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Annex*

Chlorinated paraffins with carbon chain lengths in the
range Cis-17 and chlorination levels at or exceeding
45 per cent chlorine by weight

Risk profile

September 2022

* The studies and other information referred to in this document do not necessarily reflect the views of the
Secretariat, the United Nations Environment Programme (UNEP) or the United Nations. The designations
employed and the presentation of the material in such studies and references do not imply the expression of any
opinion whatsoever on the part of the Secretariat, UNEP or the United Nations concerning geopolitical situations
or the legal status of any country, territory, area or city or its authorities.
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Executive summary

1. This risk profile concerns chlorinated paraffins (CPs) with carbon chain lengths in the range C14-17and
chlorination levels at or exceeding 45 per cent chlorine by weight. These are the principal constituents of substances
called “medium-chain chlorinated paraffins” (“MCCPs”) in Europe, North America and Australia, and major
constituents of several products manufactured in Asia (e.g., CP-52). Due to the possible confusion regarding different
product names, the proposal for listing is based on specific chain lengths and degrees of chlorination. Nevertheless,
most of the available hazard and monitoring information is available from assessments on the substance called
“MCCPs”. The substance itself is a widely used industrial chemical which is estimated to be supplied in the order of
800,000 tonnes per year globally. It has a broad range of uses, primarily as a flame retardant and secondary plasticiser
in polymers such as polyvinyl chloride (PVC), and in metal working fluids.

2. CPs with carbon chain lengths in the range C14-17and chlorination levels at or exceeding 45 per cent chlorine
by weight meet the persistence criteria of the Convention. The Ci4 chain length is considered to have a half-life
exceeding 180 days in two types of aerobic sediment based on a laboratory test. Assessment of the persistence
screening data indicates that the constituents with chlorination levels at or exceeding 45% chlorine by weight would
also be expected to be persistent in sediment. Persistence in sediment is supported by sediment core monitoring data,
where “MCCPs” can be detected at similar orders of magnitude across horizons spanning the last 8 years (and longer)
in the same core. The persistence conclusion for the C14 chain length can be applied to the Cis.17 chain lengths
because they will be more adsorptive based on the measured and predicted trends for water solubility and log Kow.
This is supported by the detection of these chain lengths in sediment, and notably, where data are available, the
congener profile detected reflects that in commercial substances.

3. CPs with carbon chain lengths in the range Ci14-17and chlorination levels at or exceeding 45 per cent chlorine
by weight meet the bioaccumulation criteria of the Convention. All constituents have log Kow values exceeding 5.
Two recent laboratory fish bioaccumulation studies using C14 chain lengths show measured or estimated
bioconcentration factor (BCF) values well above 5,000 L/kg. The available fish bioaccumulation laboratory studies
for the Cis, C16 and Cig chain lengths were not performed to current test guidelines nor to such a high standard as the
modern tests for Ci14. Nevertheless, they indicate a high bioaccumulation potential for all three “MCCPs” chain
lengths (although C17 was not tested, its bioaccumulation potential can be inferred to lie between that of Ci6 and Cis).
A non-guideline invertebrate bioaccumulation study using a C14-17 45% CI wt. substance measured a BCF value well
in excess of 5,000 for Daphnia magna. Field monitoring studies indicate that all chain lengths are bioavailable and
can be detected in biota, including in top predators as well as in sensitive life stages (such as birds’ eggs). Where data
are available, the congener profile in organisms is similar to the congener profile in environmental matrices such as
soil and sediment, and wastewater treatment plant sludge, suggesting congener uptake reflects exposure. Overall, the
bioaccumulation behaviour of the longer chain lengths appears to be broadly similar to C14. A number of field
biomagnification studies are available, where biomagnification factors (BMFs) or trophic magnification factors
(TMFs) both above and below 1 were calculated. Each field study has limitations, but the data indicate that the
possibility of biomagnification of “MCCPs” cannot be excluded.

4. CPs with carbon chain lengths in the range Ci4-17and chlorination levels at or exceeding 45 per cent chlorine
by weight are shown to meet the long-range environmental transport potential criteria of the Convention. The
predicted atmospheric half-life values are between 37 and 140 hours, principally dependent on the degree of
chlorination: more highly chlorinated constituents will be more photolytically stable and more adsorptive to
particulates. There are uncertainties regarding both the model training set, and the effect of the fraction adsorbed to
aerosols (which is reliant on the predicted log Koa). Modelling using the OECD Screening tool indicates long-range
environmental transport (LRET) comparable to, but slightly below, that for short-chain chlorinated paraffins (SCCPs),
which is a listed POP. The “MCCPs” LRET also falls within the range of other listed POPs. The modelling is also
affected by the fraction adsorbed to aerosols, which could be higher than the OECD tool predicts, and would result in
greater LRET potential. Monitoring data support the modelling conclusion. Detection of “MCCPs” in air (gaseous and
particulate) and water (dissolved and particulate) suggests a number of pathways exist to deliver “MCCPs” to remote
locations. While “MCCPs” are rarely included in monitoring campaigns in remote regions, the available data indicate
detection in air in the Arctic, Antarctic and Tibetan Plateau, sediment of the Arctic, and multiple detections in Arctic
biota including predators. In some instances, the monitoring data indicate levels of “MCCPs” comparable or
exceeding levels of SCCPs and some other listed POPs in remote regions.

5. CPs with carbon chain lengths in the range C14-17and chlorination levels at or exceeding 45 per cent chlorine
by weight are shown to meet the adverse effects criteria of the Convention. A Ci417 chlorinated n-alkane, 52% CI wit.
is very toxic to Daphnia magna in both acute and long-term studies. This indicates significant toxicity to aquatic
invertebrates which are an important part of aquatic food chains. Effects on organisms at this trophic level may reduce
food availability at higher levels of the food chain with potential population-level effects. Regulatory testing is
designed to protect all organisms living in the environment, and is limited in scope for practical and ethical reasons.
Therefore, high toxicity observed in one organism within a trophic level means that it cannot be excluded that others
are equally or more affected (a general principal of regulatory ecotoxicology). For chemicals that are also shown to be
persistent and bioaccumulative, the concern is also for unpredictable effects within the food chain. Internal
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haemorrhaging and death have been observed in rodent offspring in a mammalian reproduction study. This
observation suggests that potential adverse effects could occur in mammals living in the environment and exposed to
MCCPs via their diet. As the (eco)toxicity tests used a substance containing C14-17 chain lengths, all chain lengths are
considered to contribute to the observed effects. The tests are also used to support regulatory submissions by suppliers
covering all “MCCPs” products on the market (not just 52% CI wt.) indicating the applicability of the studies to a
broad range of chlorination levels.

6. The available monitoring data generally show widespread occurrence of “MCCPs” in surface water,
sediment, soil, biota, sludge and air, in multiple regions of the world, including remote regions. The substance can be
widely detected in environmental biota including predators, as well as human tissues. In some instances, tissue
concentrations up to 23 mg/kg Iw have been detected. Increasing detections in local biota have been observed where
trend information is available.

7. The most recent biota monitoring studies have usually provided chain length and congener level information,
which indicates the bioavailability of all chain lengths. Where data are available, “MCCPs” chain length / congener
profiles detected in biota are consistent with those detected in environmental matrices and wastewater treatment plant
sludge.

8. Following national and international restrictions on the use of SCCPs, the supply of “MCCPs” has increased
significantly as it appears to be the main drop-in replacement for SCCPs. The increase in supply (with consequent
environmental emission) is reflected in environmental monitoring trends: increasing levels of “MCCPs” are detected
where multi-year sampling has been undertaken. Sediment core data also indicate a decline in SCCPs with a
concurrent increase in “MCCPs” in more contemporaneous cores. As the switch from SCCPs to “MCCPs” has only
occurred in recent years, “MCCPs” detection can be expected to increase in the absence of risk management.

9. The concentrations detected in biota in more contaminated areas shows that high levels can be attained in
organisms. If environmental exposure of “MCCPs” is increasing in more remote areas as suggested by the limited
trend data available, this indicates that increasing levels in remote biota can similarly be expected.

10. The concern for “MCCPs” is its demonstrated persistence, bioaccumulation and toxicity, together with
similarities in the long-range environmental transport potential to SCCPs. The underlying concern is that “MCCPs”
poses similar types of risk to SCCPs. While the two substances are not identical, they are sufficiently similar to
warrant action to address the potential risk from “MCCPs”. The very high levels of estimated emissions to the
environment (around 2,400 to 24,000 tonnes/year) are reflected in widespread detection, together with indications that
these levels are increasing, including in remote areas. Given the bioavailability and increasing trend in the detection of
a known persistent, bioaccumulative and toxic substance, it can be expected that levels in remote environments will
continue to increase, and levels in biota will also continue to increase with consequent risk of unpredictable impacts
unless risk management measures are implemented.

11. Based on evidence of its persistence, bioaccumulation and adverse effects, widespread occurrence in
environmental compartments and frequent detection in biota in remote regions, it is concluded that chlorinated
paraffins with carbon chain lengths in the range Ci4-17 and chlorination levels at or exceeding 45 per cent chlorine by
weight are likely, as a result of its long-range environmental transport, to lead to significant adverse human health and
environmental effects, such that global action is warranted.
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1. Introduction

12. In April 2021, the United Kingdom of Great Britain and Northern Ireland (UK) submitted a proposal to list
chlorinated paraffins (CPs) with carbon chain lengths in the range C14-17 and chlorination levels at or exceeding 45 per
cent chlorine by weight (Cl wt.) in Annexes A, B and/or C of the Convention. The proposal was submitted in
accordance with Article 8 of the Convention and was reviewed by the Persistent Organic Pollutants Review
Committee (POPRC) at its seventeenth meeting held in January 2022.

1.1  Chemical identity

1.1.1  CAS number, chain length and chlorination

13. Chlorinated paraffins (CPs) are manufactured substances consisting of predominantly linear chloroalkanes,
with different degrees of chlorination and chain length distributions depending on the application and feedstock. This
Risk Profile focuses on any CP product that has constituents with 14 to 17 carbon atoms (C14-17) and a chlorination
level at or exceeding 45% Cl wt. These congeners are the principal constituents of substances called “medium-chain
chlorinated paraffins” (“MCCPs”) in Europe, North America and Australia, and major constituents of several products
manufactured in Asia (e.g., CP-52). Due to the possible confusion regarding different product names, the proposal for
listing is based on specific chain lengths and degrees of chlorination. Nevertheless, most of the available hazard and
monitoring information is available from assessments on the substance called “MCCPs”, and so the term “MCCPs” is
used in these instances. As a consequence of the manufacturing process, “MCCPs” is a substance of ‘Unknown or
Variable composition, Complex reaction product or Biological material” (UVCB), containing many individual
constituents. For clarity, a CP constituent is an individual structural isomer, i.e., chlorine atoms are in defined
molecular positions on the carbon chain. Congeners are groups of isomers with the same structural formula such as
C14Cls, without the chlorine position being defined. CP homologues are groups of constituents with the same carbon
chain length but varying number of chlorine atoms, e.g., the C14 homologue.

14, Key information for CPs with Ci14-17 chain lengths and chlorination levels at or exceeding 45 per cent Cl wt.
is provided in Table 1. This is based on the substance identity for “MCCPs” from the European Union’s (EU)
REACH Substance Evaluation (Environment Agency, 2019a). An indicative list of relevant CAS numbers is provided
in Table 3 of document UNEP/POPS/POPRC.18/INF/10, together with further information. Around forty CAS
numbers have been used to identify the CPs at various times. Some of these clearly cover CPs in the C1417 range, and
it is possible that some of the remainder may be used for products containing CPs in this range too.

Table 1. Substance identity (based on CAS No. 85535-85-9, adapted to the scope proposed in the nomination)

IUPAC name Alkanes, Ci4-17, chloro*
CAS number 85535-85-9*
EC number 287-477-0
Molecular formula CxHexy+2)Cly, where x =14 to 17 and y=> 510 17
Molecular weight range 370-826 g/mole (approximately)
Synonyms Medium-chain chlorinated paraffins (“MCCPs”);
Chlorinated paraffins, C14-17 (used in Annex VI of the EU CLP Regulation)

* The IUPAC name and CAS number cover a broader range of chlorination than the scope proposed in this document.

15. The predominant chain lengths of “MCCPs” are in the range Ci4-17, reflecting the hydrocarbon feedstocks
used in its manufacture within Europe, North America and Australia. Information presented in Environment Agency
(2019a) indicates that chlorinated Ci4 carbon chain lengths are the dominant congener group in commercially supplied
“MCCP” products. They also contain some constituents outside of the Ci4-17 range in small amounts.

16. CPs produced in Asian countries such as India and China are differentiated based on their chlorine content
(or viscosity) rather than by the carbon chain lengths of their constituent congeners. An example is the product CP-52,
which accounted for 80% of the total commercial CP production in China in 2005 (cited in Wei et al., 2016). Li et al.,
(2018) cites data showing CP-42 and CP-52 together accounted for >80% of Chinese production. The Chinese
industry standard HG/T 2092 defines CP-52 as a product with a chlorine content between “50%-54%" by weight
(CCPIA, 2022). CP-52 contains Cy.30 chain lengths with a significant fraction in the range Ci4-17 (Castro et al., 2018).
Niu et al., (2021) noted marked variation in the Cio-17 congeners in 7 different batches of CP-52, which was suggested
to be due to the varying composition of the n-alkane feedstock used for production. Li et al., (2018b) examined the
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congener profiles for three Chinese CP products. In the CP-52 sample, they found the predominant “MCCPs” chain
length was C17, although due to the form of analysis used in the study this conclusion is uncertain. Gliige et al., (2018)
analysed 11 CP-52 mixtures from 9 Chinese producers and found that (with one exception) C14 was present in these
products between 29% and 67%, with a mean value of 57%. The C14Cl;-s congeners were the most prevalent. Xia et
al., (2021) analysed 18 commercial Chinese CP products, including 13 CP-52 products. They found “MCCPs”
composed 34.3% to 69.1% of the CP-52 products with C14 congeners dominant, contributing 46.1-79.5% of the total
“MCCPs” detected. Similar results were observed for CP-42 (2 products). The three CP-70 products were noted to
have two dominant congeners, C14 and C17. Wang et al., (2018) noted that C14 was the dominant “MCCPs” chain
length in a wide range of Chinese polymer products. For both “MCCPs” and products such as CP-52, chain lengths
below Ca4 are structurally analogous to the range described as short-chain chlorinated paraffins (SCCPs).

17. The chlorine content of commercial products (e.g., “MCCPs” and CP-52) varies according to the applications
they are used for but is generally within the range 40% to 63% by weight; the majority of products have a chlorine
content between 45% and 52% by weight. The chlorination process is random, and so all of these products contain
many thousands of constituents (Yuan et al., 2020; Tomy et al., 1997).1

18. Table 2 indicates the molecular formulae of possible constituents of the different product types (adapted from
information originally presented in the EU Existing Substances Regulation assessments (EC, 2000 and 2005)). The
“blocks” in the table each contain one or more groups of positional isomers. Each group contains a large number of
individual isomers (constituents). The main constituents in the majority of product types have between five and seven
chlorine atoms per molecule. This was verified by Yuan et al., (2020) who examined five C14 (37.75-60.14% CI wt.)
and four Cys (40.3-57.75% CI wt.) homologues using both APCI-QToF-MS and NMR.2 Molar plots of the detected
congeners using both detection methods generated pseudo-normal and non-normal distributions for the top 100
isomers of each homologue, respectively. Nevertheless, it should be noted that percentage chlorine content only
represents an average level of chlorination and so a much wider range of constituents may be present in any particular
product. Therefore, higher and lower chlorination levels will be present for a product with a given average
chlorination level. For example, due to the manufacturing process, some of the congeners (e.g., C14-15s with four or five
chlorine atoms) that make up CP products with C14-17and a chlorination level at 45% Cl wt have also been shown to
be present in CP products with C14-17and a chlorination level of 40% CI wt (Du et al., 2019; Du et al., 2020; Yuan et
al., 2020).

Table 2. Theoretical chlorine content of constituents for Ci4-17 chain lengths

Chlorine content, Carbon chain length
% w/w
Cus Cis Cis Cu
<40 C14H2oCl to C1sH3:Cl to Ci6H33Cl to Ci17H35Cl to
C14H27Cl3 C15H29Cl3 C16H30Cls4 C17H=Cl,4
40-45 C14H26Cl4 C15H26Cls Ci6H29Cls C17H31Cls
45-50 CuaH2sCls Ci1sH27Cls C16H28Cle C17H320Cls
50-55 C14H24Cls CisHasCls & C1sH27Cl7 C17H2oCl7
CisH25Cly
55 65 C14H23Cl7 to C1sH24Clg to CisH26Clg to C17H28Clg to
C1aH21Clg C15H22Cl1o C16H23Cl11 C17H25Cl11
C14H20Cl1o CisH21Clii and | C16H22Cli2 and C17H24Cl12 and
>65 and higher number | higher number | higher number of Cl | higher number of CI
of Cl atoms of Cl atoms atoms atoms

Note: Bold text indicates those blocks within scope of the proposal.

19. Available regulatory laboratory testing for “MCCPs” has been undertaken using substances with a specified
chlorine content, such as 50% Cl wt. The exact constituents of “MCCPs” will always be variable (as it is a UVCB)
and a block approach as shown in Table 2 is a recognised way of addressing this uncertainty. An alternative approach

! Tomy et al. (1997) includes a formula for the calculation of the number of isomers.

2 Atmospheric pressure chemical ionisation-quantitative time of flight-mass spectrometry, Nuclear Magnetic
Resonance.
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is to assess the substance based on the number of chlorine atoms per chain length. For laboratory studies this requires
an assumption about which congeners were present in the test, and at what abundance, as in many cases congener-
specific analysis is not available. Applying the alternative approach would require an assumption of equality, rather
than trends, across the different congeners to interpret each test for a specific property. Where congener-specific
analysis is available, it also requires verification of the accuracy of the analysis to quantify the individual congener
concentrations (including their representativeness where extrapolation from specific constituents to the whole
congener group is made). The assessment approach for the Risk Profile is therefore aligned with the laboratory data.
The analytical challenges associated with “MCCPs” are described elsewhere, particularly the preferred forms of
analysis and their capabilities.

1.1.2 Structural formula

20. Two example structures of CPs with Ci4and Cy7 chain lengths are shown in Figure 1 (skeletal formulae, i.e.,
hydrogen atoms not shown for simplicity).
YM \MW
Cl cl ol ¢ ¢ c
C14H24C|6 C17H29C|7

Figure 1. Structures of two representative constituents of CPs with Cisand Ci7 chain lengths

1.1.3 Analogues

21. SCCPs (containing Cio-13 carbon chain lengths) and long-chain chlorinated paraffins (LCCPs, containing
Cis-30 carbon chain lengths) are structural analogues of “MCCPs”. SCCPs was listed as a Persistent Organic Pollutant
in the Stockholm Convention 2017. Commercial “MCCPs” contains Cig-13 constituents that may be analogous to
SCCPs, at levels typically below 1% by weight (often much lower), although the identity and actual concentration of
the individual constituents are not known. The unintentional trace contaminant threshold specified in the Annex A
listing of SCCPs is 1%. The agreed Risk Management Evaluation (RME) of SCCPs indicated that “MCCPs” was one
of the main alternatives to SCCPs (UNEP/POPS/POPRC.12/11/Add.3). The main uses of “MCCPs” (section 2.1.2)
are very similar to uses for SCCPs previously identified in the RME document.

22. HSE (2008) indicated that LCCPs based on a Cis_2o carbon chain length may contain up to 20% Ci7 CPs. A
related UK report assessing LCCPs (Environment Agency, 2009) was recently updated (Environment Agency, 2022)
following the substance evaluation of “MCCPs” in the EU. This concluded that further data were required to assess
the PBT properties of the substance. As pointed out above, some Asian products (e.g., CP-52) contain LCCP chain
lengths together with “MCCP” and SCCP chain lengths (and C<1o constituents) in a single product.

23. Further details of the analogues are provided in document UNEP/POPS/POPRC.18/INF/10.

1.1.4 Physico-chemical properties

24, Key physico-chemical data are summarised in Table 3. The complexity and variability of the commercial
substance means that many of the measured values represent averages or are ranges. For example, the log Kow will
have a range covering several orders of magnitude, reflecting the wide variety of congeners present. These values may
change for products with different degrees of chlorination.

Table 3. Physicochemical properties for CPs with C14-17 chain lengths

Property Value Source of information/remarks
Physical state at 20 °C | Liquid EC (2005)
and 101.3 kPa
Melting / freezing point | Pour point -50 °C to 25 °C (chlorination EC (2005)
dependent)
Boiling point Decomposition ~200 °C before boiling EC (2005)
Vapour pressure Ci4-17 (52% Cl wt.) Campbell and McConnell (1980)

1.3 x 10-2.7 x 10 Pa (20 °C)




UNEP/POPS/POPRC.18/11/Add.3

Property Value Source of information/remarks
Ci4.17 (52% Cl wt.) BUA (1992) as cited in EC (2005)
1.1 x 107 Pa (45 °C)
6.0 x 10 Pa (60 °C)
0.051Pa (80°C) Gluge et al., (2013); Predicted vapour

pressure values using COSMOtherm?.

<1 x 105-0.0042 Pa for C17Cly.15

Water solubility 0.0061 mg/L at 20 °C for Ci4chlorinated n- Unpublished (2019a), discussed in

alkane, 50% CI wt.

0.005-0.027 mg/L at 20 °C for Cis
chlorinated n-alkane, 51% CI wt.

0.01 mg/L in freshwater and 0.004 mg/L in
seawater at 16—20 °C for Cys chlorinated
n-alkane, 52% CI wt.

1.90-272 pg/L for Ciawith Cly12

0.50-68.1 pg/L for Cis with Cly13
0.15-42.2 pg/L for Cis with Cly13
0.72-12.7 Hg/L for C17 with C|1715

Environment Agency (2019); non-
GLP! OECD Test Guideline (TG) 105.
Analytical method: APCI-ToF-HRMS.
Study considered to be “reliable
without restriction”.?

Madeley et al., (1983a); non-standard
method. Analytical method: thin-layer
chromatography and radioactivity
measurements. Key study used in EC
(2005) and considered to be a realistic
upper limit for this substance.

Campbell and McConnell (1980);
method unknown. Analytical method:
radioactivity measurements

Gliige et al., (2013); Predicted water
solubility values using COSMOtherm?.

Partition coefficient n- | 6.58 + 0.09 for Cy4 chlorinated n-alkane, 50%
octanol/water (log Kow) | Cl wt.

6.30 (5.56-7.71) C4, 47.0% Cl wit.
6.65 (5.84-7.81) Cis, 50.4% Cl wi.
6.81 (5.78-8.38) Ci¢, 61.0% Cl wit.
6.67 (5.57-7.90) Cia 17, 46.7% Cl wt.

7.2 (4.7-8.3) for Cy6 chlorinated n-alkane,
35% Cl wt.

Unpublished (2019b); non-GLP OECD
Test Guideline (TG) 123 (slow stir).
Analytical method: APCI ToF HRMS
(only dominant congeners). Very little
variability in Kow was observed
between differently chlorinated
congener groups due to the chosen
analytical method. Study considered to
be reliable with restrictions.

Hilger et al., (2011a); reverse-phase
HPLC method based on OECD 117
using UV detection. Considered to be
reliable with restrictions as a non-GLP
study. A fuller résumé is provided in
document
UNEP/POPS/POPRC.18/INF/10.

Fisk et al., (1998a); key study used in
EC (2005). Analytical method: high
performance liquid chromatography
(HPLC). Study considered to provide
indicative information only (due to lack

3 Reliability assessed here and elsewhere in the document using Klimisch et al 1997.
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Property

Value

Source of information/remarks

5.52 to 8.21 for Ci4 17 chlorinated n-alkane,
45% Cl wt.;

5.47 to 8.01 for Cy14 17 chlorinated n-alkane,
52% CI wit.

7.93-10.21 for Ciswith Cli_ss
8.49-10.91 for Cy5 with Cli_17
9.04-11.16 for Cigwith Cli_1e
9.60-11.84 for C17 with Cllfls

6.2-8.25 for C14With C|1714
6.63-8.76 for C15 with Cllfls
7.07-9.28 for Cigwith Cli_16
7.33-9.8 for C7with Cly_17
7.94-9.1 for C14With C|4710
8.43-9.84 for C15 with C|4711
8.92-10.36 for Ciswith Cls_12
9.59-11.04 for C17 with Cls_13

of information about internal standards
and reference substances).

Renberg et al., (1980); non-GLP non-
guideline study. Analytical method:
reversed-phase high performance thin
layer chromatography (RP-HPTLC).
Study considered to provide indicative
information only. (due to lack of
information about internal standards
and reference substances).

Endo (2021); Predicted log Kow with
COSMOtherm.* A fuller résumé is
provided in document
UNEP/POPS/POPRC.18/INF/10.

Predicted log Kow with log P methods
of ACD/Labs Percepta® (provided in
ECHA, 2021a).

Predicted log Kow using KOWWIN
v1.68° within EPIWIN™. A fuller
résumé is provided in document
UNEP/POPS/POPRC.18/INF/10.
Based on Glige et al., (2013), the
COSMOtherm results are preferred to
the EPIWIN results.

Partition coefficient n-
octanol/air (log Koa)

7.56-16.42 for C14C|1716
8.05-17.56 for C15Cl1_17

8.54-18.21 for C16Cl1-17 9.03-19.17 for
C17Cl118

Predicted log Koa generated using
COSMOtherm (see
UNEP/POPS/POPRC.18/INF/10).

Note: Good Laboratory Practice (GLP).

1.2 Conclusion of the Review Committee regarding Annex D information

25. At its seventeenth meeting, the POPRC evaluated the proposal to list chlorinated paraffins with carbon chain
lengths in the range C14-17 and chlorination levels at or exceeding 45 per cent chlorine by weight in Annex A, B and/or
C to the Convention. The Committee decided that, in accordance with paragraph 4 (a) of Article 8 of the Convention,
it was satisfied that the screening criteria specified in Annex D to the Convention were met, with certainty for the Ci4
chain lengths and chlorination levels at or exceeding 45 per cent chlorine by weight (decision POPRC-17/5). The
Committee noted that information relating to the screening criteria on bioaccumulation for chlorinated paraffins with
carbon chain lengths in the range Cis_17 was less certain, but the information relating to the remaining screening
criteria specified in Annex D was conclusive. The Committee decided that more detail on bioaccumulation data
should be included in the draft risk profile. The Committee also decided that issues related to chlorinated paraffins
with carbon chain lengths in the range C14-17 and chlorination levels at or exceeding 45 per cent chlorine by weight
should be dealt with in developing the draft risk profile.

1.3 Data sources

26. The draft risk profile on chlorinated paraffins with carbon chain lengths in the range C14-17 and chlorination
levels at or exceeding 45 per cent chlorine by weight is based on the following data sources:

4 COSMOconfX 20, TURBOMOLE 7.4 and COSMOthermX 20 (all from COSMOlogic, Biovia, Dassault
Systemes).

5 ACD/Labs release 2019.2.1, Advanced Chemistry Development, Inc., 2019.

6 Estimation Programs Interface Suite™ for Microsoft® Windows, v 4.11. United States Environmental
Protection Agency, Washington, DC, USA.
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@ Proposal to list chlorinated paraffins with carbon chain lengths in the range C14-17 and chlorination
levels at or exceeding 45 per cent chlorine by weight in Annex A, B or C to the Convention submitted by the UK;

(b) Information presented at the seventeenth meeting of the POPs Review Committee (POPRC-17) and
its pre-meeting;

(c) Information submitted in accordance with Annex E to the Convention by the following Parties and
observers and others: Belarus, Canada, European Union (EU), Germany, Monaco, the Netherlands, Norway, Sweden,
New Zealand, the International Pollutants Elimination Network (IPEN) and Alaska Community Action on Toxics
(ACAT), Lanxess, World Chlorine Council, and Chlorinated Paraffins Industry Association (CPIA);

(d) Peer-reviewed scientific literature, and grey literature;
(e) Registration dossier submitted for “MCCPs” under the EU’s REACH Regulation;

f EU REACH Substance Evaluation report for “MCCPs” prepared by the UK (Environment Agency,
2019a);

(9) European Chemicals Agency (ECHA) Substance of Very High Concern support document for
“MCCPs” (ECHA, 2021a); and

(h) Environment Canada and Health Canada review (Canada, 2008).

1.4 Status of the chemical under national and regional regulations and international
forums

27. “MCCPs” (alkanes, Ci4-17, chloro; CAS No. 85535-85-9) was assessed in the EU under the Existing
Substances Regulation (EC) No. 793/93 (EC, 2005; EC, 2007; HSE 2008), and via a transitional Annex XV dossier
under the REACH Regulation (Environment Agency, 2010). Subsequently “MCCPs” underwent Substance
Evaluation under EU REACH, and the published report prepared by the UK concludes that it meets the REACH
Annex XIII criteria for Persistent, Bioaccumulative and Toxic (PBT) and very Persistent, very Bioaccumulative
(vPvB) properties (Environment Agency, 2019a). “MCCPs” was subsequently identified as a Substance of Very High
Concern due to its PBT/vVPvB properties in the EU (ECHA, 2021a). The EU SVHC listing for “MCCPs” was defined
as UVCB substances consisting of more than or equal to 80% linear chloroalkanes with carbon chain lengths within
the range from Ci4 to Cy7. This Risk Profile is principally based on the EU REACH Substance Evaluation report,
which focused on the assessment of environmental endpoints. A further analysis prepared by Germany indicates
concern for several uncontrolled risks for human health from “MCCPs”, and uncertainty for specific toxicological
endpoints (BAUA, 2020; Zellmer et al., 2020). Following the European SVHC identification, a proposal to restrict
“MCCPs” in the EU has recently been published (ECHA, 20223).

28. A proposal for an EU restriction of “MCCPs” in electrical and electronic equipment under the Restriction of
the use of certain Hazardous Substances in Electrical and Electronic Equipment (RoHS) Directive (2011/65/EU) was
prepared by Sweden in 2018 (KEMI, 2018). As part of preparatory work, a supporting report suggested risks to
workers in certain scenarios where Personal Protective Equipment was not worn, and also environmental risks for
some specific scenarios (KEMI, 2017).

29. The Australian Department of Health published a hazard assessment of “MCCPs” in June 2020 (NICNAS,
2020). The review concluded that “MCCPs” meets Australia’s domestic PBT criteria, and that some congener groups
may meet the Annex D screening criteria for POPs under the Stockholm Convention.

30. Environment Canada and Health Canada reviewed the CPs group in 2008 (Canada, 2008) and concluded that
“chlorinated alkanes that have the molecular formula CnHxCl(2n+2.x) in which 10 <n <20 are “toxic™ as defined in
paragraphs 64 (a) and (c) of the Canadian Environmental Protection Act, 1999. This includes CPs of the chain lengths
for “MCCPs” covered in this Risk Profile.

31. In their review of Pre-Manufacture Notifications for two “MCCPs” products manufactured and supplied in
the United States of America (USA), the US Environmental Protection Agency concluded that these may be very
persistent and very bioaccumulative, and may present an unreasonable risk following acute and chronic exposures to
aquatic organisms (USEPA, 2015).

" The substance is entering, or may enter, the environment in quantities or concentrations or under conditions that:
have or may have an immediate or long-term harmful effect on the environment or its biological diversity, or
constitute or may constitute a danger in Canada to human life or health.
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2. Summary information relevant to the risk profile
2.1 Sources

2.1.1 Production and trade

32. Guida et al., (2020) review the history of manufacturing of CPs which began in the 1930s and note that
currently, “MCCPs” and LCCPs represent the largest components of CP production. Both “MCCPs” and LCCPs are
replacing SCCPs in their applications in the short- or medium-term following the listing of SCCPs under the
Stockholm Convention.

33. The available supply data for “MCCPs” is summarised in Table 4. China is the main country producing CP
products containing Ci4-17 chain lengths. More details of the country-specific volumes are provided in document
UNEP/POPS/POPRC.18/INF/10. Based on the information current global production of CPs with C14-17 chain lengths
could be in the region of 800,000 tonnes per year.

Table 4. Global supply volumes and number of producers (collated from Guida et al., (2020), Chen et al.,
(2022), Li et al., (2018b), ECHA (2022b), ECHA (2022c), Altair Chimica (2021), NICNAS (2020), Gluge et al.,
(2018), Republic of Korea Annex E information, Canada Annex E information, IPEN Annex E submission,
USEPA (2015)

Country or region VOIUE{‘(S”T:S?;JZSWM Number of producers
Australia 1,000-9,999 (2006) Not known
Bangladesh 19,500 (2011) Not known
Canada 550 (2017) Not known
China 450,200 (2019) 100-150
Europe 110,000 (2021) 11 (EU REACH registrants)

549 (CLP notifiers)
India 150,000 (2011) Not known
Jordan 12,000 (2015) Not known
Republic of Korea 36 (2018) Not known
Russian Federation 27,000 (2011) Not known
Thailand 20,000 (1994) Not known
USA 15,529 (2015) 1
Japan, Egypt, South Africa and Supply of CPs or “MCCPs” indicated in the literature but no numerical data
Brazil
2.1.2 Uses

34. Based on information from Altair Chimica (2021), EC (2005), ECHA (2022b), Chen et al., (2022), USEPA
(2015), Norway and Canada (Annex E submissions), the following uses of “MCCPs” are known: as a secondary
plasticiser in PVC, adhesives, sealants, paints and coatings; a flame retardant in P\VC rubber compounds and other
polymers, adhesives, sealants, paints and coatings, and textiles; an extreme pressure lubricant and anti-adhesive for
metal working fluids; a waterproofing agent for paints, coatings and textiles; a carrier solvent for colour formers in
paper manufacture; fat liquors for leather processing; and carbonless copy paper. “MCCPs” in polymers/rubber (all
uses), adhesives and sealants represents the vast majority of all uses in the EU, whereas Chen et al., (2022) noted PVVC
products dominate “MCCP” usage in China.

