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Science at the
Environment Agency

Science underpins the work of the Environment Agency. It provides an up-to-date
understanding of the world about us and helps us to develop monitoring tools and
techniques to manage our environment as efficiently and effectively as possible.

The work of the Environment Agency’s Science Department is a key ingredient in the
partnership between research, policy and operations that enables the Environment
Agency to protect and restore our environment.

The science programme focuses on five main areas of activity:

e Setting the agenda, by identifying where strategic science can inform our
evidence-based policies, advisory and regulatory roles;

¢ Funding science, by supporting programmes, projects and people in
response to long-term strategic needs, medium-term policy priorities and
shorter-term operational requirements;

e Managing science, by ensuring that our programmes and projects are fit for
purpose and executed according to international scientific standards;

e Carrying out science, by undertaking research — either by contracting it out
to research organisations and consultancies or by doing it ourselves;

¢ Delivering information, advice, tools and techniques, by making
appropriate products available to our policy and operations staff.

Steve Killeen

Head of Science
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Executive summary

This Risk Assessment Report has been produced by the Environment Agency to
complement the reviews of short-chain chlorinated paraffins and medium-chain
chlorinated paraffins that have been carried out under Council Regulation (EEC) 793/3'
on the evaluation and control of the risks of “existing” substances. The purpose of this
risk assessment is to inform risk management decisions for the whole chlorinated
paraffin group and to allow the United Kingdom to comment on OSPAR proposals to
take priority action on long-chain chlorinated paraffins (LCCPs). Further information on
hazards may be forthcoming from the International Council of Chemical Associations
High Production Volume (ICCA HPV) initiative in the near future; findings from this
work will need to be taken into account in any revision of this assessment.

The term long-chain chlorinated paraffin covers a large group of compounds which vary
in terms of carbon chain length, uses, physico-chemical properties and ecotoxicological
properties. In order to try to take some of these differences into account, and in order to
carry out a more meaningful exposure assessment, the LCCPs were subdivided into
three groups for which representative data could be derived. The subgroups chosen
were:

o (Cyg_2 liquid products;
o (. liquid products;
e (C.y solid products.

These groups were chosen because significant differences were found between the
uses (and hence their potential for release to the environment) and physico-chemical
properties (and hence their environmental behaviour) of these products. The risk
characterisation considers the risks from these three subgroups individually and the
combined risk from the LCCP group as a whole.

The methodology used in this assessment follows that given in the EU Technical
Guidance Document? for risk assessment of existing substances.

PBT Assessment

An assessment of the PBT (persistent, bioaccumulative and toxic) status of LCCPs has
been made using the available measured and calculated data. The available data
suggest that these substances do not meet the screening criteria for PBT classification.

Persistence

Based on the laboratory studies and other data available, LCCPs are unlikely to be
readily or inherently biodegradable. Although there is some evidence that they may
biodegrade in the environment, it is thought likely that this process will be sufficiently
slow that LCCPs meet the P or vP (very persistent) criteria.

Bioaccumulation
Although the bioconcentration of LCCPs has been investigated in laboratory studies,

' 0.J. No L084, 05/04/1993, p. 0001 - 0075
2 Technical Guidance Document, Part i-V, ISBN 92-827-801[1234]
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none of the available data are considered sufficiently robust to allow a reliable
bioconcentration factor (BCF) to be determined. Based on estimates of BCF — and
taking the known accumulation properties of structurally similar substances into
account — the BCF for LCCPs is considered to be <2,000 I/kg. Thus it is concluded that
LCCPs are unlikely to meet the B or vB (very bioaccumulative) criteria.

Toxicity

The available data indicate that the chronic NOEC for LCCPs is 0.029 mg/I. This value
was obtained from tests with Daphnia magna with a C4g_» liquid chlorinated paraffin.
Other data suggest that the C., liquid and C. solid chlorinated paraffins are not toxic
to aquatic organisms. Therefore, based on these data, LCCPs do not meet the toxicity
criterion from the marine risk assessment guidance.

“Quantitative” risk assessment: comparison of exposure with effects

The risks from the normal use of LCCPs to water, sediments, soil and predators have
been assessed by the application of standard models to the information available. The
dataset is reasonably complete for this purpose, but there are some areas of
uncertainty where further information could be valuable. This assessment therefore
makes recommendations about the significance of the data gaps/data uncertainties,
and suggests where further research should be focused.

The research involved searching publicly-available sources, and also extensive
consultation with producers and users of LCCPs. The main uses of these substances
are as additives in PVC, rubber, sealants and adhesives, paints and coatings, metal
cutting/working fluids, leather fat liquors and textile treatments. Finished products
containing LCCPs (e.g. PVC products and rubber products etc.) can act as sources of
emission of LCCPs over the products’ lifetime.

