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Substance Name: Alkanes, C1o.13, chloro
EC Number: 287-476-5
CAS number: 85535-84-8

* The substance is identified as a PBT substancerdiogpto Article 57 (d) of Regulation (EC)
No 1907/2006 (REACH).

* The substance is identified as a vPvB substancerdiog to Article 57 (e) of Regulation (EC)
No 1907/2006 (REACH).

Summary of the evaluation:

It is concluded that the substance meets the ieriter both a PBT substance and a vPvB substance.
Environmental degradation simulation studies haamahstrated that the mineralisation half-life in
both freshwater and marine sediment is >180 dayan@ vP). The substance has a measured
bioconcentration factor in fish of 7,816 I/kg (BdamB) and a 21-day NOEC of 0.005 mg/l with
Daphnia magn4dT).

This evaluation is based on the properties of tistnce itself.
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JUSTIFICATION

1 IDENTITY OF THE SUBSTANCE AND PHYSICAL AND CHEMICAL
PROPERTIES

11 Name and other identifier s of the substance

Name: Alkanes, .13 chloro

EC Number: 287-476-5

CAS Number: 85535-84-8

IUPAC Name: Alkanes, {g.13 chloro

Molecular Formula:  (Hex.y+2Cly, where x =10-13 and y = 1-13

Structural Formula:
HECW CWDHH&C‘A
CHy

Cl Cl

cl cl cl cl
C13H21C|7
HiC CHy
cl cl cl
Molecular Weight: 320-500 approx.
Synonyms: Alkanes, chlorinated; alkanesgy(fg), chloro-(50-70%); alkanes

(C10-12, chloro-(60%); chlorinated alkanes, chlorinatedaffins;
chloroalkanes; chlorocarbons; polychlorinated afisamparaffins-
chlorinated.

NOTE: Around 40 CAS numbers have been used to descrébeltiole chlorinated paraffin family
at one time or another. Some of these are nowrluatpand others may be in use for the sole
purpose of compliance with national or regionalmlzal inventories. It is possible that some cover
Alkanes, Go.13 chloro, and those that might are listed in Tableelow (the list is not meant to be
exhaustive).

Table 1: Substances that might contain short-chain chlorinated par affins
Substance CAS no. EINECS no.
Alkanes, C6-18, chloro 68920-70-7 272-924-4
Alkanes, C10-12, chloro 108171-26-2

Alkanes, C10-14, chloro 85681-73-8 288-211-6
Alkanes, C10-21, chloro 84082-38-2 281-985-6
Alkanes, C10-26, chloro 97659-46-6 307-451-5
Alkanes, C10-32, chloro 84776-06-7 283-930-1
Alkanes, C12-13, chloro 71011-12-6

Alkanes, C12-14, chloro 85536-22-7 287-504-6
Paraffins (petroleum), normal C>10, chloro 97553-43-0 307-202-0
Alkanes, chloro 61788-76-9 263-004-3




SVHC SUPPORT DOCUMENT

This illustrates a problem in using CAS numbersi¢scribe complex substances. It may be that
some refer to products derived from feedstocksrdtien n-paraffins, or are monochlorinated.

The CAS number that is listed in IUCLID (85535-8444 taken to represent the commercial
substance. The name ‘short chain chlorinated pagifis used to refer to Alkanes dGs chloro
CAS No. 85535-84-8 in this dossier.

1.2 Composition of the substance

Alkanes, Go.13 chloro are UVCB substances (Substances of Unknawwiariable Composition,
complex reaction products or Biological materialg)h varying chlorine contents (up to around
70% by weight) and carbon chain lengths (betweena@d Gs). Any impurities in commercial
chlorinated paraffins are likely to be relatedoge present in the n-paraffin feedstocks, in which
the major non-paraffinic impurity is a small profjon of aromatics, generally in the range 50-100
ppm. Various stabilisers (for example epoxidisegetable oil at <0.5% by weight) are often added
to commercial chlorinated paraffins in order to e the thermal stability or light stability (EU,
2000).

13 Physico-chemical properties

Table 2: Summary of physico-chemical properties

REACH ref | Property Value Reference/comment

Annex, §

V,5.1 Physical state at 20 C andClear to yellowish liquid to | EU (2000). Depends on

101.3 KPa semi-solid chlorine content.

V, 5.2 Melting / freezing point -30to +21°C EU (2000). Pour points, no
distinct melting point. Value
depends on chlorine content.

V, 5.3 Boiling point >200°C EU (2000). Decompose with
release of hydrogen chloride.

V,55 Vapour pressure 0.021Pa at 40°C EU (200aju&/for a 50%
chlorine content product.

V, 5.7 Water solubility 0.15-0.47 mg/l at 20°C EU (2000). Value for a 59%
chlorine content product.

V, 5.8 Partition coefficient n- 4.39-8.69 EU (2000). Value depends on

octanol/water (log value) “typical” value ~6 chlorine content.

VIl, 5.19 Dissociation constant Not relevant
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2 CLASSIFICATION AND LABELLING

2.1 Classification in Annex | of Directive 67/548/EEC

Short chain chlorinated paraffins are classifiefbdews in Annex | of Directive 67/548/EEC.
N: R50-53
Xn: Carc. Cat. 3; R40
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3 ENVIRONMENTAL FATE PROPERTIES
31 Degradation

311 Stability

Second order reaction rate constants have beenlald for Go.13 49-71% wt ClI,
chlorinated paraffins as 2.2-&20"? cn?® moleculé' s* for reaction with hydroxyl radicals.
Assuming an atmospheric concentration of hydroaglicals of %10° molecules/cr) allows
atmospheric half-lives of 1.9-7.2 days to be esddEU, 2000).

3.1.2 Biodegradation

3.1.2.1 Screeningtests
Standard test systems

The biodegradability of afa.15 58% wt ClI, chlorinated paraffin has been testetthe OECD
Guideline 301C, Modified MITI | ready biodegradatidest. The substance was tested at
concentrations of 20 and 100 mg/l using a sludgecentration of 30 mg/l. No oxygen
uptake, as measured in a manometric biological exydemand (BOD) apparatus, was
observed over a 28 day period. Analysis for redidhéorinated paraffin in the test vessels
showed that 98% of the chlorinated paraffin inijighdded remained, confirming that no
biodegradation had taken place (Streeal, 1983). Therefore, the substance is not readily
biodegradable. However, it should be noted thatctreentrations tested are well above the
apparent solubility of the substance.

A Cio.12 58% wt CI, chlorinated paraffin has been testedhe OECD Guideline 302B,
Inherent biodegradability: Modified Zahn-Wellens st.e Degradation was followed by
monitoring CQ evolution over 28 days at 22%1 and comparing this to the theoretical
amount of CQthat would form, assuming complete biodegradafidre chlorinated paraffin
was tested at concentrations of 50 mg €113(7.4 mg/l) and 25 mg C/E68.7 mg/l) and the
initial activated sludge concentration was 200 mgfie degradation seen during the 28 day
period was 7.4% and 16% at the two concentratiesgactively. Therefore, the substance is
not inherently biodegradable. However, it shouldnbéed that the concentrations tested are
well above the apparent solubility of the substaite high concentration was shown not to
have any effect on the biodegradation of anilinédjdating that the chlorinated paraffin was
not toxic to the microorganisms present (Mattesl, 1983).

The same .15 58% wt Cl chlorinated paraffin has also beenetgsh a modified OECD

Guideline 303A Coupled Units test. In this cas& tdommercial chlorinated paraffin was
mixed with a*C-labelled chlorinated n-undecane (59.1% wt CI) #nsl was continuously

added to the units as an emulsion. The units Haaleaulic retention time of 6 hours and the
initial chlorinated paraffin concentration was 1@/ The units were initially seeded with
secondary effluent (0.1% vol/vol) and were operdtedsl days (33 days were allowed for
establishment of equilibrium conditions). The chiated paraffin was found to have no
effect on DOC removal within the system, indicatihgt it was not toxic at the concentration
used. The mean concentration (determined by ratiMigicmeasurements) of chlorinated
paraffin in the effluent was 0.7 mg/l, indicating equilibrium removal of 93%. The removal
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was mainly by adsorption onto the sludge (mean eatnation found on sludge was 68,000
mg/kg) rather than biodegradation. It was thoudjat the chlorinated paraffin found in the
effluent was associated with the suspended m&tezdt and Madeley, 1983).