35. MCCPs have been detected in the following: polymeric packaging (e.g., polyethylene terephthalate,
polypropylene and polyethylene) including for food-related products, toys and animal feed; articles including
consumer cables such as headphones, toys including rubber ducks, kitchen appliances, dishcloths (following their use
in domestic kitchens), mobile phone protective cases, PVC products such as a pool mat and jump rope, clothing;
plastic sports courts and synthetic turf; and do-it-yourself spray one-component polyurethane foams (McGrath et al.,
2021; Netherlands (Annex E submission); Brandsma et al., 2021; Wang et al., 2018; Su et al., 2020; Kutarna et al.,
2022; Sprengel and Vetter, 2021a; Yuan et al., 2021; Gallistl et al., 2017; Gallistl et al., 2018; Li et al., 2021).

36. Recent research in waste goods has indicated the presence of “MCCPs” in furniture textiles, end-of-life
vehicles, waste electrical and electronic equipment (WEEE), PVC cabling and several other PVC products (NEA,
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2021). “MCCPs” have also been detected in end-of-life car tyres,® rubber granulates made from car tyres, and
playground tiles made from rubber granulates (Brandsma et al., 2019).

2.1.3 Releases to the environment

37. CPs can potentially be released to the environment throughout their lifecycle from production, use in
industrial processes, during the service life of consumer products, and disposal.

38. As part of the Risk Management Options Analysis for “MCCPs” in the EU, the release estimates for the
different lifecycle stages were estimated based on information® in the REACH Registrants’ Chemical Safety Reports
(Environment Agency, 2019b). The values are provided in Table 5 and Table 6. A total of 305 tonnes per year is
estimated to be emitted to the environment within the EU. The total estimated release to surface water in Table takes

account of the removal of “MCCPs” from aqueous waste streams by wastewater treatment plants. This diverts
approximately 149 tonnes per year of “MCCPs” to sludges, which may be landfilled, used in agriculture or

incinerated.

Table 5. Estimated total releases of “MCCPs” to the EU environment by use from all lifecycle stages

(Environment Agency, 2019b)

Use Total releases per year (tonnes)

“MCCPs” manufacture 0

PVC and rubber (formulation, conversion, service life) 41
Adhesives/sealants (formulation, use, service life) 126
Metalworking fluids (formulation and use) 100
Textiles (formulation and service life) 13
Paints/coatings (formulation, use, service life) 10
Paper manufacturing/recycling 15
TOTAL 305

Table 6. Estimated total releases of “MCCPs” to the EU environment from all lifecycle stages

Release route Total releases per year (tonnes)
Water 4
Air 91
Soil 61
Sewage sludge, which may be used in agriculture, landfilled or 149
incinerated
39. Emissions from “MCCPs” in products were reported to have decreased slightly from 2010 to 2019 in

Norway (Annex E information, Norway).

40. Chen et al., (2022) estimated that 3 800 and 4 100 tonnes of “MCCPs” were emitted into China’s
environment in 2018 and 2019.

41. Based on the EU emissions estimates, if the proportion of “MCCPs” released per year in the EU (305 tonnes)
is applied to the estimated global supply tonnage,° this suggests between 2,400 and 24,000 tonnes per year is being
released to the environment at a global scale. Clearly the global tonnage is an approximation, and this calculation
assumes that the EU use pattern and emission controls are similar across the world. Based on the estimates of Chen et
al., (2022) and Guida et al., (2020) emissions as a proportion of the volume of “MCCPs” supplied at a global level
may be higher (for example Guida et al., (2020) cite several studies detecting “MCCPs” at CP production sites in
China and USA). Through modelling of the lifecycle, Chen et al., (2022) estimated that cumulative global emissions
of “MCCPs” in 2020 were approximately 2.08 million tonnes (40% of 5.2 million tonnes of total CPs). The authors
identified wastewater treatment as the dominant emission source for CPs (accounting for ~84% of the cumulative CP

8 The authors propose that the levels detected indicate that “MCCPs” contamination may occur during car tyre
manufacture, rather than specific inclusion to provide a property such as flame retardancy.

% Tonnage relevant for the lifecycle and quoted emission factor.

10305 tonnes/year released from the range of 10,000 to 100,000 tonnes supplied in the EU applied to the
estimated global use volume of 800,000 tonnes/year.
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emissions), followed by in-use stock of CPs (~9%), with emissions from industrial processes (production of CPs and
industrial processing of CP-containing products), accounted for ~4%.

2.2 Environmental fate

2.2.1 Chemical analytical challenges

42. The highly complex nature of CPs means that there are considerable analytical challenges associated with
their detection and quantification. In their pure form strong mass interferences can be evident i.e., where high
molecular weight “MCCPs” and low molecular weight LCCPs cannot be differentiated due to low mass resolution of
the detection method (Schinkel et al., 2018). The most common methods for quantifying “MCCPs” at a homologue
and congener level are LC-API-HRMS,'* GC-ECNI-HRMS?*? (including direct injection APCI-HRMS)*® and GC-
ECNI-LRMS,* respectively. Each of these analytical methods corresponds to the following form of evaluation pattern
deconvolution, homologue specific, and linear regression, detailed in Bogdal et al., (2015), Yuan et al., (2017a) and
Chen et al., (2011), respectively. These three methods are respectively capable of discerning different CP congeners
(same carbon chain length with a given number of chlorine atoms, e.g., C.Clm, also referred to as groups of positional
isomers), congener groups (a selected range of carbon chain lengths, usually with an averaged degree of chlorination),
and homologues (same chain length but varying number of chlorine atoms). Direct injection into HRMS instruments
has been shown to provide a relatively large amount of relevant data only for ‘clean’ samples (Kraetschmer et al.,
2019). No chromatographic method is currently available that allows for the separation of congeners into their
different isomers. NMR analysis is required for this level of detail (Sprengel et al., 2019) and can only confirm the
structure of single isomers (van Mourik et al., 2021). The degree of chlorination can also be important, especially if
the substance in a sample differs from the analytical standards used. Based on work of Brandsma et al., (2017),
Bogdal et al., (2015) and Yuan et al., (2017), there remains uncertainty with the identification and quantification of
“MCCP” congeners with fewer than 5 chlorine atoms where methods used ECNI (van Mourik et al., 2015). In
addition. higher-chlorinated homologues are preferentially ionised and produce a stronger signal in MS detectors (e.g.,
Meziere et al., 2020). Furthermore, some commonly used low resolution mass spectrometry methods may be subject
to interferences from both the matrix and other contaminants (such as chlordanes, polychlorobiphenyls and
toxaphenes) unless highly efficient sample clean-up procedures are used. Measured values reported in academic
literature pre-2011 should be considered indicative but not quantitative. After 2011, detections of “MCCPs” in biota
and the environment are considered to be semi-quantitative in the following discussion. This is due to the number of
different methods, instruments and laboratories involved. The most recent HRMS methods (2015 onwards) where
mathematical corrections have been applied to account for variance between ‘standards’ and samples are considered
accurate but cannot be described as fully quantitative due the absence of certified reference standards. The vast
majority of monitoring studies whether of biota, sediment, soil or air matrices are limited to the detection of “MCCP”
congeners with only 5-10 chlorine atoms. This is linked to the reference standards used as well as analytical
limitations (Kraetschmer et al., 2019). Unless the text indicates otherwise, it should be assumed congener detection
was limited to these chlorination ranges.

2.2.2 Persistence

2.2.2.1 Abiotic data

43. Data for photodegradation in air are discussed in the Potential for Long-Range Environmental Transport
section 2.2.4.1. There are no reliable data for photodegradation in other media such as water. Due to their structure,
CPs are not expected to hydrolyse significantly.

2.2.2.2 Biotic data

2.2.2.2.1 Biotic screening data

44, Predicted biodegradation data are presented by ECHA (2021a) for the following “MCCP” congener groups:
C14Cl1_14; C15Cl115; C16Cl1_16; and C17Cl1-17, using BIOWIN 2, 3, and 6> models. Using the ECHA persistence
screening criteria (ECHA, 2017), ECHA concluded that the C14Cl1, C15Cly and C16Cly congeners did not screen as
either persistent or very persistent. The C14Cl,, C15Cl,, C16Cl2, C17Cl1 and C17Cl2 congeners screened as “potentially
either persistent or very persistent with more information required”. The congeners C14Clz, C15Cls, C16Cl3, and C17Cls,

1 LC-API-HRMS: Liquid chromatography-atmospheric pressure ionisation-high resolution mass spectrometry.

12 GC-ECNI-HRMS: Gas chromatography-electron capture negative ionisation-high resolution mass
spectrometry.

13 APCI-HRMS: Atmospheric pressure chemical ionisation-high resolution mass spectrometry.
14 GC-ECNI-LRMS: Gas chromatography-electron capture negative ionisation-low resolution mass spectrometry.
15 Using the BIOWIN v4.10 program of EPIsuite v4.1.
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screened as “potentially persistent or very persistent”. All “MCCP” congeners with more than 3 chlorine atoms also
screened as “potentially persistent or very persistent”, although for one of the models the congeners were not within
the applicability domain due to the number of chlorine atoms. The predictions for the Cl; and Cl4 congeners are given
a low weight in this assessment as these data are at odds with the observed high levels of degradation seen in the
measured screening studies covering the relevant chlorination range described elsewhere. Overall, while the predicted
data suggest a trend in biodegradation with degree of chlorination, the measured data indicate greater levels of
chlorination are needed before persistence occurs.

45, A number of biodegradation screening studies have been performed in the same laboratory to investigate the
influence of chain length and chlorination level on biodegradation potential of CPs with C14-17 chain lengths (CPIA
Annex E submission). These were mostly*® based on the OECD TG 301 (ready biodegradation) using modified
conditions by including a surfactant (alkylphenol polyalkoxylate) to increase bioavailability, and in some cases, an
extended time period for the test. A summary of all the test results presented in Environment Agency (2019a) is
provided in document UNEP/POPS/POPRC.18/INF/10. The summary below focuses on tests where the conditions are
judged suitable for the Annex D/E assessment.

46. Under the conditions of these studies, C14 chlorinated n-alkanes with a chlorine content of 41.3% and 45.5%
were readily biodegradable within 28 days (>60% mineralisation). Ci4 chlorinated n-alkane, 50% CI wt. failed to meet
the 60% pass threshold within 28 days but did meet it after 56 days.

47. Both a 55% and 60% CI wt. C14 chlorinated n-alkane failed to meet the pass threshold of 60% degradation
even after 60 days. A Cis chlorinated n-alkane, 51% CI wt. also failed to meet the pass threshold after 60 days.

48. Cu4-17 chlorinated n-alkane, 45.5% CI wt. achieved 51% degradation after 28 days (and so was not readily
biodegradable), although a test using an extended timescale was not available. C14-17 chlorinated n-alkane, 51.7% Cl
wt. was not readily biodegradable in 28 days (achieving 27% degradation) and although it was extensively degraded
over an extended period (57% degradation after 60 days) in the same test it still failed to reach the 60% threshold. C14-
17 chlorinated n-alkane, 63.2% CI wt. only achieved 10% degradation under the same conditions.

49, In summary, these ready biodegradation studies indicate that substances with a lower level of chlorination
can be extensively degraded by micro-organisms under conditions of enhanced bioavailability. The trend in the data
shows that degradability reduces as the average number of chlorine atoms per molecule increases. There are no
screening degradation data for specific C16 or C17 substances alone. However, it should be noted that the mixture of
C14-17 substances was less degradable than its C14 or Cis counterparts at the same level of chlorination. This suggests
that these longer chain lengths are less degradable (otherwise the mixtures should have been more degradable than
reported). This observation fits with the general expectation that degradation will decrease with increasing carbon
chain length, due to decreasing water solubility (Glige et al., 2013) and greater adsorption capacity (Gawor and
Wania, 2013). The same trend in degradation was also observed by Knobloch et al., (2021) for SCCP congeners. In
the case of simple hydrophobic substances such as “MCCPs”, water solubility will be inversely proportional to Kow,
and Koc will be proportional to Kow. As can be seen from the predicted log Kow values in Tables 6 and 10 of
document UNEP/POPS/POPRC.18/INF/10, there is a clear increasing trend in log Kow values with increasing carbon
chain length.

50. It should be noted that it is not possible to extrapolate information from these screening tests to an
environmental half-life.

51. A test according to OECD TG 314B (biodegradation in activated sludge) and Good Laboratory Practices
(GLP) has recently been performed using a 52% CI wt. C14-17 substance. The test material was radiolabelled using
tritium, and the 28-day test was conducted using Triton X-100 solubiliser (Eurofins EAG Agroscience, 2022). The test
concentration was 54.7 pg/L, the inoculum concentration was 2.5 g/L (as suspended solids) and solubiliser
concentration was 322 pg/L. The test temperature was between 19.5 °C and 21.3 °C. The study suggested 87.4%
mineralisation (based on formation of *H,0O) in 24 hours under the conditions of the test. This contrasts with the
significantly more limited degradation observed in other screening studies. There was no specific analysis to confirm
if the measured mineralised radioactivity related to parent substance rather than the kinetics of the radio tracer. This is
an important drawback of the study since tritium is known to exchange with hydrogen atoms of protein-related
substances — of which there would be many present in the test system (Nivesse et al., 2021). The test guideline also
does not offer the option of a solubiliser to administer the substance to the test vessels. Furthermore, the conditions are
considerably more favourable to biodegradation compared to other (standard) screening studies (e.g., the
concentration of suspended solids is approximately 300 times that of the OECD TG 310). Due to these factors, the

16 A number of studies used pre-adapted inoculum, which is not appropriate for current REACH Annex XIlII
assessments and is similarly not considered appropriate for the Annex D screening criteria. Three tests were also
performed using OECD TG 302A (Inherent Biodegradability: Modified SCAS Test); the high inoculum
concentrations used in these studies mean that the results are not relevant for persistence assessment. In both cases
these data are not summarised in this risk profile.
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results of the study are not considered to be reliable for the purposes of this assessment. It should also be noted that
the OECD TG 314B does not provide a measure of ready biodegradability nor a relevant environmental half-life.

52. A second GLP OECD 314B study was performed under the same conditions and to an identical protocol
(Eurofins EAG Agroscience, 2022b). The test substance was prepared by combining tritiated and non-radiolabelled
C14-17 52% Cl wt. in a proportion of 1:195. The test concentration was reported to be 150 times the one used in the
first study, however the nominal or confirmed initial test concentrations are not clear. The report does not provide a
table of percentage biodegradation against sample time, but the text indicates significant degradation was observed
within 23 h (no value reported), with >90% biodegradation based on radioactivity achieved by Day 9. Confirmation of
biodegradation was severely compromised through interferences in both the biotic and abiotic vessels. It appears that
the addition of mercuric chloride compromised the separation and detection in the GC-PUECD in abiotic vessels, and
no analysis of spiked inoculum blanks or spike extraction procedural blanks were reported for the biotic vessels.
During the test, there were significant changes in the ‘MCCPS’ region in GC-UECD spectra with poorly resolved
regions appearing (when compared to analysis of the standard), which could be interpreted as an indication of
biodegradation. Large areas of unresolved and deteriorated peak shapes were observed in the supporting figures.
However, in the absence of further work and identification of potential transformation products, the concerns raised
for the first (solely tritiated) study remain but with further issues. Overall, without secondary analytical confirmation
it is not possible to be confident that degradation is occurring. The results of this study are considered unreliable.

2.2.2.2.2  Environmental simulation data

53. An OECD TG 308 (aerobic and anaerobic transformation in aquatic sediment systems) study has been
conducted using non-radiolabelled Ci4 chlorinated n-alkane, 50% CI wt., in accordance with GLP (Unpublished,
2019c and 2019d). This is described in detail in Environment Agency (2019a). The test was conducted under aerobic
conditions using two types of sediment and a nominal test substance concentration of 5 pg/g dry weight (dw) in
sediment. Test vessels were sacrificed on days 0, 15, 30, 45, 60, 91 and 120 (the test guideline specifies that the test
should not be run for longer than 100 days). Chemical analysis was performed using APCI-ToF-HRMS. Apart from a
single measurement at 91 days, the mean measured concentrations from all sampling intervals did not deviate by
greater than 8% (calculated relative standard deviation; RSD) of the applied nominal concentration. Congener-specific
analyses?” for the extracted samples showed no significant variation between these extracts, the extracted spiked sand
and the original test substance. Overall, the chemical analysis showed no observable biotransformation in two
different sediments, and so the sediment half-life was >120 days at 12 °C. The study is assessed to be reliable with
restrictions due to the incomplete mass balance resulting from the lack of a radiolabel and the form of extraction used
for the sediment samples.

2.2.2.2.3  Environmental compartment monitoring

54. Environmental monitoring data are summarised in section 2.3.1 and in document
UNEP/POPS/POPRC.18/INF/10. CPs have been detected in sediment cores taken from several locations around the
world, and this section focuses on these studies as they are relevant to the laboratory data summarised in section
22222.

55. lozza et al., (2008) took a sediment core covering the period 1899-2004 from Lake Thun, Switzerland in
May 2005. The lake is in a mainly rural Alpine catchment area without any known point sources (e.g., metal or
polymer industries). The level of “MCCPs” measured using GC-ECNI-LRMS in the sediment core showed an
increasing trend from 1965 onwards reaching a level of 26 pug/kg dw in the surface layer (i.e., 2004). Concentrations
between 15 and 20 pg/kg dw were evident in the samples dated to the 1980s. The C14 carbon chain length was the
most abundant present (accounting for 41 to 64% of the total “MCCPs”), although it is noted that that all chain lengths
could be detected in all core sections. Chlorine content of “MCCPs” was slightly higher in the more recent core
sections between 1994 and 2004 (generally around 56% wt. with little variation). Over a longer period back to 1961
chlorine content decreased to around 53.3% wt.). The range of chlorination seen for SCCPs was wider over this period
(63.7-69.5 %), but with a peak level around 1986. The authors offered two explanations'® for the chlorination trend: a
change to higher chlorine content CPs or dechlorination of CPs in older sediments. Ci4 chain length were dominant
for “MCCPs” with Cls.g most frequently detected. Cls congeners made up between 2 and 7% of the detected
“MCCPs” congeners.

56. Chen et al., (2011) took a sediment core from the Dongjiang River within Dongguan city in the Pearl River
Delta (PRD) area of south China. This city is the largest manufacturing base of electronic products in the PRD. The
sediment core was thought to contain about 15 years of deposition. Using GC-ECNI-LRMS analysis, the
concentrations of “MCCPs” were higher in the upper layers of the core than in the deeper layers; 1,400 to 3,800 pg/kg

7 There may be uncertainty regarding the analysis of lower chlorinated congeners (<5 chlorine atoms).

18 A further possible explanation not mentioned in either paper is that heavily chlorinated congeners are likely to
be more strongly bound to sediment, and so more difficult to extract for analysis, particularly with increasing time
since deposition.
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dw between 0 and 32 cm depth compared with 1,100 to 1,400 pg/kg dw between 36 and 68 cm depth. The increasing
concentrations in the upper layers were thought to be a result of increasing use of “MCCPs” in the area. The “MCCP”
concentrations in the lower layers were relatively constant. It was noted that there was a higher relative abundance of
Cis and Cy7 substances in the upper layers (from 0 cm to around 44 cm depth) than in the lower layers, with the
relative proportion of C14 substances being slightly higher in the lower layers than the upper layers. It was suggested
that this may reflect changes in the composition of “MCCPs” used in the area over time. Nevertheless, the C14 chain
length dominated with around 60% of the total “MCCPs” detected. Little variation in the chlorination of “MCCPs”
was seen across the core compared to SCCPs. The authors suggest that this was because longer chained CPs (i.e.,
“MCCPs”) had a lower potential to dechlorinate. Cls_10 congeners were detected with Cl,_9 congeners most often
detected, the level of variation in chlorination is similar to the observations of lozza et al., (2008) for a similar period
of time.

57. Sediment cores were taken by Yuan et al., (2017) at three different locations in Sweden (downstream of a
wastewater treatment plant, near to an industrial wood processing area, and to a steel factory). Using APCI- QToF-
MS analysis, the authors detected “MCCPs” at concentrations of < 6.5 to 93 ug/kg dw. This included detection in
sediment from cores dated as 1954 and 1960. Furthermore, within the ~80 years of sedimentation spanned by the
cores, temporal trends could be seen indicating a decrease in SCCPs reflecting their restriction, and a concurrent
increase in “MCCPs”. At a congener level all four “MCCPs” carbon chain lengths were detected and presented as
summed total “MCCP” concentrations. The Ci4 congener dominated in two of the cores (up to 89%), but all four
congeners were evenly distributed in the steel factory core. The analytical method allowed detection of Cls_15
congeners and found for “MCCPs” the average degree of chlorination varied from 48-55%, but the paper does not
report the trend in congeners in the different cores.

58. Sediment cores were taken from 2 urbanised coastal locations: waters around Hong Kong SAR (1 core, taken
in 2004) and Tokyo Bay (2 cores taken in 2012) by Zeng et al., (2017a). These were analysed for SCCPs and
“MCCPs” using GC-ECNI-LRMS. “MCCPs” were detected in horizons that were estimated to have been deposited in
the late 1950s in both locations. Surface concentrations were 20.3 pg/kg dw in waters around Hong Kong SAR, and
7.9 and 29.3 pg/kg dw in the cores (2—4 cm) from Tokyo Bay, although these represent different sampling times so
are not comparable. The maximum historic concentration in the cores were from the late 1980s: 180 ug/kg dw in the
cores from Tokyo Bay, and 7.3 pg/kg dw in the core from waters around Hong Kong SAR. Declines in both SCCPs
and “MCCP” concentrations were noted in Tokyo Bay from the 1990s to more recent periods, which were suggested
by the authors to reflect declining manufacture and use due to regulatory controls introduced in the early 2000s.
However, in both cores the concentration in the uppermost core slice are within an order of magnitude of the levels in
core slices from the previous 8 years. Recent trends in the core from waters around Hong Kong SAR cannot be
discerned due to the older core sampling date. At a congener level all four “MCCPs” carbon chain lengths (and Cls_10)
were detected and presented as summed total “MCCP” concentrations. From a figure in the supplementary
information, C14 was the most prevalent chain length (66.8—-79%), with the detection frequency for the remaining
chain lengths between 7.0 and 28.1%.

59. Zhang et al., (2019) took sediment cores from the deepest location of 9 lakes in China, including 2 located in
areas remote from industry (Lake Qinhgai and Lake Bosten, situated in the Tibetan Plateau and Mengxin lake regions
of north-western China were remote from areas of industry). Most cores were taken in 2006 and cover a period from
about 1930. Complementary surface sediment samples were taken in 2018 and 2019, together with four shallower
sediment cores taken between 2011 and 2019 from the non-remote lakes. All cores were analysed for CPs using
UPLC-QToFMS?? (analysis appears to have been performed in 2019). “MCCP” concentrations are presented as total
“MCCPs” based on summed congener level analysis. Graphically presented data indicate Cls_10 were detectable.
Concentrations were low or below 5.0 pg/kg dw (the limit of detection) until the 1970s, after which the lowest surface
“MCCP” concentrations (35 to 269 pg/kg dw) were observed in the remote lakes, with higher surface “MCCP”
concentrations in lakes near to larger cities and manufacturing industries (643 to 3 390 ug/kg dw. For the more
contemporary cores from non-remote lakes, “MCCP” concentrations in the top slice are similar to those in the slices
representing the early 1990s. The homologue profile of “MCCPs” was noted to be similar in nearly all lakes, with the
Cu4 chain length and the Cl; and Cls chlorination levels dominant. The authors indicate the distribution observed is
similar to CP-42, a commercial Chinese product. “MCCPs” as a proportion of overall detected CPs in the cores was
noted to be increasing, with SCCPs decreasing. Zhang et al., (2019) also proposed that the presence of CPs in the two
remote lakes (in cold areas at high elevations) could be the result of long-range atmospheric transport through cold
trapping and deposition.

60. “MCCPs” were detected at concentrations ranging from 400 to 1,200 ug/kg dw in sediment core layers
dating between 1972 and 1995, from Lake St. Francis, downstream of Cornwall, Ontario, Canada (Muir et al., 2002).
Based on the data, Canada (2008) estimated the half-life of “MCCPs” in sediments to be longer than 1 year.

61. In summary, measurable levels of “MCCPs” are present in deeper (older) sediment layers that are of the
same order of magnitude as levels in surface (recent) layers. This provides indirect evidence that the substance may be

19 Ultra-Performance Liquid Chromatography to Quadrupole Time-Of-Flight Mass Spectrometry.
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persistent in sediments over many years. It is acknowledged that degradation conditions (e.g., redox potential) will
vary with depth, and levels will also depend on the environmental emission at the time of deposition. Where congener
analysis was performed, all four carbon chain lengths were detected. Based on the above studies C14 was generally the
dominant chain length, with the chain length profile noted to align with commercial CP products in several papers. As
C14 appears to dominate commercial products, the preponderance of the detection C14 congeners in the field is likely
to be due to this, and does not imply any heightened persistence relative to other longer carbon chain congeners.

62. “MCCPs” have been detected to a limited extent in several studies analysing marine sediment collected in the
Acrctic. These are described in more detail in section 2.3.1.4.1. Detection of “MCCPs” at wastewater treatment plants
is summarised in section 2.3.1.3.

2.2.2.3 Persistence synthesis

63. The key data are the absence of transformation of a C14 chlorinated n-alkane, 50% CI wt. substance after
120 days in two sediments in an OECD TG 308 study (Unpublished, 2019¢ and 2019d; as described in Environment
Agency, 2019a). The absence of degradation at 120 days in the study suggests that it is very unlikely that significant
degradation would subsequently occur between 120 and 180 days. This hypothesis is supported by the sediment core
monitoring data, where levels of “MCCPs” in recently deposited horizons are of a similar order of magnitude to those
horizons in the same core which represent deposition from 8 or more years ago. While a modified screening
biodegradation test using Ci4 chlorinated n-alkane, 50% CI wt. indicated extensive biodegradation after 56 days, no
degradation occurred in the OECD TG 308 study using the same test substance. Since the simulation test is more
environmentally relevant, it is given the greatest weight in the assessment of persistence. The negligible degradation
rate in aerobic sediment may reflect a reduction in bioavailability caused by adsorption.

64. All of the “MCCPs” substances that were tested in the modified and enhanced ready tests (section 2.2.2.2.1)
and shown to be less degradable than Ci4 chlorinated n-alkane, 50% CI wit. are likely to therefore have similar or
longer sediment half-lives as the Ci14 (50% CI wt.) congener block. Given the predicted and observed trends in
physico-chemical properties (Table 3), it can be reasonably expected that Ci5-17 constituents with similar or higher
chlorine contents to Ci4 chlorinated n-alkane, 50% CI wt. will be equally or more adsorptive to sediment. They are
therefore likely to be equally or more persistent in sediment (i.e., the sediment half-lives will exceed 180 days). This
hypothesis is supported by the detection of all four relevant chain lengths in the older horizons of sediment cores
where congener level analysis was performed (e.g., ; Clg.51% CI wt. average Yuan et al., 2017; C14-17; 62% made up
of Clz_s Wu et al., 2020) (see UNEP/POPS/POPRC.18/INF/10). In several of these publications it is clear that Cus is
the dominant chain length often with Cl;_s the dominant congeners. In many of them Cls_ip are frequently detected
(lozza et al., 2008; Chen et al., 2011; Yuan et al., 2017; Zeng et al., 2017a; Zhang et al., 2019). Furthermore, where
the comparison was made, the chain length profile in the sediment cores is similar to commercial CPs - i.e., the
profile appears unchanged following emission, suggesting that degradation has not occurred.

65. “MCCPs” have also been detected in remote regions such as sediments in Lake Qinhgai and Lake Bosten in
China, and the Arctic (see UNEP/POPS/POPRC.18/INF/10). Such detection far away from point sources suggests that
the “MCCPs” can persist following deposition as a result of long-range environmental transport. Further supporting
data from surface sediment sampling is provided in section 2.3.1.4.

66. Cu4 chlorinated n-alkanes with a low chlorine content (<45% Cl1 wt.) are readily biodegradable based on the
available measured data. In contrast, a C14-17 chlorinated n-alkane, 45.5% CI wt. was not readily biodegradable
although there was extensive mineralisation (51%) after 28 days. It is possible that adsorption could cause these
substances to have longer sediment half-lives than expected, but no robust data are available to allow a conclusion to
be drawn.

67. It is acknowledged that the OECD TG 308 study using a C14 chlorinated n-alkane, 50% CI wt. (equivalent to
35.32-72.98% CI wt), with congener specific analysis showed a degradation half-lives > 180 days. However, there are
considered to be uncertainties regarding the conclusions that can be drawn for the analysis of congeners with <Cls
atoms in this study. These are the analytical issues described in 2.2.1, and the low proportion of these congeners
present in the 50% CI wit. test substance that was used.

68. For UVCB substances, there could be uncertainties regarding degradation as it is possible that persistent
constituents might be present in the <45% CI wt. fraction used in the screening studies. Additionally, the contribution
of the different congeners to the overall degradation is unknown, and information regarding the congener specific
composition of the test substance is lacking. However, the high level of mineralisation (as the OECD criteria for ready
biodegradation was met) attained in these specific screening studies suggests that the concentration of any potentially
persistent constituents present is likely to be low.

69. Given that the readily biodegradable test results for two specific tested Ci4 substances would meet the OECD
definition of “readily biodegradable”, chain lengths below 45% C1 wt. are excluded from this proposal.

70. Overall, the half-life for sediment is assessed to exceed 180 days for all C14-17 chain lengths with chlorination
levels >45% Cl wt.
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2.2.3 Bioaccumulation

2.2.3.1 Screening information

71. As shown in Table 3, the constituents of CPs with Ci417 chain lengths have a range of log Kow values, but
all measured and predicted values exceed 5. Ci4 chlorinated n-alkane, 50% CI wt. has a reliable measured log Kow of
6.6. Hilger et al., (2011a) determined a range of measured log Kow values between 5.56 and 8.68 for C1416 chain
lengths with different chlorination levels. This used an HPLC method (indirect method for the determination of
logKow) identical to OECD TG 117, which allowed for an analysis across the range of “MCCPs”, with log Kow
results all exceeding 5, further details of the study are available in document UNEP/POPS/POPRC.18/INF/10.
Predictions of log Kow using COSMOtherm and ACD/Labs software show good agreement with the available
measured data (Glige et al., 2013; Endo, 2021; ECHA, 2021a; Gawor and Wania, 2013). In comparison, predictions
of physico-chemical properties using EPIWIN™2 provide poorer agreement? (Glige et al., 2013; Environment
Agency, 2019a). The predictions indicate that log Kow values are relatively independent of chlorine content for a
given carbon chain length, up to a chlorine content of 55% CI wt. Log Kow is likely to increase with chlorine content
above 55% CI wt. for a given chain length. In other words, there is little change in log Kow values from Cl; to around
Cls, and then an increase above this level of chlorination. Log Kow also increases with increasing carbon chain length.
Further details of predictions of log Kow for specific congeners using COSMOtherm can be found in document
UNEP/POPS/POPRC.18/INF/10.

72. According to OECD TG 117 It is preferable that the reference substances should be structurally related to
the test substance. The reference substances used in the study were aromatic (monopolar) compounds, and so are not
close structural analogues of chlorinated paraffins, which are apolar. The choice was made as there was a lack of
sufficient log Kow data of compounds with a structure similar to CPs. Nevertheless, OECD TG 117 further states If
data on the partition coefficients of structurally related substances are not available, a more general calibration,
established with other reference substances, may be used.

73. As further support to the results of the test, the log Kow of 6.58 measured in the recent GLP slow stir study
(OECD TG 123) for C14 50% CI wt. is comparable to the result reported by Hilger et al (2011) for C14 47% CI wt
(6.30).

74. Al Overall, the weight of evidence is that log Kow is greater than 5 for all constituents of CPs with C14-17
chain lengths with chlorination >45% using predicted and measured data. The values tested for Cis.17 chlorinated
paraffins with chlorination >45% are considered to be reliable with restrictions and this does not prevent a conclusion
being drawn from the tests.

2.2.3.2 Aguatic fish bioaccumulation studies

75. A reliable fish bioconcentration study with Rainbow Trout (Oncorhynchus mykiss) was conducted according
to OECD TG 305 and GLP using a **C radio-labelled Cy4 chlorinated n-alkane, 45% CI wt. product (Unpublished,
2010a and 2010b). This is detailed in Environment Agency (2010). The test used a single measured aquatic exposure
concentration of 0.34 pg/L during uptake, which was well below the water solubility limit. Dimethyl formamide was
used as a solvent (0.004 mL/L). The fish were exposed to the substance for 35 days followed by a 42-day depuration
period, under flow-through conditions. In follow-up analytical work, it was determined that around 79% of the
measured radioactivity was likely to be parent substance (Unpublished, 2010b). The remaining 21% was associated
with non-polar non-extractable metabolites. These were not further identified, and so it is not known whether these are
toxic or accumulative. For the purpose of the Risk Profile, the fish bioconcentration factor (BCF) is calculated using a
conservative assumption that all measured radioactivity is relevant. The growth-corrected and lipid-normalised kinetic
BCF is therefore 14 600 L/kg. If the apparent metabolites are ignored, the value would be around 11 530 L/kg for
parent substance alone. The study is assessed to be reliable without restriction based on regulatory assessment against
the test guideline.

76. A reliable fish dietary bioaccumulation test with Rainbow Trout (O. mykiss) was conducted according to
OECD TG 305 and GLP using a C14 chlorinated n-alkane, 50% CI wt. substance in a flow-through system
(Unpublished, 2019e and 2019f). This is detailed in Environment Agency (2019). A dosed treatment containing the
test substance at a nominal concentration of 15 jg/g, and a positive control treatment dosed with both a nominal 15
Kg/g of test substance plus 3 pg/g of hexachlorobenzene (HCB) were used. An uptake period of 14 days was followed
by 56 days of depuration during which the fish were fed non-dosed food. Chemical analysis was performed using
APCI-QToF-HRMS. The growth-corrected depuration half-life was 108.9 days and the growth-corrected and lipid-
normalised kinetic biomagnification factor (BMFkq.) was 0.468 (Unpublished, 2019e). For HCB (positive control),
the growth-corrected depuration half-life was 26 days and the BMFgq was 1.41. The study is assessed to be reliable

20 Estimation Programs Interface Suite™ for Microsoft® Windows, v 4.11. United States Environmental
Protection Agency, Washington, DC, USA.

21 Based on log Kow values for 29 “MCCPs” congener groups using COSMOtherm and EPISuite™.
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without restrictions based on regulatory assessment against the test guideline. As shown in Environment Agency
(2019a), using the measured depuration half-life and each of the 15 uptake (ki) models within the OECD TG 305 BCF
estimation tool (OECD 2017a), the BCF significantly exceeds 5,000 L/kg in this study in all cases.

