining in the
environment are characterised on a regional scale.

3.2.3.5 Calculation of PEC,,, for disposal

Not included in the present assessment, though preliminary research suggests that local scale
exposure is possible due to WWTP treatment of landfill leachate. This is covered by
discharge consents and is not a high priority in this risk assessment at this time.

3.2.3.6 Measured levels

Seawaters were analysed in a study by Weigel et al. (2005). Seawater samples were taken in
June-July 1998 in various locations in the North Sea, at a depth of 5 m. Samples were
analysed using GC-MS. A number of contaminants were detected and quantified throughout
the North Sea. Concentrations of TCPP attained values between 1-8 ng/l. The 8 ng/l
concentration was from a sample location in the area of the German Bight.

Andresen et al. (2007) monitored for TCPP among other organophosphate compounds and
other pollutants in the German Bight in the North Sea (an area which receives outflow from
several relatively highly-polluted European rivers). The German Bight is an area heavily
influenced by the Elbe estuary plume. Seawater samples were taken in May-June 2005 in
various locations in the North Sea, at a depth of 5 m.

Water samples were extracted using toluene, separated, dried and concentrated. Samples were
analysed using GC-MS with quadrupole mass spectrometric detection, and equipped with a
programmed temperature vaporiser injector. Extractions and analyses were both carried out in
duplicate. Substance-specific recovery rates are not presented. At the mouth of the River Elbe
a concentration of around 28 ng TCPP/l was measured. In the Bight, concentrations of around
5 to 24 ng/l were measured, with lowest concentrations seen in waters furthest offshore.

RAPPORTEUR IRELAND/UK 114



MN/ANVIFY 4N3LH0ddvY

SII

Table 3.52 TCPP concentrations in the environment: Marine data

Sample type Location Sample period Analytical method Results Scale represented Reliability Study reference

Sea water EU: June-July1998 GC-MS Max 8 ng/l Local — Regional (highest (4) not assignable Weigel et al. (2005)
North Sea concentrations may reflect local)

Sea water EU: May-June 2005 GC-MS Max 24 ng/| Local — Regional (highest (4) not assignable Andresen et al.
North Sea concentrations may reflect local) (2007)
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3.2.3.7 Comparison between predicted and measured levels

The available data most likely relate to the regional scale, though the data relating to the river
mouth and estuary could be considered local if the River Elbe is a receiving water for
industrial sites where relevant life cycle stages take place (it is not known whether this is the
case). Local PECs range between around 5E-05 to 0.025 mg/l. The predicted regional PEC
for marine water is 4.85E-05 mg/l (equivalent to around 50 ng/l). The measured data, derived
from a relatively limited number of samples, range from about 1 to 24 ng/l. The measured
data are therefore not inconsistent with the modelled regional concentration and lower range
local concentrations.

3.24 Secondary poisoning

The concentrations of contaminant in the marine food chain are calculated in accordance with
the TGD.

Table 3.53 sets out the values of PECyai, predator fOr marine predators for each life cycle stage.
The regional background contribution to the value is already accounted for and is not
evaluated separately. The regional background level does not in itself constitute a risk, and for
most life cycle stages its contribution to local PEC is not significant.

3.24.1 Measured levels

Marine predators

In a study conducted on behalf of DEFRA (CEFAS, 2002), various samples were collected
from around England and Wales during or prior to 2002. Porpoise (25 samples) and
cormorant (28 liver samples) samples were analysed using LC-MS for selected chemicals
including TCPP (lower limit of quantitation 10 ng/g ww for all matrices). TCPP was not
detected in any samples.

3.24.2 Comparison between predicted and measured levels

UK monitoring data show that measured levels in marine predators (cormorants and porpoise)
are less than 10 ng/g wwt (equivalent to 10 ug/kg wwt). The EUSES predicted concentrations,
most of which are between 0.1 — 1 pg/kg wwt, are in agreement with this finding.

3.2.5 CalClﬂatiOH Of PECregional and PECcontinental
PECregionaKsea Water) = 4.85E-05 l’l’lg/l fI‘Om the EUSES V2.03 l’nOdel
PECregiona| (marine sediment) = 2.22E-04 mg/kg WWt from the EUSES V2.03 mOdel.

PECcontinentaKsea Water) = 3.06E‘08 l’l’lg/l from the EUSES V2.03 mOdel.
PECcontinenta| (marine sediment) = 1.4E-07 mg/kg wwt from the EUSES V2.03 mOdel.
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Table 3.53 PECs for marine secondary poisoning

PECoral, predator, fish (marine) [mg.kgwwt-1] PECral marine top predator [mgkgWWt-1]

Producer 1 8.42E-04 2.73E-04
Producer 2 1.80E-03 4. 64E-04
Producer 3 1.54E-04 1.36E-04
Producer 4 7.61E-04 2.57E-04
A1a: Large systems houses 1.37E-04 1.32E-04
A2: Medium systems houses 4.75E-03 1.06E-03
A3: Small systems houses 1.29E-03 3.63E-04
A4: Systems houses using preformulated

polyol 2.26E-04 1.50E-04
B1a: flexible foam (furniture) very large 1.74E-04 1.40E-04
B1b: flexible foam (furniture) large 1.39E-04 1.33E-04
B1c: flexible foam (furniture) small - not

using systems 2.10E-04 1.47E-04
B1d: flexible foam (furniture) small —

users of systems 2.71E-04 1.59E-04
B2: flexible foam cutting 1.40E-04 1.33E-04
C1: rigid foaming large sites 1.32E-04 1.31E-04
C2: rigid foaming small sites 7.35E-04 2.52E-04
E1: one-component foams 5.95E-03 1.30E-03
F1: confidential 8.71E-04 2.79E-04
G1: confidential 3.09E-03 7.23E-04
G2: confidential 1.79E-03 4.64E-04
H1: confidential 1.98E-03 5.01E-04
[1: confidential 5.01E-04 2.05E-04
J1: confidential 4.12E-03 9.29E-04
K1: confidential 4.07E-04 1.86E-04
K2: confidential 1.39E-03 3.82E-04
L1: confidential 1.40E-04 1.33E-04
M1: confidential 2.89E-04 1.63E-04
N1: confidential 5.01E-04 2.05E-04
01: rebonding 1.31E-04 1.31E-04
P1: confidential 5.89E-04 2.23E-04
Q1: adhesive pressing 5.75E-04 2.20E-04
R1: loose crumb 1.31E-04 1.31E-04
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3.3 EFFECTS ASSESSMENT: HAZARD IDENTIFICATION AND
DOSE (CONCENTRATION) - RESPONSE (EFFECT
ASSESSMENT)

The following Sections review the available toxicity data for TCPP with aquatic and
terrestrial organisms. A reliability assessment is given for each study (this appears in the
summary Tables within each Section). The assessment is based on the Klimisch system,
which includes the following categories:

1 Reliable without restriction. “studies or data...generated according to
generally valid and/or internationally accepted testing guidelines (preferably
according to GLP) or in which the test parameters documented are based on a
specific (national) testing guideline....or in which all parameters described are
closely related/comparable to a guideline method.”

2 Reliable with restrictions. “studies or data....(mostly not performed
according to GLP), in which the test parameters documented do not totally
comply with the specific testing guidelines, but are sufficient to accept the data
or in which investigations are described which cannot be subsumed under a
testing guideline, but which are nevertheless well documented and
scientifically acceptable.”

3 Not reliable. “studies or data....in which there were interferences between the
measuring system and the test substance or in which organisms/test systems
were used which are not relevant in relation to the exposure (e.g.,
unphysiologic pathways of application) or which were carried out or generated
according to a method which is not acceptable, the documentation of which is
not sufficient for assessment and which is not convincing for an expert
judgement.”

4 Not assignable. “studies or data....which do not give sufficient experimental
details and which are only listed in short abstracts or secondary literature
(books, reviews, etc.).”

In terms of the risk assessment, toxicity data assigned a reliability assessment of 1 or 2 will be
considered in preference to the other toxicity data when deriving the PNEC.

The extent to which TCPP impurities could influence the toxicity of test media has been
assessed. None of the known impurities are considered to have properties that would have
significantly influenced the toxicity of the TCPP samples used in the tests reported below. It
is acknowledged that the variation in composition of TCPP across manufacturers could lead to
differing ecotoxicity profiles. All testing was conducted on composite samples and there is no
evidence to indicate whether the isomers would have very different ecotoxicity profiles.

3.3.1 Aquatic compartment (incl. sediment)

Study reports have been submitted for consideration in respect of acute tests with fish,
invertebrates, algae and micro-organisms and acute and chronic tests with aquatic
invertebrates.

3.3.1.1 Toxicity test results

The contents of the test reports are summarised below and in Table 3.54.
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The result of an acute toxicity test with Oryzias latipes reported in I[UCLID has not been
submitted for review. The test is assessed in IUCLID as being valid with restrictions. In
addition, two 48-h LCs, values for tests with Pimephales promelas and Lepomis macrochirus
are quoted in NICNAS (2001). These studies were also not submitted for review.
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Table 3.54 Summary of aquatic toxicity test results for TCPP

Test species Test protocol Year test Endpoint and Result Reliability Comments Study reference
completed exposure period (mgfl)! assessment
Toxicity to fish
Zebrafish Not given 1991 96-h LCo 32 (1) valid Fulfils all reliability criteria. Static test. Kanne, 1991
(Brachydanio rerio) 240 LC 56 without Test results are presented as the
s restriction geometric mean of 24, 48, 72 and 96-h
48-h LCso 56 LCo and LC1oo values. LCso values are
therefore approximate
72-h LCso 56
96-h LCso 56
Bluegill Sunfish Not given 1985 96-h NOEC 6.3 (1) valid Static test. The 96-h LCso was Meeks, 1985a
(Lepomis 96-h LC 84 without determined by extrapolation outside the
macrochirus) Vs restriction range of test concentrations.
Comparison with a reported 120-h LCso
value of approximately 20 mg/l (based
on mean measured concentrations)
suggests that the 96 hour value is
reasonable although perhaps a little
high.
Fathead Minnows Not given 1985 96-h NOEC 6.6 (1) valid Fulfils all reliability criteria. Static test but | Meeks, 1985b
(Pimephales without with analysis of exposure concentrations.
promelas) 24-h LCso >51 restriction
48-h LCso >51
72-h LCso 51
96-h LCso 51
Guppy (Poecilia OECD 203; 1997 48-h LCx 22 (N¥) (4) not Static test. Only a summary report was Griebenow, 1998
reticulata) ISO 7346-1 480 LC 40N assignable available for review and there is
Vs (N) insufficient information to fully evaluate
96-h LCx 17 (N) the standard of the test. The test was not
supported by chemical analysis and was
96-h LCso 30(N) not subject to GLP.
Killifish (Oryzias Japanese Not given 48-h LCso 54 (N) (4) not Data are from a secondary source. MITI, 1992
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Test species Test protocol Year test Endpoint and Result Reliability Comments Study reference
completed exposure period (mgh)? assessment
latipes) Industrial assignable Given that the data are not critical for

Standard (JIS deriving the PNEC the original test report

K 0102-1986- has not been reviewed.

71)

Fish —acute QSAR | ECOSAR 96-h LCso 21 The estimated values are of the same
(Esters) (version order as the measured values.

0.99) The estimates were obtained using
measured physicochemical data as
inputs to the model.

Fish — acute QSAR | ECOSAR 96-h LCso 11
(Phosphate esters) | (version
0.999)
Fish - chronic ECOSAR NOEC 5.2
QSAR (Esters) (version
0.999)
Toxicity to
aquatic
invertebrates
Cladoceran DIN 1997 24-h EC2 57 (N) (4) not Only a summary report was available for | Griebenow, 1998
(Daphnia magna) 38412/L11 24-h EC 75 (N assignable review and there is insufficient
TRV N) information to fully evaluate the standard
48-h EC2 51 (N) of the test. The test was not supported
by chemical analysis and was not
48-h ECeo 63 (N) subject to GLP.
Cladoceran Not given 1985 48-h NOEC 335 (1) valid Fulfils all reliability criteria. Meeks, 1985¢
(Daphnia magna) without
48-h ECso 131 restriction
Invertebrate - acute | ECOSAR 48-h LCso 63 The estimated value is of the same order
QSAR (Esters) (version as the measured values.
0.999)

The estimates were obtained using
measured physicochemical data as
inputs to the model.

G-¥8-719¢€1 SYO ddD1 — LNIWSSISSY MSIH N3

INIWNOYIANIGZ "€ ¥3LdVHD)



MN/ANVIFY 4N3LH0ddvY

14!

Test species Test protocol Year test Endpoint and Result Reliability Comments Study reference
completed exposure period (mg/1)? assessment
Cladoceran OECD 202 1995 21-day NOEC (parent | 32 (N) (1) valid Fulfils all reliability criteria. Analysis of Sewell, Foulger
(Daphnia magna) mortality) without exposure concentrations confirmed that | and Bartlett,
restriction they were close to nominal. Results are 1995
21-day NO.EC 2N therefore expressed relative to nominal.
(reproduction)
14-day ECso (parent 42 (N)
immobilisation)
21-day ECso (parent 40 (N)
immobilisation)
21-day ECso 32-56 (N)
(reproduction)
Invertebrate — ECOSAR 16-d ECso 43 A recommended valid QSAR method is
longer term repro (version (reproduction) not readily available for the endpoint of
QSAR (Neutral 0.99h) chronic invertebrate. The method used,
organics) while the most appropriate from
ECOSAR for this substance, is not
recommended by ECOSAR for this type
of compound and the QSAR is not well
validated.
However the estimated value is within an
order of magnitude of the measured
value.
The estimate was obtained using
measured physicochemical data as
inputs to the model.
Toxicity to algae
Freshwater alga OECD 201; 2004 72-h NOEC 13 (N) (1) valid Fulfils all the reliability criteria. Results Desjardins
(Pseudokirchneriell | EEC Dir 79-h ErC i 2N without are expressed relative to nominal (2004)
a subcapitata) 92/69/EEC, t- Cro (grow (N) restriction concentrations because measured
Method C3 rate) 14 (N) concentrations were within 80-120% of
72-h EbC1o (biomass) 82(N) nominal. The study was subject to GLP.
72-h ErCso (growth 3 N)

rate)
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Test species Test protocol Year test Endpoint and Result Reliability Comments Study reference
completed exposure period (mg/1)? assessment
72-h EbCso (biomass)
Freshwater alga DIN 1997 72-h EC2o (chlorophyll | 25 (N) (4) not Only a summary report was available for | Griebenow, 1998
(Scenedesmus 38412/L33 concentration) assignable review and there is insufficient
subspicatus) information to fully evaluate the standard
7Zh E(tisotgchlorophyll 45(N) of the test. The test was not supported
concentration) by chemical analysis and was not
subject to GLP.
Freshwater alga OECD 201; 1991 96-h NOEC 6 (N) (3) invalid The test was not supported by chemical | Kroon and van
(Selenastrum EEC DOC 96-h LOEC 18 (N analysis and test media were prepared Ginkel, 1992
capricornutum) — 89/88/XI, ) (N) by dilution of a stock suspension. These
note: now known Directive 96-h ErCso (growth 73 (N) are significant inadequacies that
as 79/831, Annex rate) invalidate the data for the purposes of
Pseudokirchneriella | V-C3 . 4ar(N) risk assessment.
subcapitata 96-h EbCso (biomass)
Algae QSAR ECOSAR 96-h ECso 1.8 The estimated values are lower than the
(Esters) gvggsg;t))n 96-h NOEC 14 measured values.
' The estimates were obtained using
measured physicochemical data as
inputs to the model.
Toxicity to micro-
organisms
Activated sludge ISO 8192 ECso 784 (2) valid with | The test is of an overall acceptable Bayer, 1990
restrictions standard, despite some limitations in the
test report.
Photobacterium 15-minute ECso 1715 (3) invalid Result of a LUMIStox bacteriological Guzzella and
(Vibrio fischeri) ppm assay as part of a monitoring study from | Galassi, 1993
(95% the open literature. The organism is
confidenc also known as Photobacterium
e interval phosphoreum
0f 149.0
-197.0
ppm

Note: ' ‘N’ denotes result expressed as nominal concentration
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3.3.1.1.1 Fish

Acute toxicity
Study data

Reports have been submitted for five acute fish tests — one each with Brachydanio rerio
(Zebrafish; Kanne, 1991), Lepomis macrochirus (Bluegill sunfish; Meeks, J.R., 1985a),
Pimephales promelas (Fathead minnow; Meeks, J.R., 1985b), Poecilia reticulata (Guppy;
Griebenow, 1998) and Oryzias latipes (Killifish; MITI, 1992). The tests with B. rerio, L.
macrochirus and P. promelas all gave results that were acceptable for determining a PNEC —
the lowest 96-h LCs of approximately 51 mg/l was determined in the test with P. promelas.
The 96-h LCs or 48-h LCsq (O. latipes) values determined in the other 4 tests are in the range
30 to 84 mg/l and are therefore supportive of the P. promelas value.