Other test systems

Madeley and Birtley (1980) found that under aeratmaditions, microorganisms previously
acclimated to specific chlorinated paraffins showadgreater ability to degrade the
compounds than non-acclimated microorganisms. la finst series of experiments,
microorganisms were obtained from soil near to largrated paraffin production plant. The
microorganisms were acclimatised to chlorinatedaffieas (concentration 20-50 mg/l as an
emulsion) in shake flasks over an 8 week perioce blodegradation of the chlorinated
paraffins was then studied over a 25 day periochqu8OD tests (chlorinated paraffin
concentration 2-20 mg/l). The second set of bicaggtion experiments were carried out in a
similar way using non-acclimated microorganismsfrie effluent of a laboratory activated
sludge unit treating domestic waste. The resulth®®experiment, expressed as BOD pO
chlorinated paraffin) are shown in Table 3 (for gamson, the theoretical oxygen demand
(ThOD) for GH2Cls (48% CI) can be calculated as 1.63 ggCchlorinated paraffin). As
can be seen from the results, only the 49% wt @©ftsbhain length chlorinated paraffin
exerted an appreciable BOD.

Table 3: Results of BOD experiments using acclimated and non-acclimated
microbial populations

Chlorinated paraffin Type of BOD (g QJ/g chlorinated paraffin)
inoculum
5 day 10 day 15 day 20 day 25 day

Ci0.13 49% wt Cl NA 0.02 0.08 0.12 0.20 0.29

A 0.25 0.46 0.55 0.65 1.02
Cio.13 60% wt Cl NA / / / / /

A / / / / /
Ci0-13 70% wt Cl NA / / / / /

A / / / / /

Notes: NA - non-acclimated microorganisms A - acalied microorganisms /- no significant BOD

Fisk et al. (1998) estimated half-lives for biodegradation 18 days for**C-labelled
Ci12H20.1Cls9 (55.9% wt. CI) and 30 days fori8H16 Clog (68.5% wt. Cl) in an aerobic
sediment system containing oligochaetamgbriculus variegatys The extent of degradation
was determined at day O and day 14 of the expetsnieased on the difference between
toluene-extractablé’C measurements (taken to represent unchanged reiteedi paraffin)
and total''C measurements for the sediment. However, the teesfilthis test should be
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treated with caution as the identity of tHE present in the samples was not determined, and
it was assumed that the non-extractdf@ represented metabolites. It should also be noted
that as the analysis was based on the amoufi€giresent in the sediment, these data show
that little mineralization of the short-chain chi@ted paraffins was occurring.

Omori et al. (1987) studied the biodegradation @b,&3% wt Cl chlorinated paraffin using a
variety of microbial cultures. Degradation was s&ddoy monitoring the release of chloride
ion from the chlorinated paraffin. Firstly the dadation of the chlorinated paraffin was
studied using resting cell culturesRdeudomonas aerugingsachromobactedelmarvagA.
cycloclastes Micrococcussp. andCorynebacterium hydrocarboclastggown on glycerol
and incubated for 24 hours at°80 These bacteria had been shown to dechlorinate 1-
chlorohexadecane as well as some other mono- artfdodnated alkanes. Little or no
dechlorination of the G, 63% wt chlorinated paraffin was seen using thbaeteria.
Dechlorination of the chlorinated paraffin was shaw occur using bacterial strains isolated
from soil (using enrichment cultures with n-hexaalee as sole carbon source). In these
experiments, the isolated bacteria were incubated8 hours at 3T with the chlorinated
paraffin and n-hexadecane. The highest degreeabil@iénation was achieved using a mixed
culture of 4 strains of bacteria isolated from sAiound 21% dechlorination, as measured by
chloride ion release, was observed after 36 haugbiation of the chlorinated paraffin and n-
hexadecane (Omoet al., 1987). These results show that dechlorinatioshofit chain length
chlorinated paraffins may occur in a cometabolmcpss.

Allpress and Gowland (1999) identified a bacterigghodococcusp.) that was able to grow
using various chlorinated paraffins as the solec®wf carbon and energy. The bacterium
was isolated from stream water from an industrigaaof the United Kingdom using a
minimal salts medium containing 1% by volume of @ {z 45% wt. Cl chlorinated paraffin
product. The ability of this bacterium to utilisdost-chain chlorinated paraffins was
investigated by inoculating minimal salts mediumntaining one of two short-chain
chlorinated paraffins (a 1g13 49% wt. Cl product and ai6:3 63% wt. Cl product) at a
concentration of 1% by volume and determining thieride release compared with controls
over 71 days incubation at ZD The test media also contained anti-bumping desnio aid
dispersion of the test substance within the me@iay the Go.13 49% wt. Cl product was
utilised by the bacterium with 49% of the chlorimeesent in the chlorinated paraffins being
released as chloride after 71 days. The:1& 63% wt. Cl product showed little or no increase
in chloride ion levels above the control values imyrthe experiment. Several other
chlorinated paraffins were tested using this systamd it was concluded that the
Rhodococcusp. identified in the study was able to utiliséocimated paraffins as sole source
of carbon and energy, but little or no utilisatmecurred with chlorinated paraffins with high
degrees of chlorination (at or above around 59-6Q%€l).

3.1.2.2 Simulation tests
Simulation studiesin freshwater and marine sediment

Further studies investigating the biodegradatioshadrt-chain chlorinated paraffins in both
freshwater and marine sediments under aerobic aadrabic conditions have been carried
out by Thompson and Noble (2007). Two substances wsed in the tests, *4C-labelled
n-decane, 65% wt. Cl product and“g-labelled n-tridecane, 65% wt. Cl product. The tes
substances were synthesised by chlorination of réspective uniformly'“C-labelled
n-alkanes mixed with the appropriate unlabelledkaszes. The purity of the chlorinated
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products was >98% and the two test substances karhge molecular formulas of
C10H14.LCl7.1 (65.0% wt. Cl) and GH15.Cly 2 (64.9% wt. Cl) respectively.

The freshwater sediment was collected from the Gkestern Canal in Devon (UK) and the
marine sediment was collected from the Dart Estuaripevon. Both sampling sites were
considered to be remote from sources of signifigadtstrial contamination. The samples
were collected through the water column using ® geampler. The marine sediment samples
were separated into the superficial aerobic sedirapd the subsurface anaerobic sediment.
This separation was not possible for the freshwsgdiment and so a single sediment sample
was collected and used for both the aerobic andrab& experiments. Samples of overlying
water were collected from the same locations asdidements. The sediments were sieved (2
mm) to remove stones and other debris and storethdtween six and seven days under
refrigeration prior to use in the tests.

The freshwater sediment had a pH of 7.1, a redegnpi@l of 231 mV (Eh; at the time of
collection), an organic carbon content of 4.5-4.886 consisted of 56% sand, 21% silt and
23% clay. The overlying water from the freshwatediment sampling site had a pH of 8.6
and a redox potential of 460 mV (Eh; at the timecollection). The aerobic layer of the
marine sediment had a pH of 7.5, a redox poteafial’9 mV (Eh; at the time of collection),
an organic carbon content of 4.1% and consiste8%fsand, 51% silt and 41% clay. The
anaerobic layer of the marine sediment had a pH&fa redox potential of 216 mV (Eh; at
the time of collection), an organic carbon cont&.1% and consisted of 8% sand, 51% silt
and 41% clay. The overlying water from the mariedisient sampling site had a pH of 7.8, a
redox potential of 356 mV (Eh, at the time of samgyl and a salinity of 26.5%o.

The test method used was based on the OECD 308Giedeline (Aerobic and anaerobic
transformation in aquatic sediment systems). Trainsents were acclimated to the test
conditions for twenty two days prior to additiontbg test substance. During the acclimation
the test chambers (1 litre glass bottles) eachaooed an equivalent dry weight of 75 g
freshwater sediment or 65 g marine sediment andrbRb6f the overlying water and the
chambers were incubated at 16°C. Air was continlyosispplied to the aerobic chambers
glass tubing located centrally above the wateraserf The headspace of the anaerobic
chambers was continually purged with nitrogen dytiime acclimation period. To start the
biodegradation phase of the test, the relevant debstance was added to the chambers
adsorbed onto 5 g of dry sediment. The spiked ddynsent was prepared by adding 0.5 ml
of a stock solution of the relevant chlorinatedabm in acetone to 5 g of dry sediment and
allowing the acetone to evaporate. The spiked ddinsent was then mixed into the bulk
sediment using a magnetic stirring bar. The firgdt of sediment in the test chambers was
25 mm and the water:sediment volume ratio was Jt8tal volume of overlying water was
525 ml). Control sediments were prepared in theesaranner but using acetone without the
test substance. A total of 156 test vessels werpgped (sixteen vessels each for the eight
combinations of test substancedCis), sediment (marine/freshwater) and conditions
(aerobic/anaerobic) and twenty eight control vesé@uring the biodegradation phase, the
headspace of the aerobic chambers was continuaiiyed with air (as during the acclimation
phase) and volatile organic products df@0O, were collected from the exhaust air. The
anaerobic chambers were operated as static clgsteihss during the biodegradation phase
of the test (no trapping systems for methane weeslable that would be effective if the
headspace was continually purged), with the chasnbeing flushed with nitrogen overnight
only following the initial addition of the test sslance. The initial concentrations of the test
substance were in the range 6.2 to 8.7 mg/kg digheThe duration of the tests were 98
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days (aerobic conditions) and 86-100 days (anaewmdnditions) and the test chambers were
again incubated at 16°C throughout the duratiothefests.