The potential emissions to the environment for the key life-cycle stages were estimated
based on information from industry research, Emission Scenario Documents or, in the
absence of any other information, worst case default assumptions. Using the available
information, risk characterisation ratios (also known as PEC/PNEC ratios) greater than
1 (indicating an unacceptable risk for the environment) were identified for some uses
(see below).

It should be noted that the available toxicity data for aquatic organisms are difficult to
interpret and the choice of a suitable PNEC for protection of surface water and marine
water is problematic. A conservative approach has been taken in the assessment to
determine whether further research is needed in this area. The suitability of the
equilibrium partitioning method for determining the PNEC for sediment (and also soil) is
also unclear.

Some information provided by industry has been treated as confidential and is not
included in the report, although the data have been used to inform the development of
appropriate emission scenarios. These data are included in a confidential annex
supporting the assessment, which is available via the Project Manager where
appropriate.

The overall conclusions of the risk assessment are:
1. There are risks associated with certain life-cycle stages, as indicated below.
These risks are identified using the best information available. There are many data

gaps, and where these occur, estimates have been made, which inevitably
increase the uncertainty in any risk identified and conclusion drawn. It is recognised
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that further information on both the intrinsic properties of LCCPs, their pattern of
use and their emissions may help reduce this level of uncertainty.

Life-cycle stage Compartment at possible risk
Use in emulsifiable metal cutting/ working Freshwater sediment
fluids — intermittent release Terrestrial predators

Marine water

Marine sediment
Use in textiles Terrestrial predators

Marine sediment

2. Further information would be useful to revise the PECs for these scenarios
The uncertainty about these findings above could be reduced with:

¢ clarification of whether LCCPs are used in emulsion metal cutting/working
fluids;

¢ clarification of the current disposal practices of emulsion metal
cutting/working fluids containing LCCPs.

¢ information on the emissions to the environment from textile processes
using LCCPs.

3. There are uncertainties associated with the PNEC for sediment.
Some PEC/PNEC ratios are >1 for sediment. Toxicity testing with sediment
dwelling organisms could be considered to reduce the uncertainties in the PNEC for
sediment.

4. The are some uncertainties with the PNEC and PEC for secondary poisoning.
Some PEC/PNEC ratios are >1 for secondary poisoning for terrestrial predators
(earthworm food chain). An earthworm bioaccumulation test with a Cg_5 liquid
chlorinated paraffin could be considered to reduce the uncertainties in the PEC for
secondary poisoning. However, the need for such testing is considered a low
priority at present.
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1. General substance information

1.1 Identification of the substance

This assessment covers chlorinated paraffins with carbon chain lengths >C45 These are
known as long-chain chlorinated paraffins (LCCPs). The IUCLID database contains
information under the following two CAS numbers that is relevant to this assessment:

CAS No: 85422-92-0 63449-39-8
EINECS No: 287-196-3 264-150-0
EINECS Name: Paraffin oils, chloro Paraffin waxes and

hydrocarbon waxes, chloro

Molecular formula: CnHzn+2-yCly, where n 218 CrH2n+2-,Cly, where n=18-32
and y=4-30
Example structural | | | |
formulae:
' | ' C1abs; Cly
| | | | MI
MW
C25H43C|9
Molecular weight: see Section 1.2.1

Synonyms (see also  Chlorinated paraffin wax; chloroparaffin; chlorinated paraffin

below) waxes and hydrocarbon waxes; hydrocarbon waxes,
chlorinated; chlorparaffin; paraffin oils and hydrocarbon oils,
chloro; long-chain chlorinated paraffins; LCCPs.

The commercially supplied products can be considered as complex mixtures as they
contain components with different carbon chain lengths and different degrees of
chlorination, although all have a common structure in that no secondary carbon atom
carries more than one chlorine atom. The complex nature of the products reflects the
nature of the starting materials and production process and does not arise as a result of
the deliberate mixing together of different chlorinated paraffin products. In this report the
substances will be identified by carbon chain length range and degree of chlorination
wherever possible.

Two other groups of chlorinated paraffins are made commercially. These are known as
short-chain (typically C1o_13, also known as SCCPs) and medium-chain (typically C14_47,
also known as MCCPs) chlorinated paraffins. Information on these other types of
chlorinated paraffins is only included in this report when it is considered to be relevant to
the assessment of the long-chain chlorinated paraffins.
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There are many different CAS numbers that can apply to chlorinated paraffins (Back et
al., 1994; IARC, 1990). Some of these CAS numbers would also potentially be
applicable to, or may also cover, long-chain chlorinated paraffins, although the main
CAS numbers used in the IUCLID database are those reported above. These alternate
CAS numbers are shown in Table 1.1 below.