Other test results reported elsewhere but not submitted for review

Although not in IUCLID, for completeness it is noted that two 48-h LCsy values of 98 and
180 mg/l and corresponding NOECs of 9.8 and 9.8 mg/I are quoted in NICNAS (2001). The
values relate to acute tests carried out with Pimephales promelas and Lepomis macrochirus
respectively. The results are referenced to IPCS Environmental Health Criteria 209: Flame
retardants: tris (chloropropyl) phosphate and tris (2-chloroethyl) phosphate (1998) and there
1s no assessment of their validity. These results are supportive of the result obtained with B.
rerio in the submitted study report.

QSAR estimated acute toxicity

Estimated values of 21 and 11 mg/l have been derived for acute (96-hour LCs) fish toxicity
using ECOSAR QSARs applicable to esters and phosphate esters respectively. The values are
consistent with those obtained in the reported studies.

Long-term toxicity

Study data
No data are available for review.
QSAR estimated chronic toxicity

An estimated value of 5.2 mg/l has been derived for chronic fish toxicity using an ECOSAR
QSAR applicable to esters.

3.3.1.1.2 Aquatic invertebrates

Acute toxicity
Study data

Reports have been submitted for two acute invertebrate tests with Daphnia magna
(Griebenow, 1998 and Meeks, 1985c). One test fulfilled the criteria for acceptability for
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determining a PNEC, giving a 48-h ECs value of 131 mg/l. The 48-h ECs, value obtained in
the other test was 63 mg/I1.

QSAR estimated acute toxicity

An estimated value of 63 mg/l has been derived for acute (48-hour LCs) toxicity to
invertebrates using an ECOSAR QSAR applicable to esters. The value is consistent with
those obtained in the reported studies.

Long-term toxicity

Study data

A report has been submitted for one chronic invertebrate test with Daphnia magna (Sewell,
Foulger and Bartlett, 1995). The test fulfilled all the acceptability criteria for determining a
PNEC and gave a 21-day NOEC for reproduction of 32 mg/I.

QSAR estimated chronic toxicity

An estimated value of 4.3 mg/l has been derived for long-term reproductive effects in
invertebrates using an ECOSAR QSAR applicable to neutral organics, though this value may
not be of high reliability (method not recommended by ECOSAR for this type of compound,
and the QSAR is not well validated).

3.3.1.1.3 Algae
Acute toxicity
Study data

Reports have been submitted for three algal growth inhibition tests — two with
Pseudokirchneriella subcapitata (also referred to as Selenastrum capricornutum and
Raphidocelis subcapitata; Desjardins, 2004 and Kroon and van Ginkel, 1992) and one with
Scenedesmus subspicatus (Griebenow, 1998). One of the tests with P. subcapitata fulfilled all
the reliability criteria. The test gave a 72-h E,Cs, value for effects on growth rate of 82 mg/l, a
72-h E,Cjo of 42 mg/l and a NOEC of 13 mg/l. These results are below the reported water
solubility value for TCPP of 1080 mg/l. Neither of the other tests fulfilled all the reliability
criteria for obtaining data suitable for deriving a PNEC, and one was considered invalid due
to significant inadequacies. The results of the other test (Griebenow, 1998) were, however,
supportive of those obtained in the reliable test (Desjardins, 2004).

QSAR estimated toxicity

Estimated 96-hour ECsy and NOEC values of 1.8 and 1.4 mg/l have been derived for algae
using an ECOSAR QSAR applicable to esters. The estimated values are lower than those
obtained in the reported studies.

3.3.1.14 Micro-organisms

A translated report has been submitted for one microbial inhibition test (Kanne et al., 1990).
The report did not include information on dissolved oxygen concentrations, inhibition rates
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for controls or reference substance or duration of the study. Dates for the start and end of the
study indicate that the test duration may have been up to 2 days. No inhibition curve was
presented in the translated report, although it is indicated that this was included in the original.
Although the ICsy for the reference substance was not included in the original report, a
supplementary document was provided indicating that the validity criterion was satisfied.
Dissolved oxygen concentrations and respiration rates of controls were not reported. Despite
some limitations in the test report, the test was conducted to GLP and according to ISO
guidelines, therefore it is considered acceptable for determining the PNEC for micro-
organisms. The ICsy was determined to be 784 mg/I.

As part of a monitoring study (Guzzella and Galassi, 1993; see section 3.1.4.2.2), water was
extracted from the River Po at a site in Ferrara, at the closing section of the river basin. A
bacterial assay using the Vibrio fischeri photobacterium (also known as Photobacterium
phosphoreum) was used to determine toxicity of the samples; chemical analysis was
performed using GC with a N/P-selective detector. The detection limit for organophosphorus
compounds in water was 1 ng/I.

A LUMIStox bacteriological assay was used. The micropollutants were removed from the
water and redissolved. Over a 15-minute exposure period, the ECsy for TCPP was found to be
171.5 ppm (95% confidence interval of 149.0-197.0).

3.3.1.1.5 Endocrine disrupting effects

Oestrogenic/anti-oestrogenic effects have been investigated by Follmann and Wober (2006)
using the recombinant yeast reporter gene assay and by induction of the alkaline phosphatase
enzyme in human endometrial cancer Ishikawa cells. The original study report has not been
reviewed and therefore a reliability rating of 4 (not assignable) is applicable to the results. No
induction of oestrogenic or anti-oestrogenic effects was detected in either of the test systems.

Prediction of oestrogen receptor binding and reporter gene response made by the
Environmental Protection Agency of Denmark gave a negative prediction for oestrogen
receptor binding and no robust prediction for reporter gene response. The predictions were
made using the Multicase model based on data from the Japanese METI test presented at the
6th Meeting of the Task Force on Endocrine Disrupters Testing and Assessment (EDTA) held
in Tokyo from 24-25 June 2002.

3.3.1.1.6 Amphibians

No amphibian effects data were available for review.

3.3.1.2 Calculation of Predicted No Effect Concentration (PNEC)
Study data

The lowest values are as follows:

Acute toxicity to fish 96-hr LCs =51 mg/l
Acute toxicity to invertebrates 48-hr ECsq =131 mg/l
Acute toxicity to algae 72-hr E,.Csp =82 mg/l
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Chronic toxicity to invertebrates (repro test) 21-day NOEC = 32 mg/]
Chronic toxicity to algae 72 hr E,.C;p =42 mg/l (NOEC 13 mg/l)
Toxicity to WWTP micro-organisms ECs =784 mg/l

QSAR estimates

Acute toxicity to fish 96-hr LCs =11-21 mg/l
Chronic toxicity to fish NOEC =52 mg/l
Acute toxicity to invertebrates 48-hr LCsp =63 mg/l
Chronic toxicity to invertebrates 16-d ECs =4.3 mg/l
Acute toxicity to algae 96-hr ECso = 1.8 mg/l
Chronic toxicity to algae 96-hr NOEC = 1.4 mg/l
PNECaguati

Fish were marginally more susceptible to TCPP in the acute tests than the invertebrate,
Daphnia magna, and the two species of algae. Given the similarity in acute susceptibility of
the three taxa, further testing to determine a threshold concentration for chronic effects in fish
could not be justified on animal welfare grounds.

A NOEC of 32 mg/l and an E,Cj, value of 42 mg/l (NOEC 13 mg/l) were determined
respectively in the chronic test with Daphnia magna and in the growth inhibition test with the
alga Pseudokirchneriella subcapitata. A PNECgquaic of 0.64 mg/l has been derived from the
Daphnia test data by dividing the NOEC of 32 mg/l for effects on Daphnia magna
reproduction by an assessment factor of 50.

This value is the PNEC,quaic considered by the Rapporteur as the most appropriate value.
However, for the purposes of comparison, an alternative PNEC is derived from the algal
NOEC. This is in accordance with guidance received from TC NES I 05, because the basic
guidance from the TGD is not entirely clear as to whether the EC;y or NOEC from the algal
study should be used as the main result, in the context of PNEC derivation. In this case, due
to the shallow dose-response relationship seen in the study with P. subcapitata, it is
considered appropriate to use E,Cyg as the primary result of the study. The Daphnia result is
more sensitive than the algal E,C;o, hence, the PEC/PNEC ratios presented in the report are
based on the PNEC value shown above.

An alternative PNEC,quaic 0f 0.26 mg/I can be derived from the algal test data by dividing the
NOEC of 13 mg/1 for effects on P. subcapitata by an assessment factor of 50.

This suggests that, using this alternative analysis of the test results, the risks to fresh water
could be up to 2.46 times greater than the values presented in the report. This is commented
upon in the Conclusions to the risk assessment.

Micro-organisms

The PNEC for waste-water treatment is 7.84 mg/l based on the ICsyp of 784 mg/l and an
assessment factor of 100.
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Sediment-dwelling organisms

No toxicity data are currently available for sediment-dwelling organisms, therefore it is not
possible to determine a PNECy based on measured data. According to the Technical
Guidance Document, PNEC,4 can be calculated by the equilibrium partitioning method using
the following equation:

PNEC;eq = Ksusp-water * PNECyaer * 1000
RHOsusp
For TCPP this is:
PNEC;eq = 5.25 * 0.64 * 1000
1150
= 2.92 mg/kg wwt

Hence, PNEC,q = 2.92 mg/kg will be used for risk characterisation.

3.3.2 Terrestrial compartment

3.3.21 Toxicity test results

Short and long-term tests have been conducted with the earthworm, Eisenia foetida and long-
term tests with the plant species Triticum aestivum (Wheat), Sinapis alba (Mustard) and
Lactuca sativa (Lettuce) for TCPP. A 14-day LCsy of 97 mg/kg has been determined in the
short-term test with E. foetida. Lowest NOECs of 53 and 17 mg/kg soil dry weight have been
determined in the long-term tests with E. foetida and L. sativa (Lettuce) respectively. The
results of a test with soil micro-organisms (nitrogen transformation) for TDCP have been read
across to TCPP. The results are summarised in Table 3.55.
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Table 3.55 Summary of terrestrial toxicity test results for TCPP

Test species Test protocol Year test Endpoint and Result (mg/kg Reliability Comments Study
completed exposure period dry weight)! assessment reference
Toxicity to earthworm
Earthworms (Eisenia OECD 207 1996 14-day NOEC 32 (N) (2) valid with | The test was not subject to GLP. | Wetton, 1996
foetida) 7-dav LC 131 (N restrictions The test is of an overall
-aay LLso N) acceptable standard although
14-day LCso 97 (N) there are inadequacies in some
elements.
Organic matter content in the
test soil was 10%.
Earthworms (Eisenia OECD draft 2003 28 day NOEC >196 (N) (1) valid Fulfils all reliability criteria. A fully | Servajean,
foetida) guideline (mortality) 116 (N) without valid GLP study. 2003a
(January 2000): 28 day NOEC restriction Organic matter content in the
Earthworm bi 151 (N) test soil 10%
Reproduction (biomass) est soil was 10%.
Test 28 day LOEC N
(biomass) 53 (N)
ECso for
reproduction 69 (N)
56 day NOEC for
reproduction
56 day LOEC for
reproduction
Toxicity to higher
plants
Wheat (Triticum OECD 2003 NOEC (emergence): | >98 (N) (1) valid Fulfils all reliability criteria. A fully | Servajean,
aestivum), Mustard Guideline 208 Wheat without valid GLP study. 2003b
(Sinapsis alba), Lettuce 30(N) restriction . .
; Mustard Organic matter content in the
(Lactuca sativa) 17 (N) i
Lettuce test soil was 1.4%.
22 (N)
NOEC (dry weight):
Wheat 29(N)
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Test species Test protocol Year test Endpoint and Result (mg/kg Reliability Comments Study
completed exposure period dry weight)! assessment reference
Mustard 18 (N)
Lettuce
Toxicity to soil micro-
organisms
Nitrifying micro- OECD 2005 NOEC (micro- 2128 mg/ kg (1) valid Study conducted using a similar | van Ginkel
organisms in sandy loam | Guideline 216 organism activity wet weight without test substance (TDCP) (2005)
soil (TDCP) ggﬁignct)?agmtezs = 145 mg/ kg restriction | e s all the reliabillty criteria.
' dry weight The study was subject to GLP.

days

Organic matter content in the
test soil was 1%.

Note: ' ‘N’ denotes result expressed as nominal concentration
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3.3.2.1.1 Earthworm

Acute toxicity

A report has been submitted for one short-term acute test with the earthworm Eisenia foetida
(Wetton, P.M. 1996). The test fulfilled the criteria for acceptability for determining a PNEC.
A 14-day LCsy of 97 mg/kg dwt has been determined in the test along with a 14-day NOEC of
32 mg/kg dwt.

The organic matter content was approximately 10% (sphagnum moss peat 10% w/w dry
weight of test soil). Therefore the results need to be corrected to obtain a result relevant for
natural soils, containing a TGD default of 3.4% organic matter. A correction factor of 0.34 is
therefore applied, giving standardised results of:

14'day LCSOStandardised 330 mg/kg dI'y Welght
14-day NOECstandardised 10.9 mg/kg dI'y Welght

Long-term toxicity

A report has been submitted for one long-term test with the earthworm Eisenia foetida
(Servajean, E. 2003a). The test fulfilled the criteria for acceptability for determining a PNEC.
A 56-day NOEC (28-day adult plus 28-day juvenile exposure period) of 53 mg/kg dwt for
earthworm reproduction has been determined in the test.

The organic matter content was approximately 10% (sphagnum moss peat 10% w/w dry
weight of test soil). Therefore the results need to be corrected to obtain a result relevant for
natural soils, containing a TGD default of 3.4% organic matter. A correction factor of 0.34 is
therefore applied, giving standardised results of:

56'day NOECstandardised 18.02 mg/kg dI'y Welght

3.3.2.1.2 Higher plants

Long-term toxicity

A report has been submitted describing the results of emergence and growth tests with the
plant species Triticum aestivum (Wheat), Sinapis alba (Mustard), Lactuca sativa (Lettuce)
(Servajean, E. 2003b). The tests fulfilled the criteria for acceptability for determining a
PNEC. The lowest NOEC determined in the tests was 17 mg/kg dry weight for emergence of
L. sativa seedlings. The lowest NOECs determined for S. alba and L. sativa were 28 and
18 mg/kg respectively based on 21-day post emergence plant wet weight.

In this case, correction for organic matter content in the test (1.4%) would give a more
favourable result and therefore this correction has not been made.

NOEC =17 mg/kg dry weight

3.3.2.1.3 Terrestrial micro-organisms

Inhibition of soil nitrogen transformation by soil micro-organisms was examined in a study
with TDCP conducted voluntarily by industry (van Ginkel, 2005). A 28-day NOEC of
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>128 mg/kg wet weight (no inhibition at the highest concentration tested) was determined in
the test. The only other data relevant are for WWTP micro-organisms and these suggest a
consistent low order of acute toxicity for TCPP (and structurally-related substances TDCP
and V6). Due to the structural similarity of TDCP to TCPP, their similar physico-chemical
properties and their lack of toxicity to WWTP micro-organisms, it is considered justifiable to
read-across the long-term soil nitrogen transformation effects data from TDCP to TCPP. This
was agreed at TCNES III 05.

This read-across is further supported by reference to the effects on other terrestrial organisms
of TCPP and TDCP from high-reliability studies. The two substances have a very similar
level of toxicity to higher plants (NOECemergence 0f 19 mg/kg wwt for TDCP compared to
17 mg/kg wwt for TCPP). Earthworms show less sensitivity to TCPP than to TDCP in both
short- and long-term studies (14-day LCsy of 23 mg/kg wwt for TDCP compared to
33 mg/kg wwt for TCPP; chronic NOEC,¢, of 3.3 mg/kg wwt for TDCP compared to
18 mg/kg wwt for TCPP).

3.3.2.2 Calculation of Predicted No Effect Concentration (PNEC)

The lowest values available are as follows:

Toxicity to earthworms 14 d LCs =33 mg/kg dwt
Chronic toxicity to earthworms 56 d NOEC =18 mg/kg dwt
Toxicity to higher plants NOEC =17 mg/kg dwt

Toxicity to soil micro-organisms (nitrifying 28 d NOEC = 128 mg/kg wwt
micro-organisms in sandy loam soil) by
read-across from TDCP

The availability of a data set that includes acceptable results from three long-term tests with
species from at least three trophic levels, means that it is possible to derive a PNECs; from
the test data by applying an assessment factor of 10 to the lowest chronic NOEC. The
resultant PNEC,; 1s 17/10 = 1.7 mg/kg soil dry weight, equivalent to 1.5 mg/kg soil wet
weight.

