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Executive Summary
1.
Releases of short-chain chlorinated paraffins (SCCPs) can occur during production, storage,
transportation, use and disposal of SCCPs and SCCPs containing products. Facility wash-down and
spent metalworking / metal cutting fluids are amongst others sources to aquatic ecosystems. In
industrialized areas, electronic waste (e-waste) recycling, as well as in densely populated areas, high
emissions to the environment have been reported. Although data are limited, the major sources of
release of SCCPs are likely the formulation and manufacturing of products containing SCCPs, such as
polyvinyl chloride (PVC) plastics, and use in metalworking fluids. While historical use of SCCPs was
high in several countries, reductions have been noted in recent years in some countries, while in others
production volumes of CP mixtures including SCCPs increased.
2.
SCCPs are not expected to degrade significantly by hydrolysis in water, and degradation
studies and dated sediment cores indicate that they persist in sediment longer than 1 year. SCCPs have
atmospheric half-lives ranging from 0.81 to 10.5 days, indicating that they are relatively persistent in
air. SCCPs have been detected in diverse environmental samples (air, sediment, water, wastewater,
fish, birds, terrestrial and marine mammals), and in remote areas such as the Arctic and Antarctic,
providing evidence of long range transport.
3.
Available empirical (laboratory and field) and modelled data all indicate that SCCPs can
accumulate in biota. Laboratory derived BCFs ranged from 1,900 – 138,000, depending on the species
and congener tested. Field derived BAFs for lake trout ranged from 16,440 – 26,650 L/kg ww
(wet weight) and for marine fish a mean BAF of 125,892 L/kg ww was determined. For marine
arthropod shrimps a BAF up to 63,096 L/kg ww was measured. Modelled BAFs were >5,000 for all
SCCPs. For some food webs, including in the Arctic, BMFs and TMFs >1 have been observed,
indicating biomagnification and trophic transfer potential. High concentrations of SCCPs in upper
trophic level organisms, notably in marine mammals and aquatic freshwater biota (e.g., beluga whales,
ringed seals and various fish), is additional evidence of bioaccumulation.
4.
Freshwater and marine invertebrates appear particularly sensitive to SCCPs, with a reported
chronic NOEC of 5 µg/L for Daphnia magna and a chronic NOEC of 7.3 µg/L for the mysid shrimp.
Severe liver histopathology was observed in trout, with LOECs ranging from 0.79 to 5.5 µg/g in whole
fish tissue.
5.
The International Agency for Research on Cancer considers some SCCPs (average C 12,
average 60% chlorination) to be possible carcinogens (groups 2B), although questions have been
raised regarding the mechanisms for induction of tumours and the relevance for human health of the
studies on which this classification was derived. In 1998, the Science Committee on Toxicity,
Ecotoxicity and the Environment of the EU suggests that the finding of lung tumors in male mice may
be of importance for humans, but concluded in its risk characterisation that the use of SCCPs pose no
significant risk for consumers or for man exposed via the environment (CSTEE, 1998). The EU Risk
Assessment Report (EC 2000) summarized the effects of SCCPs in mammalian species. Rodent
studies showed dose-related increases in adenomas and carcinomas in the liver, thyroid, and kidney. It
has been concluded that the concern for humans could not be ruled out. Recent investigations have
demonstrated that the mechanism for development of kidney tumors does not follow the classic profile
of male-rat specific nephropathy; however, the study could not conclude if the mechanism was ratspecific or not. The most recent assessment of the EU in the frame of the REACH process for
identification of substances of very high concern concludes that effects on the liver, thyroid, and
kidney have been shown to occur in mammalian species exposed to SCCPs. The effects are manifested
as organ weight increases and histological changes after exposure for weeks or months, but may turn
into carcinomas and adenomas after chronic exposure (EC 2000, ECHA 2008, Serrone 1987).
6.
In summary, the increasing regulation of SCCPs has resulted in a decrease in SCCPs currently
in use in some countries. However, evidence suggests that significant amounts are still in use and are
being released in several countries. The available empirical and modelled data indicate that SCCPs are
persistent, bioaccumulative, and toxic, particularly to aquatic organisms, and undergo long range
environmental transport. SCCPs are considered as POPs pursuant to decisions taken under the UNECE
(United Nations Economic Commission for Europe) Aarhus (POPs) Protocol to the Convention on
Long Range Transboundary Air Pollution.
7.
SCCPs are persistent in sediments, and have been measured in sediments also in Arctic lakes.
SCCPs are particularly toxic to aquatic invertebrates. Given the key role that invertebrates play in
aquatic ecosystems, there is concern relating to the measured SCCP-concentrations and to the potential
for toxic effects on sediment-dwelling and other invertebrates. The bioaccumulation by freshwater and
4
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marine fish is also of high concern, given the effects identified in fish at low concentrations. For the
regional scale measured levels in water can exceed toxicity thresholds for fish.
8.
Although concentrations in water in remote areas are low, SCCPs are measured in Arctic biota
at levels comparable to known POPs indicating widespread contamination. Notably, SCCPs are
present in Arctic terrestrial and marine mammals, which are in turn food for northern indigenous
people. SCCPs are measured in human breast milk both in temperate and Arctic populations.
Additionally, simultaneous exposure to SCCPs, other chlorinated paraffins with similar modes of
action and POPs may increase the risks due to toxic interactions.
9.
Based on the available evidence, it is concluded that SCCPs are likely, as a result of their long
range environmental transport, to lead to significant adverse environmental and human health effects,
such that global action is warranted.