The microbial biomass present in the test systeasdetermined both at the start and end of
the test. The microbial biomass at the start oftéise was determined to be 268 C/g in the
freshwater aerobic sediment, 286 C/g in the freshwater anaerobic sediment, 22C/g in

the marine aerobic sediment and 286C/g in the marine anaerobic sediment. At the @nd
the study the microbial biomass in the control segits was 40Qg C/g in the freshwater
aerobic sediment, 38 C/g in the freshwater anaerobic sediment, 2pC/g in the marine
aerobic sediment and 1@ C/g in the marine anaerobic sediment. The coomdipg
microbial biomass in the treated sediments was 420, 280 and 16(g C/g respectively in
the experiments with the chlorinated decane and 400, 250 and 16(g C/g respectively in
the experiments with the chlorinated tridecane.s€hdata indicate that neither test substance
was toxic to the microbial biomass at the conceiotna used.

At various timepoints during the test, duplicatessads from each treatment group were
sacrificed and analysed to determine the distiutbf total **C and the overall mass
balance. The results of the experiments are sureathin Table 4.
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Table4 Biodegradation of short-chain chlorinated paraffinsin freshwater and marine sediment
Conditions Test Sediment Time (days) % Distribution of *4C-label (as a percentage of the applied dose)
substance Volatiles CO: Methane Overlying Sediment Vessel Total mass
(cumulative) water surfaces? balance
Aerobic Ci0, 65% wt. Freshwater 0 - - - <0.4 84.1 0.6 84.7
¢ 14 0.3 0.2 - 0.9 1104 0.6 1124
35 0.7 0.6 - 1.2 91.9 0.1 93.7
56 0.4 21 - 14 108.6 0.1 112.6
77 0.2 3.2 - 1.3 99.1 0.2 104.0
98 0.2 39 - 1.1 85.5 0.1 90.8
Marine 0 - - - <0.3 69.2 1.2 704
14 <0.1 0.4 - 2.1 81.8 23 86.6
35 <0.1 26 - 5.2 56.3 1.6 65.7
56 <0.1 5.8 - 4.4 7.7 0.8 88.7
77 0.1 9.5 - 5.3 69.8 0.5 85.2
98 <0.1 13.4 - 45 63.9 1.6 83.4
C13,65% wt. | Freshwater 0 - - - <0.3 100.5 1.3 101.8
¢ 14 <0.1 0.3 - 0.6 96.3 0.6 97.8
35 <0.1 0.4 - 0.5 76.5 0.2 776
56 <0.1 0.9 - 0.6 97.8 0.1 99.4
77 <0.1 1.1 - 0.6 101.9 0.2 103.8
98 <0.1 3.3 - 0.6 103.8 0.1 107.8

Table 4 continued overleaf.
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Table 4 continued

Conditions Test Sediment Time (days) % Distribution of “C-label (as a percentage of the applied dose)
substance Volatiles CO:; Methane Overlying Sediment Vessel Total mass
(cumulative) water surfaces? balance

Aerobic C13, 65% wt. Marine 0 - - - <0.3 1011 1.5 102.6
5 14 <0.1 0.1 - 1.0 59.2 24 62.7

35 <0.1 1.3 - 20 63.7 0.9 67.9

56 <0.1 3.3 - 25 57.4 1.9 65.1

77 <0.1 4.6 - 25 78.0 0.2 85.3

98 <0.1 58 - 23 71.2 1.6 80.9

Anaerobic Ci0, 65% wt. Freshwater 0 - - - 0.2 89.9 1.4 91.5
¢ 7 <0.1 0.7 0.1 15 82.8 0.2 85.1

78 <0.1 0.8 <0.1 1.7 78.0 0.2 80.5

86 <0.1 0.1 0.1 1.8 97.0 0.2 99.0
87 <0.1 0.9 <0.1 1.9 103.7 0.3 106.7

Marine 0 - - - 0.3 46.9 24 49.5

82 <0.1 0.5 <0.1 10.8 81.5 0.4 93.2

83 <0.1 0.8 <0.1 10.1 76.9 <0.1 87.8

97 <0.1 20 <0.1 11.6 64.6 0.4 78.6

98 <0.1 1.9 <0.1 11.0 64.1 0.2 77.2

Table 4 continued overleaf.

1C
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Table 4 continued

Conditions Test Sediment Time (days) % Distribution of “C-label (as a percentage of the applied dose)
substance Volatiles CO; Methane Overlying Sediment Vessel Total mass
(cumulative) water surfaces? balance
Anaerobic Ci3, 65% wt. Freshwater 0 - - - 0.3 76.5 0.6 774
¢ 79 <0.1 0.2 <0.1 0.5 76.7 0.2 776
80 <0.1 <0.1 <0.1 0.7 92.7 <0.1 93.6
92 <0.1 0.2 <0.1 0.9 92.1 0.4 93.6
93 <0.1 0.4 <0.1 0.9 100.0 1.0 102.2
Marine 0 - - - 0.2 41.2 54 46.8
84 <0.1 <0.1 <0.1 5.6 69.6 0.7 75.7
85 <0.1 <0.1 <0.1 4.8 76.4 <0.1 81.3
99 <0.1 12 <0.1 5.7 89.8 28 99.8
100 <0.1 14 <0.1 6.5 61.9 <0.1 71.2

Notes: - Not determined.
a) Analysis of solvent extracts from the walls of the test vessels after emptying.

11
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For the experiments carried out under aerobic dimmdi, *“CO, was found to be evolved over the
98 day test period. The cumulative formatior6fO; (as a percentage of the total radiolabel added
to the test system) is shown graphically in FiglireBoth substances showed a higher rate of
mineralisation in the marine sediment than in tlestiwater sediment, and the chlorinated decane
was mineralised at a faster rate than the chlathridecane. The highest amountt#0, evolved
was around 13% in the experiments with the chloeid@ecane in the marine sediment.

Figurel Mineralisation of-“C-labelled short-chain chlorinated paraffins inoiée sediments
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First order rate constants and half-lives for matieation were estimated from th0, evolution
data. The estimated half-lives were around 1,34 dar the chlorinated decane in freshwater
sediment, 335 days for the chlorinated decane inn@maediment, 1,790 days for the chlorinated
tridecane in freshwater sediment and 680 dayshichlorinated tridecane in marine sediment. The
mean half-live (average of the two substances;dbidd be assumed to be representative ofpa C
13, 65% wt. Cl product) was determined to be arou@&8Q days in freshwater sediment and 450
days in marine sediment. It should be noted, howetat there was a considerable lag phase
before mineralisation commenced (around 40-50 dags; Figure 1) and these half-lives were
calculated after the lag phase. In addition, itutthdde noted that the actual extent of mineralgati
seen in some experiments was relatively small aradl icases was <50% and so the calculated half-
lives are extrapolated beyond the available data.

Under anaerobic conditions, no significant formatad **C-labelled methane was noted during the
test (the amount of methane formed was <0.1% ofatty@ied radioactivity). In addition only a
limited amount of**C-labelled CG was formed < 2% of the applied radioactivity). Therefore it
was concluded that there was insufficient degradatinder the anaerobic conditions with which to
estimate the rate constant for the reaction.

The mean mass balance determined in this studyan@sd 89-100% in the experiments with
freshwater sediments and 75-80% in the experimeitksmarine sediments. The mass balance in
the freshwater sediment studies was generallyfaettssy. Thompson and Noble (2007) thought
that it was probable that the generally lower nimdance seen in the marine sediments reflected an
underestimate of the amount of radioactivity présenthe sediment by the analytical method used.
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As low mass balances were apparent in the maridinsat at the start of the study, a further
experiment was carried out to investigate if theses any systematic loss of the test substance
during the spiking procedure. This revealed no @®wrf loss prior to addition of the test substance
to the sediment.

The dissolved oxygen concentration in the overlyirager of the control vessel was generally in the

range 30-70% of the air saturation value duringtés¢ for both sediments under aerobic conditions
(a few, isolated values were outside this rangej.thke anaerobic sediments, the dissolved oxygen
levels of the overlying water in the control sedntsewere generally lower, but more variable, than

found under aerobic conditions, with values of 242&nd 0.6-65% of the air saturation value being

found in the freshwater and marine sediments reéisgede It was thought that these values were

affected by the need to open the bottles peridgigalorder to make pH and oxygen readings, and
this inevitably allowed oxygen to be introducedoirthe test system (the higher values for the

dissolved oxygen readings were generally assocwitbdsuch sampling times).