Alternative CAS numbers for LCCPs

CAS Number Identity EINECS Number
61788-76-9 Alkanes, chloro 263-00-4
68920-70-7 Alkanes, Cg_4s, chloro 272-924-4
84082-38-2 Alkanes, C4q-21, chloro 281-985-6
84776-06-7 Alkanes, C4q_32, chloro 283-930-1
84776-07-8 Alkanes, C4¢_27, chloro 283-931-7
85049-26-9 Alkanes, C4¢_35, chloro 285-195-2
85535-86-0 Alkanes, C4g_»s, chloro 287-478-6
97659-46-6 Alkanes, C4o_ss, chloro 307-451-5
97553-43-0 Paraffins (petroleum), 307-202-0
normal C.1, chloro
106232-85-3 Alkanes, C4g_9, chloro not on EINECS
106232-86-4 Alkanes, Cys_40, chloro not on EINECS
108171-27-3 Alkanes, Cs_56, chloro not on EINECS

In the literature, similar LCCPs may often be referred to in different ways with regard to
the carbon chain length, for example C.,, and Cx,_56 are frequently used. The fact that
these different terms are used does not necessarily mean that they are referring to
different substances. The actual chain length composition of most LCCPs appears to fall
into two categories, those centring on a carbon chain length of around C4g or Cyg,
(usually termed C15 5 products) and those centring on a carbon chain length of around
Cy4 or Cys5 (usually termed C.,o products). The composition of these products is
discussed further in the following sections.

It is possible that related substances called chloroalkenes have been available in the
recent past or are still in production. These are considered further in Appendix H.

1.2 Purity/impurity, additives

1.2.1 Purity/impurities

Table 1.2 shows the theoretical percentage by weight chlorine contents (% wt. Cl) of
several compounds that can be considered as LCCPs.

The amount of chlorine present in the commercial products is usually expressed as an
average percentage by weight. The commercial products contain many components
with different carbon chain lengths and different numbers of chlorine atoms. Standard
analytical methods do not permit separation and identification of these individual
components and so it is not possible to identify exactly which compounds are present
within the product, although Table 1.2 can be used as a guide to indicate the possible
components present.
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Work by Kénnecke and Hahn (1962) provides a basis for estimation of the distribution of
chlorine contents present in a given product. This work gives a prediction of
approximately 80 per cent of the isomers present lying within £10 per cent of the stated
average chlorine content and 90 per cent within £15 per cent. Thus in a long-chain 50%
wt. Cl product, there is likely to be only around 5 per cent of mono- and dichlorinated
isomers present, with a correspondingly low amount of highly chlorinated isomers
present. The work was carried out with Cys chlorinated paraffins, but it is thought that a
similar distribution will apply to chlorinated paraffins of other carbon chain lengths.

Table 1.2 Theoretical chlorine contents of some long-chain chlorinated
paraffins
Formula Molecular % Cl by Formula Molecular % CI by
weight weight weight weight
C1sH36Cl2 323 22.0% C24H40Cl1o 683 52.0%
C1sH33Cls 427 41.6% Ca24H29Cly4 1,063 70.2%
C1sH30Clg 530 53.6%
C1sH22Clye 806 70.5% Ca25H4oCl3 456 23.4%
Co2sH45Cl7 594 41.9%
C19H35Cl2 337 21.1% Ca5H44Cly4 732 53.4%
C19H35Cls 441 40.3% Ca5H30Clo2 1,111 70.3%
Ci19H32Clg 544 52.2%
Ci19H23Cly7 855 70.6% Ca6H54Cl3 470 22.7%
Ca26H46Cls 642 44.2%
C20H40Cl2 351 20.2% Ca6Ha3Cl14 746 52.4%
C20H36Clg 489 43.6% C26H30Cl2s 1,194 71.4%
C20H33Clg 593 53.9%
C20H24Clyg 903 70.8% C27H53Cl3 484 22.0%
C27H4sClg 656 43.3%
C21H44Cl3 400 26.7% Cu7H24Cly2 794 53.7%
C21H35Clg 503 42.3% Cu7H34Clys 1,243 71.4%
C21H35Clg 607 52.7%
C21H25Clyg 952 70.9% CasHs5Cls 498 21.4%
C2sH50Clg 670 42.4%
C22H43Cl3 414 25.8% CasH46Cl12 808 52.7%
C22H3oCly 552 45.1% CasH33Clos 1,257 70.6%
C22H36Clyo 655 54.2%
C22H26Clo 1,000 71.0% Co9H56Cly 546 26.0%
Ca29H51Cly 719 44.5%
C23H45Cl3 428 24.9% Ca9H47Cly3 857 53.9%
C23H4/Cly 566 43.9% Ca9H33Clyr 1,340 71.6%
C23H35Clyo 669 53.1%
Ca3H27Cly4 1,049 71.1% CsoHs9Cl3 526 20.3%
C30Hs3Cly 733 43.6%
C24H47Cl3 442 24.1% C30H49Cl13 871 53.0%
C24H43Cl7 580 42.9% Cs0H35Clyr 1,354 70.8%