1.

Introduction
10.
The European Community and its Member States being Parties to the Stockholm Convention
nominated on July 26, 2006, Short Chained Chlorinated Paraffins (SCCPs) to be listed in Annexes A,
B, or C of the Convention (UNEP/POPS/POPRC.2/INF/6, summarized in UNEP/POPS/POPRC.2/14).

1.1

Chemical Identity of the Proposed Substance
11.
The risk profile focuses on short-chain chlorinated paraffins (Alkanes, C10-13, chloro) with
greater than 48% chlorination. The nomination proposal identified the substance as CAS No.
85535-84-8 and EINECS No. 287-476-5 (Alkanes, C10-13, chloro). This CAS # represents the
commercial SCCP product that is produced by the chlorination of a single hydrocarbon fraction
consisting of n-alkanes that have a carbon chain length distribution consisting of 10, 11, 12 and 13
carbon atoms; however, this CAS # does not specify the degree of chlorination of the SCCP. Please
note that there are other CAS #s which contain SCCPs e.g. CAS No 63449-39-81. The Stockholm
Convention nomination for listing is directed at SCCP products that contain more than 48% by weight
chlorination. Examples of two molecules that can be found within an SCCP product are presented in
Figure 1-1.

Figure 1-1. Structure of two SCCP compounds (C10H17Cl5 and C13H22Cl6).

1.2

Conclusion of the Review Committee Regarding Annex D Information
12.
The Persistent Organic Pollutants Review Committee (POPRC) has evaluated the SCCPs
proposal against the criteria listed in Annex D of the Stockholm Convention at the second meeting of
the POPRC (Geneva, 6-10 November 2006). The Committee decided that SCCPs meet the screening
criteria listed in Annex D of the convention (UNEP/POPS/POPRC.2/17 – Decision POPRC-2/8
Annex 1). At the 8th POPRC meeting the Committee agreed to revise the draft risk profile for its
11th meeting (UNEP/POPS/POPRC.8/16/Annex IV)

1.3

Data Sources
13.
The risk profile for SCCPs builds on information gathered by the EU in its proposal of SCCPs
to the POPRC (UNEP/POPS/POPRC.2/INF/6). The risk profile also incorporates information
collected from risk assessment documents prepared by Canada (Environment Canada) and the
United Kingdom (DEFRA). Annex E information submissions (2007, 2010 and 2015) from several
POPRC Parties and observers were reviewed and any additional information incorporated as
appropriate. Information provided by Parties and observers during POPRC 3 and POPRC 5 has also
1
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page 9, http://www2.epa.gov/sites/production/files/documents/1999polychloroalkanes.pdf
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been incorporated. A detailed but not updated document which served as the basis for the risk profile
and a full listing of references for this document can be found in UNEP/POPS/POPRC.5/INF/18.