77. Several more studies provide information about fish bioaccumulation for other relevant constituents, which
are described below and summarised in Table . These are assessed to be of lower reliability (discussed below) than the
two studies summarised above, but still provide useful information.

Table 7. Results of additional fish bioaccumulation tests considered to be supporting studies

Carbon chain length
% CI wt.
Cus Cis Cie Cu Cas!
>5,000 L/kg
<40 Fisk et al., 1996*
40-45
>5,000 L/kg
4550 >_5,000 L/kg Fisk et al., 2000%
Fisk et al.,
1998b* 2,072 L/kg*
50-55 Thompson et al.,
2000
>5,000 L/kg
55-65 Fisk et al.,
2000#
>5,000 L/kg
>
65 Fisk et al., 1996*

Note: * Not lipid corrected. # Extrapolated from a dietary test. T Not a constituent of “MCCPs” but provides an upper boundary.

78. The bioaccumulation of a Cys chlorinated n-alkane, 51% CI wt. substance in Rainbow Trout (O. mykiss) was
measured by Thompson et al., (2000). This was a GLP study performed according to OECD TG 305. It used flow-
through exposure and a *C radiolabelled test substance. Two test concentrations (nominally 1 pg/L and 5 pg/L) were
used, although the higher concentration was considered to have exceeded the water solubility limit as lower BCF
values were determined. Fish lipid content was not measured so lipid normalisation is not possible. BCF values were
calculated based on total radioactivity in fish and mean-measured water concentrations. The growth-corrected kinetic
BCF for the low concentration was 2 072 L/kg, and the growth corrected depuration half-life was 29 days. While the
BCF value is significantly lower than for a lower chlorine content C14 substance, the depuration half-life suggests
significant concern for bioaccumulation (a depuration half-life around 8 to 10 days is indicative of a lipid-normalised
and growth-corrected BCF above 5,000 L/kg according to the analysis in Environment Agency (2012) and discussed
in OECD (2017b)). The apparent and unexplained disparity between BCF value and depuration half-life indicates that
the test results should be treated with caution. It is considered to be a supporting study.

79. Fisk et al., (1996, 1998b and 2000) performed a series of fish dietary bioaccumulation studies using Rainbow
Trout (O. mykiss) from which BCF values can be derived using the OECD estimation tool (OECD, 2017a). These
used Cia (in two separate studies), Cis and Cig chain lengths with varying chlorination levels, and several SCCP chain
lengths, some of which were run together in the same experiment. The test substances were specifically synthesised
and had chlorine atoms on the terminal carbon atoms (which could have affected metabolic potential). The tests were
not conducted to a standard test guideline or GLP, and key information to validate the studies run in 1996 and 1998 is
not available; mortality was also observed in one of the studies. There is therefore uncertainty regarding the reliability
of these studies. The issues are discussed in more detail in document UNEP/POPS/POPRC.18/INF/10. The results
from the studies indicate that depuration half-lives were between 29 and 91 days, with estimated BCF values
exceeding 5,000 L/kg for all constituents. As described above, depuration half-lives this long are indicative of BCF
values above 5,000 L/kg. The Cig result suggests that a similar result would have been seen if a Cq7 constituent had
been tested. The findings of Fisk et al., (1998) using C14 42-53% CI wt. constituents are consistent with the results of
the two reliable fish bioaccumulation studies (Unpublished, 2010a/b; and Unpublished, 2019e/f) that cover similar
levels of chlorination for the same Ci4 chain length. This provides some confidence that the methodology used by Fisk
et al., (1996, 1998b and 2000) gave results that are broadly comparable to more recent bioaccumulation studies, and
so the bioaccumulation results for other chlorination levels or carbon chain lengths measured in the Fisk et al., (1996,
1998b and 2000) studies and described in the previous paragraph are useable.
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80. Collectively the four laboratory studies (Fisk et al., (1996, 1998b and 2000) and Thompson et al., (2000))
indicate that constituents with carbon chains longer than C14 may have significant bioaccumulation potential in fish,
but this cannot currently be confirmed definitively based on laboratory data alone. They are considered to be
supporting studies.

81. The results of an analysis using the BAT v2.0 tool have been provided (CPIA, Annex E submission). This
provides a review and interpretation of nearly all of the available laboratory bioaccumulation data and one of the field
biomagnification studies, together with several in silico models. The BAT report does not provide any new
experimental data, and the main technical points raised for the existing measured data are already discussed in
Environment Agency (2019a) and this Risk Profile. The weight-of-evidence approach concluded that 82% of the
reliable measured data indicated that “MCCPs” were not bioaccumulative. However, this is based on a single study
(Houde et al., 2008; detailed in document UNEP/POPS/POPRC.18/INF/10) and predicted data for 88% of the overall
evidence base, which is not considered to provide a reasonable reflection of the available data. The fugacity ratio
concept included in the output has not been recognised or validated for regulatory purposes within the UK or EU.
Therefore, the BAT report is not discussed further in this document.

2.2.3.3 Other aquatic taxa of potential concern

82. Castro et al., (2019) assessed a number of commercial CP products including a Ci31 chlorinated n-alkane
(45% CI wt.) substance in a non-standard, non-GLP laboratory bioaccumulation study using the water flea Daphnia
magna. The test used a passive dosing system with CP substances loaded onto the silicone at 1 mg CP/g silicone. Five
replicates were used for each treatment (with sufficient numbers to allow 35 daphnids per replicate to be sampled
during uptake and depuration), and exposure conditions were in accordance with OECD TG 202. The <24-h old
juvenile daphnids were exposed to CPs for 48 hours (uptake) followed by a 24-h depuration phase. Although the
exposure time was relatively short, previous investigations by the authors indicated the system equilibrated within 24
hours in a passive dosing system for CPs. The BCF was calculated from the ratio of the concentration in daphnids
exposed via water alone to a single measured water concentration that was made in the absence of the organisms. A
BAF was also calculated for daphnids exposed via both water and food from concentrations measured at the end of
each phase. ECHA (2021a) and ECHA (2022¢) address several uncertainties discussed in Environment Agency
(2019) and consequently the study is considered to provide supporting information. The issues are detailed in
document UNEP/POPS/POPRC.18/INF/10. Congener level chemical analysis was made using APCI-QTOF-MS. The
study author has indicated that this analysis should be treated as semi-quantitative as the method does not allow for
quantification of single congeners (Pers. Comm., 2021). Comparison of the congener fingerprints in the test material
and the Daphnia show that these are visually analogous, with exception at the extremes of chlorination (e.g., Cl.and
Clg). This indicates a proportional accumulation for C14-17 chain lengths (e.g., no data indicated a disproportional or
preferential accumulation of individual chain lengths). ECHA (2021a) presented a water content corrected BCF of
around 50 000 L/kg ww (the original data are presented in terms of dry weight).

83. Three further tests also suggest significant bioaccumulation of Ci417 CPs in aquatic invertebrates (the
sediment worm Lumbriculus variegatus and Blue mussel Mytilus edulis) (Renberg et al., (1986), Madeley &
Thompson (1983), Fisk et al., (1998a)). Due to methodological issues (discussed in document
UNEP/POPS/POPRC.18/INF/10), the studies are not considered sufficiently reliable to support the proposal, but they
do indicate a concern that other aquatic taxa besides fish and Daphnia may experience high bioaccumulation of CPs
with Ci417 chain lengths.

84. In summary, laboratory bioaccumulation studies using fish indicate high levels of bioaccumulation for
different constituents of CPs with Ci417 chain lengths. In particular, reliable aqueous and dietary exposure studies for
Cu4 chain lengths with chlorine contents in the range 45-50% CI wt. have measured or extrapolated BCF values above
5,000 L/kg. Several other supporting fish bioaccumulation studies that were not performed to current test guidelines,
nor to such a high standard as the modern tests for Ci4, suggest BCF values ranging from around 2 000 L/kg to above
5,000 L/kg for carbon chains longer than Ci14. A non-GLP, non-guideline laboratory bioaccumulation study using
Daphnia magna reported a very high BCF value for a Ci13-1s 45% Cl wt. substance. Other available laboratory
bioaccumulation data for invertebrates are less reliable but support the concern that high bioaccumulation is unlikely
to be limited to fish.

2.2.3.4 Field biomagnification and monitoring studies

85. Yuan et al., (2019) analysed for CPs with a chain length up to Cs in the Swedish environment using APCI-
QToF-MS. In the marine food web, concentrations of C14-17 congeners from tissue samples of White-tailed Sea-
eagles, Grey Seal, Harbour Seal and Harbour Porpoise (around 0.2 to 0.5 mg/kg lipid weight (Iw)) were generally
similar to or higher than those in Herring (around 0.03 to 0.44 mg/kg Iw). “MCCPs” were reported as summed
congeners, and the authors detected all four “MCCPs” chain lengths (chlorination levels detected varied from Cls up
to Clyp), including in top predators. Using data from Yuan et al., (2019), De Wit et al., (2020) estimated the
biomagnification potential for CPs where they were definitively measured in predator-prey species sourced from
identified spatial areas. Ratios of mean lipid weight concentrations of SCCPs, “MCCPs” and LCCPs for possible
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predator/prey pairings range from 1.5-5.0 for SCCPs, 0.40-3.1 for “MCCPs” and 0.90-3.3 for LCCPs. The highest
ratios for “MCCPs” were seen for Harbour Seal/Herring (2.4) and Sea Eagle/Guillemot pairs (3.1). Lower BMF
values for “MCCPs” were found in: Guillemot/Herring pairs (0.4), Sea Eagle/Eider pairs (1.1), Grey Seal/Herring
(1.4) and Harbour Porpoise/Herring pairs (1.8). These values should be considered with considerable caution as they
are based on tissue measurements which may not be representative of whole-body burdens, and small sample numbers
(just 2 samples in some cases). Also, the predators and their potential prey were not collected at the same sites or
times. In addition, the temporal trends of the CPs in the Baltic Sea are unknown. Taken together Yuan et al., (2019)
and De Wit et al., (2020) are considered to provide strong evidence that “MCCPs” constituents can accumulate in a
wide range of aquatic species and are found in tissues of organisms at the top of the food chain. However, further
contemporaneous data from biota within the same specific food webs and supporting stable isotope data would be
required to strengthen the evidence and confirm biomagnification between predator and prey species.

86. Du et al., (2019, 2020) analysed tissue from Black-spotted frogs and two shake species (terrestrial Short-
tailed Mamushi and the semi-aquatic Red-backed Rat Snake) sampled from the paddy fields of the Yangtze Delta
using APCI-QTOF-MS. Animals were sampled at the same times and place in 2011. All four “MCCPs” chain lengths
were detected in tissues with C14 the most abundant, and congener-specific analysis indicated uptake variation
between tissue types. Congeners were dominated by Cls_¢ isomers. Du et al., (2020) calculated mean BMF values for
“MCCPs” of 1.8 (maximum BMF 2.8) in the Black-spotted Frog — Red-backed Rat Snake food chain based on muscle
concentrations. Calculations of BMFs were from tissue specific concentrations (not whole body), and sample numbers
for the snakes were low. Measurement of *C and 8*N indicated that the two species were part of the same food
chain, but it is not possible to verify that the snakes exclusively ate frogs (in a different paper, Du et al., 2018
indicates that the Red-backed Rat Snake eats frogs, snails, small fish such as Pond Loach and eels). There is therefore
uncertainty in the reliability of the reported BMFs. Nevertheless, the study indicates the possibility of
biomagnification. Furthermore, the high concentrations (up to 14 mg/kg Iw) of “MCCPs” measured in tissues in
contaminated areas including those of predators indicate that the substance is bioavailable.

87. Huang et al., (2017) studied the bioaccumulation of SCCPs and “MCCPs” in biota from Liaodong Bay, north
China, by sampling 10 species of fish and 5 invertebrates (covering trophic levels between 2.31 and 3.81 based on
8°N) in 2014. Analysis was performed using 2D GC-HRMS. “MCCPs” were detected in all samples with the highest
and lowest concentrations measured in Turbot (mean 5,097 pg/kg Iw) and Mantis Shrimp (16.72 pg/kg Iw),
respectively. Congener profiles were dominated by C14 homologues (60.7-96.5%), followed by Cis (6.7-24.0%), Cis
and Cy7. “MCCPs” chain lengths were predominantly chlorinated with 7 to 9 atoms (90.1%). Bioaccumulation Factors
(BAFs) were not calculated for “MCCPs” as water concentrations were not available. Trophic Magnification Factors
(TMFs) for “MCCP” congeners (Ci4-17Cls.10) ranged from 0.23 to 2.92, but none were statistically significant (p <
0.05), and nearly all the plots had very low r? values. The SMCCPs TMF was similarly not significant. Around one
quarter of the SCCPs congener plots had r? >0.5 and TMFs above one (and were statistically significant). The TMF
for XSCCPs was not however statistically significant. The authors concluded that biomagnification of “MCCPs” in
fish was not occurring, but was for SCCPs. Given the limited number of fish samples at the higher trophic level (2-3
fish in several instances), absence of defined predator-prey relationships in the sampled biota (including for example
13C analysis), and the quality of the correlations for both substances, there is uncertainty associated with the
conclusions of the study. Overall, the biomagnification data are given a low weight in the assessment.

88. Zeng et al., (2017b) collected 4 mollusc species, 7 crustacean species, and 16 fish species from the
subtropical waters around Hong Kong SAR of the South China Sea and analysed these for “MCCPs”. These values
were then compared to average concentrations of the CPs in blubber from two cetacean species: Finless Porpoise
(mean 5.5 mg/kg Iw) and 3 Indo-Pacific Humpback Dolphins (mean 13 mg/kg Iw) sampled in the same year and
region and detailed in an earlier paper (Zeng et al., 2015) described in section 2.3.1.6.2. Biomagnification Factors
(BMFs) and TMFs were calculated using the fish muscle tissue, the mollusc soft tissue and the cetacean blubber
concentrations (all lipid weight normalised). Calculated BMF and TMF values exceed 1. While the concentrations in
the mammals are notably higher than the prey, there is considerable uncertainty for whether the mammals exclusively
consume these prey items in the sample area or would have also consumed prey from a wider — and possibly more
contaminated — area (for example the Dolphin is indicated to prefer feeding in brackish estuarine waters, which would
appear to be some distance from the prey sampling site). Further uncertainty results from the low sample numbers of
the predators; the use of a single pooled value for each predator in the TMF calculation; and the use of tissue rather
than whole body concentrations. Therefore, the BMF and TMF values are not considered to be reliable. Nevertheless,
the high average concentrations observed in the cetaceans’ blubber suggest the possibility of high bioaccumulation
resulting from exposure to “MCCPs”. Chain length level analysis indicated uptake of all four chain lengths in both
cetacean species, with Ci4 the most prevalent.

89. Harju et al., (2013) collected Ringed Seal plasma, Polar Bear plasma, Black-legged Kittiwake eggs,
Common Eider eggs, Glaucous Gull plasma and Atlantic Cod liver and whole Polar Cod from Svalbard (in the
Norwegian Arctic) and analysed these for CPs and several other contaminants using GC-HRMS. Samples were
collected in 2012 (except for the seal samples which were collected in 2010). Measured concentrations included 100—
740 pg/kg Iw (Seal plasma) and <LOD-600 pg/kg lw (Bear plasma). The estimated TMFs were 2.3 for SCCPs and
2.0 for “MCCPs”. The TMF for PBDE-47 in the study was 1.1. Due to the complex nature of SCCPs and “MCCPs”
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and variability between samples for a species, the authors indicate that a TMF > 1 can only be applied as an indication
for bioaccumulation of S/“MCCPs” (it is further noted that the r? coefficient for the concentration / trophic position
plot was 0.52 for SCCPs and 0.31 for “MCCPs”). The authors indicate that the tissues used have a much shorter turn-
over than their preferred muscle tissue, which is longer. The use of tissue, particularly different tissues, rather than
whole body concentrations also causes uncertainty, as does the unknown temporal variability of the sampling (not just
the seals). Overall, there is uncertainty in the derived TMF values, which are assigned a low weight for this
assessment.

90. Several other older field monitoring studies, including Houde et al., (2008), are detailed in document
UNEP/POPS/POPRC.18/INF/10.

2.2.3.5 Terrestrial organisms

91. An earthworm-soil accumulation factor of 2.4 for adults and 2.3 for juveniles was determined for a Cis
chlorinated n-alkane, 51% CIl wt. in a 56-day study using Eisenia fetida (Thompson et al., 2001). This is assessed to
be reliable with restrictions.

92. Liu et al., (2020) studied the biomagnification of “MCCPs” in a terrestrial food web covering 7 species of
insects, 2 amphibians, 1 lizard and several insectivorous birds. Biota were sampled over 14 months across an area
where e-waste recycling and farming were taking place in Guangdong Province, south China. “MCCPs” were
analysed using GC-MS-ECNI. Congener level analysis covering Ci4-17 and Cls_1o detected all congeners in all
organisms, with C14Cl7_g the most abundant “MCCPs” homologues. The calculated TMF for the insect —
amphibian/lizard food chain for the sum of “MCCPs” was 2.45. A significant, positive correlation was noted between
5'°N and the percentage chlorination of “MCCPs”. This suggests that higher biomagnification potential was linked to
higher levels of chlorination. The paper provides evidence that the amphibians were in the same food chain as the
insects. However, the numbers of amphibians and lizards sampled are low compared to the number of insects, BMFs
were calculated from predator muscle tissue but insect whole body, sampling took place at different times over more
than one year, and the range of trophic levels occupied by single predator species (1.7 to 3.8) was higher than
expected (so birds were excluded from the TMF calculations). There is therefore uncertainty in the derived TMF
values, which are assigned a low weight for this assessment.

93. Several other studies have indicated that “MCCPs” can undergo maternal transfer to birds’ eggs, which
represent a sensitive life stage (species include Common Eider (Green et al., 2018); Tawny Owl (Heimstad et al.,
2018 & 2020); Common Eider, Guillemot, White-tailed Sea-eagle, Common Kestrel and Tawny Owl (Yuan et al.,
2019); and Herring Gull (Ruus et al., 2018)). The highest reported concentration was 0.135 mg/kg wet weight (ww).
Eggs collected from free range chickens living in the vicinity of a former Chinese e-waste recycling plant had
“MCCP” concentrations between 0.125 and 91.1 mg/kg Iw, with median values around of 1 mg/kg lw (Zeng et al.,
2018).

2.2.3.6 Mammalian data relevant to bioaccumulation

94, Laboratory data for mammals using rats were assessed in EC (2007). Mammalian studies using radiolabelled
“MCCPs” have shown that absorption following oral exposure is significant (probably at least 50% of the
administered dose; however, the concentration reached in the organism is generally lower than that in food).
Following absorption there is an initial preferential distribution of the radiolabel to tissues of high metabolic
turnover/cellular proliferation. Subsequently there is a re-distribution of radiolabel to fatty tissues where half-lives of
up to 8 weeks have been determined for abdominal fat. Of special interest is the study by CXR Biosciences Ltd
(2005a) that found that a steady-state concentration in white adipose tissue was reached after approximately 13
weeks’ dietary exposure. The elimination from this tissue was found to be biphasic with an initial half-life of 4 weeks
followed by a markedly slower second phase with a terminal half-life of approximately 43 weeks.

95. Dong et al., (2020) extrapolated results from a rat physiologically-based pharmacokinetic (PBPK) model to a
human PBPK model. Based on a comparison of volumes of distribution and half-lives, CPs were predicted to
accumulate in the liver and fat. The authors estimated the half-life of “MCCPs” in humans to be 1.2 years, which is
much longer than in rats above.

96. Human biomonitoring is summarised in section 2.3.2. This includes multiple studies detecting “MCCPs” in
breast milk and other tissues such as blood.

97. The toxicokinetics of CPs as a group is discussed in a recent review by Darnerud and Bergman (2022).
Specific conclusions are presented on “MCCPs” alone for absorption only. “MCCPs” are absorbed from the gastro-
intestinal tract and probably also from the lungs. Absorbed CPs are widely distributed. CPs are metabolised in the
liver and excreted mainly via the bile and faeces. Some elimination also occurs via breast milk.
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2.2.3.7 Other data relevant to bioaccumulation

98. As described in section 2.3.4, a number of environmental monitoring studies provide chemical analysis for
“MCCPs” at a congener level. Where this relates to either environmental matrices such as sediment and soil, or at
emission points such as wastewater treatment plants, the shorter “MCCPs” chain lengths predominate, particularly
Cu4. The biota monitoring where congener level information is available shows a similar pattern. Gluge et al., (2018)
noted that C14Cl7_g was the most prevalent in environmental samples and the most prevalent congeners in the CP-52
commercial samples that they analysed. Xia et al., (2021) also noted the prevalence of C14 congeners in both the
commercial products and air-borne particulate matter, sediment, food, and human tissue monitoring. The authors
determined a close correlation between the congener profiles of environmental and biota samples, and two CP-52
commercial samples to identify these as the likely sources based on a principal component analysis.

2.2.3.8 Bioaccumulation synthesis

99. The constituents of CPs with Ci4-17 chain lengths have a range of log Kow values, but all measured values
exceed 5 (Hilger et al., 2011). Predicted data, which align well with the measured congener level information, indicate
all chain lengths will have log Kow values exceeding 5.

100. Two reliable fish bioaccumulation studies (Unpublished, 2010a and b; Unpublished 2019e and f) conducted
according to OECD TG 305 and to GLP show that a C14 chlorinated n-alkane, 45% CI wt. product has a measured
BCF value significantly in excess of 5,000 L/kg in Rainbow Trout, and that a C14 chlorinated n-alkane, 50% CI wt.
substance has a calculated BCF from dietary exposure significantly in excess of 5,000 L/kg.

101. Supporting laboratory evidence indicates that there is likely to be a high bioaccumulation potential in fish for
CPs with chain lengths longer than Ci4 (Fisk et al., 1996, 1998b, and 2000; Thompson et al., 2000). These data are
from an aqueous exposure test performed with a Cis chlorinated n-alkane, 51% CI wt. substance and a series of
dietary bioaccumulation studies using Ci4, C16 and Cyg chain lengths with different levels of chlorination. The dietary
studies are of unknown reliability, but measured and estimated BCF values range from around 2 000 L/kg to above
5,000 L/kg. Additionally, all substances had long depuration half-lives which are consistent with a BCF exceeding
5,000 L/kg. Further supporting evidence is provided by the very high BCF value determined in a laboratory
bioaccumulation study using Daphnia magna for a Ci13-15 45% CI wt. substance. Other available invertebrate
laboratory bioaccumulation data are less reliable but provide some supporting evidence that other taxonomic groups
might bioaccumulate C14-17 CPs significantly. As described in section 2.2.3.3, these invertebrate studies are of lower
reliability than the fish studies, and are therefore considered to carry a lower weight in this assessment. There are eight
available field bioaccumulation studies where calculated BMFs or TMFs were both above and below 1 (Houde et al.,
2008; Yuan et al., 2019; de Wit et al., 2020; Du et al., 2020; Liu et al., 2020; Zeng et al., 2017b; Harju et al., 2013).
All of these have major methodological limitations (particularly limited sample numbers, use of samples collected at
different times, and reliance on single tissue concentrations), which affects their reliability. Nevertheless, while the
food chain data are not definitive in terms of demonstrating a high bioaccumulation potential, they show that
“MCCPs” are bioavailable, and can accumulate throughout the food chain, including in top predators.

102. Aquatic and terrestrial biota monitoring evidence is summarised in section 2.3.1.6. Despite the general
uncertainty in the available data due to the analytical challenges described elsewhere, CPs with Ci14-17 chain lengths
are present in a wide range of organisms living and feeding in locations that are close to input sources (i.e., industrial
and urban areas), including at sensitive life stages such as birds’ eggs. Biota concentrations can exceed 1 mg/kg Iw in
contaminated areas, for example 14 mg/kg Iw in Chinese snake species. Whilst more limited in number, “MCCPs”
have also been detected in samples from remote regions, including the Arctic, as well as in top predators. Only limited
information is available on the actual carbon chain length distribution and chlorine contents of “MCCPs” detected in
most environmental samples, although advances in analytical methodologies have meant that this has been
increasingly possible in more recent studies. Ci4 chain lengths are frequently the predominant constituents of
“MCCPs” when more detailed information is available for biota, although Cis, C16 and C17 chain lengths are also
detected. The Ci4 chain length is a significant constituent of commercial product types in Europe and the USA. The
pattern is less certain in the Asian products such as from China, nevertheless in Chinese soil and sediment, the C14
does appear to predominate. Where the observed congener patterns in biota are available, these are similar to the
congener patterns found in either commercial products or environmental matrices (i.e., there appears to be little
relative enrichment of one congener compared to others). This suggests that the bioaccumulation behaviour of the Cis-
17 chains is likely to be similar to Ca4. There is good evidence that C14 CPs bioaccumulate significantly in fish in the
laboratory, and so based on the biota measurements, it is reasonable to expect that the higher chain lengths could
exhibit similar levels of bioaccumulation. This hypothesis is supported by the Fisk et al., (1996, 1998 and 2000) fish
dietary bioaccumulation studies, and the invertebrate bioaccumulation study of Castro et al., (2019), where high levels
of bioaccumulation of the longer chain lengths were observed in laboratory animals (although the studies themselves
are of unknown or lower reliability).

103. “MCCPs” have been shown to have relatively long elimination or depuration half-lives in fish and mammals.
The substance is estimated to have a half-life in humans of 1.2 years based on PBPK modelling (Dong et al., 2020).
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The study parameterised a human PBPK model based on experimental data derived from a rat study as well as human
dietary exposure data.

104. Overall, there is good evidence from screening data, laboratory tests and field biomonitoring data that all
chain lengths meet the bioaccumulation criteria of the Convention.

2.2.4 Potential for long-range environmental transport

2.2.4.1 Atmospheric half-life

105. No measured atmospheric half-lives are available for CPs with Ci4-17 chain lengths. AOPWIN v1.9222 has
been used to make predictions of the hydroxyl radical rate constant (Kow) to estimate atmospheric half-lives. The
model is based on a training set of 667 organic chemicals, of which 1-chlorohexane is the closest analogue to the
chlorinated Ci4 17 Structures. Using a hydroxyl radical concentration of 5 x 105 OH/cm?® (ECHA, 2016),2 atmospheric
half-lives for 14 representative constituents of “MCCPs” covering all chain lengths with >45% CI wt. were estimated
from the predicted kon. The various half-lives ranged from 37 to 140 hours, as detailed in document
UNEP/POPS/POPRC.18/INF/10. These estimates should be treated with caution, as the closest chlorinated alkane in
the model training set is a Cs alkyl substance with a single chlorine atom, and there are no measured data with which
to directly compare the current estimates. For a given chain length, increasing the chlorination level increases the half-
life whereas for a given chlorination level increasing the chain length will decrease the half-life, due to fewer or more
C-H bonds for reaction with the hydroxyl radicals, respectively. The same pattern can also be seen in the half-lives for
SCCPs (UNEP, 2015). The high adsorption of CPs to atmospheric particles at low temperatures, typical of conditions
at high latitudes, may also limit the atmospheric oxidation pathway and increase the half-life.

106. Li et al., (2014) investigated the relationship between measured and predicted (AOPWIN v1.92) hydroxyl
rate constant values in SCCPs, which indicated under-prediction of atmospheric half-life particularly for higher
chlorination levels. The work is detailed in document UNEP/POPS/POPRC.18/INF/10, but the comparison suggests
that AOPWIN v1.92 may under-predict atmospheric half-life values for “MCCP” congeners.

2.2.4.2 Modelling of long-range environmental transport

107. The OECD Pov & LRTP Screening Tool (OECD, 2006) has been used to estimate the long-range transport
potential (LRTP) of a representative range of Cis, C1s, C16 and Cy7 constituents of “MCCPs” with differing degrees of
chlorination. The input parameters use log Kaw, 10g Kow and log Koa values predicted by COSMOtherm (Gliige,
Pers. Comm., 2021 & 2022), and environmental fate values predicted by EPISuite™, including the predicted
atmospheric half-lives described in the previous section. These are all detailed in document
UNEP/POPS/POPRC.18/INF/10.

108. The results from the OECD Screening Tool for the 14 constituents show that the Characteristic Travel
Distance (CTD) and Transfer Efficiency (TE %) increases with percentage chlorination of the constituents (~40% to
~67%) with a predicted TE % ranging between 1% and 13% for most of the constituents. CTD and TE % also
increase with increasing carbon chain length, with the most heavily chlorinated longest carbon chain length
constituents having the largest predicted LRTP. More details are provided in document
UNEP/POPS/POPRC.18/INF/10.

109. For further comparative and sensitivity considerations, the results of four constituents illustrating the lower
and higher end of the LRET range (and terminal and non-terminal chlorination patterns) are shown in Table 8 and
discussed below.

110. To provide a comparison, data for SCCPs (which is already listed as a POP) have also been considered.
SCCPs with >48% CI wt. were the focus of the Risk Profile (UNEP, 2015). The LRTP modelling for this substance
(referred to as “SCCP 5 below) used an atmospheric half-life value of 88.8 hours (Wegmann et al., 2007), although
the specific congener modelled is not stated. Two further SCCP constituents have been modelled, with a chlorination
level of 61%, which is considered to be representative of the typical 50% to 70% chlorination levels used for most
commercial SCCP products (the input parameters are provided in document UNEP/POPS/POPRC.18/INF/10). The
input parameters for these constituents rely on physico-chemical values derived using COSMOtherm and atmospheric
half-life values predicted by EPISuite™.

22 Estimation Programs Interface Suite™ for Microsoft® Windows, v 4.11. United States Environmental
Protection Agency, Washington, DC, USA.

23 The value used is taken from ECHA (2016), rather than the hydroxyl concentration used within the AOPWIN
model. The selected value (5x105 OH/cm?®) may not be typical of northern latitudes since hydroxyl radical
concentrations decline with latitude.
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Table 8. Predictions from the OECD Screening Tool for four representative “MCCP” constituents

Cus constituent (52.6% Cl wt.) Cu7 constituent (51.6% CI wt.)
B fstions Non—terminal Terminal Non—terminal Termi_nal
chlorine chlorine chlorine chlorine
(MCCP-1) (MCCP-2) (MCCP-3) (MCCP-4)
Characteristic Travel Distance
(CTD) (km) 1,603 1,466 2,826 2,821
Transfer Efficiency (TE) (%) 3.95 3.10 12.41 12.39
Overall persistence, Pov (days) 518 518 519 519

111. Similar to the “MCCPs” modelling, the SCCP congeners are modelled with both terminal and no terminal
chlorine atoms. These four constituents have predicted atmospheric half-lives between 84.7 and 144.3 hours. All five
SCCP constituents have been run in the OECD Poyv & LRTP Screening Tool together with the four “MCCPs”
constituents. These results together with those for other available POP reference chemicals in the database (aldrin, o-
HCH, HCB, PCB-28, PCB-101 and PCB-180) are shown in Figure 2. Figure 3 provides a zoomed extract of Figure 2
to show the CP positions. These indicate that the LRTP of “MCCPs” is similar to, but slightly less than, SCCPs.
Given the lower atmospheric half-life predicted for the C14 and Ci7 constituents compared to SCCPs, this position is
not surprising.

112. As noted in section 2.2.3.1 COSMOtherm is preferred to EPISuite™ to predict physico-chemical values for
CPs. A sensitivity analysis between the use of EPI1Suite™ and COSMOtherm physico-chemical values to model the
LRET is provided in document UNEP/POPS/POPRC.18/INF/10.
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Figure 2. Output plots of CTD and TE for 4 “MCCP” and 5 SCCP constituents (within orange circle) (derived
using inputs from COSMOtherm)
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Figure 3. Output plots for CTD and TE for 4 “MCCP” and 5 SCCP constituents (expanded view of Figure 2,
with labelled constituents) (derived using inputs from COSMOtherm)
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113. The high Kow and low vapour pressure values of “MCCPs” suggests that it will strongly partition to organic
matter, including adsorption into and onto aerosol particles in air, as well as to suspended solids in water. Long-range
transport of CPs with Ci4-17 chain lengths to remote regions is likely to be governed by the relative proportions present
in the gaseous and particulate-sorbed phases with subsequent deposition to soil, vegetation and water when conditions
permit. CPs with C14-17 chain lengths are also likely to be transported via water while adsorbed to suspended particles.
In relation to atmospheric LRET, sorption to particulates reduces the potential for photodegradation during
atmospheric transport relative to the gaseous phase. COSMOtherm predictions by Endo (2021) shows that Koa, and
hence sorption to particles, increases with both increasing chlorination and increasing carbon chain length (see
discussion in document UNEP/POPS/POPRC.18/INF/10). The high log Koa value suggests that the proportion of CPs
with Ci4-17 chain lengths present in the gas phase is very low. As COSMOtherm estimates higher log Koa values than
EPISuite™ based on the respective predicted physico-chemical parameters, the OECD Screening Tool predicts a very
high binding potential to particles for C1417 chain lengths compared to EPISuite™ (refer to document
UNEP/POPS/POPRC.18/INF/10, which results in the greater LRET predicted by COSMOtherm values).

114, A final consideration is the fraction sorbed to airborne particulates (phi) predicted within the OECD
Screening Tool itself, which affects the LRET modelling using EPISuite™ physico-chemical values. The OECD
Screening Tool predicts the fraction in aerosols in air to be between 0.73% and 33% for C14-17 chain lengths at ~52%
Cl wt., 0.04% to 2.1% at ~42% CI wt. and 75% to 100% at ~66% CI wt. respectively when using physico-chemical
values from EPISuite™. The AEROWIN v1.0 model (also within EPISuite™) has three methods for estimating phi
from the predicted substance properties. Using the same physico-chemical properties, the phi values predicted by
AEROWIN v1.0 for CPs with C14.17 chain lengths at ~52% CI wt. (1.68% to 63.8%) are higher than predicted by the
OECD Tool for C14-17 chain lengths at ~52% Cl wt. and this trend is repeated for the other levels of chlorination. This
implies that a lower proportion of the CPs with C14-17 chain lengths may be available for degradation in air than is
predicted by the OECD Tool and therefore the long-range transport potential in air is potentially underestimated.
Little effect of changing phi is seen when using the COSMOtherm values due to the already high particle sorption. Phi
values for “MCCPs” and SCCPs are discussed further in document UNEP/POPS/POPRC.18/INF/10.