3.33 Atmosphere

No data are available on the toxicity of TCPP to plants or other organisms exposed via air.
Based on its structure, TCPP is not expected to have ozone depleting effects and the low level
of exposure makes other effects unlikely. The evidence from the open literature indicates that
a similar substance (TDCP), found in needles of pine trees (Pinus ponderosa), and thought to
have been transported by aerial deposition processes, did not exert phytotoxic effects (Aston
et al, 1996). The possibility of TCPP contributing to atmospheric effects such as global
warming, ozone depletion and acid rain is likely to be very small.
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334 Secondary poisoning

3.34.1 Effect data

The most relevant data for derivation of the PNEC for secondary poisoning for TCPP are
from a 13-week study in the rat. The lowest dose tested resulted in effects and hence no dose-
based NOAEL is available. The LOAEL is 52 mg/kg bw/day, based on liver effects (increase
in absolute and relative liver weights, accompanied by mild thyroid follicular cell hyperplasia,
observed in males of all dose groups). For full details refer to Section 4.1.2.6.1.

Using the conversion factors given in the Technical Guidance Document:
LOAEL = 52 mg/kg bw/d
NOAEL <52 mg/kg bw/d

NOEC mammal = NOAEL mammal x CONYV mammal

NOEC = <52 mg/kgbw/d x 20 (animal age >6 weeks)
= <1040 mg/kg food

Toxicokinetics data show that there is 80% absorption by the oral route.

3.34.2 Calculation of PNEC,,.

According to the Technical Guidance Document an assessment factor of 90 is appropriate for
the results of a study of this duration. Therefore, applying this assessment factor:
PNEC oral = NOAEL/AF

PNEC oral = <1040/90
= <11.6 mg/kg food

A PNEC for secondary poisoning of <11.6 mg/kg food will be used. This value is also
applicable for the assessment of secondary poisoning in the marine environment.

3.3.5 MARINE EFFECTS ASSESSMENT
3.3.5.1 Calculation of Predicted No Effect Concentration (PNEC)
PNECseawater

No measured data are currently available for marine organisms therefore the marine PNEC is
derived from data obtained for freshwater species (NOEC = 32 mg/l), applying an assessment
factor of 500 to give PNECseawater = 0.064 mg/1.
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PNECmarine sediment

No measured data are currently available for marine sediment organisms therefore the PNEC
is derived by equilibrium partitioning to give PNECmarine sediment = 0.292 mg/kg.

3.4 RISK CHARACTERISATION

PEC values for fresh and marine water, sediment and soil, and for predators are given in
Tables 3.14 to 3.16, 3.37 to 3.40 and 3.48 to 3.53. PEC/PNEC ratios are given in
Tables 3.57 to 3.62.For ease of reference, the PNECs used in the risk assessment are
summarised in Table 3.56 below.

Table 3.56 PNECs used in the risk assessment of TCPP

Compartment Value of PNEC
Freshwater 0.64 mg/l
0.26 mgl/l (alternative value for comparison)

Freshwater sediment 2.92 mg/kg wet weight (equilibrium partitioning)
WWTP micro-organisms 7.84 mgll
Seawater 0.064 mg/l (extrapolation from freshwater)
Marine sediment 0.292 mg/kg wet weight (extrapolation from freshwater)
Soil 1.5 mg/kg wet weight
Secondary poisoning <11.6 mg/kg food

34.1 Aquatic compartment (incl. sediment)

34.1.1 Water and sediment

Table 3.57 PEC/PNEC ratios for surface water and freshwater sediments

Scenario PEC/PNECuwater PEC/PNECsediment
Producer 1 1.78E-03 1.78E-03
Producer 2 0.0168 0.0168
Producer 3 8.12E-04 8.12E-04
Producer 4 2.00E-03 2.00E-03
A1a: Large systems houses 7.88E-04 7.88E-04
A2: Medium systems houses 0.0645 0.0645
A3: Small systems houses 0.0168 0.0168
A4: Systems houses using preformulated polyol 2.69E-03 2.69E-03
B1a: flexible foam (furniture) very large 1.37E-03 1.37E-03
B1b: flexible foam (furniture) large 8.85E-04 8.85E-04
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Scenario PEC/PNECwater PEC/PNECsediment
B1c: flexible foam (furniture) small - not using systems 1.86E-03 1.86E-03
B1d: flexible foam (furniture) small - users of systems 2.71E-03 2.71E-03
B2: flexible foam cutting 9.10E-04 9.10E-04
C1: rigid foaming large sites 7.99E-04 7.99E-04
C2: rigid foaming small sites 9.10E-03 9.10E-03
E1: one-component foams 0.081 0.081
F1: confidential 0.013 0.013
G1: confidential 0.205 0.205
G2: confidential 0.192 0.192
H1: confidential 0.383 0.383
[1: confidential 0.0199 0.0199
J1: confidential 0.0979 0.0979
K1: confidential 0.0135 0.0135
K2: confidential 0.077 0.077
L1: confidential 1.36E-03 1.36E-03
M1: confidential 2.96E-03 2.96E-03
N1: confidential 0.039 0.039
O1: rebonding 7.80E-04 7.80E-04
P1: confidential 7.09E-03 7.09E-03
Q1: adhesive pressing 0.0199 0.0199
R1: loose crumb 7.80E-04 7.80E-04

PEC/PNECregionaKwater) = 7.80E'04 fI‘OIn the EUSES V2.03 mOdel.
PEC/PNEC regional(freshwater sediment) = 8.28E'04 frOI’n the EUSES V2.03 mOdel.

Conclusions to the risk assessment for the aquatic compartment:

PEC/PNEC ratios for water and sediment are reported in Table 3.57. No risks are identified.
As noted in the derivation of PNECaquatic (see section 3.3.1.2), the use of the algal NOEC as
the basis of PNEC would lead to PEC/PNEC ratios 2.46 times higher than those calculated
here. This would not have any implications for the conclusions of the assessment based on the
data in Table 3.57.

Due to the use of the equilibrium partitioning method, values for the sediment are identical to
those for the water column'®. The use of the equilibrium partitioning method is supported by
evidence from the related substance TDCP where the PNEC from sediment studies is similar
to that from equilibrium partitioning.

19 Use of the equilibrium partitioning method to derive PNEC for sediment means that both
PECsediment and PNECsediment are derived from the respective values for the associated aquatic
compartment using the same factor, Ksuspwater. This direct proportionality means that PEC/PNEC
ratios are the same for sediment as for water.
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Conclusion (ii) There is at present no need for further information and/or testing and no need

for risk reduction measures beyond those which are being applied already.

This applies to all local life cycle stages and also at the regional scale.

3.4.1.2 Wastewater treatment processes

Table 3.58 PEC/PNEC ratios for wastewater treatment plants

Scenario PEC/PNECwwre
Producer 1 0.0082
Producer 2 0.019
Producer 3 0.0044
Producer 4 9.99E-03
A1a: Large systems houses 0.0762
A2: Medium systems houses 0.052
A3: Small systems houses 0.0131
A4: Systems houses using preformulated polyol 1.56E-03
B1a: flexible foam (furniture) very large 4.79E-04
B1b: flexible foam (furniture) large 8.59E-05
B1c: flexible foam (furniture) small - not using systems 8.84E-04
B1d: flexible foam (furniture) small - users of systems 1.58E-03
B2: flexible foam cutting 1.06E-04
C1: rigid foaming large sites 1.60E-05
C2: rigid foaming small sites 6.80E-03
E1: one-component foams 0.0655
F1: confidential 9.99E-03
G1: confidential 0.166
G2: confidential 0.156
H1: confidential 0.312
[1: confidential 0.0156
J1: confidential 0.0793
K1: confidential 0.0104
K2: confidential 0.0623
L1: confidential 4.71E-04
M1: confidential 1.78E-03
N1: confidential 0.0312
01: rebonding 0
P1: confidential 5.15E-03
Q1: adhesive pressing 0.0156
R1: loose crumb 0
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Conclusions to the risk assessment for wastewater treatment plant micro-organisms:

Conclusion (ii) There is at present no need for further information and/or testing and no need

for risk reduction measures beyond those which are being applied already.

This applies to all life cycle stages.

3.4.2 Terrestrial compartment

PEC/PNEC ratios for the terrestrial compartment are presented in Table 3.59.

Table 3.59 PEC/PNEC ratios for soil

Scenario PEC/PNECsoi
Producer 1 3.83E-03
Producer 2 3.83E-03
Producer 3 3.83E-03
Producer 4 0.0102
A1a: Large systems houses 0.055
A2: Medium systems houses 0.0376
A3: Small systems houses 0.0123
A4: Systems houses using preformulated polyol 4.84E-03
B1a: flexible foam (furniture) very large 4.14E-03
B1b: flexible foam (furniture) large 3.89E-03
B1c: flexible foam (furniture) small - not using systems 4 40E-03
B1d: flexible foam (furniture) small - users of systems 4.84E-03
B2: flexible foam cutting 3.90E-03
C1: rigid foaming large sites 3.84E-03
C2: rigid foaming small sites 8.17E-03
E1: one-component foams 0.0462
F1: confidential 0.0103
G1: confidential 0.11
G2: confidential 0.104
H1: confidential 0.203
[1: confidential 0.0138
J1: confidential 0.0549
K1: confidential 0.0106
K2: confidential 0.0436
L1: confidential 4.13E-03
M1: confidential 4.99E-03
N1: confidential 0.0238
O1: rebonding 3.83E-03
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Scenario PEC/PNECsoi
P1: confidential 7.18E-03
Q1: adhesive pressing 0.0139
R1: loose crumb 3.83E-03

PEC/PNECregional(soity = 1.77E-03 from the EUSES v2.03 model.

Conclusions to the risk assessment for the terrestrial compartment:

Conclusion (ii) There is at present no need for further information and/or testing and no need
for risk reduction measures beyond those which are being applied already.

This applies to all local life cycle stages and also at the regional scale.

343 Atmosphere

Neither biotic nor abiotic effects on the atmosphere are likely because of the low predicted
environmental concentrations of TCPP (all concentrations are below 1 pug/m?).

Conclusions to the risk assessment for atmosphere:

Conclusion (ii) There is at present no need for further information and/or testing and no need
for risk reduction measures beyond those which are being applied already.

This applies to all life cycle stages.

344 Secondary poisoning

PEC/PNEC ratios for secondary poisoning are presented in Table 3.60.

The available effects data mean that PNEC is based on a limit value. This means that all
PEC/PNEC ratios are presented as ‘greater than’ values, which could be interpreted as
potential concerns. However, no values are close to 1 (they are all at least one order of
magnitude below 1) and due to the lack of any significant bioaccumulation potential of TCPP,
it is reasonable to conclude that there are no risks.
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Table 3.60 PEC/PNEC ratios for secondary poisoning

Scenario PEC/PNECyish eating PEC/PNECworm eating
Producer 1 >1.78E-04 >7.11E-04
Producer 2 >1.1E-03 >7.11E-04
Producer 3 >1.19E-04 >7.11E-04
Producer 4 >1.7E-04 >1.38E-03
A1a: Large systems houses >1.17E-04 >6.11E-03
A2: Medium systems houses >4.03E-03 >4.25E-03
A3: Small systems houses >1.1E-03 >1.6E-03
A4: Systems houses using preformulated polyol >1.97E-04 >8.16E-04
B1a: flexible foam (furniture) very large >1.53E-04 >7.44E-04
B1b: flexible foam (furniture) large >1.23E-04 >7.17E-04
B1c: flexible foam (furniture) small - not using systems >1.83E-04 >7.7E-04
B1d: flexible foam (furniture) small - users of systems >2.35E-04 >8.16E-04
B2: flexible foam cutting >1.25E-04 >7.18E-04
C1: rigid foaming large sites >1.18E-04 >7.12E-04
C2: rigid foaming small sites >6.28E-04 >1.16E-03
E1: one-component foams >5.05E-03 >5.14E-03
F1: confidential >7.43E-04 >1.39E-03
G1: confidential >2.62E-03 >0.0118
G2: confidential >1.53E-03 >0.0111
H1: confidential >1.68E-03 >0.0215
[1: confidential >4 .3E-04 >1.76E-03
J1: confidential >3.5E-03 >6.05E-03
K1: confidential >3.51E-04 >1.42E-03
K2: confidential >1.18E-03 >4.86E-03
L1: confidential >1.25E-04 >7 42E-04
M1: confidential >2.5E-04 >8.32E-04
N1: confidential >4 .3E-04 >2.79E-03
01: rebonding >1.17E-04 >7.11E-04
P1: confidential >5.04E-04 >1.06E-03
Q1: adhesive pressing >4.92E-04 >1.76E-03
R1: loose crumb >1.17E-04 >7.11E-04
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Conclusions to the risk assessment for secondary poisoning:

Conclusion (ii) There is at present no need for further information and/or testing and no need
for risk reduction measures beyond those which are being applied already.

This applies to all local life cycle stages.

3.4.5 Marine environment
3.4.5.1.1 PBT assessment
Persistence

The persistence criteria currently laid down in the TGD require a half-life >60 days in marine
water (or >40 days in fresh water) or >180 days in marine sediment (or >120 days in
freshwater sediment). No biodegradation simulation tests are available for TCPP. TCPP is not
readily biodegradable but there is some evidence for ultimate biodegradation. It showed
inherent biodegradability in a SCAS test and prolonged closed bottle test (See Section
3.1.3.1.4) but does not meet the TGD criteria for inherent biodegradability. TCPP is therefore
considered to be potentially persistent, the screening criterion for persistence is met.

Bioaccumulation

The criterion used in the marine risk assessment for bioaccumulation is a bioconcentration
factor (BCF) >2,000 l/kg. TCPP has a measured fish BCF of 0.8-4.6 in a reliable study and
hence does not meet the B criterion.

Toxicity

The toxicity criterion used in the marine risk assessment guidance is a chronic NOEC
<0.01 mg/l or substances classified as Carcinogenic (category 1 & 2), Mutagenic (category 1
& 2), or Toxic to Reproduction (category 1, 2, & 3) or with other evidence of chronic toxicity.
The lowest aquatic NOEC for TCPP is 32 mg/l measured in 21-day Daphnia study.
Regarding human health effects, the possibility of read across of carcinogenicity data from
structurally similar compounds is currently under consideration and has not yet been
discussed at TC NES. Further mutagenicity testing is being carried out to determine the
genotoxic potential of TCPP and a two-generation fertility study is also underway. Based on
the current evidence, combined with the aquatic toxicity results, there is no definite concern
for chronic toxicity and hence the T criterion is not met. This conclusion may need to be re-
visited once the mutagenicity and fertility testing have been completed.
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Summary of PBT assessment

PBT assessment

For the PBT assessment, TCPP can be considered to meet the screening criteria as persistent
(P) or potentially very persistent (vP) based on its ultimate mineralisation. The available
information on bioaccumulation shows that TCPP does not meet the B or vB criterion. The T
criterion is not met, though this should be reviewed once the human health data set is
completed.

3.4.5.2 Marine risk characterisation

Table 3.61 PEC/PNEC ratios for sea water and marine sediments

Scenario PEC/PNECsea water PEC/PNEChmarine sediment
Producer 1 0.0108 0.0108
Producer 2 0.0242 0.0242
Producer 3 1.08E-03 1.08E-03
Producer 4 0.0133 0.0133
Afta: Large systems houses 8.43E-04 8.43E-04
A2: Medium systems houses 0.0658 0.0658
A3: Small systems houses 0.0171 0.0171
Ad4: Systems houses using

preformulated polyol 2.71E-03 2.71E-03
B1a: flexible foam (furniture) very large 1.36E-03 1.36E-03
B1b: flexible foam (furniture) large 8.66E-04 8.66E-04
B1c: flexible foam (furniture) small - not

using systems 1.86E-03 1.86E-03
B1d: flexible foam (furniture) small -

users of systems 2.73E-03 2.73E-03
B2: flexible foam cutting 8.91E-04 8.91E-04
C1: rigid foaming large sites 7.78E-04 7.78E-04
C2: rigid foaming small sites 9.26E-03 9.26E-03
E1: one-component foams 0.0828 0.0828
F1: confidential 0.0133 0.0133
G1: confidential 0.209 0.209
G2: confidential 0.196 0.196
H1: confidential 0.391 0.391
[1: confidential 0.0203 0.0203
J1: confidential 0.0999 0.0999
K1: confidential 0.0137 0.0137
K2: confidential 0.0787 0.0787
L1: confidential 1.35E-03 1.35E-03
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Scenario PEC/PNECsea water PEC/PNECmarine sediment
M1: confidential 2.98E-03 2.98E-03

N1: confidential 0.0398 0.0398

O1: rebonding 7.58E-04 7.58E-04

P1: confidential 7.20E-03 7.20E-03

Q1: adhesive pressing 0.0203 0.0203

R1: loose crumb 7.58E-04 7.58E-04

PEC/PNEC regiona|(sea Water) = 758E'04 from the EUSES V203 mOdel

PEC/PNEC regiona| (marine sediment) = 759E'04 from the EUSES V203 mOdel

Conclusions to the risk assessment for the marine environment:

PEC/PNEC ratios for sea water and marine sediments are presented in Table 3.61.