1.4

Status of the Chemical under International Conventions
14.
In August, 2005, the European Community proposed SCCPs to be added to the UNECE
Convention on Long Range Transboundary Air Pollution (LRTAP), Aarhus Protocol on Persistent
Organic Pollutants. SCCPs met the criteria of decision 1998/2 of the Executive Body for persistence,
potential to cause adverse effects, bioaccumulation and potential for long range transport. Thus SCCPs
were added to Annexes I and II of the 1998 Aarhus Protocol in December 2009 at the 27th session of
the Executive Body. Annex II restricts SCCP uses to fire retardants in rubber used in conveyor belts in
the mining industry and in dam sealants, and states that action to eliminate these uses should occur
once suitable alternatives are available.
15.
In 1995, OSPAR (Oslo/Paris) Commission for the Protection of Marine Environment of the
North-East Atlantic adopted a decision on SCCPs (Decision 95/1). OSPAR Decision 95/1 and
subsequent EU measures regulate the main uses of SCCPs and sources. In 2006, OSPAR prepared an
overview assessment of the implementation of PARCOM (Paris Commission) Decision 95/1 on
SCCPs (OSPAR 2006). The assessment was based on national implementation reports received from
nine of 15 Contracting Parties which have been requested to submit, in the 2005/2006 meeting cycle,
reports on the national measures taken. All reporting Contracting Parties have taken measures to
implement PARCOM Decision 95/1. Some Contracting Parties reported a full ban of all or certain
uses of SCCPs and reductions of other uses. In general, Contracting Party measures have addressed
those uses covered by European Directive 2002/45/EC.
16.
Similar to OSPAR, the Baltic Marine Environment Protection Commission (HELCOM) has
included SCCPs on their list of harmful substances. On November 15, 2007, HELCOM included
SCCPs in the HELCOM Baltic Sea Action Plan. Contracting Parties to HELCOM have agreed,
starting in 2008, to work for strict restriction on the use in the whole Baltic Sea catchment area of the
Contracting States of several hazardous substances, including SCCPs. Hazardous substances are those
found to be PBT or vPvB (Annex E 2010 submission from Lithuania).

2.
2.1

Summary information relevant to the risk profile
Physico-chemical properties
17.
Information is available on the physical and chemical properties of various SCCP congeners
and mixtures (Renberg et al. 1980, Madeley et al 1983a, BUA 1992, Sijm and Sinnige 1995,
Drouillard et al. 1998a, Drouillard et al. 1998b, Fisk et al. 1998a). Estimated and measured vapour
pressures (VPs) range from 0.028 to 2.8 x 10 -7 Pa (Drouillard et al. 1998a, BUA 1992). The vapour
pressure of SCCP with 50% chlorine by weight is 0.021 Pa at 40 degree C. (Ref: SRAR-199-ECJRC).
Major components of SCCP products with 50-60% chlorine are predicted to have subcooled liquid
VPs ranging from 1.4 x 10-5 to 0.066 Pa at 25ºC (Tomy et al. 1998a). Henry’s Law Constants (HLCs)
ranged from 0.7 - 18 Pa x m3/mol (Drouillard et al. 1998a), suggesting that SCCPs can remobilise
from water to air as a result of environmental partitioning. Measured water solubilities of individual
C10-12 chlorinated alkanes ranged from 400 - 960 µg/L (Drouillard et al. 1998b), while estimated
solubilities of C10 and C13 chlorinated alkane mixtures ranged from 6.4 - 2370 µg/L (BUA 1992).
Water solubility of SCCPs containing 59% chlorine content at 20 degree C ranges from 150 to
470 µg/L (Ref :SRAR-199-ECJRC). The logarithms of the octanol-water partitioning coefficient
(log KOW) were generally greater than five, ranging from 4.48 – 8.69. The log KOW SCCPs with
chlorine content ranging from 49-71% ranges from 4.39-5.37 (Ref: SRAR-199-ECJRC). Hilger et al.
(2011) found that the log KOW value was influenced linearly at a given chlorine content by chain
length, while a polynominal effect was observed in dependence on the chlorination degree of an
alkane chain. Chlorine substitution pattern influenced markedly the log KOW value. Gawor and Wania
(2013) estimated partitioning coefficients for all components of SCCPs based on two QSPR programs
and experimental data and displayed the partition behaviour graphically as a function of log K OA and
log KAW. For SCCPs (chlorination content 30-70%) the log KAW values are from -6.05 (min) to
1.07 (max) and for log KOA from 4.07 (min) to 12.55 (max).
18.
Due to the acknowledged complexity of the mixtures, the chemical analysis of SCCPs is
challenging. In the absence of more complete characterizations of the mixtures and suitable individual
standards, quantification is usually based on a technical product, introducing major uncertainties if
compositions of the sample and the standard do not match (Bayen et al. 2006; Reth et al. 2006 cited in
Vorkamp et Riget 2014). Also Sverko et al. (2012) stated that there is a need for a globally concerted
effort to standardize methods for SCCP analysis. The most advanced technique in CPs detection is
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2-dimensional gas chromatography combined with electron capture detection. The method is able to
qualitatively identify groups of CP isomers by carbon chain length and chlorination level. Currently,
the most commonly used method of detection and quantification used in the literature is gas
chromatography followed by either high or low resolution electron capture negative ion mass
spectrometry (GC-ECNI-MS) (Comment submitted on February 27, 2015 POPRC SCCPs risk profile
by WCC).