115. The absence of degradation in the OECD TG 308 study could be a result of strong binding to the sediment
phase, and consequent lack of bioavailability. This adsorption would also then suggest the level of gaseous
partitioning may be over-estimated by the OECD tool. Jiang et al., (2021) indicate that “MCCPs” detected in
Antarctica were present as 72.1% gas phase and 27.9% in the particle phase (based on 3 commercial products with
42%, 52% and 57% CI wt. as the analytical standards). Greater partitioning of higher molecular weight CPs was
shown by Al Saify et al., (2021) in air sampling development work using the same analytical standards, where
“MCCPs” in the gaseous phase was exclusively 42% CI wt., whereas more than half of the particle-bound “MCCPs”
was composed of congeners with 52 to 57% CI wt.

116. Gawor and Wania (2013) analysed predictions of log Kaw and log Koa for a number of complex halogenated
chemical mixtures, including CPs, to forecast their LRET. They suggest that substances with a log Koa between 6.5
and 10 are “multiple hoppers” (which undergo repeated cycles of deposition and re-evaporation to reach higher
latitudes). Substances with log Koa >10 are likely to be “single hoppers” (sorbed to aerosols, which would need to
undergo LRET without being deposited along the way in order to accumulate in remote locations like the Arctic).
They expect “MCCPs” with around 4 to >6 chlorine atoms would be single hoppers based on the authors’ prediction
of log Koa >10 (estimated using ACD/Labs software). Using experimental data (see UNEP/POPS/POPRC.18/INF/10,
Table 7) for the C14, 51% CI wt. constituent, a log Koa of 8.58 can be estimated. This suggests that the Koa predicted
by ACD/Labs is over-estimated for “MCCPs”, and that the C14 constituent would be a multiple hopper. Gawor and
Wania (2013) concluded that “MCCPs” with ~5-6 and ~6-7 chlorine atoms, respectively, were predicted to have the
highest LRET potential (see UNEP/POPS/POPRC.18/INF/10).

117.  The long-range atmospheric transport potential for CPs with C14-17 chain lengths has also been assessed by
Canada (2008). They concluded that the atmospheric half-lives for vapour phase “MCCPs” ranged from 2.7 to 7.1
days (64.8 to 170.4 hours). Canada (2008) further concluded that “MCCPs” have estimated vapour pressures and
Henry’s Law constants in the range of values for several POPs that are known to undergo long-range atmospheric
transport, such as lindane, heptachlor and mirex.

2.2.4.3 Air monitoring data

118. Several monitoring studies have reported the detection of “MCCPs” in the air of remote areas such as the
Acrctic (Svalbard and Finland), Antarctic and the high-altitude Tibetan Plateau, which provides evidence that long-
range transport occurs (Bohlin-Nizzetto et al., 2014, 2015, 2017, 2018, 2019, 2020; Bohlin-Nizzetto & Aas, 2016;
Jiang et al., 2021; Ma et al., 2014; Wu et al., 2019; Schlabach et al., 2022). These are summarised in document
UNEP/POPS/POPRC.18/INF/10. Concentrations in Antarctica (~10 pg/m®) were lower than those in the Arctic
(Svalbard) (~200 pg/mq). Higher concentrations were observed in the Tibetan Plateau than the Polar regions, although
the years that were monitored do not fully overlap. Congener-specific information indicated that in the Antarctic the
Cl;-g congeners were dominant in the particulate phase, with Cls—7 predominating in the gas phase (Jiang et al., 2021).
In the Tibetan Plateau, Wu et al., (2019) comment that the homologue profiles were similar to those in South China
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air and Beijing indoor air, and in accordance with the compositions of the major industrial CP products manufactured
in China.

119. The values observed at Svalbard between 2013 and 2019 by Bohlin-Nizzetto et al., (2020) were noted to be
similar to monitoring of rural air in Canada, but significantly lower than measurements in urban and rural sites in
China and India (see UNEP/POPS/POPRC.18/INF/10 for other air monitoring data). Furthermore, the levels of
“MCCPs” were generally an order of magnitude higher than the concentrations of most of the other studied POPs
(including polybrominated diphenyl ethers (PBDES) such as decabromodiphenyl ether), but 1 to 2 orders of
magnitude lower than concentrations of summed polyaromatic hydrocarbons (PAHS). Jiang et al., (2021) similarly
found that concentrations of “MCCPs” in the Antarctic exceeded those of PBDEs and polychlorinated biphenyls
(PCB).

120. Bohlin-Nizzetto et al., (2020) note that at Zeppelin in Svalbard, 42% of “MCCP” samples taken in 2019 had
higher or similar concentrations to SCCPs, which is different to previous years where <10% of “MCCP” values
exceeded SCCP concentrations. The trend continued in the 2020 sampling, where “MCCP” concentrations were
higher than SCCP concentrations in most samples, and an increasing trend in “MCCP” concentrations over the last
two years noted (Bohlin-Nizzetto et al., 2021).

121. Jiang et al., (2021) also record a significant increasing trend in the ratio of total “MCCPs” to total SCCPs
from 2014 to 2018 detected in both aerosol particle and gaseous phases in Antarctica, although “MCCP”
concentrations remain significantly below SCCPs. Wu et al., (2019) similarly note an increasing trend in their
measurements of “MCCPs” at the Tibetan Plateau, which was thought to reflect increasing production and use in
China.

122. Data from the Chinese Bohai Sea (Ma et al., 2018) provide further supporting evidence of the potential
mechanisms of LRET as the researchers detected “MCCPs” in air samples (both gaseous and particulate) and
seawater samples (both dissolved and particulates). Several studies summarised in section 2.3.1.6 detected “MCCPs”
in marine biota indicating exposure via sea water.

123.  According to Glige et al., (2018), “MCCP” concentrations in air measured in Asia and Europe are in the
same order of magnitude as SCCP concentrations measured at the same locations and points in time. “MCCP”
concentrations in air in the Arctic are, however, around one order of magnitude lower than the SCCP concentrations
which indicates a slightly lower long-range atmospheric transport potential of “MCCPs” compared with SCCPs
(Gluge et al., 2018). This observation aligns with monitoring data above, and the OECD model prediction for LRET
for “MCCPs” and SCCPs.

2.2.4.4 Other environmental monitoring data

124. Wuetal., (2020a) detected SCCPs and “MCCPs” in soil, pine needles, tree bark, lichen and moss in four
regions of the Tibetan plateau using GC-qTOF-NCI-MS. “MCCPs” were detected in all samples taken between 2010
and 2016. The mean concentration in soils was 2.4 mg/kg Total Organic Carbon (TOC), with levels in the biota
around 2 mg/kg lw. The dominant congener profiles in samples were noted to be similar to those detected in soils at
an e-waste dismantling site, and the Pearl River Delta in China. SCCPs were detected at marginally higher
concentrations than “MCCPs”, which was suggested to reflect a higher LRET of the substance, although there was a
temporal difference in sampling which could also influence the findings. Different air currents and sources were
thought to influence detection across the 700 000 km? sampling area. The same research group detected “MCCPs” in
air sampled from the Tibetan Plateau, described in section 2.2.4.3 above (Wu et al., 2019).

125. lozza et al., (2009a and 2009b) detected “MCCPs” at concentrations of between 0.0052 to 0.095 mg/kg in
spruce needles collected from 8 remote locations in the European Alps in October 2004. Samples were taken at
different altitudes of between 700 and 1 900 metres above sea level. C14 substances with 6 to 8 chlorine atoms per
molecule dominated, although 5, 9 and 10 chlorine atom substances (and substances with longer chain lengths) were
also detectable at a few percent relative abundance. Schlabach et al., (2022) detected “MCCPs” in pine needle
samples taken in Norway and Sweden from remote locations although there is uncertainty in the analytical
quantification. The findings of Wu et al., (2020a), lozza et al., (2009a and 2009b) and Schlabach et al., (2022) are
likely to reflect atmospheric deposition rather than plant uptake. This is supported by the detection of “MCCPs” in
urban tree bark and pine needles by Niu et al., (2021) and Wang et al., (2016), as summarised in document
UNEP/POPS/POPRC.18/INF/10.

126. Section 2.3.1.4.1 details the detection of “MCCPs” in Arctic sediment, specifically in surface marine
sediments from the Norwegian Sea, and to a more limited extent the Barents Sea, over several years (Bakke et al.,
2008; Boitsov and Klungsgyr, 2018; Boitsov et al., 2019). As there are no obvious significant local sources of
“MCCPs” in these locations this suggests detection of the substance is likely to have resulted from long-range
environmental transport. As described in section 2.3.1.6.1 several monitoring studies detect “MCCPs” in other
matrices and biota at remote locations. The biota studies include Reth et al., (2006), Harju et al., (2013), Green et al.,
(2018, 2019), Schlabach et al., (2018), and Casa et al., (2019). This indicates that “MCCPs” transported to remote
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locations is bioavailable to the biota living there. In several of the studies “MCCP” concentrations detected in biota
were around or above those of SCCPs.

2.2.4.5 Long-range transport synthesis

127. The predicted atmospheric half-life for relevant C14 and Ci7 constituents are between 37 and 140 hours. It is
difficult to validate these estimated values due to the lack of experimental data, and so they are considered uncertain.
The modelled Ci4 constituents are at or above the 48-hour threshold of Annex D. Predicted half-lives for longer chain
lengths are below 48 hours at lower levels of chlorination, but these constituents are less relevant for (gaseous)
atmospheric photodegradation as a greater fraction will be adsorbed to aerosols. More highly chlorinated constituents
will be more photolytically stable and more adsorptive.

128. Using the OECD Screening Tool and EPISuite™ predicted physico-chemical properties, the LRET for these
constituents are comparable to, but slightly below those for SCCPs, which is a POP. It also falls within the range of
other listed POPs. CPs with Ci417 chain lengths have low volatility and are expected to adsorb strongly to
particulates. Given the relatively high gaseous fraction predicted for the C14 constituents in the OECD Screening Tool,
it is not clear how well the adsorption of the constituents is actually modelled. Several lines of evidence from other
models and experimental data suggest that the fraction adsorbed to aerosols could be higher. Using COSMOtherm
predicted physico-chemical properties, the LRET potential modelled by the OECD Screening Tool is greater, due to a
greater proportion adsorbed to aerosols. The atmospheric transport of airborne particulates provides a potential route
for long-range transport, and this is supported by the detection of “MCCPs” at low levels in air samples taken in
remote locations. These include 5 years’ monitoring in the Arctic and Antarctica, and sampling at the Tibetan Plateau.
“MCCPs” monitoring at both Svalbard and the Tibetan Plateau suggests levels in air are increasing at these remote
locations. The ratio of “MCCPs” to SCCPs is also observed to be increasing in Antarctic air. The levels of “MCCPs”
observed in the Polar locations was noted to be higher than some listed POPs such as PBDEs.

129. The modelled comparability to SCCPs is further supported by the detection of “MCCPs” in environmental
samples from remote regions, including in top predators. In some instances, the levels of “MCCPs” were indicated to
be around or above SCCPs concentrations.

130. As discussed in document UNEP/POPS/POPRC.18/INF/10, the OECD Screening Tool predictions for the
LRET of “MCCPs” via water are significantly lower than the values predicted for transport via air (CTD,;r values are
~5 to 20 times greater than CTDuwaer). Nevertheless, monitoring data indicate the presence of “MCCPs” in seawater
(both in the dissolved and particulate phase), and sediment in the Arctic environment. These data suggest that
transport via ocean currents is a complementary pathway for “MCCPs” to reach remote regions.

131. Overall, the evidence demonstrates that long-range environmental transport occurs. Limited biota monitoring
data indicate detection of “MCCPs” in remote areas, with similar concentrations to SCCPs suggested in some studies.
Air sampling data are also limited to specific locations, but the available information confirms the potential for
transport via this medium. The predicted atmospheric half-life of a range of “MCCP” constituents is around 2 days
with values above and below the threshold. It remains unclear how accurate these predictions are, and to what degree
the gaseous transport of CPs with Ci4-17 chain lengths is relevant compared to adsorption to particles.

132. In conclusion, the limited data indicate that there is both a pathway and delivery of CPs with Ci4-17 chain
lengths to remote locations. The characteristics of these constituents, while slightly less efficiently transported over
long distances than SCCPs, appear to be similar to that of this listed POP.

2.3 Exposure

2.3.1 Environmental monitoring data

133. A summary of all cited environmental monitoring data, based on Environment Agency (2019a) and more
recent studies can be found in document UNEP/POPS/POPRC.18/INF/10. This also includes details of number and
species sampled, as well information on carbon chain length and chlorination where this was included in the analysis.
Several studies are described in sections 2.2.2.2.3, 2.2.3.4, 2.2.4.3 and 2.2.4.4 rather than this section.

2.3.1.1 Ambient air

2.3.111 Remote

134. Section 2.2.4.3 details studies where “MCCPs” were detected in the air of remote regions such as polar areas
and the Tibetan plateau. These provide evidence of long-range transport (Wu et al., 2019; Ma et al., 2014; Bohlin-
Nizzetto et al., 2014, 2015, 2017, 2018, 2019, 2020; Bohlin-Nizzetto & Aas, 2016; Jiang et al., 2021; Schlabach et al.,
2022). It is also notable that for all three locations, concentrations of “MCCPs” are reported to be rising over time.
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2.3.1.1.2  Other

135. “MCCPs” have been detected in China, Iceland, India, Norway, Pakistan, Sweden, Tanzania and the UK.
“MCCPs” can be detected in air sampled in urban areas at concentrations up to around 12 ng/m3. Since 2012, no
significant trends over time for “MCCPs” have been observed in the Swedish national monitoring program for air and
deposition (Sweden, Annex E information).

2.3.1.2 Water

23.1.21 Remote

136. No remote water monitoring data have been located.

2.3.1.2.2  Other

137. The available European monitoring data generally show widespread occurrence of “MCCPs” in water (at
concentrations typically up to a few pg/L).

2.3.1.3 Wastewater and landfill leachate

138. Several studies have analysed Norwegian wastewater treatment plant (WWTP) sludge for “MCCPs”,
reporting concentrations up to 17 mg/kg (Thomas et al., 2011; Norsk Vann, 2018; Fjeld, 2005; Ruus et al., 2018).
Several other authors have detected “MCCPs” in UK, Chinese, Swedish and Swiss sewage sludge at similar
concentration ranges (Stevens et al., 2003; Wang H et al., 2019; Olofsson et al., 2012; Bogdal et al., 2015). There has
been no clear change in the concentrations of “MCCPs” measured in the Swedish national monitoring programme
since 2004 (Sweden Annex E information).

139. Brandsma et al., (2017) found that “MCCPs” were the dominant CPs in sludge samples collected from 15
different WWTPs in Australia. “MCCPs” were detected in all studied sludge samples with concentrations ranging
from 0.54 to 3.65 mg/kg dw, using APCI-QToF-MS. All four chain lengths were detected although the predominant
congeners in all samples were C14-15Cls o.

2.3.1.4 Sediment

23.14.1 Remote

140. The MAREANO (Marine AREA database for Norwegian waters) program has analysed for a number of
contaminants including CPs (using ECNI-HRMS) in surface marine sediment collected from several locations within
the MAREANO area. In a pilot study between 2009 and 2015, concentrations of SCCPs and “MCCPs” in the 10
marine sediment samples could be detected but were all below their limits of quantification (1 393 and 19 pg/kg dw)
(Boitsov et al., 2016). Based on these findings, Boitsov et al., (2019) sampled marine sediment from 8 locations in 3
areas near Svalbard and analysed for CPs. Levels of SCCPs and “MCCPs” were mostly below their LOQs (although,
the LOQs were higher than the previous study — 96 and 334 pg/kg). “MCCPs” were quantified at two locations (410
and 536 pg/kg dw). Boitsov and Sanden (2020) did not detect either SCCPs or “MCCPs” in sediment samples from 7
locations near Bjgrngya and Svalbard in 2019 (LOQ = 20 and 6.9 pg/kg dw). More recent sampling from 7 locations
in the Norwegian Sea in 2020 detected “MCCPs” at all sites, with concentrations between 25 and 529 pg/kg dw
(Boitsov & Sanden, 2021).

141. Bakke et al., (2008) collected surface marine sediment samples from the Barents Sea in 2006 and 2007, and
analysed for CPs using ECNI-HRGC-HRMS. “MCCPs” was detected in one sample at 4.8 pg/kg dw. Further marine
sediment sampling for “MCCPs” from the eastern Barents Sea in 2017 detected “MCCPs” at one location (2.8 mg/kg
dw), however the LOQ of 655 pg/kg was relatively high (Boitsov and Klungsgyr, 2018).

2.3.1.4.2 Other

142. “MCCPs” have been widely detected in river and marine sediment at concentrations typically up to around

2 mg/kg dw, although up to 65 mg/kg dw has been reported near industrial areas. Sampling locations include
Australia, Canada, China, Czech Republic, Germany, Japan, Netherlands, Norway, Sweden, Switzerland, UK, Irish
Sea and the Baltic Sea. Several studies reviewing sediment cores are described in section 2.2.2.2.3 where all
“MCCPs” chain lengths could be detected (lozza et al., 2008; Yuan et al., 2017; Chen et al., 2011; Zeng et al., 2017a;
Zhang et al., 2019).

143. Guida et al., (2020) report measured contamination of sediment at “MCCPs” manufacturing sites in China
and the USA at up to 50 mg/kg dw.
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2.3.1.5 Soil

144, Soil monitoring data are available for China, Germany and Switzerland. “MCCP” concentrations in soil
measured using GC-ECNI-HRMS show an increase from 1989 to 2014 from 6 sampling sites in Switzerland with
“MCCP” concentrations (up to 160 ug/kg) exceeding SCCPs in the most recent samples (Bogdal et al., 2017). In
Germany, the concentrations were up to 49 pg/kg dw (Yuan et al., 2022). Levels in Chinese soil vary, but
concentrations up to 2 mg/kg dw have been detected in agricultural soils based on a survey performed by Aamir et al.,
(2019). All chain lengths were detected in Chinese soil where this level of analysis was performed (Aamir et al.,
2019; Wang et al., 2017; Xu et al., 2016). Aamir et al., (2019) found that C14-15Cls_7 were the predominant congeners.
Concentrations in soil sampled around a non-ferrous metal recycling park in China detected concentrations of
“MCCPs” up to 6 mg/kg, with the major “MCCPs” congener groups noted to be Ci516Cls (Weng et al., 2022). In the
more remote agricultural Chinese soils sampled by Aamir et al., (2019), the authors also noted the possibility of a
mountain cold-trapping effect for atmospheric CPs resulting in increasing levels of “MCCPs” compared to SCCPs in
soils at higher elevation. This is similar to the suggestion of Zhang et al., (2019) regarding high altitude lake sediment.

2.3.1.6 Biota

2.3.1.6.1 Remote

145, Reth et al., (2006) detected “MCCPs” in liver and muscle samples from Arctic Char, Little Auk and Black-
legged Kittiwake collected from the Arctic using HRGC-ECNI-LRMS. The highest concentration was 0.37 mg/kg (in
auk liver tissue). The authors reported that the C14/Cys ratios detected in the study were similar to that found in
commercially supplied “MCCPs” products. “MCCP” and SCCP concentrations in the bird muscle and liver tissue
were also comparable. The very small sample size used in this study means that limited weight should be placed on
the findings. Glige et al., (2018) noted that the “MCCP” concentrations from the fish in the study were in the upper
50th percentile of the observed concentrations in fish sampled from the Canadian Arctic and Europe (principally
Norway), and concentrations in the bird eggs were comparable between the Canadian Arctic and Norway. Analytical
standards used appear to range from 49% to 57% chlorine “MCCPs” in the Reth et al., (2006) study (and indeed in the
majority of monitoring studies).

146. Schlabach et al., (2018) detected “MCCPs” using GC-MS in biota collected in 2017 from Svalbard and the
Norwegian island of Rgst. Tissue was sampled from Common Eider, European Shag, Kittiwake, Glaucous Gull and
Polar Bear (n = 5 to 10). The detection frequency of “MCCPs” was 100% with the exception of Polar Bears (60%).
“MCCP” concentrations were generally lower than SCCPs but within the same order of magnitude, apart from Polar
Bears. The authors estimated the total measurement uncertainty to be 40-50%.

147. Green et al., (2018, 2019 & 2020) have analysed for SCCPs and “MCCPs” in remote biota as part of the
Contaminants in coastal waters of Norway programme in Atlantic Cod (liver) and Common Eider (blood and egg)
sampled from Svalbard in 2017, 2018 and 2019 (n=15 for all samples, except eider blood in 2019). Analyses were
performed using GC-MS, GC-HRMS or GC-QTOf-MS. In 2018 the median concentrations of “MCCPs” were 35
pg/kg ww and 14 pg/kg ww in eider blood and eggs, which were higher than the 2017 samples, but similar to those
reported in Schlabach et al., (2018). Green et al., (2019) notes that the median concentration of “MCCPs” detected in
cod liver samples originating from Svalbard (56 pg/kg ww) in 2018 were similar to those from urban areas of coastal
Norway. “MCCP” concentrations were broadly similar to SCCPs. In 2019, the median “MCCP” concentration in cod
liver was slightly higher (110 pg/kg ww), with the levels in eider eggs and blood slightly lower (31 and 9 pg/kg ww).
SCCPs concentrations were slightly lower than 2018, although of a similar order of magnitude (Green et al., 2020).
The authors estimated the analytical uncertainty to be around 50%.

148. Casa et al., (2019) detected “MCCPs” in blubber samples obtained from Humpback Whales stranded
between 2007 and 2015 in western and eastern Australia. Genetic testing indicated that the whales were associated
with two Antarctic Management Areas, and principally feed on Antarctic Krill. The authors expect the chemical
profiles of this population to reflect their krill diet. Unsatisfactory analytical recoveries were obtained for the “MCCP”
congeners, but “MCCPs” were detected in three of the nine samples.

149. Further detection of “MCCPs” in Arctic biota (Ringed Seal plasma, Polar Bear plasma, Black-legged
Kittiwake eggs, Common Eider eggs, Glaucous Gull plasma and Atlantic Cod liver and whole Polar Cod) were noted
by Harju et al., (2013) (see section 2.2.3.4).

2.3.1.6.2  Other

150. Huber et al., (2015) collected eggs of 3 species of seabird from 2 remote Norwegian coastal islands, and
analysed for several contaminants including SCCPs and “MCCPs”. Analyses were performed using GC-MS.
Concentrations of “MCCPs” in bird eggs were <0.76-17.5 pg/kg ww and it was found at a much higher frequency
(80%) compared to SCCPs (40%). Concentrations of “MCCPs” in this study were in the same order of magnitude as
the sea bird eggs sampled from Svalbard (Harju et al., 2013).
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151. Green et al., (2022) analysed for SCCPs and “MCCPs” in whole Blue Mussels and Atlantic Cod liver at a
number of monitoring stations along the Norwegian coast. This was part of the Contaminants in coastal waters of
Norway programme which has been in place since 2012. The stations include areas with possible point and diffuse
pollution sources (local airports were noted) as well as more remote areas. Analyses were performed using GC-MS.
“MCCPs” were detected in all samples: median concentrations were 13 to 62 pg/kg ww in mussel and between 98 and
320 pg/kg ww in cod liver. Earlier results from the programme are provided in document
UNEP/POPS/POPRC.18/INF/10. Green et al., (2022) also assessed long-term trends in the monitoring for SCCPs and
“MCCPs” at 8 of monitoring stations where there was sufficient data. No trend in levels was seen at any station for
“MCCPs”. In a review article by Vorkamp et al., (2019) considered CPs monitoring data including an earlier part of
the Contaminants in coastal waters of Norway monitoring programme. The authors noted that “MCCP”
concentrations exceeded that of SCCPs in mussels and Atlantic Cod liver sampled in one Northern Norway location
(Lofoten) but trends were less clear at two other locations (Tromsg, Cod; Bodg, mussels) in the period monitored
(2012-2016).

152. Ruus et al., (2018 and 2019) and Grun et al., (2021) reported concentrations of “MCCPs” in Atlantic Cod
liver, and Herring Gull blood and eggs in the Inner and Outer Oslofjord areas as part of the Norwegian Environment
Agency Urban Fjord Monitoring Programme. Analyses were performed using GC-MS with mean concentrations
detected between 3.57 and 231.9 pg/kg ww. Higher concentrations were seen in the cod liver and gull blood in the
Inner Oslo Fjord in 2017 and 2018 compared to 2020, although the gull egg concentrations were similar. Herring Gull
samples from the Outer Oslo Fjord area were of the same order of magnitude as the Inner Fjord in 2017 (these were
not sampled in 2018 and 2020). In a related study, Knudtzon et al., (2021) analysed for a number of contaminants
including C14-17 congeners (degree of chlorination not stated) in 30 paired whole blood and egg samples from female
urban Herring Gulls from the Inner and Outer Oslofjord in May 2017. Measurements were performed using GC-MS,
with C14.17 congeners detected above the LOD in all samples. Concentrations were between 6 and 200 pg/kg ww in
blood and 3-630 pg/kg ww in eggs for the Outer Oslofjord samples. The Inner Oslofjord concentrations ranged from
8.0-76.0 pg/kg ww in blood and 6.0-68.0 pg/kg ww in eggs.

153. Schlabach et al., (2018) detected “MCCPs” in all Common Gulls’ eggs (range: 9.4 Common Eider 87,
average: 40 pg/kg ww) collected in 2017 from Tromsg, Norway (urban). Furthermore, the detection frequency was
also 100% in biota samples from the Norwegian Arctic, with concentrations ranging from 1.1 to 366 pg/kg ww.
Concentrations of “MCCPs” in these urban eggs were comparable to the other bird species (Svalbard, Common Eider:
13 Common Eider 9, average: 31 pug/kg ww; Black-legged Kittiwake: 9.3 Common Eider 96, average: 40 pg/kg ww;
Glaucous Gull: 8.6 Common Eider 49, average 36 pg/kg ww) sampled from the remote Arctic in the same study.
“MCCPs” were also detected in European Mink from Sommargy (1.1-32, average: 13 ug/kg ww), Polar Bear from
Svalbard (5.1-93, average: 41 pug/kg ww) and European Shag from Rast (7.8-366, average: 150 pg/kg ww). Analysis
was performed by GC-MS.

154, Herzke et al., (2019) analysed liver samples from Herring Gulls collected in Skulsfjord in Troms, northern
Norway in 2017 using GC-HRMS. CPs were noted to dominate the analytical results with mean concentrations in the
livers of 210 pg/kg ww for SCCPs and 87.8 ug/kg ww for “MCCPs”.

155. De Wit et al., (2020) reported the sampling and analysis of Blue Mussel and Viviparous Eelpout collected
from several locations in the Baltic Sea in 2015 (which was additional to the sampling described in section 2.2.3.4).
CP analyses were performed using a modified method following Yuan et al., (2020). Average total “MCCPs” and
SCCPs concentrations in the mussels were 210 pg/kg lw and 72 pg/kg lw, respectively. Average total “MCCPs” and
SCCPs concentrations in the fish muscle were 130 pg/kg lw and 52 pg/kg lw, respectively. The homologue and
congener pattern of the mussels (only) are presented graphically in the paper which indicates all “MCCP” chain
lengths could be detected. In this study SCCPs, “MCCPs” and LCCPs were detected in both species. The distribution
pattern was similar across species with “MCCP” (48-54%) > SCCP (31-38%) > LCCP (13-15%). A graphical
presentation of the detected CPs and their congener pattern indicate the detection of Clz.1;0 “MCCPs” with Cls_g the
most prevalent.

156. Yuan et al., (2021) analysed biota from marine waters around Greenland, Iceland and the Swedish west coast
between 2001 and 2020 for CPs using UPLC-APCI-Orbitrap-MS. “MCCPs” were detected above their MDL in 54%
of samples (see UNEP/POPS/POPRC.18/INF/10). These include mussel, scallop, Minke Whale muscle, Killer Whale
muscle, Pilot Whale muscle and blubber, Greenland Shark liver and Harbour Porpoise blubber (in most instances
these were single samples). “MCCP” concentrations were 14-270 ng/kg lw. The homologue and congener pattern are
presented graphically in the paper which indicates all “MCCP” chain lengths could be detected, with C14 and Cls_7
dominating in most samples. The authors noted higher CP concentrations in the cetacean muscle tissue compared to
blubber (by a ratio of 3.6 for “MCCPs”).

157. Schlabach et al., (2022) analysed for CPs in biota from different Nordic locations (including remote and
urban sites) using GC-QtoF-HRMS. “MCCP” concentrations were noted to be usually higher than SCCPs. In birds’
eggs “MCCPs” were detected in 100% of samples at 2.46-22.3 ng/kg ww. In freshwater fish, “MCCPs” were detected
in 67%, 100%, and 83% of samples from remote Brown Trout, ‘perch’ and ‘urban perch’, respectively (up to 138
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pg/kg ww in the latter). In marine fish, “MCCPs” were detected in all samples, ranging between 22 and 106 pg/kg
ww. In seal blubber, “MCCPs” were detected in 1 of 2 samples at a concentration of 48.8 pg/kg ww. In terrestrial
mammals (Moose, Red Deer and Reindeer) SCCPs and “MCCPs” were detected in all samples with “MCCPs”
between 2.55 and 14.5 pg/kg ww.

158. Yuan et al., (2022) determined the concentrations of CPs in 72 pooled biota samples from the German
Environmental Specimen bank using UPLC-APCI-orbitrap-MS analysis. The samples were from multiple sites across
coastal, terrestrial and freshwater ecosystems and collected in 2017 and 2018. “MCCPs” were detected in 99% of
samples and noted to be the predominant CP in nearly all sample types. Additional Bream samples collected
downstream from a CP production site were used to establish a temporal trend in CPs, and indicated relatively steady
“MCCP” concentrations over the period 1995-2019 (with C14 and Css chain lengths predominating, but all four
detected).

159. Labadie et al., (2019) detected all four “MCCPs” chain lengths (with Cl7_g congeners) in Common Barbel
sampled from 4 rivers and a canal from the Rhone River basin in France in 2019. Using GC-ECNI-ToF HRMS
analysis, concentrations of “MCCPs” were up to 72.7 pg/kg ww (11,300 pg/kg w).

160. Basconcillo et al., (2015) measured “MCCPs” in top predatory freshwater fish (Lake Trout, Walleye and
Brook Trout) from across Canada in 2010-2011 using GC-HRMS analysis. “MCCPs” were detected in all fish, with
the highest concentration in Lake Trout from industrialised and populated areas (11-12 pg/kg ww). Concentrations of
“MCCPs” in fish in less populated locations ranged from 4 to 6 pug/kg ww, while those in remote locations were 1
pg/kg ww. The Ci4 chain length was the most abundant from all sites ranging from 60 to 85%, followed by C;s and
Ci6. C17 chain lengths were not detected. The authors also noted that concentrations of SCCPs in Lake Ontario Lake
Trout collected in 2011 had decreased compared to 2001 (reported by Houde et al., 2008; see also
UNEP/POPS/POPRC.18/INF/10), but no significant change had occurred for “MCCPs”. Furthermore, the ratio of
SCCPs/“MCCPs” decreased from 2001 to 2011 showing a shift towards “MCCPs”.

161. Choo et al., (2022) analysed for “MCCPs” congeners in egg samples from Black-tailed Gulls from two South
Korean islands, collected from 2012 to 2018. Analysis was performed using GC-MS and quantified based on
correlation with known “MCCPs” mixtures. Pooled samples from both sites showed increasing “MCCP”
concentrations with time (the highest detected concentration was 4 898 pg/kg Iw). The predominant homologue
grouping, irrespective of the chlorination degree, was Ci4-15 (55%). The proportion of longer chain length (C16-17)
homologues increased at a rate of 5% over the time span of the study.

162. Du et al., (2018) investigated the occurrence of CPs in wildlife (2 fish, 3 reptiles, 1 mammal and 3 birds)
from paddy fields in the Yangtze River Delta, China. The highest values were found in snakes, weasel and predatory
birds (up to 33 mg/kg Iw or 4.7 mg/kg dw). The authors found that the average concentrations were in the order
“MCCPs” > SCCPs > LCCPs, except in birds where SCCPs were found to be more abundant. “MCCPs” appears to be
widely dispersed in wildlife at the sampling locations. For “MCCPs”, dominant chain lengths were reported to be Ci4
(43.8%), C15 (25.7%) and Ci6 (18.2%) (and hence Ci7 12.3%) with an average chlorination degree of 56.6-57.5% Cl
wt. (Cl; congeners made up 25.7% and Clg congeners 22.5% of the detected “MCCPs”).

163. In a related study to Du et al., (2018) by the same research group, Zhou et al., (2019) investigated the
occurrence of CPs in aquatic wildlife (9 species: 7 fish, one snail and one clam) from Lake Dianshan in the Yangtze
River Delta, China. “MCCP” concentrations in fish were up to 3.1 mg/kg Iw, which is similar to concentrations in the
fish (up to 4 mg/kg Iw) sampled in the paddy fields by Du et al., (2018). It should be noted that a limited number of
fish were sampled in the lake (a single individual per species, aside from anchovy). Concentrations in clams and snails
were at a similar order of magnitude to the fish. Detected “MCCPs” had an average chlorination of 52-58% CI wt.

164. Zeng et al., (2015) detected all four chain lengths (with Cls_g congeners) in the blubber samples of Finless
Porpoises, and C14 and Cis chain lengths (with Cle_g congeners) in Indo-Pacific Humpback Dolphins in waters around
Hong Kong SAR from samples collected between 2004 and 2014. A statistically significant temporal increasing trend
for ¥”MCCPs” was observed in both species. Concentrations detected were between 0.32 and 56 mg/kg Iw.

165.  Wang et al., (2021 Abstr.) collected 3 species of mollusc from the Chinese Bohai Sea between 2011 and
2018 and analysed these for SCCPs and “MCCPs”. “MCCP” concentrations ranged between not detected and 4.34
mg/kg dw. The authors noted no obvious temporal or spatial trends of CPs, but did record homologue profile changes
which were thought to reflect compositional changes of CP industrial products. Oysters were reported to contain the
highest CP concentrations of the species sampled.