Conclusion (ii) There is at present no need for further information and/or testing and no need
for risk reduction measures beyond those which are being applied already.

This applies to all local life cycle stages and also at the regional scale.

Secondary poisoning in the marine environment

PEC/PNEC ratios for secondary poisoning are presented in Table 3.62.

The available effects data mean that the PNEC is based on a limit value. This means that all
PEC/PNEC ratios are presented as ‘greater-than’ limit values, which could be interpreted as
potential concerns. However, every ratio is several orders of magnitude below 1, and due to
the lack of any significant bioaccumulation potential of TCPP, it is reasonable to conclude

that there are no risks.
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Table 3.62 PEC/PNEC ratios for secondary poisoning in the marine environment

Scenario PEC/PNECnmarine predator PEC/PNECmarine top predator
Producer 1 >7.29E-05 >2.37TE-05
Producer 2 >1.56E-04 >4.02E-05
Producer 3 >1.33E-05 >1.17E-05
Producer 4 >6.59E-05 >2.22E-05
A1a: Large systems houses >1.19E-05 >1.14E-05
A2: Medium systems houses >4 11E-04 >9.13E-05
A3: Small systems houses >1.12E-04 >3.14E-05
A4: Systems houses using preformulated

polyol >1.95E-05 >1.3E-05
B1a: flexible foam (furniture) very large >1.5E-05 >1.21E-05
B1b: flexible foam (furniture) large >1.2E-05 >1.15E-05
B1c: flexible foam (furniture) small - not

using systems >1.81E-05 >1.27E-05
B1d: flexible foam (furniture) small - users

of systems >2.35E-05 >1.38E-05
B2: flexible foam cutting >1.22E-05 >1.15E-05
C1: rigid foaming large sites >1.15E-05 >1.14E-05
C2: rigid foaming small sites >6.36E-05 >2.18E-05
E1: one-component foams >5.15E-04 >1.12E-04
F1: confidential >7.53E-05 >2.41E-05
G1: confidential >2.67E-04 >6.25E-05
G2: confidential >1.55E-04 >4.01E-05
H1: confidential >1.71E-04 >4 .33E-05
[1: confidential >4.33E-05 >1.77E-05
J1: confidential >3.57E-04 >8.04E-05
K1: confidential >3.53E-05 >1.61E-05
K2: confidential >1.2E-04 >3.3E-05
L1: confidential >1.21E-05 >1.15E-05
M1: confidential >2.5E-05 >1.41E-05
N1: confidential >4.33E-05 >1.77E-05
01: rebonding >1.13E-05 >1.13E-05
P1: confidential >5.09E-05 >1.93E-05
Q1: adhesive pressing >4 97E-05 >1.9E-05
R1: loose crumb >1.13E-05 >1.13E-05
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Conclusions to the risk assessment for secondary poisoning in the marine environment:

Conclusion (ii) There is at present no need for further information and/or testing and no need
for risk reduction measures beyond those which are being applied already.

This applies to all life cycle stages.

3453 Areas of uncertainty in the environmental risk assessment

There is always statistical uncertainty regarding all the property inputs to the modelling of
PEC/PNEC ratios, but none of these would have a large enough effect to change the
conclusions. The risk assessment uses a reliable property data set, including some well-
supported read-across data, and justifiable use pattern and release rate parameters. The
Rapporteur has no reason to anticipate significant tonnage increases in the near future, based
on industry information and general research.

For sediment dwelling organisms, the use of the equilibrium partitioning method as the basis
of the PNEC is not considered to be a significant uncertainty, because there is evidence from
the related substance TDCP that the PNEC from sediment studies is similar to that from
equilibrium partitioning.

With regard to secondary poisoning, the available effects data mean that PNEC is based on a
limit value. This means that all PEC/PNEC ratios are presented as ‘greater-than’ values,
which could be interpreted as potential concerns. However, due to the low ratios and lack of
any significant bioaccumulation potential of TCPP, it is reasonable to conclude that there are
no risks.

With regard to the marine risk assessment, extrapolation of data measured for the freshwater
environment to the marine environment has been done in accordance with the TGD.
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4 HUMAN HEALTH

4.1 HUMAN HEALTH (TOXICITY)
4.1.1 Exposure assessment

4.1.1.1 Occupational exposure

General introduction

In the following sections, unless otherwise stated, the term exposure is used to denote
personal exposure as measured or otherwise assessed without taking into account the
attenuating effects of any personal protective equipment (PPE) which might have been worn
as not enough information was available to take the actual protection of any PPE worn into
account.

The general discussion summarises the important issues arising from the exposure assessment
and brings together measured exposure data and predictions from the EASE (Estimation and
Assessment of Substance Exposure) model. EASE is a general purpose predictive model for
workplace exposure assessments. EASE is essentially a series of decision trees. For any
substance, the system asks a number of questions about the physical properties of the
substance and the circumstances of its use. For most questions, the EASE user is given a
multiple-choice list from which to select the most appropriate response. Once all the questions
have been answered, the exposure prediction is determined absolutely by the choices made.
EASE can be used to estimate inhalation and dermal exposure — dermal exposure is assessed
as the potential exposure rate to the hands and forearms (a total skin area of approximately
2000 cm?). The output ranges generated by EASE for inhalation exposure relate to steady-
state conditions, and estimate the average concentration of the substance in the atmosphere
over the period of exposure.

Occupational exposure information has been made available through the manufacturers and
users of TCPP.

Overview of exposure

TCPP is a liquid at room temperature with a low vapour pressure of 1.4 x 10™ Pa at 25°C and
a calculated saturated vapour concentration (SVC) of 0.19 mg/m’ at 21°C.

EASE modelling will not be used to predict inhalation exposure to TCPP due to the low
volatility of the substance, as EASE has limitations estimating the inhalation exposure to such
a substance. For a substance with such a low vapour pressure EASE always predicts an
exposure range of 0-0.1 ppm (0-1.3 mg/m’ for TCPP). The upper level is clearly much too
high with respect to a SVC of 0.19 mg/m’. EASE has been used to estimate inhalation
exposure to dust containing TCPP where appropriate.

Occupational exposure to TCPP may occur during its manufacture and during the
manufacture and cutting of flexible and rigid polyurethane (PUR) foam. Inhalation of vapours
and liquid aerosols and skin contact are the predominant routes of exposure during
manufacture of TCPP and manufacture of foam, while inhalation of dust and skin contact are
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thought to be the predominant routes of exposure during foam conversion and cutting of rigid
foam. Oral exposure is not considered to be a significant route of exposure under normal
working practices. The total number of people occupationally exposed to TCPP is not known
but it is likely to be thousands if the foam cutting companies and construction workers using
laminates are taken into account.

Descriptions of the processes and sources of occupational exposure are discussed below along
with a discussion of exposure levels. All of the measured data used in this assessment has
been supplied by industry, either directly or through trade organisations. The occupational
exposure scenarios are:

1. Manufacture of TCPP

2. Manufacture of flexible PUR foam

3. Cutting of flexible PUR foam

4. Production of foam granules and rebonded PUR foam
5. Formulation of systems and manufacture of spray foam
6. Use of spray foams

7. Manufacture of rigid PUR foam

8. Use of rigid PUR foam

9. Manufacture of one-component foams

10. Use of one-component foams

Following manufacture, most TCPP (over 98%) produced in the EU is used as a flame
retardant in the production of polyurethane (PUR) for use in construction and furniture. PUR
is produced from the reaction of di-isocyanates with polyols. TCPP can be added to polyols in
the production of PUR systems (around 50-60% - see section 4.1.1.1.5 below) or added
directly at the point of foaming.

Most TCPP is used in rigid PUR foam (over 80%), mainly for construction applications. The
remaining PUR applications are accounted for by flexible foam (over 17%), used in
upholstery and bedding for the UK market.

Use of TCPP in products other than PUR tends to be associated with single users who have
tried the product of their own accord and decided to use it. Industry has indicated that other
possible applications include paints, unsaturated polyester resins and epoxy resins. No further
information is available on these uses or the number of workers potentially exposed to TCPP
through these uses. The very low tonnage involved confirms that TCPP is not widely used
outside the PUR industry and so the uses are not considered further for the purpose of this risk
assessment.

The total number of workers potentially exposed to TCPP during the production of PUR foam
in the EU is difficult to estimate. Industry has informed the rapporteur that for flexible foam,
EUROPUR members (representing about 85% of the market) have about 68 plants in the EU.
Some plants use TCPP more frequently than others. A fair assumption may be that
approximately 5 operators per plant can be around the foaming tunnel during production,
bearing in mind the frequency of use of TCPP will vary somewhat from plant to plant. This
gives an estimated total of 340 workers exposed to TCPP through the manufacture of flexible
polyurethane foam in the EU.

For the production of rigid foam, a recent survey has shown that there are about 190 rigid
foam manufacturing plants in the EU (ISOPA survey, 2003). Again, it is difficult to estimate
the total number of operators potentially exposed to TCPP in these plants, as not all plants use
TCPP. A reasonable estimate would be that about 10 workers or 2 per shift would work in the
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foam production area. This gives an estimated total of 1,900 workers exposed to TCPP
through the manufacture of rigid polyurethane foam in the EU.

Occupational exposure limits

There are no occupational exposure limits set for TCPP

4.1.1.1.1 Scenario 1: Occupational exposure during the manufacture of TCPP

TCPP is manufactured by four producers in the EU. In the year 2000, the total EU production
was 36,000 tonnes. Between 1998 and 2003, production has increased significantly but the
total EU sales tonnage has remained reasonably stable within approximately 10%. 8,304
tonnes of TCPP were imported into the EU in 2001 and 6,211 tonnes were exported from the
EU in the year 2000. A further quantity of 1,200 tonnes of TCPP is believed to be imported
into the EU in finished goods.

In all production facilities, TCPP is produced by reacting phosphorous oxychloride with
propylene oxide followed by purification. The crude product is washed and dehydrated to
remove acidic impurities and residual traces of catalyst. The product is then filtered,
transferred to storage tanks for despatch in road tankers or packed into drums. There are some
slight differences in procedures between the four different production plants. A brief
description of production processes is given below for each facility and comments made in
the summary part regarding the differences and typical procedures.

Measured inhalation and dermal exposure data

Production plant 1

In a study conducted by industry (2002), inhalation and hand exposures of 2 operators in one
of the TCPP manufacturing plants were evaluated under actual working conditions. At this
plant, TCPP is produced in a closed system. It is produced in batches, with 3 batches being
run simultaneously. All transfers are done using closed lines. Storage is in closed vessels
under nitrogen to exclude moisture and air. The processes are computer-controlled. The
computers monitor and control reactors, reaction conditions such as temperature and pressure,
chemical additions and process alarms. This limits the possibilities of operator contact with
TCPP during the production steps. Only one operator per shift is assigned to the plant and he
spends most of his time in the control room. Highest inhalation and dermal exposures are
likely to occur during drumming and activities such as material sampling and maintenance.
Samples are taken from a sampling valve into a 250 g bottle. There is no local exhaust
ventilation at the sampling point. The operator wears PVC gloves, safety spectacles, hard hat
and work coveralls. Sampling takes less than 1 minute to complete. Analysis is carried out by
a laboratory technician. Extraction ventilation and personal protective equipment are
employed to reduce exposure. At the fluids plant, blending and drumming occurs. There are 2
filling stations and both are semi-automatic and equipped with local exhaust ventilation. The
plunger is also designed in such as way as to avoid drops falling down when the lance is
transferred from one drum to another. Although the operator moves the lance from drum to
drum, it is carried out using a boom so that the operator does not come into contact with the
lance. The operator does secure lids and fits seals to the drums.

In total it has been estimated that the total time spent on maintenance in a year for the three
production lines is between 20 and 40 hours per year. The PPE worn depends on the type of
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maintenance being carried out, but is a minimum of gloves, hard hat, safety spectacles, safety
shoes and coveralls.

In total (including operators and supervisors, lab personnel and maintenance workers), there
are approximately 30 people who could be potentially exposed to TCPP in this plant.

Operators monitored were involved in production and blend drumming (one operation of
blend drumming was monitored; blend contained 10% TCPP). For inhalation monitoring, the
method used was Akzo Nobel Method CG/6.089.3. Samplers were run at 1 L/min + 10% in
the breathing zone. The sample tube (XAD-2) was extracted with toluene containing trioctyl
phosphate. The final extract was chromatographed with flame photometric detection.

For dermal exposure monitoring, 100% cotton absorbent gloves were used as dosimeters. If
protective gloves were used, the absorbent gloves were worn beneath them. The absorbent
gloves were peeled off and replaced at times when the worker normally washed his hands and
were placed in a plastic bag. They were extracted with toluene before chromatography.

The methods for both inhalation and dermal monitoring have been developed and validated by
industry for TCPP. The method for determination of TCPP concentration is Akzo Nobel
Method CG/6.089.3. The limit of detection was evaluated to be 0.1 pg for TCPP and 3 pg on
cotton gloves.

Table 4.1 below gives a summary of the results for the inhalation monitoring and Table 4.2
summarises the results for the dermal monitoring.

Table 4.1 Results of personal inhalation monitoring carried out on operators involved in production of TCPP and blend
drumming

Operator’s Task Length of time monitored Inhalation exposure TCPP 8hr TWA (p1g/m3)
(mins) (ugim?)

Production 500 8.2 8.2

Blend drumming 177 1.6 0.6

Table 4.2 Results of personal dermal monitoring carried out on operators involved in production of TCPP and blend
drumming

Operator’s Task Length of time monitored (mins) Dermal exposure TCPP (mg/kg
bw)

Production 500 0.02

Blend drumming 177 0.20

During the monitoring period (for both dermal and inhalation), the production operator
supervised the production of 3 batches, pumped TCPP into the tank and sampled TCPP three
times (including from the funda filter and from the tank). During these activities, he wore
protective gloves (Vygen plus PVC gloves, cotton lined). The operator carrying out the task
of blend drumming filled 23 drums of 300 kg each for a period of 3 hours (this was equivalent
to 690 kg of TCPP). He also attached labels to the drums. He was monitored for 177 minutes
(3 hours), which is the length of time taken to carry out his work with TCPP. For the
remainder of his shift he worked at the drumming station, but handled substances other than
TCPP. He did not wear PPE while carrying out these tasks. Industry has indicated that
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theoretically, an operator could be working with TCPP for a full 8-hour shift, depending on
requirements.

In parallel to the personal monitoring, a static measurement, with the same equipment as for
personal monitoring, was performed. In the TCPP plant, the static monitoring was carried out
near a sampling valve; one sample of TCPP was taken during the monitoring period. The
monitoring period was for 300 minutes (5 hours). This static measurement gave a
concentration of TCPP of 4.8 pg/m’ (this would correspond to an 8hr TWA also of 4.8
ug/m’). However, it is likely that the source of the TCPP would have been episodes of short-
term exposure during sampling with long periods of minimal or no exposure. These short term
exposures would be made up of a series of peak exposures as the valve is opened and the
sample drawn, with the concentration falling and rising depending on the proximity of the
operator to the valve and the prevailing weather conditions If the only source of TCPP in this
area was from sampling, the short-term exposure may have been 1.44 mg/m’ (one sample
collected taking 1 minute) over the period of sampling, with peaks of higher exposure.
Industry have indicated that in this plant, the usual maximum for carrying out any particular
function on the TCPP plant is twice per shift, so an operator would not normally be in the
monitored area more than twice during his shift.