2.2
2.2.1

Sources
Production
19.
Chlorinated paraffins (CPs) (of various chain lengths) are currently produced in the Russia,
India, China, Japan and Brazil. China is currently the largest volume producer of chlorinated paraffins,
with an increasing estimated annual production from 600 kt (metric kilo tonnes) in 2007 (Fiedler
2010) to 1000 kt/year in 2009 (Chen et al. 2011). However according to Annex E (2014) information
from China, no specific SCCP production data are available since production is related to several
chlorinated paraffin products that do not distinguish SCCPs from other chlorinated paraffins (CPs).
Most abundant are CP-42, CP-52 and CP-70 (other are CP-13, CP-30, CP-40, CP-45, CP55 and
CP-60). Very limited information is available on SCCP production in some countries.
20.
European production estimates for the year 2010 by Euro Chlor was given as 45 kt for all
chlorinated alkanes (van Wijk, 2012 in Annex E 2014 submission, Netherlands) and production
stopped in 2012 (Comments submitted on February 27, 2015 POPRC SCCPs risk profile by WCC).
21.
Sverko et al. (2012) indicated total production estimates for SCCPs in the United States and
Europe ranging from 7.5 to 11.3 kt per year. Annex E (2014) information from US indicated 45 kt
production volumes in 2007 for SCCP and MCCP. The Chlorinated Paraffins Industry Association
(CPIA) submitted Annex E (2010) information on the yearly production of SCCPs in North America
from 2000 to 2009. The information collected includes other chain-length chlorinated paraffins.
Production was approximately 3.7 kt in 2000, peaked at approximately 4 kt in 2001, and steadily
declined to approximately 800 tonnes in 2009. The United States uses several CAS numbers to
identify SCCPs. In addition, the United States collects information which includes other chain-length
chlorinated paraffins. It is also important to note that since 2012 domestic production and use of
SCCPs has been phased-out in the United States. Annex E (2007) information submitted by Brazil
indicates that 0.15 kt/year of SCCPs is produced in Brazil.
22.
The Republic of Mauritius (Comments submitted on April 7, 2008 POPRC SCCPs risk
profile), Australia, Mali, Ecuador, Bulgaria, Costa Rica, Ecuador, Lithuania, Sri Lanka, Canada,
Serbia and the Dominican Republic (Annex E 2010 and 2014 submissions) do not currently produce
SCCPs. Monaco neither produces nor uses SCCPs (Annex E 2010 submission).
23.
Between March 1998 and March 2000, approximately 360 tonnes of SCCPs were imported by
Australia, according to information submitted by Australia. However, one company had ceased
imports of SCCPs by 2002 (NICNAS 2004). In Canada, total reported annual usage of all CPs was
approximately 3,000 tonnes in 2000 and 2001 (Environment Canada 2003a). In 2002, the Republic of
Korea imported approximately 156 tonnes of SCCPs (CAS No. 85535-84-8) (Comments submitted on
April 7, 2008 POPRC SCCPs risk profile). In 2005 and 2006, Croatia imported 2.3-2.7 and
1.2-1.5 tonnes, respectively, of SCCPs as a component (13±1%) of flame retardant (Annex E 2010
submission). Argentina imported SCCPs in quantities of 40.02 tonnes in 2008 at one location and
53.688 tonnes in 2009 (sum of two locations) (Annex E 2010 submission). The Dominican Republic
imported 11.880 tonnes in 2013 (Annex E 2014 submission).
24.
Importation quantities for chlorinated paraffins (no specified chain length) were provided by
Ecuador (Annex E 2010 submission). From 1990-2010, 8 kt of chlorinated paraffins were imported,
with 4.5 kt of this during the period 2005-2010. Mexico also reported importation quantities for
chlorinated paraffins (no specific chain length) (Annex E 2010 submission) of 18 kt from 2002-2010.