The redox potentials of the aerobic freshwatermsedt systems during the test (after the acclimated
phase) was in the range 269 to 957 mV (Eh) in tlezlping water and -188 to -31 mV (Eh) in the
sediment. The ranges in the aerobic marine systera 413 to 605 mV (Eh) in the overlying water,
but somewhat higher in the sediment (-161 to 44(&N)). For the anaerobic sediment systems, the
redox potentials for the overlying water were ie ttange -146 to 671 mV (Eh) in the freshwater
system and -22 to 614 mV (Eh) in the marine systéne corresponding redox potentials in the
anaerobic sediment phase were in the range -2321® mV (Eh) in the freshwater system and -
172 to 98 in the marine sediment system.

As relatively high levels of dissolved oxygen weresent in the water phase of the anaerobic tests
at various points during the incubation, it is likehat the actual conditions in this test cycled
between aerobic and anaerobic conditions. It is miteresting to note that the redox potentials of
the bulk sediment phase were generally similardgm@nantly negative values for the redox
potential) under both aerobic and anaerobic camubti This is not necessarily surprising as the
OECD 308 test guideline is designed to simulataembic water column over an aerobic sediment
layer that is underlain with an anaerobic gradient.

No parent compound analysis was carried out intdgsand so the extent of primary degradation
was not determined. Overall the results show tfthbagh mineralisation of the test substance
occurred under aerobic conditions, the rate of nalisation was low, with a mean half-life under

aerobic conditions of around 1,630 days in fresewaediment and around 450 days in marine
sediment. Little or no mineralisation was evidentler anaerobic conditions over the timeframe of
this study.

3.1.3 Summary and discussion of persistence

Short-chain chlorinated paraffins are not readiydbegradable in standard ready biodegradation
tests. In addition, although some degradation veas sn a standard inherent biodegradation test,
the extent of degradation seen was only up to atd@ and so short-chain chlorinated paraffins
cannot be considered as inherently biodegradalilennihe meaning of that test system, although
interpretation is difficult due to the low watershility of the substance.

A substance is considered to be persistent (Rhis a half-life >60 days in marine water or > 40
days in fresh- or estuarine water, or >180 daysamine sediment or >120 days in freshwater or
estuarine sediment or soil. A substance is corsitir be very persistent (vP) if it has a half-Hife
60 days in marine, fresh- or estuarine water orO>ti@ys in marine sediment, freshwater or
estuarine sediment or soil.

13



SVHC SUPPORT DOCUMENT

The results of a biodegradation simulation studthviioth freshwater and marine sediment are
available. Two substances were tested, a C10, 65%Clvsubstance and a C13, 65% wt. ClI
substance. Under aerobic conditions the mineraisdtalf-life was determined to be around 1,340
days for the C10, 65% wt. Cl substance in freshiwsgeiment, 335 days for the C10, 65% wt. Cl
substance in marine sediment, 1,790 days for tl8 €3% wt. Cl substance in freshwater sediment
and 680 days for the C13, 65% wt. Cl substanceanma sediment. The mean half-live (average of
the two substances, this could be assumed to esesgative of a C10-13, 65% wt. Cl product)
was determined to be around 1,630 days in fresmaatk450 days in marine sediment.

No information is available with which to estimadereliable mineralisation half-life for soil or
surface water or for short-chain chlorinated pamaffwith chlorine contents other than 65% by
weight. Based on the available data it is conclutthed short-chain chlorinated paraffins meet the
criteria for a vP substance.

3.2 Environmental distribution

3.21 Adsorption/desor ption

The substance has a high log Kow value, with vahaegjing from around 4.4 up to around 8.7
depending on the chlorine content and carbon deaigth, and a value of 6 was chosen for the EU
risk assessment (EU, 2000). In addition the substdmas only limited solubility in water (around
0.15-0.47 mg/l; EU, 2000). These properties indichat, in water, the substance is likely to absorb
onto sediment. Therefore the persistence in sedinemore relevant to this proposal than
persistence in water.

3.2.2 Elimination in wastewater treatment plants

The high log Kow value for short-chain chlorinatgaraffins indicate a high removal during waste
water treatment by adsorption onto sewage sludpes fias been confirmed experimentally in a
Coupled Units test where an equilibrium remova®®¥ by adsorption onto sludge was found (see
SectionError! Reference source not found.). This indicates that the persistence in soil is a
relevant consideration for the PBT properties @ gubstance as a result of spreading of sewage
sludge on agricultural land.

3.3 Bioaccumulation
3.3.1 Agquatic bioaccumulation

3.3.1.1 Bioaccumulation estimation

A high bioaccumulation potential for short-chaidarimated paraffins is indicated by the high log
Kow values determined for several short-chain ¢héded paraffin products (see Section 1.3).

3.3.1.2 Measured bioaccumulation data

Madeley and Maddock (1983a) exposed rainbow tr@mcprhynchus mykissto measured
concentrations of 0.033, 0.1, 1.07 and 3.05 mg/laoCyo.12 58% wt Cl for 60 days. The
concentrations were determined by means $faabelled chlorinated n-undecane (59.1% wt Cl,
radiolabelled in the 6 position) mixed into the eoarcial product. In addition, parent compound
analysis was also undertaken at various times glahia test. Whole body bioconcentration factors
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(BCFs) of 1,173-7,816 were determined based oroaativity measurements in the fish and BCFs
of 574-7,273 were determined based on the parenpoond analysis. The BCFs were found to
increase with decreasing exposure concentratias rfilght be explained by the fact that two of the
exposure concentrations are above the solubilitgttorinated paraffins) (Madeley and Maddock,
1983a).

Madeley and Maddock (1983b), again using rainbauttfOncorhynchus mykigsfound high
levels of accumulation in the liver and visceranéxposure to measured concentrations of 3.1 and
14.3 pg/l of a short chain length (&17), 58% chlorinated paraffin. Exposure was for 16§slat
12°C using a flow-through system. The bioconcentrati@s measured by means of'@-labelled
chlorinated n-undecane (59.1% wt ClI, radiolabelledhe 6 position) mixed into the commercial
product. Lower bioconcentration factors were obsédnin the flesh (BCF=1,300-1,600) as
compared to liver (2,800-16,000) and viscera (10;¥95,500) and the whole fish BCF was
estimated to be 3,600-5,300. These bioconcentratémtors were based on the amount of
4C-labelled material present in the various org@nkmited number of parent compound analyses
were also carried out at various times during éstst and these indicated that some of {6dabel
present in the liver and viscera may not have hkerparent chlorinated paraffin. Therefore, these
measured BCFs are likely to represent maximum wsallduring depuration (168 days), the
following half-lives were determined for the chimaied paraffin: liver 9.9-11.6 days; viscera 23.1-
23.9 days; flesh 16.5-17.3 days; and whole body-18.8 days. The relatively short half-life
observed in the liver is believed to be indicatferapid metabolism and excretion of the test
substance. On days 63-70 of depuration, fish pusliyoexposed to chlorinated paraffins refused to
feed and developed behavioural abnormalities. Beaticurred in both groups previously exposed
to chlorinated paraffins and all fish previouslyeged to 14.8g/lI died by day 70 of depuration. In
the lower exposure group all abnormal effects atadter day 70 of depuration. Although no
explanation could be found for these events, there no effects seen at this time or any other time
in the control populations and the presence ofadiseor parasites was eliminated as a possible
cause.

A subsequent study by Madeley and Maddock (1983md no adverse effects or deaths in groups
of rainbow trout during a 99 day depuration phaskoWing 168 days exposure to a 58%
chlorinated short chain length {2 paraffin at mean measured concentrations of 3d a
17.2 pg/l (this study was carried out as part ofimrestigation of the effects of short-chain
chlorinated paraffin exposure on growth of trodthis indicates that the effects seen by Madeley
and Maddock (1983b) during depuration were notatgige.