Production plant 2

In a second TCPP production plant, personal inhalation exposure of operators was measured
by industry (2002). The method used for measuring TCPP was the same as that described for
plant 1 above. The method (Akzo Nobel Method CG/6.089.3) was validated by industry
specifically for TCPP. The exposure monitoring was carried out by an external, authorised
and certified analytical laboratory. Monitoring was carried out on the chemical production
area and the quality control line (1 operator monitored) and during drumming of the final
product into steel drums and IBCs (1 operator monitored) for the duration of a typical
working day (i.e. monitoring was for an 8 hour shift).

In this plant, TCPP is produced in a batch-wise manner. The system is a closed one, except
for loading stations. All of the processes are computer controlled, with a specific operator
permanently present in the control room. The filling stations are automatic and equipped with
LEV. There are approximately 30 operators potentially exposed to TCPP in this production
plant.

The monitoring indicated that the operator working in production and quality control was
exposed to an airborne concentration of TCPP of 28 pg/m’. This operator is reported to spend
at least 80% of his 8-hour shift in the production hall. As the manufacturing system is closed,
most of his exposure will come from quality control sampling. The operator takes several
samples from the reactor, the washer, the dehydrator, the check tank and the storage tank. His
total exposure time could be as much as 150 minutes per day from sampling and analysis. The
second operator involved in the drumming of the final product into steel drums and IBCs was
exposed to an airborne concentration of TCPP of 1.8 pg/m’. This operator also takes quality
control samples, but only 1- 5 per day, each taking a few seconds. Although there is LEV at
the drumming point there may be some exposure in this area. Industry has indicated that the
operators spend 80-90% of their shift in the work area, so the monitoring results obtained can
be taken as 8hr TWAs.

There are 4 maintenance personnel on site, who work in conjunction with maintenance
contractors, suppliers etc. It is estimated that up to 10 people may be exposed to TCPP in
relation to their maintenance work activities (industry information). They may spend up to 7
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hours per day carrying out work that could expose them to TCPP. They work under a permit
to work regime and there are systems in place to ensure that pipework/vessels are purged prior
to maintenance work. The personal protective equipment worn depends on the type of work
being carried out but would include helmets, goggles and coveralls, and may also include
gloves and respiratory protective equipment as required.

Production plant 3

In a third manufacturing facility, industry measured inhalation exposure to TCPP in the
production plant (2002). Measurements were taken in accordance with TRGS (German
Technical Rules for Hazardous Substances) Rule 402 to determine the concentration of
substances in the air in working environments. The method used for measuring TCPP and
analysis was comparable to that used in the monitoring at the 2 plants previously described.

At this production plant, some of the equipment is in an open-air plant and some in a closed
building with ventilation (8 air changes per hour). The equipment is operated from a
measuring station. TCPP is produced continuously in what industry has described as a
substantially closed system. The manufactured TCPP is conveyed to receivers in the basement
via fixed pipelines and from there to the storage tank. This is a closed transfer system. The
product is decanted into drums, polyethylene containers and road tankers, as required. Drums
and polyethylene containers are filled automatically by siphoning. The operator stages empty
containers and monitors filling from a control console. Filling time depends on the order, but
can last an entire shift. Road tankers are filled via fixed pipeline and a loading spout. The lid
on the top of the tanker is covered by a conical hood through which the filling pipeline, level
indicator and the pipe for displaced air are fed. (open-air). While the tanker is being filled, the
operator performs follow-up and completion work (time < 15 mins). Samples are taken using
an open flask (4 samples every 2 hours) by the operator during inspections for unit monitoring
(time < 1 min). During filling and sampling the worker wears coveralls, safety glasses, safety
shoes and helmets. A laboratory worker takes a sample from the pure product containers twice
a day. The sampling time is < 2 mins and analysis takes about 15 mins. These samples are
taken using an evacuated flask which is attached to the sampling point via tubing. There is a
slight chance of exposure when the flask is withdrawn from the sampling point. Laboratory
staff wear coveralls, gloves, goggles and respiratory protective equipment while taking
samples. The analysis takes place in a fume cupboard. While carrying out the analysis the
laboratory worker wears coveralls, gloves and goggles.

One plant operator and one laboratory worker were monitored (a total of 6 measurements
were taken, 3 per person). The plant operator carried out sampling and plant analysis during
the monitoring period. The operator was monitored during a full working shift on 3 occasions,
on 3 separate days. The laboratory worker was monitored during sampling from pure product
receivers (sample taken using an evacuated flask on the riser of the receiver) and during
analysis (carried out in a fume cupboard). He was monitored for a short time period on 3
separate days. This time period that he was monitored for was the only time during which he
could be exposed to TCPP during his shift (he could only be exposed to TCPP during
sampling). Table 4.3 below gives a summary of these monitoring results.
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Table 4.3 Results of personal inhalation monitoring carried out on production operator and laboratory technician involved in
production of TCPP

Operator monitored Length of time monitored (mins) | TcPP (ng/m3) 8hr TWA TCPP (ug/m3)
Plant operator, day 1 460 <50 <50
Plant operator, day 2 480 <50 <50
Plant operator, day 3 460 <50 <50
Lab Technician, day 1 15 <50 <25
Lab Technician, day 2 20 <50 <25
Lab Technician, day 3 26 <50 <25

Note: 50 pg/m3 was the limit of detection

As per the guidelines given in the TGD, the 8hr TWA for the laboratory worker was
calculated as half the limit of detection.

In addition to the personal monitoring described above, static measurements were also carried
out in this plant. A total of 4 static measurements were taken on 4 separate days in the region
of the pure product receivers (at the outlet nozzle or in the line upstream of TCPP) at a height
of 150 to 180 cm. The sampling time was on average 6 hours each day. The measured values
were all less than 10 ug/m® (10 pg/m’ was the limit of detection).

Production plant 4

One other production company monitored for potential worker exposure during the
production of a flame retardant blend containing 50% TCPP. TCPP was mixed with one
mass-equivalent of another flame retardant. The plant is a closed system, where the raw
materials are pumped via pipes to the mixing vessels and from there to storage tanks. The
operator spends about 50% of his time in a control room from where he monitors the process.
The remaining 50% of the time, he spends in the plant.

During the process of blend production, overpressure is released via a safety valve. It occurs
when the storage tanks are being filled, an event which occurs once daily (max) and takes
about 10-15 mins. The TCPP concentration in the release air was monitored twice (both times
for 4 hours) and the personal exposure of the worker running this operation over 4 hours was
monitored once (there is only one operator involved in this work at any one time). The release
of air via safety valves occurs at a level about 3-4 metres above the head of the operator.
Industry has indicated that during this time, the operator is located in the control room,
monitoring the process. Quality control samples are taken twice per day. The operator wears
gloves when taking samples, with respiratory protective equipment available if required.
Following manufacture about 50% of the blend is distributed exclusively by road tankers with
the other 50% being transferred by pipeline for polyol blending. The TCPP blend is
transferred via an automatic pumping station to the road tankers so there is little opportunity
for exposure.

There is no daily maintenance carried out on the plant. Planned maintenance is carried out
about once per year. Prior to maintenance starting, the TCPP is pumped out of the pipelines
and the pipelines are flushed through with water. Checks are carried out to ensure that the
OELs for methyl oxirane and phosphorus oxy-chloride are met. Maintenance staff is equipped
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with chemical suits, goggles and nitrile rubber gloves to carry out their work. There are no
sampling data for this activity.

Details on the analytical method were provided to the company by an EU polyurethane
company and modified slightly. Briefly, air was passed through a silica-gel tube and the
adsorbed TCPP desorbed with methanol, applying ultrasound for 10 mins. The methanol,
containing the desorbed TCPP, was injected into a gas chromatograph and the detection
performed via pulse flame-photometric detector.

The results show that the concentration of TCPP in the release air was <80 ug/m’ while the
operator was exposed to an airborne concentration of <8 ug/m’> TCPP. This value is taken as
an 8 hr TWA.

Summary of measured inhalation exposure data

Exposure monitoring was performed at all 4 TCPP production plants. For the measured data,
there are few data points from each study carried out in each plant. However, the tasks carried
out during the monitoring periods are typical of the normal work patterns and the results
obtained appear to be representative of the TCPP production industry. In the first plant, both
inhalation and dermal monitoring was carried out, while in the other 3 plants, only inhalation
monitoring was performed. Table 4.4 below gives a summary of the measured inhalation
exposure data.

Table 4.4 Summary of results of personal inhalation monitoring carried out on operators involved in TCPP production in the
4 EU TCPP production plants

Production Plant Activity 8hr TWA TCPP (ug/m?)
1 Production 8.20
Blend Drumming 0.60
2 Production and Quality Control 28.0
Drumming 1.80
3 Production <50.0
Laboratory Testing <25.0
4 Blend Production <8.0

Summary of measured dermal exposure

For dermal exposure, measured in plant 1, an operator involved in production was exposed to
0.2 mg/kg bw TCPP while an operator involved in blend drumming was exposed to 0.2 mg/kg
bw. The production operator wore protective gloves while carrying out his tasks, while the
operator involved in blend drumming did not.

Modelled dermal exposure data

For workers involved in the manufacture of TCPP, the appropriate EASE scenario would be a
closed system (breached for sampling and maintenance) with no direct handling. For this,
EASE has predicted the dermal exposure to be very low.
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For sampling of TCPP during the manufacturing process, default values are taken from the
TGD for the scenario quality control sampling of liquids. It is considered however, that the
contact is intermittent, rather than incidental, with non-dispersive use and an exposure area of
210 cm?®. The exposure estimate for this is 0.1 to 1 mg/cm?/day.

For drumming of TCPP and TCPP blends, using the default values of reasonable worst-case
dermal exposure for the scenario of drumming of liquids given in the TGD (non-dispersive
use, with intermittent contact and an exposure area of 210 cm?), gives an estimate of 0.1 to 1
mg/cm?/day. The exposure area of 210 cm? was selected as there is little opportunity for large-
scale dermal exposure during normal operations as most of the production takes place in
closed systems with breaches for sampling and drumming.

Values taken forward to risk characterisation

For inhalation exposure, the reasonable worst case (RWC) taken forward to risk
characterisation is 25 pg/m’. This value is half the limit of detection from plant 3, in line with
TGD guidance. It is likely that, generally, exposure levels are lower, although there was one
higher result of 28 ug/m’. It is taken in preference to the SVC of 0.19 mg/m’, as the SVC does
not appear to be realistic, when all of the measured data, both personal and static, from all
production facilities, is taken into account. The typical inhalation exposure level to be taken
forward to risk characterisation is 12.5 pg/m’. This value was taken, as it is half the
reasonable worst-case scenario, yet is still a somewhat precautionary value.

For dermal exposure, the reasonable worst case taken forward to risk characterisation is the
EASE estimate of 1 mg/cm*/day. This is for the processes of sampling and drumming during
the production scenario. It is estimated that the area of exposure would be 210 cm?. The RWC
is therefore 210 mg/day. For typical exposure a value of 0.1 mg/cm?/day, which is the lowest
value predicted using EASE modelling, but still higher than the lower of the two real values
obtained (assuming an 70 kg man and the area exposed is 210 cm?®). The typical dermal
exposure is therefore 21 mg/day. Both of these estimates are higher than the real data
obtained, but as there were only two data points it was decided to err on the side of caution.

4.1.1.1.2 Scenario 2: Occupational exposure during the manufacture of flexible
PUR foam

6800 tonnes of TCPP was used in the production of flexible foam in Europe in the year 2000
(18% of total TCPP use). It is known that the vast majority of TCPP is added directly by
foamers, although some systems are sold into this sector. TCPP is used in slabstock foam for
upholstery and mattresses for the UK market. TCPP tends not to be used in the automotive
industry owing to its potential for fogging.

TCPP is delivered to the foam manufacturers via road tankers in about three 20 tonne loads
per year. In the UK however, the delivery frequency may be higher for large foamers (e.g. 1
road tanker per week). Unloading takes about half an hour and is direct to the storage tank.
There was no information about the type of pipe connections and the potential for exposure
during connecting and disconnecting pipe-work. One quality control sample is taken per year
from an outlet tap before the filter. In the UK it is common practice that a sample is taken at
every delivery. When taking the sample the person is equipped with gloves and safety glasses.

Slabstock flexible polyurethane foams can be manufactured in continuous or batch processes.
In a typical process, the initial ingredients (mainly water, isocyanate, polyether polyols and
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any other additive such as a flame retardant) are mixed together (at about 20°C) at a mixing
head and then immediately applied to the bottom lining of a continuously moving trough
formed by a horizontal bottom paper or foil and two vertical side papers or foils. After a few
seconds, a cream is formed, the volume expands and the foam reaches its maximum height in
1-3 minutes. The blocks of foam are cut off immediately after paper take-off, then transferred
through a transfer conveyer to the weigh scale and to the curing area. Some blocks can be
randomly transferred to a specific area for temperature probing.

The amount of TCPP used depends on the foam grade and is controlled by a meter. The range
of TCPP used in flexible foam varies from 0 to 15%. Continuous foaming machines can
produce polyurethane foam at rates up to 500 kg/minute. The foaming section of the process
is enclosed within a tunnel fitted with extraction for removal of di-isocyanate vapours and
blowing agent emissions (HMIP, 1995).

The main areas of potential occupational exposure during slabstock foam manufacture are at
the mixing head where all ingredients are added and mixed together and when operators have
to enter the tunnel to carry out various duties, such as controlling foam start-up and removing
base paper or polythene. Exposure can also occur at the end of the foaming track during
supervision of the block cut-off area. At the beginning of the production process, in order to
form a barrier for the liquid and to ensure block shape from the very beginning, two operators
may enter the tunnel to hold up a board. They remain in the tunnel until the foam is solid
enough to be self-supporting. This typically takes 4 minutes. Due to the presence of
isocyanate vapours, the operators wear PPE (including RPE) during this work. Some of the
newer machines are equipped with automated start boards, which can reduce operator access
to the foaming tunnel but does not eliminate it completely. Some machines operate by a wet
purging of chemical streams prior to the start of foaming and at the end of a foaming run. This
requires an operator to hold a bucket (or bag) under the mixing head to catch the first and last
few kg of the formulation. The time taken for this is very short (typically 5 seconds) and PPE
/RPE is worn on both occasions. Because foam machines can vary across the EU it is difficult
to estimate the occurrence of these procedures, but in any case the tunnel area is always
enclosed and extracted for the control of isocyanate emission from the production process.

The potential for dermal exposure can occur in the mixing head area where raw materials are
mixed and contact with chemicals can occur. It can also occur during temperature supervision
and if the operators have to enter the tunnel. In “automatic” (i.e. bigger) plants, operators
hardly ever come in contact with TCPP. The only possibility for dermal contact is when they
close the valve on the delivery truck. During this, heavy rubber gloves with sleeves, as well as
a face-protecting shield are used. In smaller plants, either IBCs or drums are used for TCPP
storage. Here, potential dermal contact exists if dripping occurs from the end of the pump
used to empty the container. Again, heavy rubber gloves are routinely used during this work.

Measured inhalation exposure data

Studies have been carried out by industry in 2 plants to determine the inhalation exposure of
operators to TCPP during flexible polyurethane foam production. Inhalation exposures were
evaluated under actual working conditions. The study was conducted at 2 industrial sites
located in the UK - one involved in foam production and cutting and the other one in foam
production exclusively. Industry has indicated that the operations monitored were typical of a
working day and no event occurred which might have affected the results. A total of 11
operators were involved in the studies in the 2 plants. They were monitored as they performed
their tasks. 7 operators on the production line, 2 operators in the cutting area, 1 operator
involved in foam sampling or cutting and 1 technician in the QC laboratory were monitored.
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In parallel, some static measurements with the same equipment as for personal monitoring
were performed in different areas of the plants. The method used to measure TCPP was the
same as that described previously for inhalation exposure during production of TCPP. The
limit of detection for TCPP was assessed at 0.1 ug TCPP for inhalation.

Table 4.5 gives a summary of the activities monitored during the study, the PPE worn by the
operators and the results of the inhalation monitoring. Table 4.9 gives a summary of the
dermal exposure monitoring results. Again, the results for the cutting operations are used in
the next scenario — cutting of foam. The results for the cutting operation are used in the next
scenario — cutting of foam. There was no inhalation monitoring result available for the
laboratory technician.

In addition, personal sampling data from the manufacture of foam using TDCP and V6 have
also been used to determine RWC and typical exposures for both inhalation and dermal
exposure. These data are presented in Tables 4.6, 4.7, 4.8, 4.10, 4.11 and 4.12.