2.2.2

Uses and Releases
25.
In Canada and the EU the major historic uses and releases of SCCPs were in metalworking
applications (Environment Canada 2003a, Euro Chlor 1995, OSPAR 2001). Stiehl et al. (2008)
anticipated that, the use of SCCPs as flame retardants might increase following the ban of commercial
pentaBDE mixtures. In the EU, 9.4 kt/year were used for metalworking in 1994. Petersen (2012)
reported an earlier maximum of around 14 kt/year for the period 1978 to 1988. Other uses include
paints, adhesives and sealants, leather fat liquors, plastics and rubber, flame retardants and textiles and
polymeric materials. The amounts of SCCPs used in the EU were reduced from 13 kt to 4 kt /year for
all uses in 1994 and 1998, respectively. Since 2002, the use of SCCPs in the EU in metalworking and
7
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fat liquoring of leathers has been subject to restrictions under EU Directive 2002/45/EC (SCCPs were
not allowed in concentrations higher than 1 % in metal working fluids and for fat liquoring of leather).
Based on 2004 consumption data, estimated total releases of SCCPs in the EU25 are 4.7-9.5, 7.4-19.6,
0.6-1.8, and 8.7-13.9 tonnes/year to surface water, waste water, air and industrial/urban soil,
respectively (Annex E 2010 submission from Germany citing European Chemicals Agency
Prioritisation and Annex XIV Background Information for Alkanes, C10-23, chloro). A more recent
consumption estimate from Zarogiannis and Nwaogu (2010) in Annex E (2014) information from
Netherlands estimated the amount of SCCPs consumed in EU to be 530 tons in 2009. SCCPs are
restricted according to the POP Commission Regulation (EU) No. 519/2012 in the EU, which
prohibits all uses except for conveyor belts for mining and dam sealants (a total ban is proposed in the
future). There is no evidence of any significant natural source of CPs (U.K. Environment Agency
2003a).
26.
SCCPs were banned in Norway in 2002. Emissions of SCCPs in Norway are today therefore
assumed to be low. Limited amounts of SCCPs may however still be released to the environment from
older products and materials that are still in use or from imported articles. Release estimates suggests
that releases in Norway were reduced by 73% over the period 1995-2010 from about 1 tonne in 1995
to 0.3 tonnes in 2010 (Norwegian Environment Agency 2014a). In spite strict regulations, SCCPs
continues to be detected in environmental- and biota samples in Norway, including in air and biota
samples from Svalbard (e.g. Norwegian Environment Agency 2014 a, b, c, 2013).
27.
The largest use of SCCPs in the United States was as a component of lubricants and coolants in
metal cutting and metal forming operations. The second-largest use was as both a secondary plasticizer
and a flame retardant in plastics, especially PVC (US EPA, 2009). Use of SCCPs has been phased-out
in the United States. In Japan metal-working industries voluntarily phased out the use of SCCPs by
2007 (Harada et al. 2011).
28.
In 1994, 70 tonnes of SCCPs were used in Switzerland and it is estimated that uses have
reduced by 80% (Annex E 2007 submission). The most widespread use of SCCPs in Switzerland was
in joint sealants. SCCPs have been used as a PCB substitute in gaskets (e.g., splices, in buildings) and
this may be a source when buildings are renovated. In Poland, SCCPs are used as a flame retardant in
rubber conveyor belts (Annex E 2010 submission). Poland produced 16.4% (approximately 39 tonnes)
of the 237.880 tonnes of conveyor belts sold in the EU in 2007, and used 23.062 tonnes of conveyor
belts. In Romania, approximately 23,700 kg of SCCPs were used as a plasticizer (Annex E 2010
submission). Brazil indicates that 300 tonnes/year is used in Brazil for the purposes of flame retardant
in rubber, car carpet and accessories (Annex E 2007 submission). Use of SCCPs in Australia
decreased by 80% between 1998/2000 to 2002 to approximately 25 tonnes/year of SCCPs in the metal