Bengtssonet al. (1979) studied the uptake and accumulation of re¢vehort chain length
chlorinated paraffins by bleakAlpurnus alburnus The fish were exposed to 13/l of a
chlorinated paraffin (©.13 49% wt Cl; Go.13 59% wt Cl; Go.13 71% wt CI) in brackish water
(7°0) for 14 days at 1 under semi-static conditions (renewed every 2n@rd day). After
exposure, the depuration of the chlorinated parsffvas studied for an additional 7 days. The
concentration of chlorinated paraffin in the fislasvmeasured by a neutron activation analysis
method that determines the total amount of chlopiresent (later unpublished work using a mass
spectrometry based method specific for chloringtachffins showed good agreement with these
concentrations (Bengtsson and Baumann-Ofstad, L98Rhree chlorinated paraffins were taken
up by the fish but uptake was greatest for the ftoetdorinated grades over the 14 day exposure
period (whole body BCFs of around 800-1,000 carestenated from the data for the 49% wt CI
and 59% wt Cl compounds, whereas the BCF was ar@0@dor the 71% wt Cl compound). High
levels of chlorinated paraffin were still detectedhe fish after the 7 day depuration period.
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Fisk et al. (1999) studied the uptake of twiC-labelled short-chain chlorinated paraffins by £gg
and larvae of Japanese meda®aygias latipey as part of a 20-day embryo-larval toxicity study.
The substances tested had average formulagebli£3Clg 7, 63.7% wt. Cl and GH;19Cls 5, 58.5%

wt. Cl. The measured exposure concentrations used %7, 50, 370, 2,200 and 5,109 for the

Cio chlorinated paraffin and 0.7, 9.6, 55 and R@d for the G chlorinated paraffin. The resulting
concentrations in the larvae at approximately 3sdpgst hatch were 12, 100, 1,000, 3,000, and
3,500 mg/kg respectively for the;Lchlorinated paraffin and 0.74, 7.1, 62 and 460 kag/
respectively for the ¢ chlorinated paraffin. The resulting BCF values ev680-2,700 I/kg for the
Cio chlorinated paraffin and 740-1,700 for the, Chlorinated paraffin, with the BCF for the
chlorinated paraffin appearing to increase withrelasing exposure concentrations. The two highest
measured exposure concentrations for thg dblorinated paraffin appear to be higher than the
experimental water solubility of short-chain chi@ied paraffin (typically 150-47(dg/l) and so the
results at these higher exposure concentrations h@se been affected by the presence of
undissolved test substance (the BCFs for thesectmzentrations are 690-1,364 |/kg compared
with BCFs of 2,000-2,700 I/kg at the three lowencentrations). Similar results were found for the
eggs. Further details of this study are given irctia 3.2.1.1. The exposure period in this
experiment is relatively short and no indicatiomvsilable as to whether equilibrium was reached.

Very high BCFs have been determined for @.1& 58% wt Cl chlorinated paraffin in common
mussels (Mytilus edulis). The chlorinated parafiias mixed with a 14C-labelled chlorinated
n-undecane (59.1% CI, 14C-labelled in the 6 pasjtiand concentrations were determined by
measurement of radioactivity (both water and mys§&gime parent compound analyses were also
carried out at various times during the experimemd the concentrations obtained agreed with
those obtained from the 14C radioactivity measurémeViussels were exposed to the chlorinated
paraffin at a concentration of 2.3/l for 147 days followed by 98 days depuration eor
concentration of 10.jg/l for 91 days followed by 84 days depuration gsanflow-through system.
Accumulation of the chlorinated paraffin was founde greatest in the digestive gland, with BCFs
being measured as 226,400 and 104,000 at the Idvhigh exposure concentrations respectively.
Whole mussel BCFs were determined as 40,900 an80@4at the low and high exposure
concentrations respectively. All tissues expellesl test compound at a similar rate, with half-lives
for the whole mussel being calculated as 9.2-9y& dar the high exposure group and 13.1-19.8
days for the low exposure group. The high exposareentration (10.1g/l) was found to cause a
significant number of deaths during the test; 33%he original 130 exposed mussels died either
during the exposure period (23%) or depurationqoke(il0%). Mortalities at the low exposure
concentration were not significantly different frarantrols (Madelet al, 1983a). Similarly high
BCFs (5,785-25,952) have also been measured ineisuaer 60 days exposure to a 58% wt Cl
short chain length chlorinated paraffin at concaidns of 0.013-0.93 mg/l (Madeley and
Thompson, 1983).

As well as these BCF studies, a number of studi@e Bhown that short-chain chlorinated paraffins
can be taken up by fish from the diet. These studie summarised in EU (2000).

Other supporting information

A significant amount of monitoring data is availalbor short-chain chlorinated paraffins. Data for
air, water, sediment and soil are presented ini@edt9 and include levels found in remote regions
such as the Arctic. For example, Tomy et al. (198Ad 1999) reported the following levels of
short-chain chlorinated paraffins in surface seditsiérom two Arctic lakes: 1.6g/kg dry weight
from Lake Ya Ya and 4.qg/kg dry weight from Hazen Lake. Short-chain chiated paraffins
have also been found in air from the Arctic. Bidemet al. (2001) found concentrations at Alert
ranged from 1.07 to 7.25 pg/m3 between January a@f4lanuary 1995.
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Short-chain chlorinated paraffins are present wide range of aquatic organisms, including fish
and marine mammals, at locations both close tosim@dl sources and in more remote areas. Data
are summarised in Table 5. The interpretation aiesof these data is complicated by the fact that
many of the studies have measured total chlorinpsedffins or Go.2o chlorinated paraffins and
may not relate directly to the levels of short-chahlorinated paraffins present, however more
recent studies have used methods that unambiguigiesitify short-chain chlorinated paraffins.

Short-chain chlorinated paraffins have been foumthe blubber of marine mammals from remote
regions. Tomy (1997, as reported in Tomy 1998) ébaoncentrations of 106-258)/kg dry wt. in
beluga from northwest Greenland, 178-3@@2kg dry wt. in beluga from Hendrickson Island, 362
490 ng/kg dry wt. in walrus from northwest Greenland &¥l-767ug/kg dry wt. in ringed seal
from southwest Ellesmere Island.

Short-chain chlorinated paraffins have been dedeictéhuman breast milk. Tomy (1997) found that
SCCPs (around 60-70% chlorine by weight) were mtesta concentration of 11-17 pg/kg lipid
(mean concentration 13 pg/kg lipid) in human breaigit from Inuit women living on the Hudson
Strait in northern Quebec, Canada. Thomas and J{E88?) detected short-chain chlorinated
paraffins in 12 out of 22 samples of human brealt at 4.5-110ug/kg lipid. These findings are
indicative of bioaccumulation through the food chagspecially in northern Quebec, since food
would be the major or only source of environmertgiosure for the Inuit.

Table5: Summary of available monitoring data for short-chain chlorinated paraffinsin
biota
Reference Summary of findings

Results Comments

Bennieet al. | Short-chain chlorinated paraffins detected in balughe authors indicated that the method uped
(2000) whale blubber (fifteen females at 4.6-60.7 mg/kdg wénvolving low resolution mas$
wt. and ten males at 27.6-85.6 mg/kg wet wt3pectrometry) may be more subject |to

beluga whale liver (three females at 0.54-38.5 mg/interferences from other organohaloden

wet wt. and three males at 4.61-8.52 mg/kg wet, wicompounds than some of the methods ysed
carp (three individuals at 0.12-1.25 mg/kg wet wtip other analyses. Some of these samples
and rainbow trout (ten individuals at 0.45-5.33 kggf appear to have been the same as tlose
wet wt.). analysed by Muiret al. (2001), which
results in concentrations one to two ordprs
of magnitude lower in beluga than found py
Bennieet al. (2000). Therefore the results pf
Bennie et al. (2000) are considered
uncertain.

Borgenet al. | Short-chain chlorinated paraffins (with 5-10 chhari
(2001) atoms/molecule) were detected in freshwater fish
from various locations in Norway. The
concentrations found were 108-1,6Q8/kg lipid in
trout muscle, 500-592ug/kg lipid in arctic chan
muscle and 226-3,7Q@/kg lipid in burbot liver.