Table 4.5 Summary of activities monitored, PPE worn and results of personal inhalation monitoring carried out on operators
during production of flexible PUR foam

Operator Operator PPE Worn Length of time Measured | Calculated 8-
Activity or monitored TCPP hr TWA
Location (mins) (1g/m?3) (ng/m3)
Production op. 1 | Mixing head area | Protective gloves 429 10 8.9
(plant 1)
Production op. 2 | Paper take-off Respirator with replaceable filter and | 404 32 26.9
(plant 1) area protective gloves (when entering the
tunnel)
Production op. 3 | Temperature None 426 15 13.3
(plant 1) supervision and
probing
Production op. 4 | Cut-off area Protective gloves 445 33 30.5
(plant 1)
Production op. 5 | Mixing head area | Disposable gloves 239 7.3 3.6
(plant 2)
Production op. 6 | Different areas of | Respirator with replaceable filter and | 242 9.7 48
(plant 2) the line protective gloves when removing
polyethylene film and cleaning tunnel
Production op. 7 | End of the tunnel | Respirator with replaceable filter and | 236 9.4 4.6
(plant 2) protective gloves when marking block
and putting polyethylene film on
Sampling op. Sampling and Protective gloves 403 17 14.2
(plant 2) * baler production

*The foam was slightly heated when sampled. On consulting industry about the possible temperature of the foam, they indicated that the
centre of a 60m block of foam is at approximately 50°C after 48hrs. The sample will cool somewhat during transport around to the cutting
area and will have a temperature gradient down to ambient at the outer skins. As a reasonable estimate by industry, it is predicted that
approximately 50% of the foam cut by sampler will be around 45°C. Although this will theoretically increase the SVC of liquid TCPP
slightly, it is unlikely to increase volatilisation significantly due to restricted diffusion through the foam bulk.

Results of static measurements taken in both plants around the mixing head area indicated a
concentration of 7.0 pug/m’ (plant 1) and 9.5 pg/m’ (plant 2) TCPP. The static measurement
was made on the platform, near the mixing head. In both plants, the measurements were made
on the platforms at the height of the breathing zone of the worker. Operator 1 and operator 5
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remained on the platform for the duration of the monitoring period. The sampling duration for
the static measurement in plant 1 was 409 mins (6.8 hrs) and was 160 mins (2.7 hrs) in plant
2. The measured values are 8hr TWAs.

Table 4.6 Inhalation exposure to TDCP at Plant A during the production of PUR foam

Job title or work area n Inhalation TWA 8 h (ug/m?)
Supervisor/ Ass. supervisor 4 05,0.8,09, 2.2

Mixing head area 6 <0.2,0.2,0.9,0.9,15,1.9
Paper take-off area 4 11,1.1,2.7,35

Cut-off area 2 <0.2,1.7

Lab technician 3 <0.2,<0.2,1.3

Table 4.7 Inhalation exposure to TDCP at Plant B during the production of PUR foam

Job title or work area Inhalation TWA 8 h (ug/m3)
Raw material/ Tank Form <0.20
Mixing head op. | <0.20
Mixing head op. Il 1.25
Mixing head op. IlI <0.20
Supervisor 0.23
Side Paper take-off operator <0.20
Cut-off block operator <0.20
Cut-off Start/End operator <0.20
Bottom Paper operator 0.39
Lab technician <0.20
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Table 4.8 Inhalation exposures to V6 at Plants X and Y during the production of PUR foam

Plant identification Operator n Inhalation Exposure 8-hr TWA (ug /m?)
Plant X Mixing Head 2 <0.62, <0.62

Plant X Asst. Mixing Head 4 <0.60, <0.53, <0.61, <0.63
Plant X Side Paper Take Off 4 <0.62, 5.29, <0.63, <0.53
Plant X Bottom Paper 4 <0.59, <0.56, <0.59, <0.57
Plant X Block Cutter 2 <0.64,<0.59

Plant Y Raw Material/Tank Farm 1 <0.61

PlantY Mixing Head 3 0.77, <0.58, <0.58

Plant Y Supervisor 1 <0.62

PlantY Side Paper Take Off 1 <0.63

PlantY Cut Off Block 1 <0.59

PlantY Cut Off Start/End 1 <0.58

Plant'Y Bottom Paper 1 <0.59

PlantY Lab Tech 1 <0.60

Summary of measured inhalation exposure data

Inhalation exposure monitoring was carried out at 2 flexible PUR foam production plants. 8 hr
TWAs ranged from 3.6 ug/m’ for an operator working in the mixing head area of plant 2 to
30.5 pg/m’ for an operator working in the cut off area of plant 2. Overall, there were
significant differences between exposure levels in both plants. In addition, personal inhalation
sampling data from flexible foam manufacturing plants using TDCP and V6 have been used
here, as the processes are identical and the flame retardants are used in the same way. The
range of exposures taking all of the personal sampling results into account is <0.2 to 30.5

pg/m’.

Measured dermal exposure data

Dermal exposure of operators during flexible PUR foam manufacture was also measured in
these studies. The results of personal dermal monitoring are given in Table 4.9 below.

Table 4.9 Results of personal dermal exposure monitoring carried out on operators involved in production of PUR foam

Operator Length of time monitored (mins) Measured TCPP (mg/kg bw)
Production op. 1 (plant 1) 430 1.5

Production op. 2 (plant 1) 443 0.45

Production op. 3 (plant 1) 429 0.68

Production op. 4 (plant 1) 445 0.09

Production op. 5 (plant 2) 239 0.32

Production op. 6 (plant 2) 242 0.39

Production op. 7 (plant 2) 236 0.01

Sampling op. (plant 2) 313 0.003

Laboratory op. (plant 2) 417 0.003
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The highest exposure level was found in operator 1 who was in the mixing head area. He
often wore protective gloves, which appeared to be rather contaminated during the monitoring
period. He also had slight contact with the blocks by touch to the cut face to assess the
characteristics of the foam at the end of the tunnel. It was noted that during the study, he did
this without protective gloves. Industry has indicated that it is not normal for an operator to
routinely touch the face of the block for control of the foaming process, as there is a hand held
airflow measurement device available which gives all the information required. However, as
the operator did touch the face of the block during this study, while industry has indicate it is
not normal practice, it will be taken as the reasonable worst case for this scenario

It can be noted that the operators in the second plant were monitored for 4 hours only, for both
inhalation and dermal monitoring. This corresponds to the foaming time. Industry has
indicated that during the remainder of their shift they would be involved in other tasks where
they are not exposed to TCPP.

The tasks of the operator from the quality control laboratory included sample preparation,
flammability testing, density and hardness measurements and tensile preparation and pulling.
He did not wear PPE during these activities. Very low hand exposure to TCPP was detected
for this operator (0.003 mg/kg bw).

Table 4.10 Dermal exposure to TDCP at Plant A during the production of PUR foam

Job title or work area n mg TDCP /pair of gloves (mg/day)
Supervisor/Ass. supervisor 4 1.0,1.9, 2.0, 3.7
Mixing head area 6 3.4,3.9,11.5, 36.9, 41.6, 49.5
Paper take-off area 4 2.0,3.0,8.0,12.6
Cut-off area 1 27.0
Lab technician 3 0.01,0.02, 1.1
Truck unloading 1 0.71
Table 4.11 Dermal exposure to TDCP at Plant B during the production of PUR foam
Job title or work area mg TDCP/ pair of gloves (mg/day)
Raw material/ Tank Form 0.22
Mixing head op. | 0.032
Mixing head op. Il 0.052
Mixing head op. IlI 0.17
Supervisor 0.047
Side Paper take-off operator 0.029
Cut-off block operator 0.173
Cut-off Start/End operator 0.124
Bottom Paper operator 0.141
Lab technician 0.048

RAPPORTEUR IRELAND/UK 158



EU RISK ASSESSMENT - TCPP CAs 13674-84-5

CHAPTER 4. HUMAN HEALTH

Table 4.12 Dermal exposure to V6 at Plants X and Y during the production of PUR foam

Plant Identification Operator n mg V6 /pair of gloves (mg/day)
Plant X Mixing Head 2 0.06, 1.39

Plant X Asst. Mixing Head 4 0.20, 0.31,0.79, 1.47
Plant X Side Paper Take Off 4 0.08,0.12,0.21,0.48
Plant X Bottom Paper 4 0.28, 0.39, 1.18, 7.99,
Plant X Block Cutter 2 0.14,0.28

Plant Y Raw Mat'l/Tank Farm 1 52

PlantY Mixing Head 3 0.49, 0.54,0.75

Plant Y Supervisor 1 0.89

PlantY Side Paper Take Off 1 0.39

Plant Y Cut Off Block 1 0.34

PlantY Cut Off Start/End 1 0.23

Plant Y Bottom Paper 1 0.24

Summary of measured dermal exposure data

The highest dermal exposure level, 1.5 mg/kg bw, was observed with the operator from plant
1 who touched the face of the block. This is considered to be a worst-case exposure level as it
not considered routine for the operators to do this. Other exposure levels ranged from very
low in laboratory workers at 0.003 mg/kg bw to 0.68 mg/kg bw for an operator in plant 1.
That operator worked in different areas of the line and also cleaned the tunnel. In addition,
personal dermal sampling data from flexible foam manufacturing plants using TDCP and V6
have been used here, as the processes are identical and the flame retardants are used in the
same way. The range of exposures taking all of the personal sampling results into account is
0.01 to 105 mg/day or 2.4 x 10” to 0.25 mg/cm*/day assuming an exposure area of 420cm’.

Values taken forward to risk characterisation

For inhalation exposure, the reasonable worst case taken forward to risk characterisation is 5.1
pg/m’. This was the 90th percentile of all the measured values obtained in the exposure
monitoring carried out. The typical exposure value to be taken forward to risk characterisation
is 0.62 pg/m’, which is the median value for all the data presented.

For dermal exposure, the RWC taken forward to risk characterisation is 29.8 mg/day or 0.07
mg/cm?/day, assuming an exposure area of 420cm’. For typical exposure, a value of 0.7
mg/day or 0.002 mg/cm?/day will be taken forward. This is the median number from all the
measured exposure values available.

4.1.1.1.3 Scenario 3: Occupational exposure during cutting of flexible PUR
foam

Blocks of polyurethane foam generally have to be cut into the required size/shape of the final
product. This operation usually occurs after the blocks have cured and cooled. Blocks are sold
to foam cutters who cut them into the required size and shape. Foam producers operate their
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own cutting facilities, but also sell to a large number of foam cutters, most of which (in the
UK at least) are small, privately owned companies. The trimmed blocks of foam are cut into
the required shapes/pieces by band saws. In the UK alone, there are hundreds of foam cutters.
Therefore, the potential number of workers exposed is extensive.

Measured inhalation exposure data

There is some monitoring data available for cutting of foam containing TCPP. The data was
produced from an industry study carried out in a plant that manufactures and cuts flexible
polyurethane foam containing TCPP. Foam cutting during the study consisted of continuous
deformation cutting of a foam sheet into 2 finished sheets with a convoluter. TCPP had been
previously incorporated into the foam at the production stage. The % content of TCPP in the
foam was 11.3%. During the monitoring period a total of 23 rolls of foam were cut. This
amounted to 1161 kgs of foam; in total, 131 kgs of TCPP were handled.

The result from the personal inhalation monitoring (the method used for monitoring was the
same as that described previously for monitoring for TCPP levels during TCPP production)
indicated that the one operator monitored was exposed to an airborne concentration of TCPP
of 5.4 ug/m’. The operator was only monitored once, for a duration of 135 mins. For the rest
of his shift he carried out activities (such as loop slitting of ester foam) during which he was
not exposed to TCPP. His main tasks included putting on the roll of foam and guiding it to the
convoluter. He removed and packed the finished foam rolls. During the task, the operator did
not wear any RPE. His calculated 8 hr TWA for this is 1.5 pug/m’.

Static measurements were also carried out near the convoluter and this monitoring indicated
an airborne concentration of TCPP of 5.5 pg/m’ in this area (monitoring period was for 143
mins). This data point was not used in the determination of the value taken forward to risk
characterisation. Table 4.13 below gives the results of this static monitoring.

Table 4.13 Results of static monitoring carried out near the convoluter during the cutting of flexible PUR foam

Operator Operator activity | PPE worn Length of time Measured TCPP | Calculated 8-hr
or location monitored (mins) | (ng/m?) TWA (ng/m?)

Operator at Convoluter None 135 54 1.5

convoluter

Static sample at Convoluter Not applicable 143 55 Not applicable

convoluter

In addition, data from cutting of foam containing TDCP and V6 have been used. The
activities are the same and there is the possibility of exposure to dust from cutting foam
containing flame retardant. It is therefore considered valid to utilise these data to supplement
the TCPP data. Tables 4.14 and 4.15 give the results of this personal monitoring.

Table 4.14 Results of personal monitoring during the cutting of flexible foam containing TDCP

Plant identification | Job title or work area n InhalationTWA 8 h (ug/md)
Plant A Block preparation 2 3.0,0.8

Plant A Machine operator 7 1.7,1.9,38,3.8,4.1,44,4.8,
Plant B Loop slitter operator 1 <0.20

RAPPORTEUR IRELAND/UK 160



EU RISK ASSESSMENT - TCPP CAs 13674-84-5 CHAPTER 4. HUMAN HEALTH

Table 4.15 Results of personal monitoring during the cutting of flexible foam containing V6

Plant identification | Operator n Inhalation TWA 8 h (ug /m?)
Plant X Block Cutter 2 <0.64,<0.59

Plant X Loop slitter 1 <0.59

Plant Y Loop slitter 1 <0.59

Plant Z Cutter 2 20,26

Measured dermal exposure data

Dermal exposure monitoring was also carried out and the results obtained indicate that the
two operators monitored (one of them being the operator monitored for inhalation exposure,
as described above), were exposed dermally to concentrations of TCPP of 0.017 mg/kg bw
and 0.28 mg/kg bw. They each were monitored once, for a period of 130 mins and 135 mins,
respectively. The results are given in Table 4.16 below. Both operators carried out the same
tasks as described for the operator monitored for inhalation exposure above and neither of
them wore any PPE while carrying out their tasks. The foam being cut was produced one
week beforehand. It can be noted that the results obtained for both operators were quite
different. They each performed the same tasks, were monitored for more or less the same time
period and neither wore PPE. There appears to be no any obvious reason for the difference
and when queried, industry could not offer any likely explanation.

Table 4.16 Results of dermal exposure monitored carried out during the cutting of flexible PUR foam

Operator Length of time monitored Measured TCPP (mg/kg | mg/day
(mins) bw)

Operator 1 at convoluter 135 0.28 19.6

Operator 2 at convoluter 130 0.017 1.19

In addition, data from cutting of foam containing TDCP and V6 have been used. The
activities are the same and there is the possibility of dermal exposure to dust from cutting
foam containing flame retardant. It is therefore considered valid to utilise these data to
supplement the TCPP data. Tables 4.17 and 4.18 give the results of this personal monitoring.

Table 4.17 Results of dermal exposure monitoring carried out during the cutting of flexible foam containing TDCP

Plant identification | Job title or work area n mg TDCP /pair of gloves (mg/day)
Plant A Block preparation 2 04,18

Plant A Machine operator 7 0.06, 0.1,0.2,0.3,0.6, 2.5, 3.0
Plant B Loop slitter operator 1 0.41
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Table 4.18 Results of dermal exposure monitoring carried out during the cutting of flexible foam containing V6

Plant Identification | Operator n mg V6 /pair of gloves (mg/day)
Plant X Block Cutter 2 0.14,0.28

PlantY Cut Off Block 1 0.34

Plant' Y Loop slitter 1 0.38

Plant Z Cutter 2 2.79, 6.33

Values taken forward to risk characterisation

The RWC for inhalation exposure during machine cutting is 4.1 pg/m’. This is the 90"
percentile for the real data for TCPP, TDCP and V6 combined. The typical exposure value to
be taken forward is 1.9 pg/m’. This value is the median value for the real data for TCPP,
TDCP and V6 combined.

For dermal exposure the RWC value to be taken forward for risk characterisation for machine
cutting is 3 mg/day; the 90™ percentile for the real data for TCPP, TDCP and V6 combined.
This is equivalent to 7.1 x 10° mg/cm”/day, assuming an exposure area of 420 cm®. The
typical exposure value to be taken forward is 0.41 mg/day or 9.8 x 10 mg/cm?/day. This is
the median value for the real data for TCPP, TDCP and V6.

4.1.1.14 Scenario 4: Occupational exposure during the production of foam
granules and rebonded foam

TCPP is present in off-cuts of slabstock foam, which undergo rebonding. However, there may
be foam containing other flame retardants (V6 or TDCP) as the scrap foam for recycling will
come from many different sources. However, TCPP is the most common flame retardant in
use. Scrap foam can be shredded and granulated for use as a loose crumb and used in deep-
buttoned soft-cushions for garden furniture and some low grade furniture applications. The
shredding and granulating processes do not introduce new TCPP.