working industry (NICNAS 2004). In 2006, in the Republic of Korea, SCCPs were mainly used in
lubricant and additive agents. The release pattern and quantitative data are not available (Comments
submitted on April 7, 2008 POPRC SCCPs risk profile). The Republic of Mauritius have been
reported to use SCCPs (Comments submitted on April 7, 2008 POPRC SCCPs risk profile). Senegal is
using SCCPs but quantities are not known (Comments submitted on May 8, 2015 POPRC SCCPs risk
profile). Honduras indicates that SCCPs are present in imported products and feedstock, though the
quantity is unknown; uses include in PVC production, additive in paints and sealants, the automotive
industry, and in electrical cables (Annex E 2010 submission). In Argentina, SCCPs are mainly
imported for the plastics industry (Annex E 2010 submission). There is little publically available
information regarding the use of SCCPs in wellbore fluid for drilling in oil and gas exploration despite
a range of patents indicating their use as such (IPEN, 2015).
29.
Anthropogenic releases of SCCPs into the environment may occur during production, storage,
transportation, industrial and consumer usage of SCCP-containing products, disposal and burning of
waste, and land filling of products. The possible sources of releases to water from manufacturing
include spills, facility wash-down and storm water runoff. SCCPs in metalworking/metal cutting fluids
may also be released into aquatic environments from drum disposal, carry-off and spent bath use
(Government of Canada 1993a). Ecuador notes that the cleaning of metallurgical facilities results in
releases to aquatic ecosystems (Annex E 2010 submission). These releases are collected in sewer
systems and ultimately end up in the effluents of sewage treatment plants. Information on percentage
releases to sewage treatment plants or on removal efficiency is not currently available.
30.
For industrialized and densely populated areas high emissions are possible as shown by
monitoring data (Chaemfa et al. 2014, Chen et al. 2011). Other releases could include use of gear oil
packages, fluids used in hard rock mining and equipment use in other types of mining, fluids and
equipment used in oil and gas exploration, manufacture of seamless pipe, metalworking and operation
of turbines on ships (CPIA 2002; Environment Canada 2003b).
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31.
Landfilling is a major disposal route for polymeric products in Canada. CPs would be expected
to remain stabilized in these products, with minor losses to washoff from percolating water. Leaching
from landfill sites is likely to be negligible owing to strong binding of CPs to soils. Minor emissions of
these products, which are effectively dissolved in polymers, could occur for centuries after disposal
(IPCS 1996).
32.
Polymer-incorporated CPs could also be released during recycling of plastics, which may
involve processes such as chopping, grinding and washing. If released as dust from these operations,
the CPs would be adsorbed to particles because of high sorption and octanol–air partition coefficients.
The emission rate depends on the extent of dust control at the facility (De Boer 2010).
33.
Recently it was shown that intense e-waste recycling activities are a major source of CPs in the
environment (sediment and biota) (Chen et al. 2011, Luo et al. 2015). Also application of sewage
sludge to soil or irrigation of wastewater can be a source of SCCP loadings to soil (Zeng et al. 2011b,
2012b).
34.
Petersen (2012) reported around 25 kt in building materials as a “stock” of SCCP in buildings
and construction. The estimates revealed that sealants and coatings clearly constitute the largest part of
the stock, while SCCP in rubber is negligible. The generated waste on a yearly basis was calculated
with 1.2 kt SCCP-waste from buildings and construction. The potential for loss during production and