166. Chen et al., (2021) determined the concentrations of SCCPs and “MCCPs” in 10 species of coastal coral at
two locations in the South China Sea. Using GC-QToFMS analysis, the median concentrations of “MCCPs” median
(204 pg/kg dw) were higher than SCCPs (103 pg/kg dw). All 4 “MCCPs” chain lengths were detected, and the
dominant chlorine pattern was noted to be similar to CP-52.

167. Yuan and De Wit (2018) and Yuan et al., (2019) analysed biota samples from Sweden for CPs with a chain
length up to Cso using APCI-QTOF-MS. In the terrestrial food web, Bank Voles were found to contain the lowest

33



UNEP/POPS/POPRC.18/11/Add.3

amounts of “MCCPs” among the studied species. The detected concentrations of “MCCP” in muscle were comparable
in Eurasian Lynx and Grey Wolf (0.75-0.83 mg/kg Iw), whilst Moose muscle contained the highest concentrations
(1.6 mg/kg lw). “MCCPs” were also detected in muscle or eggs of terrestrial birds of prey (Tawny Owl, Eagle Owl,
Marsh Harrier, Golden Eagle and Peregrine Falcon) up to 0.72 mg/kg Iw. “MCCPs” were reported as summed
congeners, and the authors detected all four “MCCPs” chain lengths (chlorination levels detected varied Cla—7 up to
Clg-10), including in top predators.

168. The Environmental Pollutants in the Terrestrial and Urban Environment Monitoring Programme in Norway
has detected “MCCPs” in several terrestrial biota living in the Oslo area, including Tawny Owl eggs (50% detection,
<LOD-26 pg/kg ww, (544 ng/kg lw)), Fieldfare eggs (100% detection, 21-132 ng/kg ww (4218 pg/kg lw)), Brown
Rat liver (60% detection, <LOD-66 pg/kg ww) and Red Fox liver (50% detection, <LOD-9 ng/kg ww) from
sampling performed in 2020. Concentrations in the Tawny Owl eggs were noted to be in a similar range to
perfluoroalkyl substances (PFAS) and PCB, with Fieldfare egg concentrations much higher (Heimstad et al., 2020).

169. Gluge et al., (2018) summarised monitoring data in a literature review of measured concentrations of
“MCCPs” in environmental matrices, biota and humans worldwide, including remote regions. The researchers
concluded that “MCCPs have been detected in all environmental compartments as well as in fish, birds, mammals,
and human tissues, and they are often measured in higher concentrations than SCCPs.”

2.3.2 Humans

170. The European Food Safety Authority recently summarised the available information on levels of CPs in
human samples collected in Europe, Asia (mainly China) and Australia (EFSA, 2020). “MCCPs” have been detected
in human milk samples, with levels generally lower in the few European studies than in samples collected in Asia.
EFSA (2020) quotes levels of “MCCPs” between < 5.5 to 112 pg/kg lw in human breast milk across 11 European
countries.

171. The United Nations Environment Programme conducted a global survey of CPs in pooled human breast milk
samples from individual countries collected from 2012-2019 (Kratschmer et al., 2021). A total of 57 pooled milk
samples were obtained from 53 countries on five continents (Africa, Central/South America, Asia, Europe and
Australia/Oceania). Eligible donors were identified by application of standardised screening questionnaires. Analysis
was conducted at the UNEP Reference Laboratories, Germany. “MCCPs” were present in all pooled samples, from
23-700 pg/kg lw, with the highest ranges noted in Africa (47-370 pg/kg Iw) and Asia (38-540 pg/kg lw). As the
study used pooled samples, so individual levels (very high or very low) were not taken into account in the review. CPs
comprised 18-46% of the total POPs in human milk, while “MCCP” concentrations equalled or exceeded SCCPs in
43 of 57 pooled samples. It was noted that “higher MCCP concentrations suggest that accumulated SCCP exposures
in the mothers were lower than accumulated exposures to MCCPs, even though the ban on SCCPs only came into
effect in 2017.”

172. Xu et al., (2022) determined the concentrations of “MCCPs” in human serum samples, using uPLC-qToF-
ENCI-MS, collected from 2 cohorts (2007-2009; 3 days postpartum n=62; and 2019 pregnant n=28 and non-pregnant
n=10). Mean concentrations were 0.02 pg/L ww during 2007-2009 and 0.07 ug/L in 2019, with an increasing trend
between 2007-2009 and 2019 (p=0.019). In addition, detection frequency of “MCCPs” increased in the 2019 samples,
and in two thirds of the samples “MCCP” levels were higher than SCCP levels (the “MCCP”:SCCP ratio across all
samples was 1.60). The majority of “MCCPs” were C14Cl7_g and C15Cl7 congener groups.

173. Xia et al., (2017a) found “MCCP” concentrations in pooled samples of human breast milk collected from
rural China ranged from 9.05 to 139 ug/kg lw (median 35.7 pg/kg Iw) in 2007, and between 9.51 and 146 pg/kg Iw
(median 45.4 pg/kg Iw) for samples taken in 2011. Analysis was performed using GC-ECNI-HR-ToFMS, which
indicated that the C14 homologues comprised 82% of the total “MCCP” content, with Cl;_g the most abundant
congeners. In a further study of samples of human breast milk from urban locations in China at the same time points,
Xia et al., (2017b) found “MCCP” concentrations ranged from 18.7 to 350 pg/kg lw (median 60.4 pg/kg Iw) in 2007,
and between 22.3 and 1501 pg/kg lw (median 137 pg/kg lw) for samples taken in 2011. Good correlation in the urban
study was noted between areas with higher CP breast milk concentrations and areas of higher CP production (Xia et
al., 2017b).

174. Zhou et al., (2020) detected CPs using APCI-QToF-HRMS in human breast milk sampled from three cities
in the Yangtze Delta of China, a city in Sweden and one in Norway. “MCCPs” were found in most samples, with
concentrations ranging <LOD-1,260 pg/kg Iw (median 78.8 pg/kg Iw) for the Chinese samples, and <LOD-311
pg/kg Iw (median 29.6 pg/kg Iw) for the Scandinavian samples. “MCCPs” were detected in all samples from the
Chinese sites (36 individuals), in 18 of 19 samples from the Swedish site and 7 of 8 from the Norwegian site.
“MCCPs” was found to be the most abundant CP group in all locations and samples, with the exception of one
Chinese city (Jiaxing) where the proportion of SCCPs (50%) was slightly higher than “MCCPs” (48%).

175. Li et al., (2017) determined the concentration of CPs in all 50 human blood samples taken from the general
population in Shenzhen, China. The “MCCP” concentrations were reported as being between 130 and 3,200 pg/kg Iw.
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The relative exposure of the participants is unknown. “MCCPs” were also detected in human placenta samples from
China by Wang et al., (2018), with concentrations ranging from 80.8 to 954 ug/kg Iw.

176. Document UNEP/POPS/POPRC.18/INF/10 includes details of all studies reporting the presence of CPs in
human tissue and fluid samples. Several older studies are also summarised in document
UNEP/POPS/POPRC.18/INF/10.

2.3.3 Food, Food-Related Exposures, and Consumer Products

177. Numerous studies detecting “MCCPs” in food are summarised in EFSA (2020). That report notes that the
majority of these are from China, where concentrations were in the order of tens of pg/kg, which were higher than in
other Asian countries (a few ng/kg). Levels detected varied across different regions, and with the level of local
contamination and food types. Higher concentrations were found in fish and marine mammals, and then fatty and liver
tissues of terrestrial mammals. EFSA (2020) considered that the impact of the uncertainties on the risk assessment of
exposure to CPs in food was substantial, and due to the limited data on occurrence of CPs in food the dietary exposure
was considered to be underestimated.

178. Perkons et al., (2022) analysed 86 baby food samples from 22 countries grouped into 8 food-type categories
for SCCPs and “MCCPs” using uHPLC-ESI-FT-ICR-MS. In 6 out of 8 sample categories, concentrations of
“MCCPs” significantly exceeded SCCPs. “MCCP” concentrations ranged from <LOD-118 pg/kg ww (<LOD-3 765
Ha/kg Iw) with a median of 1.6 pg/kg ww (64 pg/kg Iw). “MCCPs” were detected in 94% of the samples and
Ci4.15Cls_7 congener groups were the dominant constituents. The estimated “MCCP” intake per portion of baby food
in infants (3—6 months), infants (6—12 months), toddlers (1-3 years) and children (3—10 years) ranged from 0.8-23.7
ng/kg bw, being highest for infants.

179. Chen et al., (2021) analysed “MCCPs” in mature maize plants near to a Chinese CP production plant using
GC-qTOF-NCI-HRMS. They found ranges of “MCCPs” of <1.51-188 pg/kg dw in the soil and 77.6-52,930 pg/kg
dw in maize leaves (the median concentration in leaves was 448 pug/kg dw, which reflects the inclusion of two
extremely high values). The tissues that were directly exposed to airborne CPs had the highest concentrations.

180. Y Liu et al., (2022) reported levels of MCCP of 4-306 pg/kg in a range of foodstuff from across China, as
part of the sixth China Total Diet Study, conducted between 2016 and 2019. No information was provided on degree
of chlorination or specific congener.

181. EFSA (2020) also considered the detection of “MCCPs” in animal feed, but as only very limited data were
available, no general conclusions were drawn.

182. Several studies have detected “MCCPs” in house dust in Norway, South Africa, Germany and Sweden (Yuan
et al., 2021; Brits et al., 2020; Hilger et al., 2013; Fridén et al., 2011). Concentrations in samples ranged from a few
mg/kg up to 700 mg/kg. EFSA (2020) note that the concentrations of CPs in dust cover several orders of magnitude.
“MCCPs” have been detected in domestic indoor air in Norway at concentrations between <0.35 and 13 ng/m? with a
detection frequency of 95% ('YYuan et al., 2021). EFSA (2020) note that in addition to dietary exposure, CPs in house
dust can be an important additional source of exposure. For children, crawling and hand-to-mouth habits should be
considered as possibly increasing the ingestion of dust. EFSA (2020) noted that only a very crude estimate of the
exposure via dust could be made, which had a large associated uncertainty, but it shows that for toddlers exposure
from dust could be in the same order of magnitude as the dietary exposure estimated from fish. For adults, the
exposure from dust was lower than for toddlers both in absolute terms and when compared with the exposure
estimated from fish consumption, but could nevertheless still be an important source of exposure to CPs.

183. EFSA (2020) describe several studies assessing the effects of food processing on the concentrations of
“MCCPs”, including when it is found in some common kitchen equipment. This suggests that food could become
more contaminated at the preparation stage as a result of transfer during contact (direct or secondary), and this is an
important consideration when making exposure estimates. CPs have also been found in domestic plastic and food
packaging, and the possibility of migration into food has been studied. Based on the studies available, migration from
plastic and kitchen equipment can contribute to the total CP exposure. However, because of the limited available
information EFSA (2020) concluded that exposure levels cannot be estimated. The studies include Yuan et al., (2017),
who detected SCCPs and “MCCPs” in hand-blenders; Gallistl et al., (2017) who detected “MCCPs” in dishcloths
following normal kitchen use; Gallistl et al., (2018) who detected CPs in household oven components; and Wang et
al., (2018) who measured “MCCPs” in plastics, rubber and food packaging, finding mean values ranging from 10s to
1,000s of pg/kg with C14Cls_s congener groups dominant. More recently Guida et al., (2020) investigated “MCCPs” in
consumer products and found that “MCCPs” can constitute up to 22% of adhesives, 15% of PVC and 16% of rubber
by weight. EFSA (2020) concluded that it was not possible to make estimates for intake of CPs from these other non-
dietary sources, meaning that total non-dietary exposure will be underestimated.

35



UNEP/POPS/POPRC.18/11/Add.3

2.3.4 Exposure Synthesis

184. CPs with Ci4-17 chain lengths are not routinely included in many environmental monitoring programmes.
However, the available data generally show widespread occurrence of “MCCPs” in water (at concentrations typically
up to a few pg/L), sediment (at concentrations typically up to around 2 mg/kg dw, but up to 65 mg/kg dw near an
industrial area) and soils (more limited information, but at concentrations up to around 2 mg/kg dw, and slightly
higher near an industrial area). “MCCPs” is also found in sewage sludge up to 17 mg/kg dw, and in air at a few ng/m?.
Levels in dust are reported to be in the low mg/kg range.

185. Monitoring studies demonstrate widespread contamination of wildlife by CPs with C14-17 chain lengths at all
trophic levels (including predatory species and sensitive life stages such as birds’ eggs). Typically, concentrations are
below 1 mg/kg ww. Samples from relatively uncontaminated regions have maximum detected levels of 540 pg/kg lw
(Grey Seal liver), 720 pg/kg Iw (Eagle Owl muscle), 1,600 pug/kg Iw (Moose muscle), 830 pg/kg Iw (Grey Wolf
muscle) and 5 390 pg/kg ww (Atlantic Cod liver). In cetaceans, several studies record levels in blubber of up to 23
mg/kg Ilw (South China Sea), and up to 80 mg/kg ww (Canada). In more locally contaminated areas, biota tissue
concentrations can exceed 1 mg/kg dw.

186. Environmental monitoring data show the detection of “MCCPs” in different matrices at locations in the
following countries: Australia, Belgium, Canada, China, Czech Republic, Denmark, France, Germany, India, Ireland,
Japan, Norway, Pakistan, Sweden, Switzerland, UK and the USA, various marine locations such as the Baltic Sea,
Irish Sea and North Sea in Europe and Chinese Bohai Sea, as well as remote locations such as the Arctic, Antarctic
and Tibetan Plateau.

187. Numerous studies detect “MCCPs” in food for human consumption indicating dietary exposure. Several
monitoring studies also indicate the presence of “MCCPs” in household dust, a number of household products and
appliances, rubber granulates used in playing fields and other sources that may represent exposure pathways to
humans.

188. Human monitoring data shows that “MCCPs” are widely detected in breast milk, and in some instances
maximum concentrations were 1-3 mg/kg Iw. Some studies indicate that levels of “MCCPs” in breast milk equal or
exceed SCCPs. “MCCPs” can also be detected in other human tissue such as blood and placenta. (Greenpeace 1995;
Thomas and Jones 2002; Darnerud et al., 2012; Xia et al., 2017a and b; Zhou et al., 2020; Li et al., 2017; Wang et al.,
2018; EFSA 2020; Kratschmer et al., 2021; Chen et al., 2020; see also UNEP/POPS/POPRC.18/INF/10).

189. The most recent biota monitoring studies have usually provided chain length and congener level information
(Labadie et al., 2019; Yuan et al., 2017, 2019 & 2021 & 2022; Du et al., 2018 & 2019 & 2020; Liu et al., 2020; Zeng
etal., 2017; Chen et al., 2021; Niu et al., 2022; Xu et al., 2021; Dan Xia et al., 2022; Wang et al., 2019; Li et al.,
2018a; Pan et al., 2018 & 2021; Wu et al., 2020; Huang et al., 2020; Aamir et al., 2019; Xu et al., 2016; Zhang et al.,
2019; Xu et al., 2019; Zeng et al., 2015; Huang et al., 2017). In these cases, all chain lengths of “MCCPs” are
routinely detected.

190. Several studies provide information about increasing temporal trends in “MCCP” levels. These include both
environmental matrices such as air and sediment, and biota including predators such as porpoises and dolphins. These
increases in concentration match the increasing use and production of “MCCPs” globally. Increasing trends are also
seen in “MCCPs” measured in air in all remote locations where data are available.

191. Overall, the available monitoring data are consistent with the findings of the available measured laboratory
data for persistence and bioaccumulation, and modelling of long-range environmental transport potential. Extensive
detection in wildlife, human tissue, food sources, and detection in consumer products also indicate the bioavailability
and potential exposure pathways of “MCCPs”.

2.4 Hazard assessment for endpoints of concern

2.4.1 Ecotoxicity

192. Ecotoxicity data are available covering aquatic, benthic, and terrestrial organisms. The data have been
extensively reviewed in EC (2005 & 2007), EA (2019) and ECHA (2021a). Since CPs with C14-17 chain lengths
contain thousands of constituents, the reported toxicity endpoints effectively reflect an average of the contributions
that individual constituents make. The influence of varying degrees of chlorination and chain length on toxicity is not
known. It is therefore assumed that if toxicity is demonstrated for one type of product, it will be applicable for all,
although this is an area of uncertainty.

193. Two aquatic toxicity studies have been performed with Daphnia magna using a Ci14-17 chlorinated n-alkane,
52% CI wt. The first is an acute test performed according to OECD TG 202 and GLP that is considered to be reliable
without restriction. This determined a 48-h ECs value of 5.9 pg/L, based on (arithmetic) mean measured
concentrations (Thompson et al., 1996). The second is a long-term test performed according to OECD TG 202 (later
superseded by OECD TG 211) and GLP that is also considered to be reliable without restriction (Thompson et al.,

36



UNEP/POPS/POPRC.18/11/Add.3

1997a). The study met the validity criteria of the later test guideline as well as OECD TG 202. Based on the chemical
analysis, results were calculated as time-weighted mean values, with the 21-day NOEC for reproduction and length
being 8.7 pg/L. The lower ECso value might be explained by the absence of food compared to the longer test (leading
to greater availability of the substance and differences in elimination efficiency of the organisms).

194, A further long-term invertebrate toxicity study was summarised in EC (2005). This reported a 60-d NOEC of
0.22 mg/L for a Ci4-17, 52% CI wt. substance with Blue Mussel (Mytilus edulis) (Madeley and Thompson, 1983).

195. The available acute and chronic data for fish and algae cited in EA (2019) and EC (2005) suggest that these
taxa are less sensitive to “MCCPs” than D. magna. Long-term fish data are limited, but a GLP 60-d study using
Rainbow Trout (O. mykiss) exposed to Ci4-17 CP, 52% CI wt. found no effects on mortality, growth or behaviour at
4.5 mg/L (Madeley et al., 1983). In an algal toxicity study performed with a Ci4-17 CP, 52% CI wt. substance
according to OECD TG 201 and GLP (Thompson et al., 1997b), a 72-hour ECso >3.2 mg/L was determined, as little
or no effect on the growth of the green alga Selenastrum capricornutum occurred at concentrations up to 3.2 mg/L.

196. Three reliable prolonged sediment toxicity studies for “MCCPs” conducted in accordance with GLP using
three taxa (Hyalella azteca, Lumbriculus variegatus and Chironomus riparius) are summarised in EC (2005). These
used sediments spiked with a Ci4-17, 52% CI wt. substance. The lowest 28-d NOEC was 130 mg/kg dw (~50 mg/kg
ww), obtained in the studies with L. variegatus for the mortality/reproduction endpoint and H. azteca for growth. The
LOEC was 410 mg/kg sediment dw. EC (2005 & 2007) also report three reliable long-term terrestrial toxicity studies
conducted in accordance with GLP with the same chemical using earthworms (OECD TG 222), terrestrial plants
(OECD TG 208) and soil microorganisms (OECD TG 216). Earthworms (Eisenia fetida) were the most sensitive
species, with a 56-d NOEC of 280 mg/kg dw (~250 mg/kg ww).

197. Acute oral 1-day LDsg values of “MCCPs” (Cereclor S52, C14-17, 52% CI wt.) were reported to be

> 24 606 mg/kg bw/day for Ring-necked Pheasant and > 10 280 mg/kg bw/day for Mallard. After dietary treatment,
the 5-day LCsp values of “MCCPs” (Ci4-17, 52% CI wt.) were reported to be > 24,603 mg/kg diet for both Ring-
necked Pheasant and Mallard (Madeley and Birtley, 1980). No long-term avian toxicity data are available.

198. Reflecting the toxicity to Daphnia magna, “MCCPs” has a harmonised EU environmental classification of
Aquatic Acute 1, Aquatic Chronic 1 (H400, H410) in accordance with the UN Globally Harmonised System. More
recent self-classification by the lead EU REACH Registrants includes an M-factor for acute and chronic aquatic
hazards of 100 and 10, respectively. The significant levels of toxicity observed have also resulted in the substance
being concluded to meet the “T” criterion for the EU PBT assessment (EA, 2019; ECHA, 2021a).

2.4.2 Human health toxicity

199. An EU human health risk assessment report (HSE, 2008) provides a summary of the available laboratory
mammalian testing, which used one commercial product type (a Cis-17, 52% CI wt. substance) for the majority of
regulatory studies. A more recent review performed by the European Food Safety Authority (EFSA, 2020) relies on
the same key hazard data. The outline below summarises a more comprehensive assessment completed in 2021 and
provided in document UNEP/POPS/POPRC.18/INF/10. In addition, two more recent in vitro studies and an
epidemiology study are also briefly reported.

200. The potential of “MCCPs” to perturb thyroxine (T4) binding to the transport protein transthyretin (TTR) has
been investigated using a non-standard in vitro assay (Sprengel et al., 2021b). “MCCPs” and purified “MCCPs”
demonstrated some capacity to interfere with T4 binding to TRR in this specific in vitro system. A second in vitro
study (Zhou et al., 2021) was conducted to determine if 17 technical CPs demonstrate aryl hydrocarbon receptor
(AhR)-agonist activity. No information is available on chain length or percentage chlorination of the technical CP
samples. Overall, it appears that in this assay system, “MCCPs” do not bind to the AhR.

201. Ren et al., (2019) compared effects of SCCPs, “MCCPs” and LCCPs on cell viability and HepG2 cells were
treated with 10, 100 and 1000 pg/L of SCCPs, “MCCPs” and LCCPs for 24 h. Overall, the results on cell viability
“suggested that three kinds of CPs with comparable chlorine contents induced similar cytotoxicity. Effects on ATP,
ROS and MDA were only investigated at 100 ug/L. The results showed a decrease in ATP levels, with the highest
decrease seen in samples exposed to “MCCPs”. “MCCPs” also lead to the highest increase (46.9%. compared to
control) in reactive oxygen species.

202. Ding et al., (2020) measured the occurrence and homologue profiles of SCCPs and “MCCPs” in serum of
145 people aged 50-84 living in Jinan, Shandong Province of China and assessed associations with haematologic
parameters. Median serum “MCCP” levels were 134 pg/kg ww (15 200 pg/kg Iw). The study also reported C14-CPs as
the most abundant “MCCP” groups. “MCCPs” were inversely associated with haemoglobin (HGB) and haematocrit
(HCT) and positively associated with HGB in males, while significant negative associations of blood “MCCP”
concentrations with mean corpuscular haemoglobin concentration (MCHC) were observed in females.

203. The target organs for repeated oral dose toxicity are liver, thyroid and kidney. EFSA (2020) identified
changes in kidney weights as the critical effect of “MCCPs” of relevance to humans. Eight relevant repeated dose
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toxicity studies were reviewed in HSE (2008). The assessment determined the lowest No Observed Adverse Effects
Level (NOAEL) of toxicological significance to be 23 mg/kg bw/day from a 90-d study with F344 rats Rattus
norvegicus (CXR Biosciences Ltd, 2005b), based on increased relative kidney weights (HSE, 2008). A second 90-day
study also using F344 rats recorded a NOAEL of 10 mg/kg bw/day for the same endpoint (IRDC, 1984). EFSA (2020)
has derived a BMDL 10** of 36 mg/kg bw/day from this second study the BMDU?/BMDL ratio of 6 indicates some
uncertainty in the value). The BMDLo for CXR Biosciences Ltd (2005b) was 68 mg/kg bw/day (BMDU/BMDL ratio
2.7).

204, Liu et al., (2020) evaluated associations between SCCP and “MCCP” serum concentrations and six liver
enzyme biomarkers in 197 people living in Jinan, China. The study found an association between “MCCP” serum
concentrations and liver enzyme biomarkers.

205. No carcinogenicity studies have been conducted, therefore there is no IARC classification for carcinogenity.
“MCCPs” is not known to be mutagenic. The carcinogenic potential of “MCCPs” is expected to be similar — at least in
qualitative terms — to that of SCCPs, although direct read across is not appropriate. SCCPs induce liver and thyroid
adenomas and carcinomas and kidney tubular cell adenomas and carcinomas in animal studies. The liver and thyroid
tumours are considered to be of little or no relevance to human health (further information is provided in document
UNEP/POPS/POPRC.18/INF/10). It cannot be completely ruled out that the kidney toxicity observed for “MCCPs”
might lead to kidney cancer in rats through a non-genotoxic mode of action. However, “MCCPs” is not classified for
this endpoint in the EU under Regulation (EC) No. 1272/2008.

206. “MCCPs” has no apparent effect upon fertility in rats up to approximately 400 mg/kg/day in the diet. No
adverse developmental effects occurred during gestation in rats or rabbits in two conventional developmental studies
using maternal doses up to 5,000 and 100 mg/kg/day, respectively. In contrast, exposure of Wistar rats R. norvegicus
to a Cia-17 CP, 52% CI wt. substance at a maternal dietary dose of 74 mg/kg/day (1,000 ppm) up to approximately

400 mg/kg/day (6,250 ppm) produced internal haemorrhaging and deaths in the pups (IRDC, 1985). Follow-up studies
with Sprague Dawley rats (CXR Biosciences Ltd, 2003, 2004 & 2006) demonstrated that “MCCPs” can perturb blood
clotting. In adult females that had been treated for 7 to 8 weeks including pregnancy and lactation, decreased levels of
vitamin K and of the clotting factors VIl and X were found, and 5 out of 32 dams showed signs of haemorrhaging
during parturition. However, these decreases did not affect their prothrombin times, indicating that the functional
reserve in the majority of these adult animals was sufficient. The foetus in utero apparently receives sufficient vitamin
K via the placenta, but after birth becomes severely deficient in vitamin K and related clotting factors and relies on the
mothers’ milk to receive them. Exposure to “MCCPs” in the milk may also further reduce their vitamin K levels. This
in turn leads to a severe vitamin K deficiency in the neonates and consequently to haemorrhaging. This is the basis for
the harmonised EU classification for effects via lactation (H362 — May cause harm to breast-fed children) according
to Regulation (EC) No. 1272/2008.

207. From the studies available, an overall NOAEL of 47 mg/kg/day (600 ppm) as a maternal dose was identified
for these effects mediated via lactation (EC, 2005). However, it should be noted that the effects (11% reduction in pup
survival and related haemorrhaging) observed at the LOAEL (74 mg/kg/day; 1 000 ppm) were not statistically
significant. Haemorrhaging was also seen in one study at the time of parturition in 16% of dams given 538 mg/kg/day
(6,250 ppm), but not up to 100 mg/kg/day (1 200 ppm) in other studies. The NOAEL of 100 mg/kg/day (1,200 ppm)
was therefore selected for the risk characterisation of haemorrhaging effects potentially occurring in pregnant women
at the time of parturition. EFSA (2020) estimated the BMDLs values of 48.5 mg/kg bw/day (BMDU/BMDL ratio of
1.3) for the combined incidence of subcutaneous haematoma/haemorrhage in rats and 53 mg/kg bw/day
(BMDU/BMDL ratio of 1.8) for rat pup deaths (EFSA, 2020).

208. The potential association of perturbation of kidney function with “MCCPs” exposure was investigated in a
cross-sectional study (Zhao et al., 2021). Information on educational attainment, smoking and drinking habits and
history of kidney disease of the volunteers (n=387) was obtained by employing a standardised questionnaire. BMI
(body mass index), blood glucose and blood pressure of volunteers were also recorded. After adjustment for multiple
variables, in males only, elevated “MCCPs” levels (above median) were associated with an elevated odds ratio (OR)
for glomerular hyperfiltration (estimated Glomerular Filtration Rate, eGFR) of > 135 mL/min/1.73 m?) (“MCCPs”:
OR = 3.25; 95% Confidence Interval (Cl): 1.20-5.29; p=0.009). It is possible that the elevated eGFR could reflect
glomerular damage, indicative of early impaired kidney function. However, the study only noted an association
between “MCCPs” and elevated eGFR in males, and it is not possible to infer causation from this study.

209. “MCCPs” is not classified with respect to carcinogenicity (category 1A or 1B) (no data available). The
substance is not classified for germ cell mutagenicity (category 1A or 1B), or toxicity for reproduction (category 1A,
1B, or 2) in Europe according to Regulation (EC) No. 1272/2008. It is not considered to be classified for specific
target organ toxicity after repeated exposure (STOT RE category 1 or 2).

24 Benchmark Dose Level associated with a 10% response adjusted for background.
2 Benchmark dose upper confidence limit.
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2.4.3 Adverse effects synthesis

210. Ecotoxicity data for “MCCPs” are available covering aquatic, benthic and terrestrial organisms. These
indicate that the substance causes adverse effects in aquatic and benthic invertebrates. Terrestrial organisms, fish and
algae were less sensitive to “MCCPs”, although the fish data are limited. Short-term avian data do not indicate
significant effects, but long-term data are not available. From the available information, the most sensitive organism
was D. magna as the 48-h ECs for a C14-17 chlorinated n-alkane, 52% CI wt. was 0.0059 mg/L and the 21-day NOEC
for the same species and substance was 0.0087 mg/L. Effects at higher concentrations were also seen in H. azteca and
L. variegatus (28-d NOEC mortality and reproduction of around 50 mg/kg sediment ww). The D. magna results
indicate that CPs with Ci4-17 chain lengths are very toxic to aquatic invertebrates in the environment. Furthermore, in
the EU REACH registration and CLP inventory, these data are used by the companies involved to cover all “MCCPs”
products supplied in the EU (the chlorine content of the commercially available product types is generally within the
range 40% to 63% by weight). This indicates that all of the products were assessed to be equally toxic. “MCCPs” has
a harmonised EU environmental hazard classification of Aquatic Acute 1, Aquatic Chronic 1 (H400, H410) which are
the most stringent classifications for acute and chronic environmental hazard under the United Nations Globally
Harmonised System. The significant level of toxicity observed has also resulted in the substance being concluded to
meet the “T” criterion for PBT evaluation within the EU.

211. The concern for adverse effects is supported by the internal haemorrhaging and death observed in rodent
offspring in a mammalian reproduction study (EFSA, 2020) resulting in a harmonised EU classification for “MCCPs”
as H362 (May cause harm to breast-fed children). Potential adverse effects could therefore occur in mammalian
wildlife.

3. Synthesis of information

212. “MCCPs” is a widely used industrial chemical which is estimated to be supplied in the order of

800 000 tonnes per year globally. It has a broad range of uses, primarily as a flame retardant and secondary plasticiser
in polymers such as PVC, and in metal working fluids. The Ci4 constituents are a major congener group in commercial
“MCCP” products currently being supplied in Europe and the US, with the C15_17 constituents present in lower
proportions. Chain lengths in CP products manufactured in China are broader, and the proportion of “MCCP”
components appears to be more variable, although in a number of instances C14 is suggested to be the dominant
constituent. CPs with Ci14_17 chain lengths are hydrophobic with a low water solubility (up to 27 pg/L) and high log
Kow Vvalues above 5.

213. CPs with Ci4-17 chain lengths (at or exceeding 45% chlorine by weight) meet the persistence criteria of the
Convention. The C14 (50% CI wt.) chain length is considered to have a half-life exceeding 180 days in two types of
aerobic sediment based on a laboratory test. Assessment of the persistence screening data indicates that “MCCP”
constituents with chlorination levels at or exceeding 45% chlorine by weight would also be expected to be persistent
in sediment. Persistence in sediment is supported by sediment core monitoring data, where “MCCPs” can be detected
at similar orders of magnitude across horizons spanning the last 8 years (and longer) in the same core. The persistence
conclusion for the Cy4 chain length can be applied to the Cis17 chain lengths because they will be more adsorptive
based on the measured and predicted trends for water solubility and log Kow. This is supported by the detection of
these chain lengths in sediment, and notably, where data are available, the congener profile detected reflects that in
commercial substances (i.e., there appears to be no preferential degradation of one chain length compared to the
others).

214, CPs with Ci4-17 chain lengths meet the bioaccumulation criteria of the Convention. All constituents have log
Kow Vvalues exceeding 5. The values tested for Cis.17 chlorinated paraffins with chlorination >45% are considered to be
reliable with restrictions and this does not prevent a conclusion being drawn from the tests. Two recent laboratory fish
bioaccumulation studies using Ci4 chain lengths show measured or estimated BCF values well above 5,000 L/kg. The
available fish bioaccumulation laboratory studies for the Cis, C16 and Cig chain lengths were not performed to current
test guidelines nor to such a high standard as the modern tests for the C14 substance. Nevertheless, they indicate a high
bioaccumulation potential for all three chain lengths (although C17 was not tested, its bioaccumulation potential can be
inferred to lie between that of C16 and Cig). A non-guideline invertebrate bioaccumulation study using a C14-17 45% CI
wt. substance measured a BCF value well in excess of 5,000 L/kg for Daphnia magna. Field monitoring studies
indicate that all chain lengths are bioavailable and can be detected in biota, including in top predators as well as in
sensitive life stages (such as birds’ eggs). Where data are available, the congener profile in organisms is similar to the
congener profile in environmental matrices such as soil and sediment, and wastewater treatment plant sludge,
suggesting congener uptake reflects exposure. Overall, the bioaccumulation behaviour of the longer chain lengths
appears to be broadly similar to C14. A number of field biomagnification studies are available, where BMFs or TMFs
both above and below 1 were calculated. Each field study has limitations, but the data indicate that the possibility of
biomagnification of “MCCPs” cannot be excluded.

215. CPs with C14-17 chain lengths are shown to meet the long-range environmental transport potential criteria of
the Convention. The predicted atmospheric half-life values are between 37 and 140 hours, principally dependent on
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the degree of chlorination: more highly chlorinated constituents will be more photolytically stable and more
adsorptive to particulates. There are uncertainties regarding both the model training set, and the effect of the fraction
adsorbed to aerosols (which is reliant on the predicted log Koa). Modelling using the OECD Screening tool indicates
LRET comparable to, but slightly below, that for SCCPs, which is a listed POP. The “MCCPs” LRET also falls within
the range of other listed POPs. The modelling is also affected by the fraction adsorbed to aerosols, which could be
higher than the OECD tool predicts, and would result in greater LRET potential. Monitoring data support the
modelling conclusion. Detection of “MCCPs” in air (gaseous and particulate) and water (dissolved and particulate)
suggests a number of pathways exist to deliver “MCCPs” to remote locations. While “MCCPs” are rarely included in
monitoring campaigns in remote regions, they have been detected in the Arctic (air, sediment, and biota including
predators), Antarctic (air) and Tibetan Plateau (air and biota). In some instances, the monitoring data indicate levels of
“MCCPs” comparable to or exceeding levels of SCCPs and some other listed POPs in remote regions.