The scrap foam is supplied in bales. In larger factories the bale would be fed directly into a
breaker using a forklift truck. In other factories the foam would be fed onto a conveyor by
hand and then into the breaker. The breaker breaks the scrap foam into smaller pieces for the
granulator machine which has extraction. The operators would have no exposure during these
processes as they are closed. Once the foam is granulated it is bagged for use in furniture
manufacture. Scrap foam can also be shredded, granulated and rebonded into foam blocks.

There is no real monitoring data available for this process, but monitoring was undertaken at
two plants which manufactured flexible foam and it is thought that the results of monitoring
of operators handling new foam as it comes out of the tunnel are relevant.

Measured inhalation data

There are two data points from manufacture of flexible foam that are considered relevant.
They were 9.4 pg/m’® and 17 pg/m’, which translated to 4.6 pg/m’® and 14.2 pg/m’ 8hr TWA
respectively. These results were for operators handling foam as it came out of the tunnel and
taking samples of the foam as it was cooling.
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In addition, some data have been taken from relevant operations during the manufacture of
foam containing TDCP and V6. These data are presented in Tables 4.19 and 4.20.

Table 4.19 Data from relevant operations during the manufacture of foam containing TDCP

Job title or work area n Inhalation TWA 8 h (pg/m?)
Cut-off area 2 <0.2,1.7

Cut-off block operator 1 <0.20

Cut-off Start/End operator 1 <0.20

Table 4.20 Data from relevant operations during the manufacture of foam containing V6

Job title or work area n Inhalation TWA 8 h (ug/m?)
Block Cutter 2 <0.64,<0.59

Cut Off Block 1 <0.59

Cut Off Start/End 1 <0.58

Measured dermal exposure data

There are two data-points from manufacture of flexible foam that are considered relevant to
this scenario. They were for the operators handling foam as it came out of the tunnel and
taking samples of the foam as it was cooling. The results were 0.01 mg/kg bw and 0.003
mg/kg bw respectively. These results equate to 1.7 pg/cm*/day, (or 0.714 mg/day), and 0.5
ng/cm?/day, (or 0.21 mg/day), assuming 70 kg body weight and an exposed area of 420 cm’.

In addition, some data have been taken from relevant operations during the manufacture of
foam containing TDCP and V6. These data are presented in Tables 4.21 and 4.22.

Table 4.21 Data from relevant operations during the manufacture of foam containing TDCP

Job title or work area n mg TCPP / pair of gloves (mg/day)
Cut-off area 1 27.0

Cut-off block operator 1 0.173

Cut-off start/end operator 1 0.124

Table 4.22 Data from relevant operations during the manufacture of foam containing V6

Job title or work area n mg TDCP / pair of gloves (mg/day)
Block cutter 2 0.14,0.28

Cut-off block 1 0.34

Cut-off start/end 1 0.23

Values taken forward to risk characterisation

The RWC taken forward for inhalation exposure is 4.6 pg/m’ 8 hr TWA. This is the 90"
percentile value from all the data presented. The typical exposure value taken forward is 0.59
ng/m’ 8 hr TWA, which is the median value of all the results presented.
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The RWC taken forward for dermal exposure is 0.7 mg/day or 1.7 x 10” mg/cm*/day, with an
exposure area of 420 cm’. This value is the second highest of the dataset gathered from
relevant operations from manufacture of foam containing TCPP, TDCP or V6. The highest
value was two orders of magnitude higher than the next, so is considered to be an outlier.

The typical exposure taken forward for risk characterisation for dermal exposure is 0.23
mg/day or 5.5 x 10 mg/cm?/day, which is the median value for the dataset gathered from
relevant operations from manufacture of foam containing TCPP, TDCP and V6.

4.1.1.1.5 Scenario 5: Occupational exposure during the formulation of systems
and manufacture of spray foams

As outlined in section 2.2.2.1.1, some PUR producers purchase pre-mixed, ready to use
systems. PUR systems consist of component A, the polyol component containing amongst
other things, the flame retardant, and component B, the isocyanate component. TCPP is added
to polyols in the formulation of PUR systems. In the year 2000, 16,600 tonnes of TCPP was
used in the production of PUR systems. An estimated 75 to 80% of PUR systems are
manufactured and supplied by the four major raw material manufacturers. There are at least
50 small to medium sized systems houses in the EU and an industry survey has shown that the
processes and controls in place are similar to the big integrated systems houses operated by
the major chemical producers.

Of the 16,600 tonnes of TCPP used in 2000, over 3,850 tonnes was used by the systems
houses in the manufacture of spray foams. Industry has indicated that the process of the
production of systems for spray foams is identical to that for other foams, so the occupational
exposure during the manufacture of spray foams is considered in the same scenario.

Measured inhalation exposure data

Plant 1

In this first study carried out in a polyol formulating facility, a total of 5 personal
measurements were taken. In this plant, production is discontinuous (batch-wise). The plant is
equipped with ventilation equipment. TCPP is transferred from tankers in the open air and
into the storage tanks suspended in gas. The operator performs follow-up and completion
work (each procedure takes about 10 mins), monitors the transfer and takes a sample from the
transfer line (less than 1 min), via outlet tap, into a container. The product is transferred via
lines with connections having the minimum of dead spaces. Filters in the transfer lines are
checked once or twice a year and any necessary maintenance to filters carried out (open air
plant; time < 15 mins). The quantity-related metering of products used for production uses
closed system piping. The operator monitors metering (adjust valves), plant (visual inspection
via inspection window) and takes samples (from each receiver and section — time 5
min/sample). The receivers are emptied after analytical release. The operator connects the
pipes (about 10 mins/receiver). The formulations are then decanted into tanks, drums and 1 m’
IBCs. For the filling of containers (drums or IBCs), siphoning is carried out using nozzles
fitted with local exhaust ventilation (LEV). The operator places the filling device in the
container, monitors filling and changes and seals the container. On completion of filling, the
transfer pipe is scraped and the scrapings disposed of.

The method employed for measuring TCPP was the same method as has been previously
described. Briefly, air samples were collected at 1 L/min for up to 240 litres XAD-2 OVS
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sampler tubes. The air concentration range studied was approximately 0.05 ppb v/v to 5 ppb
v/v for 240 litre air samples. The filter and front sorbent section were desorbed together in
toluene. The backup section was desorbed separately in toluene. Sample solution was
analyzed by GC with a nitrogen phosphorous detector. Dupont constant flow sampler pumps
were used and the sampling equipment was prepared by the plant’s hygiene unit.

Three measurements were taken while the operator was monitoring the plant, including
sampling. Two other measurements were taken while the operator was decanting TCPP-
containing polyol formulations into drums and then scraping the tube. All measurements were
taken on different days. The results of the monitoring are given in Table 4.23 below.

Table 4.23 Exposure levels to TCPP during formulation of polyols containing TCPP

Activity Monitored Monitoring Time (mins) | TCPP (ug/m3)
Plant operation, including sampling 510 <5

Plant operation, including sampling 435 <5

Plant operation, including sampling 458 <5

Decanting of TCPP containing formulations, including scraping | 320 <5

of tube

Decanting of TCPP containing formulations, including scraping | 450 <5

of tube

Plant 2

Monitoring was also carried out by industry to determine the exposure to TCPP from open
handling of TCPP during the production of the polyol component for rigid foam systems.
Details of the analytical method followed were provided to the plant by a European
polyurethane company. Briefly, air was passed through a silica-gel tube at a constant flow
rate. The adsorbed TCPP was desorbed with methanol, applying ultrasound (the internal
standard, tributylphosphane oxide, was added to the methanol beforehand). The sample was
analysed by GC, with a pulsed flame-photometric detector.

The work process monitored was the manufacture of a polyol component where TCPP is
mixed into the polyol in an open 200L steel drum. During the production of the polyol
components, TCPP is transferred from the storage tank via pipeline in the mixing vessel for
the polyol component. The formulation of the polyol component is therefore a closed system.
Nevertheless, for research and development, small quantities of special polyol components are
occasionally required. In such cases the polyol component is mixed in the drum and open
handling of TCPP occurs (this was the process that was monitored and as it is open handling,
is considered a worst case scenario).

During the monitoring period, the sampling tubes were placed 20 cm above the liquid while
TCPP was poured into the polyol and homogenised by a stirrer. Normally, an operator would
be about 0.5-2 meters away from the point of pouring the TCPP, so this measurement could
be taken as reasonable worst case for this scenario. Two runs were carried out. In the first run,
TCPP was mixed into a polyol to a final concentration of 7%. Two drums of polyol were
prepared and so 2 samples were taken. For the first drum, a higher volume of air was collected
because after addition and homogenisation of TCPP, the stirring was monitored for several
minutes. For drum 2 sampling was finalised after the TCPP was homogenised. In the second
run, a system was formulated that contained 11% TCPP. The samples were taken in duplicate
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and only a short time period for homogenisation was covered. As above, the sampling tubes
were located about 20 cm above the surface level of the polyol.

Table 4.24 below gives the results obtained from this monitoring. As the monitoring period

was very short, the results obtained can be taken as short-term exposure values.

Table 4.24 TCPP exposure from open handling of TCPP during formulation of polyol component

Run/Sample Monitoring Time (mins) TCPP (ppm) TCPP (mg/m3)
Run 1; Drum 1 20 0.02 0.27

Run 1;Drum 2 20 0.06 0.80

Run 2;Drum 1 10 0.192 and 0.098 2.57 and 1.31
Run 2;Drum 2 10 0.17 and 0.147 2.28and 1.97

There was quite a difference in results obtained between the 2 runs. It is considered by
industry that raising the TCPP concentration from 7% to 11% is not the reason for this
difference. In the preparation of a polyol component the different components are manually
poured into the drum and mixed by a drum-stirrer. The monitoring started when the operator
opened the TCPP line (the components are supplied by lines, which are connected to storage
tanks). After the TCPP is poured into the polyol (about 20 seconds), the polyol component is
stirred for a maximum of 10 minutes. During this time, other components are added and
homogenised. It is assumed that the main exposure occurs when TCPP is poured into the
polyol, rather than while the polyol is being stirred. During run 1, the time of stirring was
longer than that in run 2, thus perhaps explaining the difference in results.

Modelled dermal exposure data

No monitoring data is available for dermal exposure to TCPP during the formulation of
polyols. Therefore, EASE modelling has been used to estimate this exposure. The appropriate
EASE scenario is non-dispersive use with intermittent contact. EASE predicts dermal
exposure to be in the range 0.1-1 mg/cm?/day. The reported range of TCPP concentrations in
the mixture was 7 to 11%. The estimated dermal exposure range can therefore be refined to
0.007 to 0.11 mg/cm*/day. In practice, the dermal exposure will be reduced if the operators
wear suitable gloves and change them regularly.

Values taken forward to risk characterisation

There were short-term and 8-hour measurements available from industry for inhalation
exposure. As the short-term measurements were static and for “open top” mixing for Research
and Development purposes, these have not been considered for risk characterisation. All the
long-term samples were personal samples and taken during normal production activities. The
value for RWC inhalation exposure to be taken forward for risk characterisation is 5 pg/m’.
All the values reported for this scenario were <5 pug/m’, so this value is taken in the absence
of any other meaningful data. The value taken forward for a typical inhalation exposure is half
the RWC, at 2.5 ug/m’, which is in line with TGD guidance.

The RWC value for dermal exposure to be taken forward for risk characterisation is 0.11
mg/cm?/day, or 46.2 mg/day, assuming an exposure area of 420 cm’. This is the highest value
estimated using EASE and professional judgement, but in the absence of any other data, the
precautionary approach has been adopted.
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The figure taken forward for risk characterisation for typical exposure is 0.05 mg/cm?*/day, or
21 mg/day. This is half of the RWC and has been used in the absence of any other data. The
area exposed is estimated to be 420 cm®. This contact area was selected as the description of
the process indicted that there was potential for contact, particularly during transfer and post-
transfer activities such as scraping the transfer pipe.

4.1.1.1.6 Scenario 6: Occupational exposure during the use of spray foams

Spray foams are used in building construction and maintenance and repair and are not
available for use by the general public. They are usually applied in situ to walls, roofs, tanks
and pipes. The product from one of the key manufacturers of spray foam is a PUR rigid foam
with up to 95% closed cell content used as a roof spray. It is produced through the mixing of
two liquid components, the A-component (polyol) and the B-component (diphenylmethane
diisocyanate — MDI). The mixing of the two components produces a reactive mixture, which
forms under heat evolution. The temperature reached in the spray ‘gun’ is typically 49 to
60°C. At the end of the reaction phase, the foam starts to solidify and cure. The foam is
applied by a spray gun in several layers. Within a few minutes, the foam is cured and hard
enough to walk on.

Workers from the specialist applicator companies that apply these spray foams may be
occupationally exposed to TCPP within the A-component during their work. During this
work, the operators wear RPE as they are working with diisocyanates and amine-based
catalysts. In addition, the work is normally an outdoor operation. The operators could be
engaged in this work for up to several hours a day. There is no measured personal monitoring
data available for this process. However, there are data available from the manufacture of
rigid foam, which may be used to estimate exposure for this scenario. The manufacture of
rigid foam takes place with LEV in use and the foam is covered top and bottom with paper or
metal facings. This is not the case with spraying foam onto walls and ceilings. Table 4.25
below summarises the exposure values measured during rigid foam manufacture which have
been used to derive the inhalation and dermal exposures for this scenario.

Table 4.25 Summary table of values used in rigid foam manufacture which have been used to derive RWC and typical
exposures for this scenario

Measurement TCPP Calculated 8-hr TWA
Plant 1 - Operator — product feed side <5 ug/md <5 pg/md

Plant 1 - Operator — removal of sheets <5 pg/ms3 <5 pg/md

Plant 1 - Lab Technician <5 pg/m3 <0.27 pg/m?

Plant 3 - Operator <20 pg/m3 <20 pg/m?3

Plant 5 - Laydown operator <0.3 mg/m? <0.3 mg/m?

Plant 5 - Laydown operator <0.3 mg/md <0.3 mg/m?

Plant 5 - Laydown operator <0.2 mg/m? <0.2 mg/md

The values taken forward for risk characterisation for manufacture of rigid foam were 150
ng/m’® for RWC and 20 pg/m’ for typical exposure. For application of these foams, a RWC is
considered to be 300 ug/m’, with a typical exposure of 40 pug/m’. These values are proposed
taking into account the differences in the application of the foam and the controls in place.
However, according to industry information provided, it is unlikely that sprayers would be

RAPPORTEUR IRELAND/UK 167



EU RISK ASSESSMENT - TCPP CAs 13674-84-5 CHAPTER 4. HUMAN HEALTH

spraying foam all day. If a precautionary figure of 5 hours spraying per day is used, the
exposure estimates are refined to 187.5 pg/m’, 8-hour TWA and 25 pg/m’, 8-hour TWA.
EASE cannot be used to estimate exposure to low volatility liquids as EASE has limitations in
estimating the inhalation exposure to such a substance.

Modelled dermal exposure data

In the absence of any dermal exposure data for this task, EASE was used to estimate a range
of exposures. The parameters used were inclusion onto a matrix direct handling and
intermittent contact, which gives an exposure range of 0.1 to 1 mg/cm®/day. The reported
range of TCPP concentration in rigid foams is 2 to 23 % (see Section 4.1.1.1.7). Thus the
estimated range of dermal exposure can be refined t00.002 to 0.23 mg/cm?*/day. It is estimated
that an area of 420 cm” could be exposed.

The parameter inclusion onto a matrix was used in this scenario rather than wide-dispersive
use, to take into account the fact that the spraying is not conventional spraying of liquids (on
which EASE is based), but of fast coagulating and solidifying foam, so the opportunity for
dermal exposure would be lower.

Values taken forward to risk characterisation

For RWC inhalation exposure a value of 187.5 pg/m’ is taken forward for risk
characterisation, with a typical inhalation exposure value of 25 pg/m’.

For dermal exposure a RWC value of 0.23 mg/cm?/day, or 96.6 mg/day is taken forward for
risk characterisation. A typical exposure value of 0.12 mg/cm*/day, or 50.4 mg/day is taken
forward for risk characterisation, which is half of the RWC and in line with TGD guidance.
The area of skin exposed is estimated to be 420 cm’.