Campbell Cio20 Chlorinated paraffins found in marine fishThe levels refer to {5, chlorinated
and mussels, predatory freshwater fish, seals, seabjrgdaraffins and it is not possible to distinguish
McConnell | eggs, seabirds’ livers, human food stuffs (daithe contribution from short-chaih
(1980) products, vegetable oils and derivatives, fruit aruhlorinated paraffins.

vegetables) and also sheep (close to a source of

release).
CEFAS Short-chain chlorinated paraffins possibly present| The actual identity of the residues was
(1999) freshwater fish and benthos near to sources. Raingalifficult to assign and it was not clear wthat

concentrations <0.05-0.7 mg/kg wet wt. in benthos types of chlorinated paraffins were preserit.
and <0.1-5.2 in fish.
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Jones (2002)

of 22 samples of human breast milk at 4.5-jifjkg

Reference Summary of findings
Results Comments
Also possibly detected in earthworms at <0.1-1.7
mg/kg wet wt. from locations where sewage slugge
containing chlorinated paraffins was applied td soi
Environment| Chlorinated paraffins not detected in 108 sampfes The type of chlorinated paraffin analysgd
Agency fish from Japan. for was not specified. The detection linpit
Japan was relatively high (0.5 mg/kg wet wt.)
(1991).
Greenpeace | Cio.24 chlorinated paraffins detected in mackerel (270he analytical method determined the leviels
(1995) ug/kg lipid), fish oil (herring; 62 pug/kg lipid), | of Cig4 chlorinated paraffins. The 1613
margarine (98ug/kg lipid), porpoise (16-114ig/kg | chlorinated paraffins were found to accogint
lipid), fin whale (963ug/kg lipid), pork (69ug/kg | for only a small percentage of the totallin
lipid), cows milk (74ug/kg lipid) and mothers’ milk mackerel, fish oil, porpoise and fin whale,
(45 ng/kg lipid). around 7% in human milk, 11.5% |n
margarine, 21% in cows’ milk and 30% [n
pork.
Jansson et | Chlorinated paraffins of unspecified chain lengthhe chain length of the chlorinated paraffins
al. (1993) detected in fish (570-1,60Qug/kg lipid), seal| was not specified. The chlorinated paraffjns
(130-280 png/kg lipid), rabbit muscle (2,90Qg/kg | had between 6 and 16 chlorine atoms per
lipid), reindeer suet (14Qg/kg lipid) and osprey molecule.
muscle (53Qug/kg lipid).
Metcalfe- Short-chain chlorinated paraffins (60-70% wt. CI)
Smith et al. | were not detected (<3,500y/kg dry wt.) in white
(1995; as| suckers from the St. Lawrence River, downstream of
reported in| a chlorinated paraffin manufacturing plant.
Tomy, 1998)
Muir et al.| Short-chain chlorinated paraffins detected at mean
(2001) concentrations of 94Qg/kg wet wt. and 85Qg/kg
wet wt. in blubber samples of female and male
beluga respectively from the St. Lawrence Estuary,
116 ug/kg wet wt. and 168&/kg wet wt. in blubber
samples of female and male beluga respectively from
South Eastern Baffin Island, 2,63@/kg wet wt. in
carp from Hamilton Harbour, 58g9/kg wet weight in
lake trout from Niagara-on-the-Lake and @8/kg
wet wt. in lake trout from Port Credit.
Murrayet al. | Short-chain chlorinated paraffins detected in migsse
(1987) downstream of a chlorinated paraffin manufacturing
site at 28Qug/kg compared with 7-22g/kg upstream
of the discharge.
Stern et al. | Short-chain chlorinated paraffins detected in maritsome of these results could be the samg as
(1997) mammals from various regions of the Arctic. Theeported in Tomy (1997).
levels found were: beluga (western Greenland) [199
ug/kg wet wt.; beluga (Mackenzie Delta) 286/kg
wet wt.; seal (Ellesmere Island) 526/kg wet wt.;
walrus (western Greenland) 426g/kg wet wt.
Beluga from the St Lawrence River Estuary had
levels of 785ug/kg wet wt. The same study also
found short-chain chlorinated paraffins at levels| o
10.6-16.5ug/kg lipid in 3 samples of human milk
taken from women living in settlements along the
Hudson Strait.
Thomas and Short-chain chlorinated paraffins detected in 12 |olihe analytical detection limit was relativepy

high (in the range 16-74Qug/kg lipid

lipid. Also detected in butter samples at 1.24&y7kg

depending on the sample size).
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Reference Summary of findings

Results Comments

lipid but not detected in cow’s milk (detection Iin
1.2 ug/kg lipid).

Tomy (1997;| Short-chain chlorinated paraffins (60-70% wt.) wer@ome of these results could be the samg as
as reported detected in blubber from marine mammals fromeported in Steret al. (1997).
in Tomy | Canada and Greenland. The levels found were 370-

1998) 1,363ug/kg dry wt. in beluga from the St. Lawrence
River, 106-253 pg/kg dry wt. in beluga from
northwest Greenland, 178-302g/kg dry wt. in
beluga from Hendrickson Island, 362-4@6/kg dry
wt. in walrus from northwest Greenland and 374-767
ug/kg dry wt. in ringed seal from southwest
Ellesmere Island. Also detected at 111iykg lipid
in human breast milk from Inuit women living on the
Hudson Strait.

Tomy et al. | Short-chain chlorinated paraffins (with chlorine
(1997) contents around 60-70% wt.) were found in yellpw
perch (1,010ug/kg wet wt.) and catfish (24ig/kg
wet wt.) from the mouth of the Detroit River and
Lake Erie and zebra mussels (6pd/kg wet wt.)
from Middle Sister Island in western Lake Erie. B¢
areas sampled are industrialised areas.

=3

3.3.2 Summary and discussion of bioaccumulation

Short-chain chlorinated paraffins have a bioconegion factor (BCF) of 7,273 I/kg for
(freshwater) fish based on parent compound anakysis 7,816 I/kg based diC measurements
(and so may represent accumulation of metabolgegedl as short-chain chlorinated paraffins)

There are several other fish bioconcentration facfof variable reliability) below this value (but
some of which are above the 2,000 I/kg cut-off)mBodata are also available for marine fish. A
BCF value of 800-1,000 I/kg has been measured tmaakish water speciealpurnus alburnups

but here the exposure period was relatively shbftdays) and it is not clear if steady state was
reached in this time. In addition, BCF values ia tange 5,785-40,900 I/kg have been determined
for a marine molluscMytilis edulig (although this might not represent a true BCF wupossible
ingestion of the substance adsorbed to particles).

In addition to the laboratory accumulation datayrsichain chlorinated paraffins have been found
to be present in a range of biota in the envirortmecluding marine top predators and in human
breast milk. This provides supporting evidence thatsubstance can be taken up by organisms in
the environment.

34 Secondary poisoning

The EU Risk Assessment Report (EU, 2000) descabesral long-term studies in rats and mice. In
a 13-weeks study where rats were dosed by gavadesearelated increase in relative liver weight
was observed as from the lowest dose of 313 mgikg(NTP, 1986). In another 13 weeks study
(Serrone et al, 1987), rats were given short-cbhiarinated paraffins via the diet or via gavage (i
separate studies) at doses of 10, 100, or 625 rugikgDose-dependent increases in absolute and
relative liver and kidney weights were observefras doses of 100 mg/kg/day. While the original
interpretation considered these effects as adaptinae recent interpretations consider them as
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adverse effects and, as from this dose, also nuopis changes in liver, kidney and thyroid were
observed, a NOAEL of 10 mg/kg/day can be derived.

The US NTP has also conducted two long-term stui8sweeks and 2 years) on mice (NTP,
1986). In the 13 weeks study, a significantly imsed relative liver weight was observed at doses
of 250 mg/kg/day and higher. In the 2 years cagmmicity study, employing doses of 125 and 250
mg/kg/day, clinical signs of intoxication (decreasactivity, prominent backbones, abnormal
breathing) were observed at both dose levels arvivaliwas decreased in top dose females. Other
effects included dose-related increases in hepltarecarcinomas and adenomas, and in thyroid
follicular cell carcinomas and adenomas.

In conclusion, effects on the liver, thyroid, andriey have been shown to occur in mammalian
species exposed to short-chain chlorinated pagaffiine effects are manifested as organ weight
increases and histological changes after exposorewkeks or months, but may turn into
carcinomas and adenomas after chronic exposureovenall NOAEL of 10 mg/kg/day can be
derived from the 13 weeks studies. No NOAEL canob&ined from the chronic studies. At
chronic exposure situations, such as occurringifermarine mammals, a NOAEL of 10 mg/kg/day
may not be sufficiently protective.

One proper developmental toxicity study in ratss@iied in EU, 2000) showed developmental
effects at high dose levels, also causing sevetermal effects. Short-chain chlorinated paraffins
are known to transport via milk to offspring. Thexee no fertility studies conducted with short-
chain chlorinated paraffins, and there is thusta dap when it comes to potential effects on pups,
e.g., during lactation. However, the structurallagae medium-chain chlorinated paraffins (C14-
C17 52% chlorination) has been shown to exert § gecific inhibitory effect on the blood
clotting system in rats, which is manifested at ¢kasitive life-stages at and after birth as severe
haemorrhaging, leading to mortality both in pups #ime dams (IRDC, 1985) (CXR Biosciences
Ltd., 2006). Pup mortality was observed at 74 migfg, giving an overall NOAEL of 47
mg/kg/day for the pups. The NOAEL for the dams W@ mg/kg/day. Given the very similar
physico-chemical properties and toxicity profildshort- and medium-chain chlorinated paraffins,
it is possible that short-chain chlorinated pareffimay exert toxicity during the reproductive cycle
by affecting the blood clotting system, especiallpewborn mammals.