216. CPs with Ci14-17 chain lengths are shown to meet the adverse effects criteria of the Convention. A Ci4.17
chlorinated n-alkane, 52% CI wit. is very toxic to D. magna in both acute and long-term studies. This indicates
significant toxicity to aquatic invertebrates which are an important part of aquatic food chains. Effects on organisms at
this trophic level may reduce food availability at higher levels of the food chain with potential population-level
effects. Regulatory testing is designed to protect all organisms living in the environment, and is limited in scope for
practical and ethical reasons. Therefore, high toxicity observed in one organism within a trophic level means that it
cannot be excluded that others are equally or more affected (this is a general principal of regulatory ecotoxicology).
For chemicals that are also shown to be persistent and bioaccumulative, the concern is also for unpredictable effects
within the food chain. Internal haemorrhaging and death have been observed in rodent offspring in a mammalian
reproduction study (EFSA, 2020). This observation suggests that potential adverse effects could occur in wild
mammals exposed to “MCCPs” via their diet. As the (eco)toxicity tests used a substance containing Ci4-17 chain
lengths, all chain lengths are considered to contribute to the observed effects. The tests are also used to support
regulatory submissions by suppliers covering all “MCCPs” products on the market (not just 52% Cl wt.) indicating
the applicability of the studies to a broad range of chlorination levels.

217. The available monitoring data generally show widespread occurrence of “MCCPs” in surface water,
sediment, soil, biota, sludge and air, in multiple regions of the world, including remote regions. The substance can be
widely detected in wildlife including predators, as well as human tissues. In some instances, tissue concentrations up
to 23 mg/kg Ilw have been detected. Increasing detections in local biota have been observed where trend information is
available. “MCCPs” has also been detected in a range of market foods, household dust, household products and
appliances, playing fields and other sources that may represent important human exposure pathways.

218.  The most recent wildlife monitoring studies (section 2.3.4 and UNEP/POPS/POPRC.18/INF/10) usually
provide chain length and congener level information, which indicates the bioavailability of all chain lengths. Where
data are available, “MCCPs” chain length / congener profiles detected in biota are consistent with those detected in
environmental matrices and wastewater treatment plant sludge.

219. Following national and international restrictions on the use of SCCPs, the supply of “MCCPs” has increased
significantly as the main drop-in replacement. The increase in supply (with consequent environmental emission) is
reflected in environmental monitoring trends: increasing levels of “MCCPs” are detected where multi-year sampling
has been undertaken. Sediment core data also indicate a decline in SCCPs with a concurrent increase in “MCCPs” in
layers representing more recent years. As the switch from SCCPs to “MCCPs” has only occurred in recent years,
“MCCPs” detection can be expected to increase in the absence of risk management.

220. The concentrations detected in wildlife in more contaminated areas show that high levels can be attained in
organisms. If environmental exposure of “MCCPs” is increasing in more remote areas as suggested by the limited
trend data available, increasing levels in the wildlife of those regions can be expected.

221. The concern for “MCCPs” is its demonstrated persistence, bioaccumulation and toxicity, together with a
similar long-range environmental transport potential to SCCPs. The underlying concern is that “MCCPs” poses
similar types of risk to SCCPs. While the two substances are not identical, they are sufficiently similar to warrant
action to address the potential risk from “MCCPs”. The very high levels of estimated emissions to the environment
are reflected in widespread detection, together with indications that these levels are increasing, including in remote
areas. Given the bioavailability and increasing trend in the detection of a known persistent, bioaccumulative and toxic
substance, it can be expected that levels in remote environments will continue to increase, and levels in biota will also
continue to increase with consequent risk of unpredictable impacts unless risk management measures are
implemented.

222. As a result of its persistence, bioaccumulative and toxic properties, “MCCPs” is concluded to be of high
concern by regulators in Australia, Canada, the EU, Switzerland and UK.
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4, Concluding statement

223. Chlorinated paraffins with carbon chain lengths in the range C14-17 and levels at or exceeding 45 per cent
chlorine by weight are considered to fulfil the criteria for persistence, bioaccumulation, long-range environmental
transport and adverse effects under the Convention. The different applications and ongoing use of CPs with C14-17
chain lengths and levels at or exceeding 45 per cent chlorine by weight globally is conservatively estimated to result
in the potential environmental release of around 2 400 to 24 000 tonnes each year. Due to the hazardous properties of
“MCCPs”, and the annual estimated level of environmental emissions, together with evidence of long-range transport
potential, extensive environmental contamination and an indication that levels in the environment are increasing and
spreading, global action is required to manage the risks to human health and the environment from chlorinated
paraffins with carbon chain lengths in the range Ci4-17 and chlorination levels >45% chlorine by weight.

224, Based on evidence of its persistence, bioaccumulation and adverse effects, widespread occurrence in
environmental compartments and frequent detection in biota in remote regions, it is concluded that chlorinated
paraffins with carbon chain lengths in the range C14-17 and levels at or exceeding 45 per cent chlorine by weight are
likely, as a result of long-range environmental transport, to lead to significant adverse human health and
environmental effects, such that global action is warranted.
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Abbreviations

AOPWIN

APCI-QToF-HRMS

BAF

BCF
BCFSS
BMDL
BMDU
BMF
BMFKgL
BSAF

bw

Ca.

CAS number
Cl wit.

CLP

CPs

CTD

CXX

dw

EC50

EC number
EC (reg)
ECHA
EFSA

EU
GC-ECNI-LRMS

GCXGC-ECD
GHS
GLP
HCB
HPLC
HRMS
HSE
KAW
KOC
KOW
KOA
LCCP(s)
LOD
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Atmospheric Oxidation Program

Atmospheric-Pressure Chemical lonization Quantitative Time of Flight High Resolution

Mass Spectrometry

Bioaccumulation Factor
Bioconcentration Factor

Steady State BCF

Benchmark dose (lower confidence limit)
Benchmark dose (upper confidence limit)
Biomagnification Factor
Growth-corrected and lipid-normalised kinetic biomagnification factor
Biota-sediment accumulation factor
Bodyweight

Circa (“approximately’)

Chemical Abstracts Service number
Chlorine content by weight
Classification, Labelling and Packaging
Chlorinated paraffins

Characteristic Travel Distance

Carbon chain with x Carbon atoms

Dry weight

Half maximal effective concentration
European Community Number

European Union council (regulation)
European Chemicals Agency

European Food Safety Authority
European Union

Gas Chromatography Electron Capture Negative lonisation Low Resolution Mass
Spectrometry

Two Dimensional Gas Chromatography with Electron Capture Detector
Globally Harmonised System

Good Laboratory Practise
Hexachlorobenzene

High Performance Liquid Chromatography
High Resolution Mass Spectrometry
Health & Safety Executive

Air-water partition coefficient

Organic carbon-water partition coefficient
Octanol-water partition coefficient
Octanol/air partition coefficient
Long-chain chlorinated paraffin(s)

Limit of Detection
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LOQ
LRET
LRTP

Iw
MCCP(s)
M-factors
MDL
NICNAS
NOAEL
NOEC
OECD
PBDEs
PBPK
POV
PBT
PCB
POP
PVC
REACH
RMOA
RP-HPTLC
RSD
SCCP(s)
SMILES
SVHC
TE

TG
ThOD
TMF
TOC

UN
UNEP
USEPA
UvCB
WHO

Limit of Quantification

Long-Range Environmental Transport

Long-Range Transport Potential

Lipid weight

Medium-chain chlorinated paraffin(s)

Multiplication Factors

Method Detection Limit

National Industrial Chemicals Notification and Assessment Scheme
No Observed Adverse Effect Level

No Observed Effect Concentration

Organisation for Economic Co-operation and Development
Polybromodiphenyl ethers

Physiologically-based pharmacokinetic modelling
Overall persistence

Persistent, Bioaccumulative and Toxic

Polychlorinated biphenyls

Persistent Organic Pollutant

Polyvinyl Chloride

Registration, Evaluation and Authorisation of Chemicals
Regulatory Management Option Analysis
Reversed-phase high performance thin layer chromatography
Relative Standard Deviation

Short-chain chlorinated paraffin(s)

Simplified Molecular Input Line Entry System
Substance of very high concern

Transfer Efficiency

Test Guideline

Theoretical Oxygen Demand

Trophic Magnification Factor

total organic carbon

United Nations

United Nations Environment Programme

United States Environmental Protection Agency
Unknown Variable Concentration or Biological

World Health Organisation

Wet weight

43



UNEP/POPS/POPRC.18/11/Add.3

References

Aamir M, Yin S, Zhou Y, Xu C, Liu K, Liu W. 2019. Congener-specific C10-C13 and C14-C17 chlorinated paraffins
in Chinese agricultural soils: Spatio-vertical distribution, homologue pattern and environmental behaviour.
Environmental Pollution, 245, 789-798.

Al Saify I, Cioni L, van Mourik LM, Brandsma SH, Warner NA. 2021. Optimization of a low flow sampler for
improved assessment of gas and particle bound exposure to chlorinated paraffins, Chemosphere 275, July 2021,
130066, https://doi.org/10.1016/j.chemosphere.2021.130066.

Altair Chimica 2021. Comments on the ECHA February 2021 Proposal for Identification of Substances of Very High
Concern on Medium-Chain Chlorinated Paraffins. 23 April 2021. https://echa.europa.eu/registry-of-svhc-intentions/-
[dislist/details/0b0236e185e9de96 [accessed 9 May 2022].

Ballschmiter K. 1994. Bestimmung von kurz- und mittelkettigen Chlorparaffinen in Wasser- und Sedimentproben aus
Oberflachenwassern. Universitat Ulm. Abt. Analytische Chemie und Umweltchemie, 10 May 1994.

Barber JL, Sweetman AJ, Thomas GO, Braekevelt E, Stern GA, Jones KC. 2005. Spatial and temporal variability in
air concentrations of short-chain (C10-C13) and medium-chain (C14-C17) chlorinated n-alkanes measured in the UK
atmosphere. Environmental Science and Technology 39, 4407-4415.

Bennie DT, Sullivan CA, Maguire RJ. 2000. Occurrence of chlorinated paraffins in beluga whales (Delphinapterus
leucas) from the St. Lawrence River and rainbow trout (Oncorhynchus mykiss) and carp (Cyprinus carpio) from Lake
Ontario. Water Quality Research Journal of Canada, 35, 263-281.

Bergman A, Yuan B, Bignert A, Andersson P, West C, Domellé M. 2022 Hélsorelaterad miljodvervakning Analys av
klorparaffiner i brostmjolk och serum. Report no. NV-02655-20. Dated 8 February 2022. Available at
http://naturvardsverket.diva-portal.org/smash/get/diva2:1636240/FULL TEXTO1.pdf [accessed 11 April 2022].

Bjorklund K, Stromvall A-M, Malmqvist P-A. 2011. Screening of organic contaminants in urban snow. Water
Science & Technology, 64, 206-213.

Boethling RS, Howard PH and Meylan WM. 2004. Finding and estimating chemical property data for environmental
assessment. Environ. Toxicol. Chem. 23(10): 2290-2308.

Bogdal C, Alsberg T, Diefenbacher PS, Macleod M, Berger U. 2015. Fast quantification of chlorinated paraffins in
environmental samples by direct injection high-resolution mass spectrometry with pattern deconvolution. Anal.
Chem., 87, 2852-2860.

Bohlin-Nizzetto P, Aas W, Krogseth IS. 2014. Monitoring of Environmental Contaminants in Air and Precipitation,
Annual Report 2015, Norwegian Institute for Air Research (NILU), Oslo, Norway. Report M-202 2014.

Bohlin-Nizzetto P, Aas W, Warner N. 2015. Monitoring of Environmental Contaminants in Air and Precipitation,
Annual Report 2014, Norwegian Institute for Air Research (NILU), Oslo, Norway. Report M-368 2015.

Bohlin-Nizzetto P & Aas W, 2016. Monitoring of Environmental Contaminants in Air and Precipitation, Annual
Report 2015, Norwegian Institute for Air Research (NILU), Oslo, Norway. Report M-579 2016.

Bohlin-Nizzetto P, Aas W, Warner N. 2017. Monitoring of Environmental Contaminants in Air and Precipitation,
Annual Report 2016, Norwegian Institute for Air Research (NILU), Oslo, Norway. Report M-757 2017.

Bohlin-Nizzetto P, Aas W, Warner N. 2018. Monitoring of Environmental Contaminants in Air and Precipitation,
Annual Report 2017, Norwegian Institute for Air Research (NILU), Oslo, Norway. Report M-1062 2018.

Bohlin-Nizzetto, P., Aas, W., Nikiforov, V. 2019. Monitoring of Environmental Contaminants in Air and
Precipitation, Annual Report 2018, Norwegian Institute for Air Research (NILU), Oslo, Norway, Report M-
1419 2019.

Bohlin-Nizzetto, P., Aas, W., Nikiforov, V. 2020. Monitoring of Environmental Contaminants in Air and
Precipitation, Annual Report 2019, Norwegian Institute for Air Research (NILU), Oslo, Norway, Report M-
1736_2020.

Bohlin-Nizzetto, P., Aas, W., Halvorsen, L., Nikiforov, V., and Pfaffhuber, K.A. 2021. Monitoring of environmental
contaminants in air and precipitation, Annual Report 2020. Norwegian Institute for Air Research (NILU), Oslo,
Norway, Report M-2060_2021.

Boitsov S and Klungsgyr J (2018). Hydrocarbons and organic contaminants in sediments from the MAREANO area
in 2017. Report series: Report from Marine Research 41-2018. ISSN: 1893-4536. Date of publication: 10.12.2018.
Research group: Environmental Chemistry Project. Project: MAREANO.

44


https://doi.org/10.1016/j.chemosphere.2021.130066
https://echa.europa.eu/registry-of-svhc-intentions/-/dislist/details/0b0236e185e9de96
https://echa.europa.eu/registry-of-svhc-intentions/-/dislist/details/0b0236e185e9de96
http://naturvardsverket.diva-portal.org/smash/get/diva2:1636240/FULLTEXT01.pdf

UNEP/POPS/POPRC.18/11/Add.3

Boitsov S, Klungsgyr J, Nesje G (2019). Hydrocarbons and organic contaminants in sediments from the MAREANO
area in 2018. Report series: Report from Marine Research 2019-50. ISSN: 1893-4536. Date of publication:
16.12.2019. Project no: 15312-02. Client (s): MAREANO program. Program: Marine processes and human impact.

Boitsov S and Sanden M (2020). Hydrocarbons and organic contaminants in sediments from the MAREANO area in
2019. Report series: Report from Marine Research 2020-47. ISSN: 1893-4536. Date of publication: 10.12.2020.
Project no: 15312-02. Client (s): MAREANO program. Program: Marine processes and human impact.

Boitsov S and Sanden M (2021). Hydrocarbons and organic contaminants in sediments from the MAREANO area in
2020. Report series: Report from Marine Research 2020-47. Report 2021-55 from the Institute of Marine Research.
ISSN:1893-4536, Publication date. 17.12.2021. Available at: https://www.hi.no/hi/nettrapporter/rapport-fra-
havforskningen-2021-55 [accessed 30th March 2022], and summarised in Norway Annex E submission.

Brandsma SH, van Mourik L, O’Brien JW, Eaglesham G, Leonards PEG, de Boer J, Gallen C, Mueller J, Gaus C,
Bogdal C. 2017. Medium-chain chlorinated paraffins (CPs) dominate in Australian sewage sludge. Environmental
Science & Technology, 51, 6, 3364-3372.

Brandsma SH, Brits M, Groenewoud QR, van Velzen MJM, Leonards PEG, and de Boer J. 2019. Chlorinated
Paraffins in Car Tires Recycled to Rubber Granulates and Playground Tiles. Environmental Science & Technology
53(13):7595-7603. DOI: 10.1021/acs.est.9b01835.

Brandsma S. H, Brits M, de Boer J, Leonards P. E. G. 2021. Chlorinated paraffins and tris (1-chloro-2-propyl)
phosphate in spray polyurethane foams — A source for indoor exposure? Journal of Hazardous Materials, 416,
125758-125769.

Brits M, De Boer J, Rohwer ER, De Vos J, Weiss JM, and Brandsma SH. Short-, medium-, and long-chain
chlorinated paraffins in South African indoor dust and cat hair. Chemosphere; 138. 2020.
https://doi.org/10.1016/j.chemosphere.2019.124643.

BUA. 1992. Chlorinated paraffins. GDCh - Advisory Committee on Existing Chemicals of Environmental Relevance
(BUA). BUA Report 93, June 1992.

BAUA [Bundesanstalt fur Arbeitsschutz und Arbeitsmedizin]. 2020. Risk Management Option Analysis Conclusion
Document. Substance Name: Alkanes, C14-17, chloro (Medium-chain chlorinated paraffins, MCCP) prepared by the
German CA. Dated 8 October 2020. Available at: https://www.echa.europa.eu/documents/10162/a2a733c0-7ee0-
7¢29-9162-703d636b3f87 (accessed 16 May 2022) .

Canada. 2008. Follow-up Report on a PSL1 Assessment for Which Data Were Insufficient to Conclude Whether the
Substances Were “Toxic” to the Environment and to the Human Health. Chlorinated Paraffins. Accessed (April 2021)
at: https://www.canada.ca/content/dam/eccc/migration/main/L cpe-cepa/documents/substances/pc-cp/cps followup-

eng.pdf.

Cao D, Gao W, Wu J, Lv K, Xin S, Wang Y and Jiang G. 2019. Occurrence and Human Exposure Assessment of
Short- and Medium-Chain Chlorinated Paraffins in Dusts from Plastic Sports Courts and Synthetic Turf in Beijing,
China. Environmental Science and Technology, 2019, 443-451.

Casa MV, van Mourik LM, Weijs L, Mueller J, Nash SB. 2019. First detection of short-chain chlorinated paraffins
(SCCPs) in humpback whales (Megaptera novaeangliae) foraging in Antarctic waters. Environmental Pollution 250:
953-959.

Campbell I and McConnell G. 1980. Chlorinated paraffins and the environment. 1. Environmental Occurrence.
Environmental Science & Technology, 9, 1209-1214.

Castro M, Breitholtz M, Yuan B, Athanassiadis I, Asplund L, Sobek A. 2018. Partitioning of chlorinated paraffins
(CPs) to Daphnia magna overlaps between restricted and in-use categories. Environ. Sci. Technol. 2018, 52 (17),
9713-9721.

Castro M, Sobek A, Yuan B, Breitholtz M (2019). Bioaccumulation potential of CPs in aquatic organisms: Uptake
and depuration in Daphnia magna. Environmental Science and Technology, 53, 9533-9541.

CCPIA [Chinese Chlorinated Paraffins Industry Association]. 2022. Intercessional Working Group comment, June
2022.

Cefas. 1999. Sampling the Levels of Short and Medium Chain Chlorinated Paraffins in the Environment. Final Report
for the Department of the Environment, Transport and the Regions. The Centre for Environment, Fisheries and
Aquaculture Science, Burnham-on-Crouch.

Chaemfa C, Xu Y, Li J, Chakraborty P, Syed JH, Malik RN, Wang Y, Tian C, Zhang G and Jones KC. 2014.
Screening of atmospheric short- and medium- chain chlorinated paraffins in India and Pakistan using polyurethane
foam based passive air sampler. Environmental Science & Technology, 48, 4799-4808.

45


https://www.hi.no/hi/nettrapporter/rapport-fra-havforskningen-2021-55
https://www.hi.no/hi/nettrapporter/rapport-fra-havforskningen-2021-55
https://doi.org/10.1016/j.chemosphere.2019.124643
https://www.echa.europa.eu/documents/10162/a2a733c0-7ee0-7c29-9162-703d636b3f87
https://www.echa.europa.eu/documents/10162/a2a733c0-7ee0-7c29-9162-703d636b3f87
https://www.canada.ca/content/dam/eccc/migration/main/lcpe-cepa/documents/substances/pc-cp/cps_followup-eng.pdf
https://www.canada.ca/content/dam/eccc/migration/main/lcpe-cepa/documents/substances/pc-cp/cps_followup-eng.pdf

UNEP/POPS/POPRC.18/11/Add.3

Chen MY, Luo XJ, Zhang XL, He MJ, Chen SJ, Mai BX. 2011. Chlorinated paraffins in sediments from the Pearl
River Delta, South China: Spatial and temporal distributions and implication for processes. Environmental Science &
Technology, 45, 9936-9943.

Chen H, Xu L, Zhou W, Han X, Zeng L. 2021. Occurrence, distribution and seasonal variation of chlorinated
paraffins in coral communities from South China Sea. Journal of Hazardous Materials 402, 15 January 2021, 123529.

Chen, C., Chen, A,, Zhan., F., Wania, F., Zhang, S., Li, L., and Liu, J. 2022. Global historical production, use, In-Use
Stocks, and Emissions of Short-, Medium-, and Long-Chain Chlorinated Paraffins. Environmental Science &
Technology 2022 56 (12), 7895-7904. DOI: 10.1021/acs.est.2c00264.

Choo G, Ekpe OD, KiWan P, Chung D, Lee J, Oh J-E. 2022. Temporal and spatial trends of chlorinated paraffins and
organophosphate flame retardants in black-tailed gull (Larus crassirostris) eggs. Science of the Total Environment 803
(2022) 150137.

Coelhan M. 2009. Determination of chlorinated paraffins in water samples. Organohalogen Compounds, 71, 1276—
1280.

Coelhan M. 2010. Levels of chlorinated paraffins in water. CLEAN - Soil Air Water, 38, 452-456.

CXR Biosciences Ltd. 2003. Effects of Medium Chain Chlorinated Paraffins (“MCCPs”) on Vitamin K
Concentrations and Clotting Factors in Female Sprague Dawley Rats. Unpublished report. Summary and discussion of
test available in HSE (2008) cited below. Registrant robust study summary available at:
https://echa.europa.eu/reqistration-dossier/-/registered-dossier/15252/7/10/4.

CXR Biosciences Ltd. 2004. MCCP — Study to Assess Maternal Milk and Neonate Plasma. Unpublished report.
Summary and discussion of test available in HSE (2008) cited below. Registrant robust study summary available at:
https://echa.europa.eu/registration-dossier/-/registered-dossier/15252/7/9/4.

CXR Biosciences Ltd. 2005a. A Dietary Study to Investigate the Toxicokinetics of Medium Chain Chlorinated
Paraffins (Cerechlor S52) in Male and Female Fisher 344 Rats. CXR0282. CXR Biosciences Ltd., Dundee, UK.
Unpublished report. Summary and discussion of test available in HSE (2008) cited below. Registrant robust study
summary available at: https://echa.europa.eu/registration-dossier/-/registered-dossier/15252/7/2/1.

CXR Biosciences Ltd. 2005b. A Dietary Study to Determine the 90 day NOAEL of Medium Chain Chlorinated
Paraffins (Cereclor S52) in Male and Female Fisher 344 Rats. CXR0273. CXR Biosciences Ltd, Dundee, UK.
Unpublished report. Summary and discussion of test available in HSE (2008) cited below. Registrant robust study
summary available at: https://echa.europa.eu/registration-dossier/-/registered-dossier/15252/7/6/1.

CXR Biosciences Ltd. 2006. C14-17 n-Alkane, 52% Chlorinated Study of Post-natal Offspring Mortality Following
Dietary Administration to CD Tats. DAR0001/062390. Huntingdon Life Sciences Ltd., Huntingdon, UK.
Unpublished report. Summary and discussion of test available in HSE (2008) cited below. Registrant robust study
summary available at: https://echa.europa.eu/registration-dossier/-/registered-dossier/15252/7/9/4.

Darnerud PO, Aune M, Glynn A, Borgen AR. 2012. Chlorinated paraffins in Swedish breast milk; KEMI:
Sundbyberg, Sweden.

De Wit, C.A,, Bossi, R., Dietz, R., Dreyer, A., Faxneld, S., Garbus, S.E., Hellstrém, P., Koshchorreck, J., Lohmann,
N., Roos, A., Sellstrom, U., Sonne, C., Treu, G., Vorkamp, K., Yuan, B., Eulaers, 1. 2020. Organohalogen compounds
of emerging concern in Baltic Sea biota: Levels, biomagnification potential and comparisons with legacy
contaminants. Environment International, VVolume 144, 2020. https://doi.org/10.1016/j.envint.2020.106037.

Darnerud, P.O., and Bergman, A. 2022. Critical review on disposition of chlorinated paraffins in animals and humans.
Environment International, Volume 163, 2022. https://doi.org/10.1016/j.envint.2022.107195.

Ding L, Luo N, Liu Y, Fang X, Zhang S, Li S, Jiang W, Zhao N. 2020. Short and medium-chain chlorinated paraffins
in serum from residents aged from 50 to 84 in Jinan, China: Occurrence, composition and association with
hematologic parameters. Sci Total Environ 2020 Aug 1;728:137998.

Dong S, Zhang S, Li X, Li T, Fan M, Wang Y, Chang J, Wang R, Zou Y, Suo D, Wang P and Su X. 2020. Short- and
medium-chain chlorinated paraffins in plastic animal feed packaging and factors affect their migration into animal
feed. Journal of Hazardous Materials, 389, 121836-121843.

Dong Z, Li T, Wan Y, Sun Y, and Hu J. 2020. Physiologically based pharmacokinetic modeling for chlorinated
paraffins in rats and humans: importance of iliary excretion. Environmental Science & Technology, 54, 938-946,
DOI: 10.1021/acs.est.9b03991.

Du X, Yuan B, Zhou Y, Benskin JP, Qiu Y, Yin G, Zhao J. 2018. Short-, medium-, and long-chain chlorinated
paraffins in wildlife from paddy fields in the Yangtze River delta. Environmental Science & Technology, 52,
1072-1080.

46


https://echa.europa.eu/registration-dossier/-/registered-dossier/15252/7/10/4
https://echa.europa.eu/registration-dossier/-/registered-dossier/15252/7/9/4
https://echa.europa.eu/registration-dossier/-/registered-dossier/15252/7/2/1
https://echa.europa.eu/registration-dossier/-/registered-dossier/15252/7/6/1
https://echa.europa.eu/registration-dossier/-/registered-dossier/15252/7/9/4
https://doi.org/10.1016/j.envint.2020.106037

UNEP/POPS/POPRC.18/11/Add.3

Du, X., Bo Yuan, Yihui Zhou, Ziye Zheng, Yan Wu, Yanling Qiu, Jianfu Zhao, and Ge Yin. 2019. Tissue-Specific
Accumulation, Sexual Difference, and Maternal Transfer of Chlorinated Paraffins in Black-Spotted Frogs.
Environmental Science & Technology, 53 (9), 4739-4746. DOI: 10.1021/acs.est.8b06350.

Du, X., Bo Yuan, Yihui Zhou, Cynthia A. de Wit, Ziye Zheng, and Ge Yin. Chlorinated Paraffins in Two Snake
Species from the Yangtze River Delta: Tissue Distribution and Biomagnification. 2020. Environmental Science &
Technology. 54 (5), 2753-2762. DOI: 10.1021/acs.est.9b06467.

EC [European Communities] 2000. European Union Risk Assessment Report: Alkanes, C10-13, chloro-. 1st Priority
List, Volume 4. European Commission Joint Research Centre, EUR 19101 EN. Accessed (April 2021) at
https://echa.europa.eu/documents/10162/f343ch93-2c44-4f19-91e8-4c0730edf604.

EC [European Communities]. 2005. European Union Risk Assessment Report: Alkanes, Ci4-17, Chloro- . 2005. 3rd
Priority List, Volume 58. European Commission Joint Research Centre, EUR 21640 EN. Accessed (April 2021) at
https://echa.europa.eu/documents/10162/584faee8-d13a-41dd-8b33-959ad1a81171.

EC [European Communities]. 2007. Updated Risk Assessment of Alkanes, C14-17, Chloro- (Medium-chain
Chlorinated Paraffins). Draft Environment Addendum of August 2007. Accessed (April 2021) at
https://echa.europa.eu/documents/10162/d317126f-75bc-4ba6-a8be-7ecaa2a96656.

ECCC (Environment & Climate Change Canada) pers comm. 2022. Email from Greg Hammond to lan Doyle dated
10 March 2022.

ECHA [European Chemicals Agency]. 2016. Guidance on Information Requirements and Chemical Safety
Assessment Chapter R.16: Environmental exposure assessment. Version 3.0. February 2016. Accessed (5" February
2021) at: https://echa.europa.eu/documents/10162/13632/information requirements r16 en.pdf/b9f0f406-ff5f-4315-
908e-e5f83115d6af

ECHA [European Chemicals Agency]. 2021a.Member State Committee Support Document for identification of
Medium-Chain Chlorinated Paraffins (MCCP) as Substances of Very High Concern Because of their PBT (Article
57d), vPvB (Article 57¢) properties. Adopted on 15 June 2021. Accessed 31 March 2022 at
https://echa.europa.eu/documents/10162/98611952-49d5-b0be-d4b9-3df6579315¢9.

ECHA [European Chemicals Agency] 2021b. REACH Registration dossier. Alkanes C10-13, Chloro. Accessed (April
2021) at: https://echa.europa.eu/registration-dossier/-/registered-dossier/11315.

ECHA [European Chemicals Agency] 2021c. Paraffin waxes and hydrocarbon waxes, Chloro. Accessed (April 2021)
at: https://echa.europa.eu/registration-dossier/-/registered-dossier/14895.

ECHA [European Chemicals Agency] 2022a. Annex XV Restriction report: proposal to restrict Medium chain
chlorinated paraffins (‘MCCP’) and other substances that contain chloroalkanes with carbon chain lengths within the
range from C14 to C17. Available at: https://echa.europa.eu/registry-of-restriction-intentions/-
[dislist/details/0b0236e18682f8e1 [accessed 3 August 2022].

ECHA [European Chemicals Agency]. 2022b. REACH Registration dossier. Alkanes Ci4-17, Chloro. Accessed (31
March 2022) at: https://echa.europa.eu/registration-dossier/-/registered-dossier/15252.

ECHA [European Chemicals Agency]. 2022c. ECHA Classification & Labelling inventory available at
https://echa.europa.eu/information-on-chemicals/cl-inventory-database/-/discli/details/94445, checked 31 March
2022.

ECHA [European Chemicals Agency]. 2022d. ECHA REACH Registration Alkanes, Ci14-17, Chloro — Reprotoxicity.
Accessed (May 2022). https://echa.europa.eu/registration-dossier/-/registered-
dossier/15252/7/9/2/?documentUUID=9a46741c-f0c5-487a-bb34-f73be8aa3168.

ECHA [European Chemicals Agency]. 2022e. Intercessional Working Group comments, June 2022.

EFSA [European Food Safety Authority]. 2020. EFSA CONTAM Panel (EFSA Panel on Contaminants in the Food
Chain), Schrenk D, Bignami M, Bodin L, Chipman JK, del Mazo J, Grasl-Kraupp B, Hogstrand C, Hoogenboom LR,
Leblanc J-C, Nebbia CS, Ntzani E, Petersen A, Sand S, Schwerdtle T, VIeminckx C, Wallace H, Briischweiler B,
Leonards P, Rose M, Binaglia M, Horvath Z, Bordajandi LR and Nielsen E, 2020. Scientific Opinion — Risk
assessment of chlorinated paraffins in feed and food. EFSA Journal 2020; 18 (3):5991, 220 pp. Accessed (April 2021)
at: https://doi.org/10. 2903/j.efsa.2020.5991.

Endo S. Refinement and extension of COSMO-RS-trained fragment contribution models for predicting the partition
properties of C10-20 chlorinated paraffin congeners: Environ. Sci.: Processes Impacts, 2021, 23, 831.

Environment Agency. 2009. Environmental risk assessment: Long Chain Chlorinated Paraffins. Brooke DN, Crookes
MJ and Merckel D. Environment Agency January 2009. ISBN: 978-1-84432-977-9. Accessed (5 February 2021) at:
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/290855/scho0109bp

gr-e-e.pdf.

47


https://echa.europa.eu/documents/10162/f343cb93-2c44-4f19-91e8-4c0730edf604
https://echa.europa.eu/documents/10162/584faee8-d13a-41dd-8b33-959ad1a81171
https://echa.europa.eu/documents/10162/d317126f-75bc-4ba6-a8be-7ecaa2a96656
https://echa.europa.eu/documents/10162/13632/information_requirements_r16_en.pdf/b9f0f406-ff5f-4315-908e-e5f83115d6af
https://echa.europa.eu/documents/10162/13632/information_requirements_r16_en.pdf/b9f0f406-ff5f-4315-908e-e5f83115d6af
https://echa.europa.eu/registration-dossier/-/registered-dossier/11315
https://echa.europa.eu/registration-dossier/-/registered-dossier/14895
https://echa.europa.eu/registry-of-restriction-intentions/-/dislist/details/0b0236e18682f8e1
https://echa.europa.eu/registry-of-restriction-intentions/-/dislist/details/0b0236e18682f8e1
https://echa.europa.eu/registration-dossier/-/registered-dossier/15252
https://echa.europa.eu/information-on-chemicals/cl-inventory-database/-/discli/details/94445
https://echa.europa.eu/registration-dossier/-/registered-dossier/15252/7/9/2/?documentUUID=9a46741c-f0c5-487a-bb34-f73be8aa3168
https://echa.europa.eu/registration-dossier/-/registered-dossier/15252/7/9/2/?documentUUID=9a46741c-f0c5-487a-bb34-f73be8aa3168
https://doi.org/10.2903/j.efsa.2020.5991
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/290855/scho0109bpgr-e-e.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/290855/scho0109bpgr-e-e.pdf

UNEP/POPS/POPRC.18/11/Add.3

Environment Agency. 2010. Conclusion of Substance Evaluation for Transitional Dossiers for Medium-chain
Chlorinated Paraffins. Accessed (April 2022) at: https://echa.europa.eu/documents/10162/32844551-067f-4e40-8170-
d60ac1625f5b.

Environment Agency. 2012. Brooke D and Crookes M. Depuration rate constant: growth correction and use as an
indicator of bioaccumulation potential. Environment Agency, UK. October 2012. ISBN: 978-1-84911-283-3.
Accessed (10 October 2019) at:
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment data/file/291525/LIT 7371

44228a.pdf.

Environment Agency. 2019a. Substance evaluation conclusion and evaluation report for Medium-chain chlorinated
paraffins / alkanes, C14-17, chloro. Environment Agency, UK. Dated: 09 December 2019. Accessed (26th March 2021)
at: https://echa.europa.eu/documents/10162/b707a807-583e-62f2-c899-85ea2bbdadc?.