4.1.1.1.7 Scenario 7: Occupational exposure during the manufacture of rigid
PUR foam

26,650 tonnes of TCPP were used by rigid foamers in the production of construction products
in the year 2000. ISOPA has indicated that there are about 190 rigid foam manufacturers in
the EU (ISOPA survey, 2003). Rigid foams are mainly produced as blocks and panels and
used for insulation purposes. For PUR insulation foams in general, 90% of the usage of
additive flame retardants is currently accounted for by TCPP (Leisewitz A, Hermann K and
Schram E, 2001).

Deliveries of TCPP are usually made via road tankers, although one foam producer also
receives TCPP in IBCs. Deliveries are approximately weekly and take between 1.5 and 2
hours to offload the 10-20 tonnes. One producer takes a sample from an outlet valve on
delivery and retains it for 3 months, but no analysis is carried out. The other producers do not
carry out their own quality control sampling but work on certificates of analysis provided by
the supplier. Producer 1 reported that the delivery is essentially a closed system, with no-spill
pipe-work connectors and pipe-work for removal of displaced air. Producer 2 used flexible
EPDM coupling to connect the tanker to the delivery pipe-work. Producer 3 uses a manual
connection with a drip tray to collect any spillage on disconnection (approximately 200ml),
which is returned to the polyol waste.
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It is reported by the manufacturers that the TCPP content in rigid foams is usually in the range
2 — 9%, although in the sampling data sent, the foams have a range of 8 to 23% TCPP. The
data set where the TCPP content was 23% was from a research pilot plant and does not reflect
current practice on production plants. The range of TCPP content used in EASE calculations
is therefore 2-13%.

For the production of PUR rigid foam, diphenylmethane-di-isocyanate is mixed with a polyol
component in a mixing head. Driven by catalysts, the reaction starts within seconds while the
mixture is poured on a transport belt, shielded by flexible or rigid facings, depending on the
type of rigid foam required. The foam rises and cures and after several metres, the foam is
sufficiently stable to be cut into blocks or panels.

The occurrence of any TCPP vapour during the production process will be limited and of
short duration as the foam cells have to be closed to retain the blowing agent which also acts
as the insulating gas. High temperatures (typically in the range 120-140°C) are only reached
when the foam cells are already closed and thus any TCPP will be kept within the foam. In the
liquid phase, before the cells are formed, the temperature is up to 35°C. Ventilation is
provided in the production area as di-isocyanates (MDI) and, often, pentane, are used in the
process.

There are some key products associated with PUR insulating foam. These are flexible-faced
laminate, sandwich panels and discontinuous panels and full details of these are given in
section 2.2.2.3.2.

There are two major differences between the production of flexible and that of rigid PUR
foam. The first is the closed-cell nature of the rigid foam and the second is the point that
almost all products are covered from the point of manufacture by impermeable or semi-
permeable barriers.

The production process involved in the manufacture of flexible-faced laminate generally
occurs in a closed system, with only a very short period (seconds) where the chemicals are in
the open work environment. It involves the pouring of the foam chemicals onto the lower
facing material which is carried by a conveyer belt, the chemicals react, the foam is formed
and the upper facing is unrolled to meet the upper surface of the foam. The entire product is
conveyed into a curing tunnel and at the end of the process the product is cut to size to be
used in buildings. The potential for occupational exposure exists at the mixing head, when
operators have to enter the tunnel and when the foam is cut, although the cutting, stacking and
packing is all done automatically on the production line.

The production process for sandwich panels is similar to that for flexible-faced laminate
except that the steel is supplied in rolls and fed through profiling rollers just before the
polyurethane is applied; the product is then cut into lengths automatically (using saws). The
potential for occupational exposure during the manufacture of these panels is the same as for
flexible-faced laminate described above.

Discontinuous panels are produced by injecting the PUR foam chemicals in between pre-cut
steel sheets. Again, the occupational exposure is considered to be similar as for the foams
described above.
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Measured inhalation exposure data

Production Plant 1. Pilot plant manufacturing PUR foam sheeting

Exposure to TCPP during the manufacture of TCPP-containing rigid polyurethane foam
sheeting was measured by industry in a pilot plant of one processing facility (polyurethane
foams are produced in the pilot plant for test purposes e.g. for determining applicational
parameters). The plant used to produce the foams was located in a closed, ventilated area.
Diisocyanate and the polyol preparation are pumped from storage containers via piping to the
discharge point (mixing head); the components are then sprayed onto a substrate through the
mixing head nozzles at about 30°C. An extraction hood is installed above the discharge
region. The final mixture in this case contained about 23% TCPP. After it is foamed, the PUR
sheet is conveyed from the discharge point to the saw within about 5 min and sawn into
blocks. The saw comprises chambers and has local exhaust ventilation (no workspace). After
the sawing operation, the blocks are removed and stacked on a truck. There is local exhaust
ventilation in place at the removal point. Operator tasks during this process include
adjustment of the belt speed at the mixing head, monitoring application of the reactants,
dismantling the nozzle head at the end of the test and placing the residual material produced
in the process in a waste container. A laboratory technician determines various reaction
parameters during the run. This person leans into the discharge area during sampling. On the
take-off side, an operator removes the sawn-off PUR blocks and stacks them on a truck.
During the monitoring period, 3 personal measurements were taken; one from an operator at
the product-feed side, a second from an operator during the removal of final sheets and a third
from the laboratory technician performing inspection at the laminator. The method used to
measure TCPP was the same as that employed at the manufacturing facility (production plant
3 in scenario 1). Each operator was only monitored once. Table 4.26 below gives the results
of this monitoring. In calculating the 8 hr TWAs, it is assumed the operators could perform
their tasks for the duration of their 8 hr shifts. The lab operator however performs his task for
the time monitored and then would carry out other tasks where he would not be exposed to
TCPP.

Table 4.26 Results of personal inhalation exposure monitoring carried out on operators involved in production of rigid PUR
foam

Measurement Monitoring period TCPP (ug/m3) Calculated 8-hr TWA
(mins) (ng/m?)

Operator — product feed side 16 <5 <5

Operator — removal of sheets 20 <5 <5

Lab Technician 26 <5 <0.27

Production plant 2. Plant manufacturing PU-covered polystyrene panels

Static monitoring was carried out by industry during the production of PU-covered
polystyrene panels for floor-heating insulation. After pouring of the PU-system, the panels
were covered by a glass-fibre textile. The polyol-isocyanate mix contained 12.5% TCPP and
had a temperature of 22-24°C. The delivering unit was swinging over the panels so that the
distance to the silica-gel tube varied between 30 and 130 cm. For monitoring, the silica-gel
tube was placed in such a way that the airflow going from delivery unit to the local exhaust
ventilation (LEV) had to pass. In this area, operators put the polystyrene panels on the belt
before the panels are covered by the reaction mixture. Industry has indicated that the operators

RAPPORTEUR IRELAND/UK 170



EU RISK ASSESSMENT - TCPP CAs 13674-84-5 CHAPTER 4. HUMAN HEALTH

are ‘up-wind’ at this stage. In addition, during the process the holes from which the reaction
pours can become blocked and the operator has to wipe them clean. This job takes about 10
seconds and would need to be done about 12 times an hour. Therefore, for an 8-hour shift, an
operator would spend approx. 16 minutes in total located at this ‘hot-spot’ next to the mixing
head where the static monitoring was carried out. Another sampling point was also located at
the end of the tunnel, where the foam cured at a temperature of 44°C. Operators generally do
not spend time in this area, but they do monitor the belt from that area. Industry has indicated
that operators will monitor the belt about 3-6 times a shift for a maximum of 30 seconds per
event. This means an operator would spend at most 3 minutes in this area.

This product and the method of production have been reported by industry to be atypical. It is
reported to be very unusual to have a situation where an operator would have to clear the
holes in the mixing head. Modern plants have two mixing heads and switch from one to
another if one gets blocked. Mixing heads get cleaned at the end of a run (normally one to two
hours). At this point all the foam would be cured, so the possibility of dermal exposure would
be very low

The methods employed to determine the TCPP concentrations were as described previously
during TCPP production. There was only one measurement taken per monitoring point. Table
4.27 below gives the results from this static monitoring.

Table 4.27 TCPP exposure during the manufacture of PU-covered polystyrene panels for floor-heating insulation

Monitoring point TCPP (ppb) TCPP (ug/m3)
End of tunnel (1) 7.6 101

End of tunnel (2) 2.2 29

Airflow from delivery unit to LEV (1) <4.8 <64

Airflow from delivery unit to LEV (2) <5 <67

Airflow from delivery unit to LEV (3) 1.1 14

Production plant 3. Plant manufacturing rigid faced PU panels

Industry monitored one operator for TCPP exposure during the process of manufacturing steel
faced PU rigid foam panels. TCPP levels were also measured at different static locations in
the plant. The PU-system contained 8% TCPP and was at a temperature of 22°C. The method
employed for determining TCPP concentration was as per the method previously described
during production of TCPP. The lay-down air was sampled in duplicate. The operator was
only monitored once. As part of the work, the operator watches the lay-down area and
controls the polyol to isocyanate ratio, the total amount of PU-system poured on the belt and
the proper transport of the steel sheets via computer screens. An operator is generally 2-3 m
away from the mixing-head.

The operator was monitored for 60 mins and results show he was exposed to <20 ug/m’
TCPP. As he would work in this manufacturing area for his 8 hour shift and could be exposed
to TCPP at various times through the shift, this can be taken as his 8hr TWA. Results from the
static monitoring showed that the concentration of TCPP at the vent at lay down (monitored
for 120 mins) was <20 pg/m’ and TCPP concentration in the lay down area (monitored for 60
mins) was <21 pg/m’.
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Production plant 4. Plant manufacturing flexible faced PU rigid foam panels

Static monitoring was carried out by industry in a plant producing PU rigid foam panels. The
PU system contained 13% TCPP. The first monitoring was carried out 10 cm above the
mixing head (lay-down) for 120 minutes. The operator was standing about 2 meters away
from the mixing head during the monitoring period. The results show that the concentration of
TCPP at this point was <20 pg/m’. Exhaust air at the extraction points of the LEV (at lay
down and at the cutting area) was also monitored for the presence of TCPP. The extraction
point at lay down was monitored for 130 minutes and results show that the concentration of
TCPP was <20 ug/m’. Static monitoring at the extraction point in the cutting area was carried
out for 80 mins and the results show that the concentration of TCPP here was 28 pg/m’.

Production plant 5

Personal monitoring was carried out on three laydown operators at this plant in 2005. The
results are presented in Table 4.28 below.

Table 4.28 Inhalation exposure results at production plant 5

Measurement TCPP (mg/m’) Calculated 8-hr TWA (mg/m3)
Laydown operator <0.3 <0.3
Laydown operator <03 <0.3
Laydown operator <0.2 <0.2

Summary of measured inhalation exposure data

Of the 5 production plants where monitoring for TCPP was carried out, only 3 of them
performed personal monitoring on the operators. The results of the static monitoring are
difficult to interpret as the relevancy to operator exposure in terms of location of the operator
and overall time spent in the area is difficult to define. Therefore the results of the personal
monitoring will be the ones used in this assessment. The calculated 8hr TWA for the operator
in production plant 1 was <5 pg/m’ and <20 pg/m’ for the operator in production plant 3. In
production plant 5 the results were <0.3 mg/m’ and <0.2 mg/m’. 0.15 mg/m*will be taken as
the reasonable worst-case exposure, which is half of the highest limit of detection in line with
the guidance given in the TGD. The typical exposure level will be taken as the median value
of the personal sampling results, i.e. 20 ug/m’.

Dermal exposure data

There are no data for this scenario. According to information from industry, there is very little
handling of the foam or the products, as most of the packing is carried out on the automated
production lines. However, as there are some plants where handling will still take place,
dermal exposure has been modelled to take this into account.

Modelled dermal exposure data

For stacking sheets of cut foam at the take off point, the parameters used were inclusion onto
a matrix, direct handling, and intermittent contact. The exposure range predicted using EASE
was 0.1 — 1 mg/cm®/day. Taking into account the range of reported percentage TCPP content
(2 —13%), the exposure range for this task is 0.002 — 0.065 mg/cm?®/day. The area of skin
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exposed would be very small as most of the skin would be in contact with the sandwich
panels rather than the foam within the facings. It is estimated that the area of skin exposed
would not exceed 210 cm?, equivalent to one quarter of each hand. The daily exposure range
can therefore be estimated to be 0.42 mg/day to 13.65 mg/day.

Values taken forward to risk characterisation

For inhalation exposure the reasonable worst case to be taken forward to risk characterisation
is 150 pg/m’. This is because this was half the limit of detection for the highest personal
samples from the data provided. The static sampling data did not seem to represent personal
exposure given the locations at which the samples were collected relative to where the
operators work. A value of 20 pg/m’ will be taken forward as a typical exposure
concentration, as this was the median value of the seven results considered.

For dermal exposure the reasonable worst case to be taken forward to risk characterisation is
13.65 mg/day or 0.065 mg/cm?/day, assuming an exposure area of 210 cm’. This is the
highest value in the range for modelled data and is taken forward in the absence of any other
data. The typical exposure taken forward to risk characterisation is 6.8 mg/day or 0.032
mg/cm?*/day, assuming an exposure area of 210 cm?, which is half of the RWC and in line
with TGD guidance.

4.1.1.1.8 Scenario 8: Occupational exposure during the use of rigid PUR foam

There is the potential for occupational exposure during the use of rigid PUR foam, by
construction workers, especially if they cut the foam on site. Flexible-faced laminates are used
in the insulation of the walls and roofs of buildings. This is the only rigid foam that may have
to be cut on site by construction workers. While the number of construction workers
potentially exposed is extensive, it is considered that the potential for worker exposure is low
because the work will generally take place in the open air. In addition the closed cells of the
foam would mean that only the first few 100 microns of foam interior is ruptured during
cutting. It is also very unlikely that a worker would spend all day cutting foam, as only a
small percentage of panels would need to be cut to enable them to fit corners and around
obstructions etc. It is most likely that these panels would be cut using a handsaw or by scoring
with a knife and snapping. The cutting of the product with a saw will generate some dust. It is
unlikely that large amounts of foam would need to be cut on site, but if it were necessary the
foam would be cut using a circular saw, probably fitted with extraction (information from
construction firm).

The metal-faced panels (sandwich panels) are used to construct many types of buildings,
including factories and stores. However, the steel facings on the panels fully protect the core.
Therefore, occupational exposure of construction workers to TCPP contained within the rigid
foam is considered negligible and will not be further investigated here. Industry has indicated
that these panels are cut in the production facility and are not cut by the construction workers
on site.

With discontinuous panels, the steel facings on these panels fully protect the core; therefore,
the potential for occupational exposure of workers using these panels is negligible. Again,
industry has indicated that these panels are cut in the production facility and are not cut by the
construction workers on site.
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Inhalation exposure data

There are no data available for the cutting of rigid foam. However there are data for cutting
flexible foam containing TCPP (see section 4.1.1.1.3 - Scenario 3: Occupational exposure
during cutting of flexible PUR foam for details) and these are re-presented in Table 4.29,
below. It is considered valid to use these data to estimate exposure to TCPP during cutting of
rigid foam.

In addition, data from cutting of foam containing TDCP and V6 have been used. The
activities are the same and there is the possibility of exposure to dust from cutting foam
containing flame retardant. It is therefore considered valid to utilise these data to supplement
the TCPP data. Tables 4.30 and 4.31 give the results of this personal monitoring.

Table 4.29 Results of TCPP monitoring carried out near the convoluter during the cutting of flexible PUR foam

Operator Operator activity | PPE worn Length of time Measured TCPP | Calculated 8-hr
or location monitored (mins) | (ug/m?3) TWA (ug/m?d)

Operator at Convoluter None 135 54 15

convoluter

Static sample at Convoluter Not applicable 143 55 Not applicable

convoluter

Table 4.30 Results of personal monitoring during the cutting of flexible foam containing TDCP

Plant identification

Job title or work area

InhalationTWA 8 h (ug/m3)

Plant A Block preparation 2 3.0,0.8
Plant A Machine operator 7 1.7,1.9,38,38,4.1,44,438,
Plant B Loop slitter operator 1 <0.20

Table 4.31 Results of personal monitoring during the cutting of flexible foam containing V6

Plant identification | Operator n Inhalation TWA 8 h (ug /m?3)
Plant X Block Cutter 2 <0.64,<0.59

Plant X Loop slitter 1 <0.59

Plant Y Loop slitter 1 <0.59

Plant Z Cutter 2 20,26

Modelled dermal exposure data

As no measurements have been made of the exposure of workers to TCPP during the use of
rigid PUR foam, the EASE model has been used to estimate exposure. The only scenario
where exposure is likely to occur is when construction workers have to cut flexible faced
laminates on site. As the foam panels are faced on each side, the opportunity for skin contact
is limi