To summarise the potential toxicological effects stiort-chain chlorinated paraffins on (e.g.,
marine) mammals, it may affect the liver, the thgrbormone system, and the kidneys, e.g., by
causing hepatic enzyme induction and thyroid hygesidy, which in the long-term can lead to
carcinogenicity in these organs. In addition, basedead across from medium-chain chlorinated
paraffins, short-chain chlorinated paraffins mageeif the survival of pups via effects on the
clotting system. Based on the available databaseyerall NOAEL of 10 mg/kg/day is deduced. It
is not clear whether this NOAEL also covers chraniposure situations.

In conclusion, short-chain chlorinated paraffingagic to mammals, and there is a potential for
secondary poisoning of, e.g., marine mammals.
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4 ENVIRONMENTAL HAZARD ASSESSMENT
4.1 Aquatic compartment (including sediment)
411 Toxicity test results

4.1.11 Fish

Short-term toxicity to fish

Not relevant for this dossier.

Long-term toxicity to fish

During fourteen day exposures to 125 pg/l of skbdin length paraffins (613 49% CI; Go.1s
59% CI; Go-13 71% Cl) behavioural effects including sluggishvements, lack of shoaling and
abnormal posture were noted in the blédkurnus alburnusThese effects were reversible after
two days in clean brackish water (Bengtssbal, 1979).

Madeley and Maddock (1983a) assessed the toxicditghtorinated paraffin compounds to the
rainbow troutOncorhynchus mykis#\ 58% chlorinated short chain length1{G,) paraffin was
used at mean measured concentrations of 0.0330.83,,1.07 and 3.05 mg/l. Significant mortality
was observed in the highest three concentratiohgslL(median lethal times) were calculated for
these three concentrations as 44.7, 31.0 and 3@<rdspectively. Madeley and Maddock (1983b)
exposed rainbow trout to the same chlorinated paraé part of a bioconcentration study for 168
days at concentrations of 3.1 and 14.3 pg/l folldwg a 105 day depuration period. By day 70 of
the depuration period all trout previously exposed4.3 ug/l and 50% of those exposed to 3.1 pg/l
had died. No explanation (e.g. presence of diseaparasite) could be found for these events seen
in the bioconcentration test.

A further study by Madeley and Maddock (1983c) stigated the effects of long-term exposure to
short-chain chlorinated paraffins on growth of baw trout. In the study groups of rainbow trout
were exposed for 168 days to a 58% chlorinatedt stiwain length (G.19) paraffin at mean
measured concentrations of 3.4 and 17.2 pg/l. wollg the exposure period, the fish were
observed for a further 99 days (depuration periodyder to investigate further the deaths that had
been noted in the above study by Madeley and Mad{b@83b). During the 168 day exposure
period, no significant mortalities, behavioural eefis or adverse effects on fish growth were
observed compared with the control (an enhancemehe growth in the 17.2 pg/l exposure group
compared with the control group was apparent byetie of the study). Therefore the NOEC for
growth from this study was determined to be 17.2. &milarly no mortalities or behavioural
effects were evident during the depuration phadeating that the effects seen by Madeley and
Maddock (1983b) were not repeatable.

Hill and Maddock (1983a) found that hatchabilitydasurvival of larvae of the sheepshead minnow
Cyprinodon variegatusvas unaffected by 28 day exposure to measuredeotmations of 54.8,
22.1, 6.4, 4.1 and 2.4 ug/l of a 58% chlorinatedrtshhain length n-paraffin. The results of this
study reveal that all concentrations tested eticaesignificant increase in larval growth compared
to the acetone control. In a second study, sheagdsimnnow larvae were exposed to 620.5, 279.7,
161.8, 71.0 and 36.2 pg/l of the same chlorinatedffin for 32 days. In this study, larvae from the
highest exposure group were significantly smalentthose from the acetone control; however, at
lower exposure concentrations (71.0 and 36.2 ja@fjae were significantly larger than controls.
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The highest no observed effect concentration (NOEGhis study was 279.7 ug/l. No effect on
survival or hatchability was observed (Hill and Madk, 1983b).

A toxicity test using embryos of Japanese med&kyZjas latipey is also available (Fiskt al,
1999). This study used a series of four short-clehilorinated paraffins with single carbon chain
lengths and known chlorine contents;dfis Clgs 63.0% wt. Cl, GiH15.Clss 56.9% wt. ClI,
1C-CrH15LCle7 63.7% wt. Cl and™C-CisH10Cle.s 58.5% wt. Cl). In the experiment, fertilised
eggs from the fish were individually exposed tohetast substance in 1.8 ml vials with teflon-lined
caps. Exposure to the §363.0% wt. Cl substance and tHe-Cyp 63.7% wt. Cl labelled substance
at concentrations of 9.6 mg/l and 7.7 mg/l respetticaused 100% mortality in the eggs within
either 10-12 days (6 63.0% wt. Cl substance) or 2 day&-Cyo 63.7% wt. Cl labelled substance).
No significant deaths or recognisable lesions aecliin the eggs from any other treatment, but
larvae exposed to the higher concentrations off@lt short-chain chlorinated paraffins were
lethargic (with little or no movement) and in masgses these larvae also had large yolk sacs.

The hatching success in the exposed and contrsl wias low and variable, and in almost all cases
unhatched eggs were still alive on the last obsienvalay (day 20). Further observation on day 40
indicated that the majority of eggs had hatchethiz/time. The average hatching time in this study
was >15 days, which was longer than normal for $ipiscies (11-13 days). It was thought that the
variable hatching rate was unlikely to be relatethe chlorinated paraffin exposure.

Based on the results of this study, the followinQBCs and LOECs were derived from the data by
the authors.

CioH15Cle s NOEC = 62ug/l LOEC = 460ug/l
1C-CrH1sLCle s NOEC = 50ug/l LOEC = 370ug/l
C1iH18.Clss NOEC = 57ug/| LOEC = 420ug/l
1C-CrH10Cle 5 NOEC = 9.6ug/l LOEC = 55ug/l

The authors indicated that these data were fullysisbent with narcosis as the mechanism of
toxicity caused by short-chain chlorinated paraffim this study.

This study is similar in some ways to the OECD #%B early life-stage test, but falls short of the
current guidelines in some areas as follows.

- This study was carried out for approximately 3 dpgst-hatch, but the OECD guideline
recommends a test duration of 30 days post-hatoBrigzias latipes

- The test was carried out as a static test in sedhdd - no indication was given as to
whether the dissolved oxygen level was maintainted suitable level throughout the test
period.

- The rate of hatching was slow in controls and ss iifficult to determine if any effects
were seen on this endpoint.

- The number of eggs/test concentration was onlyobtfpared with at least 60 recommended
in the OECD guidelines.
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4.1.1.2 Aquaticinvertebrates

Short-term toxicity to aquatic invertebrates

Not relevant for this dossier.

Long-term toxicity to agquatic invertebrates

In 21 day tests witlDaphnia magnaECses ranged from 0.101 to 0.228 mg/l and NOECs ranged
from 0.005 to 0.05 mg/l (EU, 2000). The lowest lnése NOECs was obtained with &.G, 58%
chlorinated paraffin using a flow-through test syst(Thompson and Madeley, 1983a). Complete
mortality occurred at 16.3g/l after 6 days. L& values were calculated as follows: 24, 18, 14 and
12 pg/l for 3, 4, 5, and 6 to 21 days respectively. reheas no mortality of paremaphnia at
8.9ug/l, but 37% of the offspring were found to be dedtwn removed from the exposure vessel,
as compared to 6% and 9% in the control and soleentrol. This was considered to be a
significant effect. No effect on survival, reprotioa or growth was seen atg/l. The NOEC of 5
ug/l for the 58% chlorinated short chain length ffamaneans that this species is the most sensitive
aguatic species tested.

The second instar of the midgghironomus tentansvas exposed to a1, 58% chlorinated
paraffin over the whole 49 day life cycle at cortcations of 61 to 394ug/l. No significant
toxicological response was found except for haltdglt emergence at 121 and 38#l. This led

to a maximum acceptable toxicant concentration (MATor this paraffin of between 78 and 121
pg/l, with a geometric estimated value for the MADEC97 pg/l. The NOEC for this study is 61
pg/l (E & G Bionomics, 1983).

Thompson and Madeley (1983b) studied the toxicityao58% chlorinated short chain length
paraffin to the mysid shrimpysidopsis bahiaThe chronic toxicity of this compound was studied
in 28 day exposures to concentrations of 0.6,24,3.8 and 7.8g/l. Significant mortalities were
observed in some of the groups during the testtimge were not treatment related. There was no
treatment-related effect on reproductive rate fwffgy per female) or growth over the 28 day test
period. A no effect level was determined aspg8.