Environment Agency. 2019b. Analysis of the most appropriate risk management option (RMOA) for Alkanes, C1s-17,
chloro. November 2019. Available at at: https://echa.europa.eu/assessment-regulatory-needs/-
[dislist/details/0b0236e1811f547f [Accessed April 2022].

Environment Agency. 2022. Persistent, Bioaccumulative and Toxic (PBT) Properties of Long Chain Chlorinated
Paraffins (LCCPs). Environment Agency, Bristol, UK.
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment data/file/1091341/Persistent

Bioaccumulative and Toxic PBT properties of Long Chain Chlorinated Paraffins LCCPs - report.pdf

Environment Agency Japan. 1991. Chemicals in the Environment. Report on Environmental Survey and Wildlife
Monitoring of Chemicals in F.Y. 1988 and 1989. Office of Health Studies, Department of Environmental Health,
Environment Agency Japan, 1991.

USEPA [US Environmental Protection Agency]. 2015. TSCA New chemicals review program standard review risk
assessment on Medium-Chain Chlorinated Paraffins (PMN P-12-0282, P-12-0283) and Long-Chain Chlorinated
Paraffins (PMN P-12-0284). https://www.epa.gov/reviewing-new-chemicals-under-toxic-substances-control-act-
tsca/standard-review-risk-assessment [accessed 12 May 2022].

Eurofins EAG Agroscience. 2022a. Tritiated Medium-Chain Chlorinated Paraffin (52% chlorine wt.): biodegradation
in activated sludge. Report no. 835E-110 dated 2™ February 2022. Eurofins EAG Agroscience, LLC, Easton,
Maryland USA.

Eurofins EAG Agroscience. 2022b. Comparison of the biodegradation of tritiated chlorinated paraffin ([3H]C14-17-
52%ClI) to non-tritiated MCCP-52%CI in the OECD 314B test system using GC-uECD and TLC methods. Report no.
835E-111 dated 3@ May 2022. Eurofins EAG Agroscience, LLC, Easton, Maryland USA.

Fisk AT, Cymbalisty CD, Bergman A, Muir DCG. 1996. Dietary accumulation of C12- and C16- chlorinated alkanes
by juvenile rainbow trout (Oncorhynchus mykiss). Environmental Toxicology and Chemistry, 15, 1775-1782.

Fisk AT, Wiens SC, Webster GRB, Bergman A, Muir DCG. 1998a. Accumulation and depuration of sediment-sorbed
C12- and C16- polychlorinated alkanes by oligochaetes (Lumbriculus variegatus). Environmental Toxicology and
Chemistry, 17, 2019-2026.

Fisk AT, Cymbalisty CD, Tomy GT, Muir DCG. 1998b. Dietary accumulation and depuration of individual C10-,
C11- and C14- polychlorinated alkanes by juvenile rainbow trout (Oncorhynchus mykiss). Aquatic Toxicology, 43,
209-221.

Fisk AT, Tomy GT, Cymbalisty CD, Muir DCG. 2000. Dietary accumulation and quantitative structure-activity
relationships for depuration and biotransformation of short (C10), medium (C14) and long (C18) carbon-chain
polychlorinated alkanes by juvenile rainbow trout (Oncorhynchus mykiss). Environmental Toxicology and Chemistry,
19, 1508-1516.

Fjeld E, Schlabach M, Berge JA, Green N, Eggen T, Snilsberg P, Vogelsang C, Rognerud, Kjellberg G, Enge EK,
Dye C and Gundersen H. 2005. Survey of Select New Organic Pollutants in 2004. Brominated Flame Retardants,
Perfluoroalkyl Substances, Irgarol, Diuron, BHT and Dicofol. SFT TA-2096/2005.

Gallistl C, Lok B, Schlienz A and Vetter W. 2017. Polyhalogenated compounds (chlorinated paraffins, novel and
classic flame retardants, POPs) in dishcloths after their regular use in households. Science of the Total Environment,
595, 303-314.

Gallistl C, Sprengel J and Vetter W, 2018. High levels of medium-chain chlorinated paraffins and polybrominated
diphenyl ethers on the inside of several household baking oven doors. Science of the Total Environment, 615,1019—
1027.https://doi.org/10.1016/j.scitotenv.2017.09.112.

48


https://echa.europa.eu/documents/10162/32844551-067f-4e40-8170-d60ac1625f5b
https://echa.europa.eu/documents/10162/32844551-067f-4e40-8170-d60ac1625f5b
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/291525/LIT_7371_44228a.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/291525/LIT_7371_44228a.pdf
https://echa.europa.eu/documents/10162/b707a807-583e-62f2-c899-85ea2bbda9c2
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1091341/Persistent__Bioaccumulative_and_Toxic__PBT__properties_of_Long_Chain_Chlorinated_Paraffins__LCCPs__-_report.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1091341/Persistent__Bioaccumulative_and_Toxic__PBT__properties_of_Long_Chain_Chlorinated_Paraffins__LCCPs__-_report.pdf
https://www.epa.gov/reviewing-new-chemicals-under-toxic-substances-control-act-tsca/standard-review-risk-assessment
https://www.epa.gov/reviewing-new-chemicals-under-toxic-substances-control-act-tsca/standard-review-risk-assessment

UNEP/POPS/POPRC.18/11/Add.3

Gawor A and Wania F. 2013. Using quantitative structural property relationships, chemical fate models, and the
chemical partitioning space to investigate the potential for long range transport and bioaccumulation of complex
halogenated chemical mixtures, Environmental Science: Process & Impacts, 15, 1671-1684.

Gluge J, Bogdal C, Scheringer M, Buser AM, Hungerbihler K. 2013. Calculation of physicochemical properties for
short- and medium-chain chlorinated paraffins. Journal of Physical and Chemical Reference Data, 42, 023103.

Gluge J, Schinkel L, Hungerbiihler K, Cariou R and Bogdal C. 2018. Environmental risks of medium-chain
chlorinated paraffins (“MCCPs”) - A review. Environmental Science & Technology, 52, 6743-6760.

Gluge J (pers. Comm. 2021). Emails to Environment Agency 31 March 2021, and 7 April 2021.

Green NW, Schgyen M, Hjermann D@, @xnevad S, Ruus A, Lusher A, Beylich B, Lund E, Tveiten L, Havardstun J,
Jenssen MTS, Ribeiro AL, Bek K. 2018 Contaminants in Coastal Waters of Norway 2017. The Norwegian
Environment Agency. ISBN 978-82-577-7037-2.

Green, N.W.; Schgyen, M.; Hjermann, D.@.; @xnevad, S.; Ruus, A.; Grung, M.; Beylich, B.; Lund, E.; Tveiten, L.;
Jenssen, M.T.S.; Havardstun, J.; Ribeiro, A.L.; Doyer, I.; Bak, K. (2022) Contaminants in coastal waters of Norway
2019. NIVA — Norwegian Report for Water Research. Report 7741-2022, revised version of report 7565-2020.

Greenpeace. 1995. Greenpeace Zur Sache: Chloroparaffine, May 1995.

Grung M, Jartun M, Bak K, Ruus A, Rundberget T, Allan I, Beylich B, Vogelsang C, Schlabach M, Hanssen L,
Borgé K, Helberg M. Environmental Contaminants in an Urban Fjord, 2020. NIVA Report 7674-2021. NEA no. M-
2073|2021. ISBN 978-82-577-7410-3 ISSN 1894-7948.

Guida, Y., Capella, R., and Weber, R. 2020. Chlorinated paraffins in the technosphere: A review of available
information and data gaps demonstrating the need to support the Stockholm Convention implementation. Emerging
Contaminants 6:143-154.

Harju M, Herzke D, Kaasa H 2013. Perfluorinated alkylated substances, brominated flame retardants and chlorinated
paraffins in the Norwegian Environment - Screening 2013. OR 31/2013: 105. Norwegian Institute for Air Research,
Tromsg, Norway.

Herzke D, RostKowski P, Harju M, Borgen AR, Christensen-Dalsgaard S (2019). Assessment of additives used in
plastic in seabirds. NILU - Norwegian Institute for Air Research. NILU report 1/2019. ISBN: 978-82-425-2962-6.

Heimstad ES, Nygard T, Herzke D, Bohlin-Nizzetto P. 2018. Environmental Pollutants in the Terrestrial and Urban
environment. NILU - Norwegian Institute for Air Research. NILU OR 20/2018. NILU project no. O-117065.

Heimstad ES, Moe B, Nygard T, Herzke D, Bohlin-Nizzetto P. 2020. Environmental pollutants in the terrestrial and
urban environment 2020. Norwegian Environment Agency report no. M-2049 2021. Available at
https://www.miljodirektoratet.no/publikasjoner/2021/oktober-2021/environmental-pollutants-in--the-terrestrial-and-
urban-environment-2020/ [Accessed April 2022].

Hilger B, Fromme H, Vlkel W, Coelhan M (2011a). Effects of chain length, chlorination degree, and structure on the
octanol-water partition coefficients of polychlorinated n-alkanes. Environmental Science Technology, 45, 7, 2842—
2849.

Hilger B, Coelhan M, Volkel W. (2011b). Determination of chlorinated paraffins in human breast milk by HRGC-
ECNI-LRMS. Organohalogen Compounds, 73, 1611-1613.

Hilger B, Fromme H, Vélkel W, and Coelhan M. Occurrence of chlorinated paraffins in house dust samples from
Bavaria, Germany. Environmental Pollution 175; 16-21. 2013. https://doi.org/10.1016/j.envpol.2012.12.011

Houde M, Muir DCG, Tomy GT, Whittle DM, Teixeira C, Moore S. 2008. Bioaccumulation and trophic
magnification of short- and medium- chain chlorinated paraffins in food webs from Lake Ontario and Lake Michigan.
Environmental Science & Technology, 42, 3893-3899.

HSE [Health & Safety Executive]. 2008. Risk Assessment of Alkanes, C14-17, chloro (Medium-Chained Chlorinated
Paraffins). Draft of February 2008. Accessed (24 September 2019) at
https://echa.europa.eu/documents/10162/13630/trd rar uk mccp en.pdf/b879f97d-9cea-49e1-9a84-4b3c6adeb447

Huang H, Gao L, Qiao L. 2017. Bioaccumulation and biomagnification of short and medium-chain polychlorinated
paraffins in different species of fish from Liaodong Bay, North China. Scientific Reports, 7, Article number: 10749.

Huang Di, Gao L, Qiao L, Cui L, Xu C, Wang K, Zheng M. 2020. Concentrations of and risks posed by short-chain
and medium-chain chlorinated paraffins in soil at a chemical industrial park on the southeast coast of China.
Environmental Pollution, 258, article number 113704.

49


https://www.miljodirektoratet.no/publikasjoner/2021/oktober-2021/environmental-pollutants-in--the-terrestrial-and-urban-environment-2020/
https://www.miljodirektoratet.no/publikasjoner/2021/oktober-2021/environmental-pollutants-in--the-terrestrial-and-urban-environment-2020/
https://doi.org/10.1016/j.envpol.2012.12.011
https://echa.europa.eu/documents/10162/13630/trd_rar_uk_mccp_en.pdf/b879f97d-9cea-49e1-9a84-4b3c6a4eb447

UNEP/POPS/POPRC.18/11/Add.3

Huber S, Warner NA, Nygard T, Remberger M, Harju M, Uggerud HT, Kaj L, Hanssen L (2015). A broad cocktail of
environmental pollutants found in eggs of three seabird species from remote colonies in Norway. Environmental
Toxicology and Chemistry, 34 (6): 1296—1308.

Hussy I, Webster L, Russell M, Moffat C. 2012. Determination of chlorinated paraffins in sediments from the Firth of
Clyde by gas chromatography with electron capture negative ionisation mass spectrometry and carbon skeleton
analysis by gas chromatography with flame ionisation detection. Chemosphere, 88, 292—-299.

Hittig J and Oehme M. 2005. Presence of chlorinated paraffins in sediments from the North and Baltic Seas. Archives
of Environmental Contamination and Toxicology, 49, 449-456.

Hittig J and Oehme M. 2006. Congener group patterns of chloroparaffins in marine sediments obtained by chloride
attachment chemical ionization and electron capture negative ionization. Chemosphere, 64, 1573-1581.

ICI. 1992. Personal Communication, as reported in Willis et al., (1994).

Inoue Y., Hashizume N., Yoshida T., Murakami H., Suzuki Y., Koga Y., Takeshige R., Kikushima E., Yakata N. and
Otsuka M. 2012. Comparison of bioconcentration and biomagnification factors for poorly water-soluble chemicals
using common carp (Cyprinus carpio L.). Arch. Environ. Con. Tox. 63: 241-248.

lozza S, Miiller C E, Schmid P, Bogdal C, Oehme M. 2008. Historical profiles of chlorinated paraffins and
polychlorinated biphenyls in a dated sediment core from Lake Thun (Switzerland). Environmental Science &
Technology, 42, 1045-1050.

lozza S, Schmid P, Oehme M. 2009a. Development of a comprehensive analytical method for the determination of
chlorinated paraffins in spruce needles applied in passive air sampling. Environmental Pollution, 157, 3218-3224.

lozza S, Schmid P, Oehme M, Bassan R, Belis C, Jakobi G, Kirchner M, Schramm K-W, Kréauchi N, Moche W,
Offenthaler I, Weiss P, Simon¢i¢ P, Knoth W. 2009b. Altitude profiles of total chlorinated paraffins in humus and
spruce needles from the Alps (MONARPOP). Environmental Pollution, 157, 3225-3231.

IRDC [International Research and Development Corporation]. 1984. Chlorinated paraffin: Teratology study in rats.
IRDC Report No. 438/017. International Research and Development Corporation, Mattawan, Michigan, USA 49071.
Unpublished report.

IRDC [International Research and Development Corporation]. 1985. Chlorinated Paraffin: Reproduction Range-
finding Study in Rats. IRDC Report No. 438/049. International Research and Development Corporation, Mattawan,
Michigan, USA 49071. Unpublished report.

Ismail N, Gewurtz SB, Pleskach K, Whittle FM, Helm PA, Marvin CH and Tomy GT. 2009. Brominated and
chlorinated flame retardants in Lake Ontario, Canada, lake trout (Salvelinus namaycush) between 1979 and 2004 and
possible influences of food-web changes. Environmental Toxicology and Chemistry, 28, 910-920.

IVL. 2018. Nationell luftdvervakning: Sakrapport med data fran 6vervakning inom Programomrade Luft t.o.m. 2017).
Report number C 360. IVL Svenska Miljoinstitutet AB, Stockholm. ISBN 978-91-88787—99-6

Jansson B, Andersson R, Asplund L, Litzén N, Nylund K, Sellstrém U, Uvemo U B, Wahlberg C, Widegvist U, Odsj6
T, Olsson M. 1993. Chlorinated and brominated persistent organic compounds in biological samples from the
environment. Environmental Toxicology and Chemistry, 12, 1163-1174.

Jiang L, Gao W, Ma X, Wang Y, Wang C, Li Y, Yang R, Fu J, Shi J, Zhang Q, Wang Y and Jiang G. 2021. Long-
term investigation of the temporal trends and gas/particle partitioning of Short- and Medium-Chain Chlorinated
Paraffins in ambient air of King George Island, Antarctica. Environmental Science & Technology, 55, 230-239.

Kemmlein S, Hermeneit A, Rotard W. 2002. Carbon skeleton analysis of chloroparaffins in sediment, mussels and
crabs. Organohalogen Compounds, 59, 279-282.

Klec¢ka G, Persoon C, Currie R. 2010. Chemicals of emerging concern in the Great Lakes Basin: An analysis of
environmental exposures. Reviews of Environmental Contamination and Toxicology, 207, 1-93.

KEMI [Kemikalieinspektionen]. 2017. PM 2/17: Study of a possible restriction of MCCP in electrical and electronic
equipment regulated under RoHS. Available at https://www.kemi.se/publikationer/pm/2017/pm-2-17-study-of-a-
possible-restriction-of-mccp-in-electrical-and-electronic-equipment-regulated-under-rohs [checked 29/03/2022)

KEMI [Kemikalieinspektionen]. 2018. RoHS Annex Il Dossier “MCCPs”. Proposal for a restriction of a substance in
electrical and electronic equipment under RoHS. Report 4/18. available at:
https://www.kemi.se/publikationer/rapporter/2018/report-4-18-rohs-annex-ii-dossier-mccp [checked 29/03/2022)

Klimisch HJ, Andreae M, Tillmann U. A Systematic Approach for Evaluating the Quality of Experimental
Toxicological and Ecotoxicological Data. Regulatory Toxicology and Pharmacology. Volume 25, Issue 1, February
1997, Pages 1-5.

50


https://www.kemi.se/publikationer/pm/2017/pm-2-17-study-of-a-possible-restriction-of-mccp-in-electrical-and-electronic-equipment-regulated-under-rohs
https://www.kemi.se/publikationer/pm/2017/pm-2-17-study-of-a-possible-restriction-of-mccp-in-electrical-and-electronic-equipment-regulated-under-rohs
https://www.kemi.se/publikationer/rapporter/2018/report-4-18-rohs-annex-ii-dossier-mccp

UNEP/POPS/POPRC.18/11/Add.3

Knobloch MC, Schinkel L, Kohler H E, Mathi, F, Kern S, Bleiner D, & Heeb NV. (2021a). Transformation of short-
chain chlorinated paraffins and olefins with the bacterial dehalogenase LinB from Sphingobium Indicum - Kinetic
models for the homologue-specific conversion of reactive and persistent material. Chemosphere, 283, 131199.

Knudtzon NC, Thorstensen H, Ruus A, Helberg M, Bk K, Enge EK, Borga K. Maternal transfer and occurrence of
siloxanes, chlorinated paraffins, metals, PFAS and legacy POPs in herring gulls (Larus argentatus) of different urban
influence. Environ Int. 2021 Jul;152:106478. doi: 10.1016/j.envint.2021.106478. Epub 2021 Mar 23. PMID:
33770583.

Kratschmer K, Schachtele A, Malisch R, Vetter W. 2019a. Chlorinated paraffins (CPs) in salmon sold in southern
Germany: Concentrations, homologue patterns and relation to other persistent organic pollutants. Chemosphere, 227,
630-637.

Krétschmer, K., & Schéchtele, A. 2019b. Interlaboratory studies on chlorinated paraffins: Evaluation of different
methods for food matrices. Chemosphere, 234, 252—-259. https://doi.org/10.1016/j.chemosphere.2019.06.022

Kratschmer K, Malisch R, Vetter W. 2021. Chlorinated Paraffin Levels in Relation to Other Persistent Organic
Pollutants Found in Pooled Human Milk Samples from Primiparous Mothers in 53 Countries. Environmental Health
Perspectives Vol. 129, Issue 8. Environmental Pollution 272 (2021) 116019.

Kutarna S, Du X, Diamond ML, Blum A, Helm P, Peng H. 2022. Widespread Presence of Chlorinated Paraffins in
Consumer Products. Pre-publication -available at: http://dx.doi.org/10.2139/ssrn.4017470.

Labadie P, Blasi C, Le Menach K, Geneste E, Babut M, Perceval O, Budzinski H. 2019. Evidence for the widespread
occurrence of short- and medium- chain chlorinated paraffins in fish collected from the Rhdéne River basin (France).
Chemosphere, 223, 232-239.

Lassen C, Sgrensen G, Crookes M, Christensen F, Jeppesen CN, Warming M, Mikkelsen SH, Nielsen JM. Survey of
short chain and medium chain chlorinated paraffins. 2014. Report prepared for The Danish Environmental Protection
Agency, Copenhagen, Denmark.

Li C, Xie H, Chen J, Yang X, Zhang Y, and Qiao X. 2014. Predicting Gaseous Reaction Rates of Short Chain
Chlorinated Paraffins with -OH: Overcoming the Difficulty in Experimental Determination. Environmental Science &
Technology, 48, 13808-13816.

Li Q, Yuan M, Shangguan J, Guo M, Wu J, Zhang Y, Pei M, Zhang Z, Zhang M, Sun Y, Tian C, Li J and Zhang G.
2021. Insights into Persistent Toxic Substances in Protective Cases of Mobile Phones: Occurrence, Health Risks, and
Implications. Environmental Science and Technology, 55, 6076—-6086.

Li T, Wan Y, Gao S, Wang B, Hu J. 2017. High-throughput determination and characterization of short- , medium- ,
and long- chain chlorinated paraffins in human blood. Environmental Science and Technology, 51, 3346-3354.

Li Q, Cheng X, Cui Y, SunJ, Li J, Zhang G. 2018a. Short- and medium- chain chlorinated paraffins in the Henan
section of the Yellow River: Occurrences, fates, and fluxes. Science of the Total Environment, 640-641, 1312-1319.

Li T, Gao S, Ben Y, Zhang H, Kang Q and Wan Y. 2018b. Screening of chlorinated paraffins and unsaturated
analogues in commercial mixtures: Confirmation of their occurrences in the atmosphere. Environmental Science &
Technology, 52, 1862-1870.

Liu Y, Luo X, Zeng Y, Wang Q, Tu W, Yang C, Mai B. 2020. Trophic Magnification of Short- And Medium-Chain
Chlorinated Paraffins in Terrestrial Food Webs and Their Bioamplification in Insects and Amphibians during
Metamorphosis. Environmental Science & Technology, 54, 11282-11291.

Liu Y, Han X, Zhao N, Fang X, Zhang S, Li S, Jiang W, Ding L. 2021. The association of liver function biomarkers
with internal exposure of short- and medium-chain chlorinated paraffins in residents from Jinan, China. Environ
Pollut. 2021 Jan 1;268(Pt A):115762.

LiuY,Wang S, Gao L, Cui L, Li J, Lyu B, Zhang L, Zheng M, Wu Y. 2022. Exposure to Chlorinated Paraffins in the
Sixth Total Diet Study — China, 2016-2019. China CDC Weekly. 2022 Mar 4; 4(9): 172-175.

Ma X, Zhang, H, Zhou H, Na G, Wang Z, Chen C, Chen J, Chen J. 2014. Occurrence and gas/particle partitioning of
short- and medium-chain chlorinated paraffins in the atmosphere of Fildes Peninsula of Antarctica. Atmospheric
Environment, 90, 10-15.

Ma X, Wang Y, Gao W, Wang Y, Wang Z, Yao Z, Jiang G. 2018. Air-Seawater Gas Exchange and Dry Deposition of
Chlorinated Paraffins in a Typical Inner Sea (Liaodong Bay), North China, Environmental Science and Technology,
52,7729-7735.

Madeley JR and Birtley RDN (1980). Chlorinated paraffins and the environment. 2. Aquatic and avian toxicology.
Environ. Sci. Technol. 14, 1215-1221.

51


http://dx.doi.org/10.2139/ssrn.4017470

UNEP/POPS/POPRC.18/11/Add.3

Madeley JR and Thompson RS. 1983. Toxicity of chlorinated paraffin to mussels (Mytilus edulis) - 52% chlorination
of intermediate chain length n-paraffin. ICI Confidential Report BL/B/2289.

Madeley JR, Gillings E, Reynolds LF. 1983a. Determination of the Solubility of Four Chlorinated Paraffins in Water.
ICI Confidential Report BL/B/2301. Unpublished report.

Madeley JR, Maddock BG and Reynolds LF 1983b. Toxicity of a chlorinated paraffin to rainbow trout over 60 days.
ICI Confidential Report BL/B/2202.

Matthijs, E., Holt, M.S., Kiewiet, A. and Rijs, G.B.J. (1999), Environmental monitoring for linear alkylbenzene
sulfonate, alcohol ethoxylate, alcohol ethoxy sulfate, alcohol sulfate, and soap. Environmental Toxicology and
Chemistry, 18: 2634-2644. https://doi.org/10.1002/etc.5620181133.

Muir D, Braekevelt E, Tomy G, Whittle M. 2002. Analysis of Medium Chain Chlorinated Paraffins in Great Lake
Food Webs and in a Dated Sediment Core for Lake St. Francis in the St. Lawrence River System. Preliminary Report
August 2002. National Water Research Institute, Burlington, ON.

Murray T, Frankenberry M, Steele DH, Heath RG. 1987a. Chlorinated Paraffins: A Report on the Findings from Two
Field Studies, Sugar Creek, Ohio, Tinkers Creek, Ohio. Volume 1, Technical Report. United States Environmental
Protection Agency Report USEPA 560/5-87-012, 1987.

Murray T, Frankenberry M, Steele DH, Heath RG. 1987b. Chlorinated Paraffins: A Report on the Findings from Two
Field Studies, Sugar Creek, Ohio, Tinkers Creek, Ohio. Volume 2, Appendix D, The quality assurance project plan.
United States Environmental Protection Agency Report USEPA 560/5/87-012, 1987.

NICNAS [National Industrial Chemicals Notification and Assessment Scheme]. 2020. Alkanes, Ci4-17, chloro-:
Environment tier 11 assessment. 16 June 2020. Accessed (5 February 2021) at:
https://www.industrialchemicals.gov.au/sites/default/files/Alkanes%2C%20C1417%2C%20chloro-
%20Environment%20tier%2011%20assessment.pdf.

NEA [Norwegian Environment Agency]. 2021. Environmental Pollutants in Post-Consumer Plastics. Report M-2059
2021. Dated 2nd June 2021. Available at: https://www.miljodirektoratet.no/publikasjoner/2021/juni-
2021/environmental-pollutants-in-post-consumer-plastics/. Accessed April 2022.

Nipen, M., Vogt, R.D., Bohlin-Nizzetto, P., Borg, K., Mwakalapa, E.B., Borgen, A.R., Jgntvedt Jgrgensen, S.,
Ntapanta, S.M., Mmochi, A.J., Schlabach, M., and Breivik, K. 2022. Spatial trends of chlorinated paraffins and
dechloranes in air and soil in a tropical urban, suburban, and rural environment. Environmental Pollution, Volume
292, Part A, 2022, https://doi.org/10.1016/j.envpol.2021.118298.

Niu S, Chen R, Hageman KJ, Zou Y, Dong L, Zheng R, WangX, Hai R. 2021. Disentangling the contributions of
urban and production sources in short- and medium-chain chlorinated paraffin concentrations in a complex source
region. Journal of Hazardous Materials 405 (2021) 124117.

Nivesse AL, Baglan N, Montavon G, Granger G, Péron O. 2020. Cellulose, proteins, starch and simple carbohydrates
molecules control the hydrogen exchange capacity of bio-indicators and foodstuffs. Chemosphere. 2021
Apr;269:128676. doi: 10.1016/j.chemosphere.2020.128676. Epub 2020 Oct 17. PMID: 33268089.

Norsk Vann. 2018. Organic Pollutants in Norwegian Wastewater Sludge — Results from the Survey in 2017/18.
Report 248.

OECD [Organisation for Economic Co-operation and Development]. 2006. The OECD Pov and LRTP Screening Tool
2.2. Software and Manual, OECD, Paris. Accessed (April 2021) at: http://www.oecd.org/chemicalsafety/risk-
assessment/oecdpovandlrtpscreeningtool.htm.

OECD [Organisation for Economic Co-operation and Development]. 2017a. Spreadsheets to be used in conjunction
with TG 305. Accessed (April 2021) at: https://www.oecd.org/chemicalsafety/testing/Section-3-environmental-fate-
behaviour-software-tg-305.htm.

OECD [Organisation for Economic Co-operation and Development]. 2017b. Guidance Document on Aspects of
OECD TG 305 on Fish Bioaccumulation. Series on Testing & Assessment. No. 264. OECD, Paris.

Olofsson U, Bignert A, Haglund, P. 2012. Time-trends of metals and organic contaminants in sewage sludge. Water
Res. 2012, 46, 4841-4851.

Pan X, Tang J, Tian C, Li J, Zhang G. Short- and medium-chain chlorinated paraffins in sediments from the Laizhou
Bay area, North China: Implications for transportation from rivers to marine environment. Environ Pollut. 2018 Dec;
243(Pt B):1460-1468. doi: 10.1016/j.envpol.2018.09.123. Epub 2018 Sep 29. PMID: 30292155.

Perkons I, Abdulajeva E, Bartkiene E, Zacs D. Short- and medium-chain chlorinated paraffins in commercial
complementary baby food produced in different European countries: Occurrence, congener group profiles, portion-
based dietary intake, and risk assessment. Sci Total Environ. 2022 Mar 25;814:152733.

52


https://doi.org/10.1002/etc.5620181133
https://www.industrialchemicals.gov.au/sites/default/files/Alkanes%2C%20C14-17%2C%20chloro-%20Environment%20tier%20II%20assessment.pdf
https://www.industrialchemicals.gov.au/sites/default/files/Alkanes%2C%20C14-17%2C%20chloro-%20Environment%20tier%20II%20assessment.pdf
https://www.miljodirektoratet.no/publikasjoner/2021/juni-2021/environmental-pollutants-in-post-consumer-plastics/
https://www.miljodirektoratet.no/publikasjoner/2021/juni-2021/environmental-pollutants-in-post-consumer-plastics/
https://doi.org/10.1016/j.envpol.2021.118298
http://www.oecd.org/chemicalsafety/risk-assessment/oecdpovandlrtpscreeningtool.htm
http://www.oecd.org/chemicalsafety/risk-assessment/oecdpovandlrtpscreeningtool.htm
https://www.oecd.org/chemicalsafety/testing/section-3-environmental-fate-behaviour-software-tg-305.htm
https://www.oecd.org/chemicalsafety/testing/section-3-environmental-fate-behaviour-software-tg-305.htm

UNEP/POPS/POPRC.18/11/Add.3

Ren X, Geng N, Zhang H, Wang F, Gong Y, Song X, Luo Y, Chen J. (2019). Comparing the disrupting effects of
short-, medium-and long-chain chlorinated Paraffins on cell viability and metabolism. Science of the Total
Environment 685: 297-307.

Renberg L, Sundstrom G, Sundh-Nygard K. 1980. Partition coefficients of organic chemicals derived from reverse
phase thin layer chromatography. Evaluation of methods and application on phosphate esters, polychlorinated
paraffins and some PCB-substitutes. Chemosphere, 9, 683-691.

Renberg L, Tarkpea M, Sundstrom G. 1986. The use of the bivalve Mytilus Edulis as a test organism for
bioconcentration studies. li. The bioconcentration of two “C-labeled chlorinated paraffins. Ecotoxicology and
Environmental Safety, 11, 361-372.

Reth M, Zencak Z, Oehme M. 2005. First study of congener group patterns and concentrations of short- and medium-
chain chlorinated paraffins in fish from the North and Baltic Sea. Chemosphere, 58, 847—-854.

Reth M, Ciric A, Christensen G N, Heimstad E S, Oehme M. 2006. Short- and medium- chain chlorinated paraffins in
biota from the European Arctic — differences in homologue group patterns. Science of the Total Environment, 367,
252-260.

Rieger R and Ballschmiter K. 1995. Semivolatile organic compounds — polychlorinated dibenzo-p-dioxins (PCDD),
dibenzofurans (PCDF), biphenyls (PCB), hexachlorobenzene (HCB), 4 4’-DDE and chlorinated paraffins (CP) — as
markers in sewer films. Fresenius Journal of Analytical Chemistry, 352, 715-724.

Ruus A, Bk K, Petersen K, Allan I, Beylich B, Schlabach M, Warner N, Borga K, Helberg M. 2018. Environmental
Contaminants in an Urban Fjord, 2017. The Norwegian Environment Agency. NIVA Report no. 7368-2019. ISBN:
978-82-577-7103-4.

Scheringer M, MacLeod M, Wegmannm F. The OECD POV and LRTP Screening Tool, Version 2.21, April 2009.
https://www.oecd.org/env/ehs/risk-assessment/45373514.pdf.

Schmid PP and Muller MD. 1985. Trace level detection of chlorinated paraffins in biological and environmental
samples using gas chromatography/mass spectrometry with negative-ion chemical ionization. Journal-Association of
Official Analytical Chemists, 68, 427-430.

Schlabach M, van Bavel B, Baz Lomba JA, Borgen A, Wing Gabrielsen G, Goétsch A, Halse AK, Hanssen L, Sunde
Krogseth I, Nikiforov V, Nygard T, Bohlin Nizzetto P, Reid M, Rostkowski P, Samanipour S. 2018. Screening
Programme 2017. AMAP assessment compounds. Environmental monitoring, M-1080[2018. ISBN: 978-82-425-
2940-4.

Schlabach M, Borgen A, Bak K, and Kringstad A. 2022. Screening of Chlorinated Paraffins, Dechloranes and UV-
filters in Nordic Countries. https://pub.norden.org/temanord2022-519. http://dx.doi.org/10.6027/temanord2022-519.
ISBN: 978-92-893-7291-6.

South L, Saini A, Harner T, Niu S, Parnis JM, Mastin J. 2022. Medium- and long-chain chlorinated paraffins in air: A
review of levels, physicochemical properties, and analytical considerations. Science of the Total Environment. 29,
157, 094.

Sprengel J and Vetter W. 2021. Chlorinated paraffins in hinges of kitchen appliances. Environmental Monitoring and
Assessment, 193, 250-259.

Sprengel J, Behnisch PA, Besselink H, Brouwer A, Vetter W. 2021. In vitro human cell-based TTR-TRf CALUX
assay indicates thyroid hormone transport disruption of short-chain, medium-chain, and long-chain chlorinated
paraffins. Arch Toxicol. 2021; 95(4): 1391-1396.

Stevens JL, Northcott GL, Stern GA, Tomy GT, Jones KC. 2003. PAHs, PCBs, PCNs, organochlorine pesticides,
synthetic musks, and polychlorinated n-alkanes in UK sewage sludge: survey results and implications. Environ. Sci.
Technol. 2003, 37, 462—467.

Sun YZ, Wang XT, Zhang Y, Sun YF, Li M, Ma Z. 2013. Level, composition and sources of medium-chain
chlorinated paraffins in soils from Chongming Island. Huan Jing Ke Xue, 34(11), 4420-4426.

Swedish Environmental Protection Agency. 1998. Persistent Organic Pollutants. A Swedish View of an International
Problem. Monitor No. 16.

Thomas GO and Jones KC. 2002. Chlorinated Paraffins in Human and Bovine Milk-fat. A Report on a Research
Project Funded by the Eurochlor Chlorinated Paraffin Sector Group. Department of Environmental Sciences,
Lancaster University, UK. Unpublished report. Summary and discussion of test available in EC (2005) cited above.