Zitko and Arsenault (1977) analysed the distribution of paraffin chain lengths after
dechlorination of a C.y, 42% wt. Cl product. These are shown in Figure 1.1. As can be
seen the chain length distribution centres on around C»4 »5 for this type of product.

The purity of the chlorinated paraffin is related to the purity of the n-paraffin used as
feedstock. In Western Europe, chlorinated paraffins are made from purified n-paraffin
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feedstocks containing no more than 1-2 per cent isoparaffins and <100 mg
aromatics/kg (the aromatics are removed by treatment of the n-paraffin with sulphuric
acid). For some high stability applications, n-paraffins with <1 per cent isoparaffins and
<10-100 mg aromatics/kg are used (BUA, 1992).

Information has been provided by industry on the levels of chlorinated paraffins, other
than long-chain, that might be present in the commercial products. The data are based
on the known impurities present in the two main paraffin feedstocks used to make the
various products. These are shown in Table 1.3.

20+
S 151
§ 10
§ 57

0-

C21 C22 C23 C24 C25 C26 C27 C28

Carbon chain length

Figure 1.1 Carbon chain length distribution for C.,, products

Table 1.3 Chlorinated paraffin impurities present in the long-chain chlorinated
paraffins
Feedstock Impurities
Cis-20 <1% Cis
typically 17% C+7 (possible range 10-20%)
Cs20 0% C1o
<0.2% Cy

As can be seen from Table 1.3, the C45_29 chlorinated paraffin products are likely to
contain a significant amount of C4s_47 chlorinated paraffin, which is also a constituent of
medium-chain chlorinated paraffin products. The C.y chlorinated paraffin products are
virtually free from other chlorinated paraffin impurities. The presence of Cie_17
chlorinated paraffins in the C4g 5o product is considered in Appendix G and the risk
characterisation.

It is also possible that chlorinated paraffins with carbon chain lengths of C1g and above

may be present in other types of chlorinated paraffins, such as the medium-chain
chlorinated paraffins. The purity of a typical 52% wt. CI medium-chain chlorinated
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paraffin was reported to be with 0.16 per cent C45 chlorinated paraffins and <0.1 per
cent Cyg chlorinated paraffins (Thompson et al., 2001). Thus the amounts of C.4s
chlorinated paraffins present in short- and medium-chain chlorinated paraffins can be
considered to be negligibly small.

1.2.2 Additives

It is known that additives/stabilisers such as long-chain epoxidised soya oil or glycidyl
ether are added to some chlorinated paraffins to inhibit the release of hydrogen chloride
at elevated temperatures (BUA, 1992). These are used at concentrations <0.05 per cent
by weight (Campbell and McConnell, 1980). For some high thermal stability formulations
other additives, such as organophosphorus compounds, have been reported to be used
in conjunction with these at <1 per cent by weight (BUA, 1992).

1.3 Physico-chemical properties

The physico-chemical properties of LCCPs are discussed below and the available
experimental data are summarised in Table 1.4.

The substances under consideration in this assessment contain components covering a
wide range of carbon chain lengths (from C1g to around Cjy) and chlorine contents. This
variety means that a range of values for each physico-chemical property is to be
expected, reflecting the complex nature of the products. The assessment methods
outlined in the Technical Guidance Document (TGD) generally assume that a single
value for certain key properties (e.g. water solubility, vapour pressure, Henry’s Law
constant and the log Kow value) will be available. For LCCPs, this assumption may
oversimplify the environmental modelling and hence the assessment. Therefore, as well
as outlining the available measured data, the following sections also consider estimated
data and trends, and indicate the value or values that will be used in the assessment for
these important properties.

In order to carry out the environmental risk assessment for this group of substances, a
balance has to be struck between:

¢ the level of detail required to describe representatively the various products
supplied in terms of their uses, environmental exposure, fate, behaviour and
effects;

e overcomplicating the assessment so that no conclusion can be drawn from the
available data.

To this e