Madeley and Thompson (1983) studied the toxicitytred 58% chlorinated short chain length
paraffin (Go.19 to the musseMytilus edulisover a period of 60 days. Tests were carried but a
measured concentrations of 0.013, 0.044, 0.078 &tl 0.93 mg/l (nominal concentrations were
0.018, 0.056, 0.1, 0.32 and 3.2 mg/l). There wgsifitant mortality at 0.071, 0.13 and 0.93 mg/I
with LT50s of 59.3, 39.7 and 26.7 days for the ¢hexposure concentrations respectively. There
was no significant mortality observed at concerdret of 0.013 and 0.044 mg/l; reductions in
filtration rate were reported but these were noasoeed quantitatively. The 60-day 4sCGvas
estimated to be 0.074 mg/l based on measured civatiens.

A further study on musselgytilus edulisusing a 58% chlorinated short chain length chhisd
paraffin has been carried out by Thompson and &fgkr (1993). The study was carried out as a
follow up to a bioaccumulation study and only twgesure concentrations were used. Groups of
30 mussels were exposed to measured concentratfoR$8 pg/l or 9.3 pg/l in seawater for 12
weeks in a flow-through system. No mortalities weseen in any of the exposure groups or controls,
but growth (as assessed by increase in shell learydhtissue weight) was significantly reduced in
the group exposed to 9.3 pg/l. No significant eéffegere seen in the group exposed to 2.3 ug/l.
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4.1.1.3 Algae and aquatic plants

As reported in EU, 2000, 96-hour EC50s for the al§&eletonema costatuand Selenastrum
capricornutum(now known ag’seudokirchneriella subcapitgtaange from 0.043 to 3.7 mg/l, with
the marine algé&keletonema costatuappearing to be more sensitive to short chainrictdted
paraffins than the fresh water al§alenastrum capricornutumA 96h NOEC of 12.3ug/l was
reported in a study with the marine algaleeletonema costatufihompson and Madeley, 1983c).
The toxic effects seen with the marine alga weamdient, with no effects being seen at any
concentration after 7 days exposure.

Toxicity tests with the freshwater al§xenedesmus subspicah#/e been carried out by Koh and
Thiemann (2001). Two commercial short-chain chia@d paraffins, a {g6.13 56% wt. Cl product
and a Go.13 62% wt. Cl product, were tested. The method weasl based on DIN 38 412, part 9.
Acetone was used as a co-solvent in the test (0llimthe test solutions) and a stock solution of
either 200ug/l for the Go.13 56% wt. Cl substance or 1Q@/I for the Go.1362% wt. Cl substance
was prepared for use in the test. Few other tdailsi@re reported. The undiluted solution of both
chlorinated paraffins was found to have no effattgoowth (biomass) or growth rate of the alga
over 72 hours. Thus the NOEC=6.2 mg/l for the Gy.13 56% wt. Cl substance amf).1 mg/l for
the Go-13 62% wt. Cl substance.

4.2 Summary of aquatic toxicity data

There are reported long-term no observed effectteanations (NOEC) for freshwater fish,
Daphnia magnaand algae. The lowest NOEC was from a 21 day rgeltieration study on
Daphnia magnausing a 58% chlorinated short chain paraffino(fp. The study was considered
valid. The 21-day NOEC was 0.005 mg/I.

In addition to the freshwater toxicity data, seVerarine/estuarine data are also available. There
are NOECs available for fish (sheepshead min@yprinodon variegatys invertebrate (mysid
shrimp Mysidopsis bahip and algae. The lowest NOEC was found Kysidopsis bahiaat
0.007 mg/l. In addition to this there are indicati@f effects on growth (as assessed by increase in
shell length and tissue weight) in mussélytflus eduli$ at 0.0093 mg/l. Thus the marine data is
similar to the freshwater data in that invertelsatppear to be the most sensitive species.
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5 PBT, VPVB AND EQUIVALENT LEVEL OF CONCERN ASSESSMENT

51 Comparison with criteria from annex X111

Persistence

A substance is considered to be persistent (Rhés a half-life >60 days in marine water or > 40
days in fresh- or estuarine water, or >180 daysamine sediment or >120 days in freshwater or
estuarine sediment or soil. A substance is consitigr be very persistent (vP) if it has a half-#fe
60 days in marine, fresh- or estuarine water orO>ti@8ys in marine sediment, freshwater or
estuarine sediment or soil.

The results of a biodegradation simulation studthviioth freshwater and marine sediment are
available. Under aerobic conditions the mineraligahalf-life was determined to be around 1,340
days for the C10, 65% wt. Cl substance in freshivsgeiment, 335 days for the C10, 65% wt. Cl
substance in marine sediment, 1,790 days for tl& €3% wt. Cl substance in freshwater sediment
and 680 days for the C13, 65% wt. Cl substanceanima sediment. The mean half-live (average of
the two substances, this could be assumed to vesesgative of a C10-13, 65% wt. Cl product)
was determined to be around 1,630 days in freshveaie 450 days in marine sediment. Based on
the available data it is therefore concluded thattschain chlorinated paraffins meet the critéoia
both a P substance and a vP substance.

The substance is considered to be persistent (P) and very persistent (vP).

Bioaccumulation

A substance is considered to be bioaccumulativeif(B) has a bioconcentration factor (BCF)
>2,000 I/kg or very bioaccumulative (vB) if it hasBCF >5,000 I’kg. The highest measured BCF
value for (freshwater) fish with short chain chi@ied paraffins is around 7,816 I/kg. This value
was based on 14C measurements (and so may repeesmmhulation of metabolites as well as
short-chain chlorinated paraffins), but a similalue of 7,273 I/kg was determined in the same
study based on parent compound analysis. Theretflogeavailable BCF data indicate that short-
chain chlorinated paraffins meet both the bioacdatiue (B) and the very bioaccumulative (vB)
criteria. In addition, short-chain chlorinated gérs have been found to be present in marine top
predators (see Table 5).

The substanceis considered to be bioaccumulative (B) and very bioaccumulative (vB).
Toxicity
A substance fulfils the toxicity criterion (T-) whe
— the long-term no-observed effect concentratio@ET) for marine or freshwater
organisms is less than 0.01 mg/l, or
— the substance is classified as carcinogenicdoatel or 2), mutagenic (category 1
or 2), or toxic for reproduction (category 1, 2,3)y or
— there is other evidence of chronic toxicity, dentified by the classifications:

T, R48, or Xn, R48 according to Directive 67/548(EE
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The lowest NOEC for short-chain chlorinated pareffis 0.005 mg/l fobaphnia magnaln

addition effects on growth in marine mussélyfilus eduli3 have been seen at a concentration of
0.0093 mg/l (see Section ). Therefore it can belewied that short-chain chlorinated paraffins
meet the toxicity criterion.

The substance is considered to be toxic (T).

52 Conclusion of PBT and vPvB or equivalent level of concer n assessment

It is concluded that the substance meets the ieriter both a PBT substance and a vPvB substance
as outlined in Annex XIlll. Biodegradation simulatiostudies have demonstrated that the
mineralisation half-life in both freshwater and mar sediment is >180 days (P and vP). The
substance has a measured bioconcentration factwhirof 7,816 I’kg (B and vB) and a 21-day
NOEC of 0.005 mg/l wittbaphnia magndT).

In addition, short-chain chlorinated paraffins hdezn detected in a wide range of environmental
samples (air, sediment, water, wastewater, fish madne mammals) and in the remote Arctic.
Evidence for the bioaccumulation of short-chainodniated paraffins is further supported by the
high concentrations of short-chain chlorinated fier measured in marine mammals and aquatic
freshwater biota (e.g. beluga whales, ringed saadkvarious fish). High concentrations of short-
chain chlorinated paraffins have also been measardte breast milk of Inuit women in Northern
Quebec. The substance has been proposed as aatangkdsistent organic pollutant (POP) under
the Stockholm Convention on Persistent Organiculants and under the 1998 Protocol to the
UNCECE Convention on Long-range Transboundary Aliufion on Persistent Organic Pollutants
(http://chm.pops.int/Convention/POPsReviewCommi@éemicalsunderreview/Riskprofiles/tabid/244/langlag-

US/Default.aspk

6 OTHER INFORMATION

The Annex XV dossier is based on information rewddvand agreed by the Technical Committee
on New and Existing Chemicals following Council Rkidgion (EEC) 793/93 and Directive
67/548/EEC (July 2007) and by the Subgroup on Itieation of PBT and vPvB Substances (May
2007).
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