Thomas, GO, Farrar, DG, Braekevelt E, Stern GA, Kalantzi Ol, Martin FL, Jones KC. 2006 Short and medium chain
length chlorinated paraffins in UK human milk fat. Environment International, 32, 34—40.

53


https://www.oecd.org/env/ehs/risk-assessment/45373514.pdf
https://pub.norden.org/temanord2022-519
http://dx.doi.org/10.6027/temanord2022-519

UNEP/POPS/POPRC.18/11/Add.3

Thomas KV, Langford KH, Muthanna T, Schlabach M, Enge E J, Borgen A, Ghebremeskel M, Gundersen H, Leknes
H, Uggerud H, Haglund P, Liao Z, Liltved H. 2011. Occurrence of Selected Organic Micropollutants and Silver at
Wastewater Treatment Plants in Norway. Klima-og forurensningsdirektoratet, TA 2784, 2011.

Thompson RS, Williams NJ, Gillings E.1996. Chlorinated paraffin (52% chlorinated, C14-17): Acute toxicity to
Daphnia magna. Zeneca Confidential Report, BL5871/B. https://echa.europa.eu/registration-dossier/-/registered-
dossier/15252/6/2/4/?documentUUID=c3bfh895-4749-4d22-ae3e-70e62bdfa406 [Accessed May 2022].

Thompson RS, Williams NJ, Gillings E. 1997a. Chlorinated paraffin (52% chlorinated, C14-17): Chronic toxicity to
Daphnia magna. Zeneca Confidential Report, BL5875/B. https://echa.europa.eu/registration-dossier/-/registered-
dossier/15252/6/2/5/?documentUUID=c8c24631-8181-4de6-a571-915758b7bafd [Accessed May 2022].

Thompson RS, Smyth DV and Gillings E.1997b. Chlorinated paraffin (52% chlorinated, Ci4-17): Toxicity to the green
alga Selenastrum capricornutum. Zeneca Confidential Report, BL5791/B. https://echa.europa.eu/registration-dossier/-
[registered-dossier/15252/6/2/6/?documentUUID=e5f0achf-f84f-482b-8765-761f266d1f39 [Accessed May 2022].

Thompson RS, Caunter JE and Gillings E. 2000. Medium-chain chlorinated paraffin (51% chlorinated n-pentadecane-
8-1“C): Bioconcentration and elimination by rainbow trout (Oncorhynchus mykiss). AstraZeneca Confidential Report
BL6869/B. https://echa.europa.eu/registration-dossier/-/registered-dossier/15252/5/4/2/?documentUU1D=937dafa8-
9468-4af8-a49b-d30b29d9d66e [Accessed May 2022].

Thompson RS, Hutchings MJ and Gillings E. 2001. Medium-chain chlorinated paraffin (52% chlorinated, C14-17):
Effects in soil on the survival, growth and reproduction of the earthworm, Eisenia fetida. AstraZeneca Confidential
Report BL7115/B. https://echa.europa.eu/registration-dossier/-/registered-
dossier/15252/5/4/3/?documentUU1D=3a196f37-9dce-4303-a038-874dd29clall [Accessed May 2022].

Thompson, R. and Vaughan, M. (2014), Medium-chain chlorinated paraffins (MCCPs): A review of bioaccumulation
potential in the aquatic environment. Integr Environ Assess Manag, 10: 78-86. https://doi.org/10.1002/ieam.1452

Tomy GT, Stern GA, Muir DCG, Fisk AT, Cymbalisty CD, Westmore JB. 1997. Quantifying C10—C13
polychloroalkanes in environmental samples by High-Resolution Gas Chromatography/Electron Capture Negative lon
High-Resolution Mass Spectrometry. Analytical Chemistry, 69, 2762-2771.

Tomy GT, Fisk AT, Westmore JB, Muir DCG. 1998. Environmental chemistry and toxicology of polychlorinated n-
alkanes. Reviews of Environmental Contamination and Toxicology, 158, 53-128.

UK [United Kingdom] Chemicals Agency. 2021. UK REACH: grandfathered registrations notified substances list.
Available at:

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment data/file/1022242/uk-reach-
grandfathered-registrations-notified-substances-list.ods [accessed 31 March 2022].

UN [United Nations]. 2019. Globally Harmonized System of Classification and Labelling of Chemicals (GHS)
(Rev.8). Available at https://unece.org/fileadmin/DAM/trans/danger/publi/ghs/ghs rev08/ST-SG-AC10-30-Rev8e.pdf
[accessed 10 May 2022].

UNEP [United Nations Environment Programme]. 2015. Short-Chained Chlorinated Paraffins Risk Profile, adopted
by POPRC 11, October 2015. Document UNEP/POPS/POPRC.11/10/Add.2. Accessed (April 2021) at:
http://chm.pops.int/Portals/0/download.aspx?d=UNEP-POPS-POPRC.11-10-Add.2.English.pdf.

Unpublished. 2010a. [**C]-Chlorinated n-Tetradecane: Determination of the Bioconcentration in Rainbow Trout
(Oncorhynchus mykiss). Summary and discussion of test available in Environment Agency (2019a) cited above.
Registrant robust study summary available at: https://echa.europa.eu/registration-dossier/-/registered-
dossier/15252/5/4/2/?documentUU1D=937dafa8-9468-4af8-a49b-d30b29d9d66e [accessed May 2022].

Unpublished. 2010b. Analysis of *4C-labeled Polychlorinated C14 Exposed Fish. Report R-10/06-1, IVM Institute for
Environmental Studies. Summary and discussion of test available in Environment Agency (2019a) cited above.

Unpublished. 2019a. Water Solubility Determination of C14 Polychlorinated n-Alkane with 50% CI by Weight.
Summary and discussion of test available in Environment Agency (2019a) cited above. Registrant robust study
summary available at: https://echa.europa.eu/registration-dossier/-/registered-
dossier/15252/4/9/?documentUUID=5¢c3dfd76-1d2e-4358-9008-9f5bd592b509 [accessed May 2022].

Unpublished. 2019b. 1-Octanol/Water Partition Coefficient Determination of C14 Polychlorinated n-Alkane with 50%
Cl by Weight. Summary and discussion of test available in Environment Agency (2019a) cited above. Registrant
robust study summary available at: https://echa.europa.eu/registration-dossier/-/registered-
dossier/15252/4/8/?documentUUID=36047953-20b3-424e-98d7-5379c7c3ec49.

Unpublished. 2019c. C14 Chlorinated Paraffin: Aerobic Transformation in Aquatic Sediment Systems (simulation
study). Summary and discussion of test available in Environment Agency (2019a) cited above. Registrant robust study

54


https://echa.europa.eu/registration-dossier/-/registered-dossier/15252/6/2/4/?documentUUID=c3bfb895-4749-4d22-ae3e-70e62bdfa406
https://echa.europa.eu/registration-dossier/-/registered-dossier/15252/6/2/4/?documentUUID=c3bfb895-4749-4d22-ae3e-70e62bdfa406
https://echa.europa.eu/registration-dossier/-/registered-dossier/15252/6/2/5/?documentUUID=c8c24631-8181-4de6-a571-915758b7bafd
https://echa.europa.eu/registration-dossier/-/registered-dossier/15252/6/2/5/?documentUUID=c8c24631-8181-4de6-a571-915758b7bafd
https://echa.europa.eu/registration-dossier/-/registered-dossier/15252/6/2/6/?documentUUID=e5f0acbf-f84f-482b-8765-761f266d1f39
https://echa.europa.eu/registration-dossier/-/registered-dossier/15252/6/2/6/?documentUUID=e5f0acbf-f84f-482b-8765-761f266d1f39
https://echa.europa.eu/registration-dossier/-/registered-dossier/15252/5/4/2/?documentUUID=937dafa8-9468-4af8-a49b-d30b29d9d66e
https://echa.europa.eu/registration-dossier/-/registered-dossier/15252/5/4/2/?documentUUID=937dafa8-9468-4af8-a49b-d30b29d9d66e
https://echa.europa.eu/registration-dossier/-/registered-dossier/15252/5/4/3/?documentUUID=3a196f37-9dce-4303-a038-874dd29c1a11
https://echa.europa.eu/registration-dossier/-/registered-dossier/15252/5/4/3/?documentUUID=3a196f37-9dce-4303-a038-874dd29c1a11
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1022242/uk-reach-grandfathered-registrations-notified-substances-list.ods
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1022242/uk-reach-grandfathered-registrations-notified-substances-list.ods
https://unece.org/fileadmin/DAM/trans/danger/publi/ghs/ghs_rev08/ST-SG-AC10-30-Rev8e.pdf
http://chm.pops.int/Portals/0/download.aspx?d=UNEP-POPS-POPRC.11-10-Add.2.English.pdf
https://echa.europa.eu/registration-dossier/-/registered-dossier/15252/5/4/2/?documentUUID=937dafa8-9468-4af8-a49b-d30b29d9d66e
https://echa.europa.eu/registration-dossier/-/registered-dossier/15252/5/4/2/?documentUUID=937dafa8-9468-4af8-a49b-d30b29d9d66e
https://echa.europa.eu/registration-dossier/-/registered-dossier/15252/4/9/?documentUUID=5c3dfd76-1d2e-4358-9008-9f5bd592b509
https://echa.europa.eu/registration-dossier/-/registered-dossier/15252/4/9/?documentUUID=5c3dfd76-1d2e-4358-9008-9f5bd592b509
https://echa.europa.eu/registration-dossier/-/registered-dossier/15252/4/8/?documentUUID=36047953-20b3-424e-98d7-5379c7c3ec49
https://echa.europa.eu/registration-dossier/-/registered-dossier/15252/4/8/?documentUUID=36047953-20b3-424e-98d7-5379c7c3ec49

UNEP/POPS/POPRC.18/11/Add.3

summary available at: https://echa.europa.eu/registration-dossier/-/registered-
dossier/15252/5/3/3/?documentUUID=7f7caa05-f6f0-450e-b311-4e9c879d74d2 [accessed May 2022].

Unpublished. 2019d. Determination of C14 polychlorinated n-alkane with 50% CI by weight in sediments from OECD
308 biodegradation tests (specific analysis). Summary and discussion of test available in Environment Agency
(2019a) cited above.

Unpublished. 2019e. C14 Chlorinated Paraffin: A Dietary Exposure Bioaccumulation Test with the Rainbow Trout
(Oncorhynchus mykiss). Summary and discussion of test available in Environment Agency (2019a) cited above.

Unpublished. 2019f. Determination of Ci14 Polychlorinated n-alkane with 50% CI by weight in fish tissue and fish diet
from OECD 305 bioaccumulation tests. Summary and discussion of test available in Environment Agency (2019a)
cited above.

Van Ginkel CG and Louwerse A. 2010a. Biodegradability of chlorinated tetradecanes in closed bottle tests inoculated
with activated sludge and river water. CP1A Annex E submission available at:
http://chm.pops.int/TheConvention/POPsReviewCommittee/Meetings/POPRC17/POPRC17Followup/AnnexECPSub
mission/tabid/9102/ctl/Download/mid/25363/Default.aspx?id=0&0ObjlD=30088 [Accessed 12 May 2022].

Van Ginkel CG. 2010b. Biodegradability of polychlorinated tetradecane (45%) in the closed bottle test. CPIA Annex
E submission available at:
http://chm.pops.int/TheConvention/POPsReviewCommittee/Meetings/POPRC17/POPRC17Followup/AnnexECPSub
mission/tabid/9102/ctl/Download/mid/25363/Default.aspx?id=0&0ObjID=30088 [Accessed 12 May 2022].

Van Ginkel CG. 2018a. Biodegradability of C14 chlorinated n-alkane 50% CI (wt.) in the closed bottle test (OECD
TG 301D). CPIA Annex E submission available at:
http://chm.pops.int/TheConvention/POPsReviewCommittee/Meetings/POPRC17/POPRC17Followup/AnnexECPSub
mission/tabid/9102/ctl/Download/mid/25363/Default.aspx?id=0&0ObjlD=30088 [Accessed 12 May 2022].

Van Ginkel CG. 2018b. Biodegradability of C14 chlorinated n-alkane 55% CI (wt.) in the closed bottle test (OECD
TG 301D). CPIA Annex E submission available at:
http://chm.pops.int/TheConvention/POPsReviewCommittee/Meetings/POPRC17/POPRC17Followup/AnnexECPSub
mission/tabid/9102/ctl/Download/mid/25363/Default.aspx?id=0&ObjlD=30088 [Accessed 12 May 2022]

Van Ginkel CG. 2018c. Biodegradability of C14 chlorinated n-alkane 60% CI (wt.) in the closed bottle test (OECD
TG 301D). CPIA Annex E submission available at:
http://chm.pops.int/TheConvention/POPsReviewCommittee/Meetings/POPRC17/POPRC17Followup/AnnexECPSub
mission/tabid/9102/ctl/Download/mid/25363/Default.aspx?id=0&0bjlD=30088 [Accessed 12 May 2022].

Van Ginkel CG. 2018d. Biodegradability of C15 chlorinated n-alkane 51% CI (wt.) in the closed bottle test (OECD
TG 301D). CPIA Annex E submission available at:
http://chm.pops.int/TheConvention/POPsReviewCommittee/Meetings/POPRC17/POPRC17Followup/AnnexECPSub
mission/tabid/9102/ctl/Download/mid/25363/Default.aspx?id=0&0ObjlD=30088 [Accessed 12 May 2022].

Van Ginkel CG. 2014a. Biodegradability of C15 chlorinated n-alkane 51% CI (wt.) in the closed bottle test (OECD
TG 301D). CPIA Annex E submission available at:
http://chm.pops.int/TheConvention/POPsReviewCommittee/Meetings/POPRC17/POPRC17Followup/AnnexECPSub
mission/tabid/9102/ctl/Download/mid/25363/Default.aspx?id=0&0ObjID=30088 [Accessed 12 May 2022]

Van Ginkel CG. 2014b. Biodegradability of C15 chlorinated n-alkane 51% CI (wt.) in the closed bottle test (OECD
TG 301). CPIA Annex E submission available at:
http://chm.pops.int/TheConvention/POPsReviewCommittee/Meetings/POPRC17/POPRC17Followup/AnnexECPSub
mission/tabid/9102/ctl/Download/mid/25363/Default.aspx?id=0&0ObjlD=30088 [Accessed 12 May 2022].

Van Ginkel CG. 2010c. Biodegradability of C14-17 chlorinated paraffin (45.5% CI) in the closed bottle test. CPIA
Annex E submission available at:
http://chm.pops.int/TheConvention/POPsReviewCommittee/Meetings/POPRC17/POPRC17Followup/AnnexECPSub
mission/tabid/9102/ctl/Download/mid/25363/Default.aspx?id=0&0ObjlD=30088 [Accessed 12 May 2022].

Van Ginkel CG. 2010d. Biodegradability of medium-chain chlorinated paraffin (51.7% Cl w/w) in the closed bottle
test. CPIA Annex E submission available at:
http://chm.pops.int/TheConvention/POPsReviewCommittee/Meetings/POPRC17/POPRC17Followup/AnnexECPSub
mission/tabid/9102/ctl/Download/mid/25363/Default.aspx?id=0&ObjID=30088 [Accessed 121" May 2022].

Van Ginkel CG. 2010e. Biodegradability of C14-17 medium chain chlorinated paraffin (63.2% CI w/w) in the closed
bottle test. CPIA Annex E submission available at:
http://chm.pops.int/TheConvention/POPsReviewCommittee/Meetings/POPRC17/POPRC17Followup/AnnexECPSub
mission/tabid/9102/ctl/Download/mid/25363/Default.aspx?id=0&0ObjlD=30088 [Accessed 12 May 2022].

55


https://echa.europa.eu/registration-dossier/-/registered-dossier/15252/5/3/3/?documentUUID=7f7caa05-f6f0-450e-b311-4e9c879d74d2
https://echa.europa.eu/registration-dossier/-/registered-dossier/15252/5/3/3/?documentUUID=7f7caa05-f6f0-450e-b311-4e9c879d74d2
http://chm.pops.int/TheConvention/POPsReviewCommittee/Meetings/POPRC17/POPRC17Followup/AnnexECPSubmission/tabid/9102/ctl/Download/mid/25363/Default.aspx?id=0&ObjID=30088
http://chm.pops.int/TheConvention/POPsReviewCommittee/Meetings/POPRC17/POPRC17Followup/AnnexECPSubmission/tabid/9102/ctl/Download/mid/25363/Default.aspx?id=0&ObjID=30088
http://chm.pops.int/TheConvention/POPsReviewCommittee/Meetings/POPRC17/POPRC17Followup/AnnexECPSubmission/tabid/9102/ctl/Download/mid/25363/Default.aspx?id=0&ObjID=30088
http://chm.pops.int/TheConvention/POPsReviewCommittee/Meetings/POPRC17/POPRC17Followup/AnnexECPSubmission/tabid/9102/ctl/Download/mid/25363/Default.aspx?id=0&ObjID=30088
http://chm.pops.int/TheConvention/POPsReviewCommittee/Meetings/POPRC17/POPRC17Followup/AnnexECPSubmission/tabid/9102/ctl/Download/mid/25363/Default.aspx?id=0&ObjID=30088
http://chm.pops.int/TheConvention/POPsReviewCommittee/Meetings/POPRC17/POPRC17Followup/AnnexECPSubmission/tabid/9102/ctl/Download/mid/25363/Default.aspx?id=0&ObjID=30088
http://chm.pops.int/TheConvention/POPsReviewCommittee/Meetings/POPRC17/POPRC17Followup/AnnexECPSubmission/tabid/9102/ctl/Download/mid/25363/Default.aspx?id=0&ObjID=30088
http://chm.pops.int/TheConvention/POPsReviewCommittee/Meetings/POPRC17/POPRC17Followup/AnnexECPSubmission/tabid/9102/ctl/Download/mid/25363/Default.aspx?id=0&ObjID=30088
http://chm.pops.int/TheConvention/POPsReviewCommittee/Meetings/POPRC17/POPRC17Followup/AnnexECPSubmission/tabid/9102/ctl/Download/mid/25363/Default.aspx?id=0&ObjID=30088
http://chm.pops.int/TheConvention/POPsReviewCommittee/Meetings/POPRC17/POPRC17Followup/AnnexECPSubmission/tabid/9102/ctl/Download/mid/25363/Default.aspx?id=0&ObjID=30088
http://chm.pops.int/TheConvention/POPsReviewCommittee/Meetings/POPRC17/POPRC17Followup/AnnexECPSubmission/tabid/9102/ctl/Download/mid/25363/Default.aspx?id=0&ObjID=30088
http://chm.pops.int/TheConvention/POPsReviewCommittee/Meetings/POPRC17/POPRC17Followup/AnnexECPSubmission/tabid/9102/ctl/Download/mid/25363/Default.aspx?id=0&ObjID=30088
http://chm.pops.int/TheConvention/POPsReviewCommittee/Meetings/POPRC17/POPRC17Followup/AnnexECPSubmission/tabid/9102/ctl/Download/mid/25363/Default.aspx?id=0&ObjID=30088
http://chm.pops.int/TheConvention/POPsReviewCommittee/Meetings/POPRC17/POPRC17Followup/AnnexECPSubmission/tabid/9102/ctl/Download/mid/25363/Default.aspx?id=0&ObjID=30088
http://chm.pops.int/TheConvention/POPsReviewCommittee/Meetings/POPRC17/POPRC17Followup/AnnexECPSubmission/tabid/9102/ctl/Download/mid/25363/Default.aspx?id=0&ObjID=30088
http://chm.pops.int/TheConvention/POPsReviewCommittee/Meetings/POPRC17/POPRC17Followup/AnnexECPSubmission/tabid/9102/ctl/Download/mid/25363/Default.aspx?id=0&ObjID=30088
http://chm.pops.int/TheConvention/POPsReviewCommittee/Meetings/POPRC17/POPRC17Followup/AnnexECPSubmission/tabid/9102/ctl/Download/mid/25363/Default.aspx?id=0&ObjID=30088
http://chm.pops.int/TheConvention/POPsReviewCommittee/Meetings/POPRC17/POPRC17Followup/AnnexECPSubmission/tabid/9102/ctl/Download/mid/25363/Default.aspx?id=0&ObjID=30088
http://chm.pops.int/TheConvention/POPsReviewCommittee/Meetings/POPRC17/POPRC17Followup/AnnexECPSubmission/tabid/9102/ctl/Download/mid/25363/Default.aspx?id=0&ObjID=30088
http://chm.pops.int/TheConvention/POPsReviewCommittee/Meetings/POPRC17/POPRC17Followup/AnnexECPSubmission/tabid/9102/ctl/Download/mid/25363/Default.aspx?id=0&ObjID=30088
http://chm.pops.int/TheConvention/POPsReviewCommittee/Meetings/POPRC17/POPRC17Followup/AnnexECPSubmission/tabid/9102/ctl/Download/mid/25363/Default.aspx?id=0&ObjID=30088
http://chm.pops.int/TheConvention/POPsReviewCommittee/Meetings/POPRC17/POPRC17Followup/AnnexECPSubmission/tabid/9102/ctl/Download/mid/25363/Default.aspx?id=0&ObjID=30088

UNEP/POPS/POPRC.18/11/Add.3

van Mourik, L. M., Leonards, P. E., Gaus, C., & de Boer, J. (2015). Recent developments in capabilities for analysing
chlorinated paraffins in environmental matrices: A review. Chemosphere, 136, 259-272.

van Mourik LM, van der Veen I, Crum S, de Boer J. 2018. Developments and interlaboratory study of the analysis of
short-chain chlorinated paraffins. Trends in Analytical Chemistry, 102, 32—40.

van Zeijl H. 1997. Report of the Results of the One-off DIFFCHEM-project. Oslo and Paris Convention for the
Prevention of Marine Pollution. Environmental Assessment and Monitoring Committee (ASMO), Copenhagen, 7-11
April 1997.

Vorkamp, K., Balmer, J., Hung, H., Letcher, R. J., Rig. F. F. 2019. A review of chlorinated paraffin contamination in
Acrctic ecosystems. Emerging Contaminants, 5, 219-231.

Wang C, Gao W, Liang Y, Wang Y and Jiang G. 2018. Concentrations and congener profiles of chlorinated paraffins
in domestic polymeric products in China. Environmental Pollution, 238, 326-335.

Wang H, Chang H, Zhang C, Wu F. 2019. Occurrence and mass balance of medium- and long-chain chlorinated
paraffins in a municipal sewage treatment plant: Comparison to short-chain compounds. Environ. Int. 2019, 133,
105273.

Wang, H., Chang, H., Zhang, C., Feng, C., Wu F. 2021. Occurrence of chlorinated paraffins in a wetland ecosystem:
removal and distribution in plants and sediments. Environmental Science & Technology. 55 (2), 994-1003. DOI:
10.1021/acs.est.0c05694.

Wang R, Gao L, Zheng M, Li J, Zhang L, Wu Y, Wang G, Xiong L, Ding D, Lu D, Qiao L, Cui L, Xu C. 2019
Characterization of short- and medium- chain chlorinated paraffins in cereals and legumes from 19 Chinese provinces.
Chemosphere, 226, 282—-289.

Wang X-T, Wang X-K, Zhang Y, Chen L, Sun Y-F, Li M, Wu M-H. 2014. Short- and medium- chain chlorinated
paraffins in urban soils of Shanghai: Spatial distribution, homologue group patterns and ecological risk assessment.
Science of the Total Environment, 490, 144-152.

Wang X-T, Zhou J, Lei B-L, Zhou J-M, Xu S-Y, Hu B-P, Wang D-Q, Zhang D-P, Wu M-H. 2016. Atmospheric
occurrence, homologue patterns and source apportionment of short- and medium- chain chlorinated paraffins in
Shanghai, China: Biomonitoring with Masson pine (Pinus massoniana L.) needles. Science of the Total Environment,
560-561, 92-100.

Wang X-T, Xu S-Y, Wang X-K, Hu B-P, Jia H-H. 2017. Occurrence, homologue patterns and source apportionment
of short- and medium- chain chlorinated paraffins in suburban soils of Shanghai, China. Chemosphere, 180, 302-311.

Wang Y, Li J, Cheng Z, Li Q, Pan X, Zhang R, Liu D, Luo C, Liu X, Katsoyiannis A, Zhang G. 2013. Short- and
medium- chain chlorinated paraffins in air and soil of subtropical terrestrial environment in the Pearl River Delta,
South China: Distribution, composition, atmospheric deposition fluxes, and environmental fate. Environmental
Science & Technology, 47, 2679-2687.

Wang Y, Gao W, Wang Y, Jiang G. 2018. Distribution and pattern profiles of chlorinated paraffins in human placenta
of Henan Province, China. Environmental Science & Technology Letters, 5, 9-13.

Wang Y, Ma X, Gao W, Li C, Meng L, Zhong H, Wang Y, Jiang G. 2021. Temporal trends of short- and medium-
chain chlorinated paraffins in mollusks from the Chinese Bohai Sea during 2011-2018. EST Water 2021, 1, 4, 765—
773.

Wegmann F, MacLeod M, Scheringer M, 2007. POP Candidates 2007: Model Results on Overall Persistence and
Long-range Transport Potential using the OECD Pov & LRTP Screening Tool. Swiss Federal Institute of Technology,
ETH Zurich, Switzerland.

Wei G-L, Liang X.-L, Li D-Q, Zhuo M-N, Zhang S-Y, Huang Q-X, Liao Y-S, Xie Z-Y, Guo T-L, Yuan Z-J. 2016.
Occurrence, fate and ecological risk of chlorinated paraffins in Asia: A review. Environment International, 92—93,
373-387.

Weng J, Zhang P, Gao L, Zhu S, Li Y, Qiao L, Zhao B, Liu Y, Xu M, Zheng M. (2022). Concentrations, homolog
profiles, and risk assessment of short- and medium-chain chlorinated paraffins in soil around factories in a non-ferrous
metal recycling park. Environmental Pollution Volume 293, 15 January 2022, 118456.

Willis B, Crookes MJ, Diment J and Dobson SD (1994). Environmental Hazard Assessment: Chlorinated Paraffins.
TSD/19. Building Research Establishment.

Wu J, Cao D, Gao W, Lv K, Liang Y, Fu J, Gao Y, Wang Y, Jiang G. 2020a. The atmospheric transport and pattern of
Medium chain chlorinated paraffins at Shergyla Mountain on the Tibetan Plateau of China, Environmental Pollution,
245, 46-52.

56



UNEP/POPS/POPRC.18/11/Add.3

Wu Y, Wu J, Tan H, Song Q, Zhang J, Zhong X, Zhou J, Wu W, Cai X, Zhang W, Liu X. 2020b. Distributions of
chlorinated paraffins and the effects on soil microbial community structure in a production plant brownfield site.
Environmental Pollution, 262, article number 114328.

Xia D, Gao L, Zheng M, Tian Q, Huang H, and Qiao L. 2016. A novel method for profiling and quantifying short-
and medium- chain chlorinated paraffins in environmental samples using comprehensive Two-Dimensional Gas
Chromatography—Electron Capture Negative lonization High-Resolution Time-of-Flight Mass Spectrometry.
Environmental Science & Technology, 50, 14, 7601-7609.

Xia D, Gao L-R, Zheng M-H, Li J-R, Zhang L, Wu Y-N, Qiao L, Tian Q-C, Huang H-T, Liu W-B, Su G-J, Liu G-R.
2017a. Health risks posed to infants in rural China by exposure to short- and medium-chain chlorinated paraffins in
breast milk. Environment International, 103, 1-7.

Xia D, Gao L, Zheng M, Li J, Zhang L, Wu Y, Tian Q, Huang H, Qiao L. 2017b. Human exposure to short- and
medium- chain chlorinated paraffins via mothers’ milk in Chinese urban population. Environmental Science &
Technology, 51, 608-615.

Xia D, Vaye O, Lu R, Sun Y. 2021. Resolving mass fractions and congener group patterns of C8—C17 chlorinated
paraffins in commercial products: Associations with source characterization. Science of the Total Environment 769
(2021) 144701.

Xu J, Gao Y, Zhang H, Zhan F, Chen J. 2016. Dispersion of short- and medium- chain chlorinated paraffins (CPs)
from a CP production plant to the surrounding surface soils and coniferous leaves. Environmental Science &
Technology, 50, 12759-12766.

Xu C, Zhang Q, Gao L, Zheng M, Qiao L, Cui L, Wang R, Cheng J. 2019. Spatial distributions and transport
implications of short- and medium- chain chlorinated paraffins in soils and sediments from an e-waste dismantling
area in China. Science of the Total Environment, 649, 821-828.

Xu, S., Hansen, S., Rautio, A., Jarvelin, M., Abass, K., Rys4, J., Palaniswamy, S., Huber, S., O’Grimalt, J., Dumas, P.,
and @yvind Odland, J. 2022. Monitoring temporal trends of dioxins, organochlorine pesticides and chlorinated
paraffins in pooled serum samples collected from Northern Norwegian women: The MISA cohort study.
Environmental Research, Volume 204, Part A, 2022. https://doi.org/10.1016/j.envres.2021.111980.

Yuan B and de Wit CA. 2018. Screening chlorinated paraffins in Swedish terrestrial birds and mammals (2012-2017).
Report: Dnr 2219-17-011, &rendenr NV-04762-17.

Yuan B, Brichert V, Sobek A and de Wit CA. 2017. Temporal trends of C8-C36 chlorinated paraffins in Swedish
coastal sediment cores over the past 80 years. Environmental Science & Technology, 51, 14199-14208.

Yuan B, Strida A, Darnerud PO, de Wit CA, Nystrom J, Bergmanac A. 2017. Chlorinated paraffins leaking from hand
blenders can lead to significant human exposures. Environment International 109: 73-80.

Yuan B, Vorkamp K, Roos AM, Faxneld S, Sonne C, Garbus SE, Lind Y, Eulaers I, Hellstrém P, Dietz R, Persson S,
Bossi R, de Wit CA. 2019. Accumulation of short- , medium- , and long- chain chlorinated paraffins in marine and
terrestrial animals from Scandinavia. Environmental Science and Technology, 53, 3526-3537.

Yuan, B., Lysak, D. H., Soong, R., Haddad, A., Hisatsune, A., Moser, A., Golotvin, S., Argyropoulos, D., Simpson,
A. J., & Muir, D. (2020). Chlorines Are Not Evenly Substituted in Chlorinated Paraffins: A Predicted NMR Pattern
Matching Framework for Isomeric Discrimination in Complex Contaminant Mixtures. Environmental Science &
Technology Letters, 7(7), 496-503.

Yuan B, Tay JH, Padilla-Sanchez JA, Papadopoulou E, Haug LC, and De Witt CA. 2021. Human exposure to
chlorinated paraffins via inhalation and dust ingestion in a Norwegian cohort. Environmnetal Science & Technology,
55(2), 1145-1154. DOI:10.1021/acs.est.0c05891.

Yuan B, McLachlan M, Roos A, Simon M, Strid A, de Wit C. 2021. Long-chain chlorinated paraffins have reached
the Arctic. Environmental Science & Technology Letters, 8(9), 753-759. DOI 10.1021/acs.estlett.1c00470.

Yuan B, Ridel H, de Wit CA, Koschorreck J. 2022. Identifying emerging environmental concerns from long-chain
chlorinated paraffins towards German ecosystems, Journal of Hazardous Materials, 424, 127607.
https://doi.org/10.1016/j.jhazmat.2021.127607.

Zeng Y. C. Huang, X. Luo, Y. Liu, Z. Ren, B. Mai. 2018. Polychlorinated biphenyls and chlorinated paraffins in
home-produced eggs from an e-waste polluted area in South China: occurrence and human dietary exposure. Environ.
Int., 116, 52-59.

Zellmer, S, Helserich, L, Kappenstein, O, Merkel, S, Schulte, A, Luch, A, 2020. MCCP: are medium-chain
chlorinated paraffins of concern for humans? Letter to the Editor, Archives of Toxicology, 94, 955-957.

57


https://doi.org/10.1016/j.jhazmat.2021.127607

UNEP/POPS/POPRC.18/11/Add.3

Zeng L, Lam JCW, Wang Y, Jiang G, Lam PKS. 2015. Temporal trends and pattern changes of short- and medium-
chain chlorinated paraffins in marine mammals from the South China Sea over the past decade. Environmental
Science & Technology, 49, 11348-11355.

Zeng L, Lam JCW, Horii Y, Li X, Chen W, Qiu JW, Leung KMY, Yamazaki E, Yamashita N, Lam PKS. 2017a.
Spatial and temporal trends of short- and medium-chain chlorinated paraffins in sediments off the urbanized coastal
zones in China and Japan: A comparison study. Environmental Pollution, 224, 357-367.

Zeng L, Lam JCW, Chen H, Du B, Leung KMY, Lam PKS. 2017b. Tracking dietary sources of Short- and medium-
chain chlorinated paraffins in marine mammals through a subtropical marine food web. Environmental Science and
Technology, 51, 9543-9552.

Zhang C, Chang H, Wang H, Zhu Y, Zhao X, He Y, Sun F, and Wu F. 2019. Spatial and temporal distributions of
short-, medium-, and long-chain chlorinated paraffins in sediment cores from nine lakes in China. Environmental
Science & Technology, 53, 9462-9471.

Zhao N, Fang X, Zhang S, Zhu Y, Ding L, Xu C. Male renal functions are associated with serum short- and medium-
chain chlorinated paraffins in residents from Jinan, China. 2021. Environment International, 153, 106514.

Zhou, Y. Cynthia A. de Wit, Ge Yin, Xinyu Du, Bo Yuan. 2019. Shorter than short-chain: Very short-chain
chlorinated paraffins (vSCCPs) found in wildlife from the Yangtze River Delta. Environment International, 130,
104955.

Zhou Y, Yuan B, Nyberg E, Yin GE, Bignert A, Glynn A, Odland J&, Qiu Y, Sun Y, Wu Y, Xiao Q, Yin D, Zhu Z,
Zhao J, and Bergman A. 2020. Chlorinated paraffins in human milk from urban sites in China, Sweden, and Norway.
Environmental Science and Technology, 54, 4356-4366.

Zota AR, Singla V, Adamkiewicz G, Mitro SD, Dodson RE. 2017. Reducing chemical exposures at home:
opportunities for action. J Epidemiol Community Health., 71(9), 937-940. doi:10.1136/jech-2016-208676.

58