transport is expected to be less than that during product use and disposal for chlorinated paraffins
(Fiedler 2010).
35.
The European Pollutant Release and Transfer Register (E-PRTR)2 is a web-based register
established by Commission Regulation (EC) No 166/2006 which implements the UNECE PRTR
Protocol. For the year 2012 17 facilities reported SCCP releases to water (none to air or soil) of 301
kg. The largest share has urban wastewater treatment plants, chemical industry and the energy sector.
Data from 2007 suggested a release to water of 290 kg.
36.
Data since 1999 reported to Canada’s National Pollutant Release Inventory (NPRI) found that
very small amounts of CPs (short, medium and long chain) are being released to the Canadian
environment by companies that meet the NPRI reporting requirements 3. In 2001-2002, the NPRI
reported 1.45 tonnes CPs for disposal to landfill and 1.94 tonnes recycling by recovery of organics
from two companies in Ontario. Both of these companies use SCCPs as a formulation component in
the manufacture of wires and cables and of paints and coatings, respectively. In 2005, NPRI reported
that one company in Ontario disposed 0.023 tonnes of Alkanes 10-13, chloro (CAS# 85535-84-8)
off-site and 2.967 tonnes were recycled off-site
37.
In the USA, SCCPs are subject to the Toxic Release Inventory (TRI) reporting as part of a
broader category of polychlorinated alkanes (all saturated C 10-13 species with average chlorine content
of 40-70%). Information submitted by the USA during the comment period indicated that, for the 2005
TRI data release year, a total of 19,404 kg of polychlorinated alkanes was reported for on and off site
disposal or other releases by U.S. industries subject to reporting, including 693 kg as fugitive air
emissions; 880 kg as point source air emissions; and 3.2 kg as surface water discharges (TRI release
year 2005 data set frozen on 11/15/2006, released to public 03/22/2007, available at www.epa.gov/tri).
The 2013 TRI data indicates 192 kg of total releases. As the oil and gas industry are exempt from
reporting under the TRI, this may represent an underestimation of releases to air and water (Comments
submitted on February 27, 2015 POPRC SCCPs draft risk profile). The use of SCCPs has been
phased-out in the United States through a consent decree between the U.S. government and the last
manufacturer of the chemical. This phase-out of SCCPs was based on persistence, bioaccumulation
and toxicity concerns (Annex E information 2014).
38.
Listed POPs can be unintentionally released from rubber or polyurethane foams treated with
CPs. Takasuga et al. (2012) detected high levels of PCBs and HCBs in the ppm range as contaminants
due to a change in the manufacturing method of CPs.

2
3

http://prtr.ec.europa.eu/PollutantReleases.aspx
http://www.ec.gc.ca/pdb/querysite/query_e.cfm, website accessed August 9, 2007
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2.3
2.3.1

Environmental Fate
Persistence
Persistence in Air
39.
Estimated atmospheric half-lives for SCCPs based on reaction with hydroxyl radicals range
from 0.81 to 10.5 days, using the default atmospheric hydroxyl radical concentration of
1.5 × 106 molecules/cm3 during sunlight hours in AOPWIN (v. 1.86) computer program (Meylan and
Howard, 1993; Atkinson 1986, 1987). Using a lower hydroxyl radical concentration of
5 × 105 molecules/cm3, which is generally used as a daily (24-hour) average in relatively unpolluted air
in the EU, atmospheric half-lives ranged from 1.2 to 15.7 days. It should be noted that hydroxyl
radical reaction rates vary temporally with average daily sunlight, and 5 × 10 5 molecules/cm3 may not
be typical of northern latitudes since hydroxyl radical concentrations decline with latitude. In addition,
the high adsorption of CPs to atmospheric particles at low temperatures, typical of conditions at high
latitudes, may limit the atmospheric oxidation pathway. Li et al. (2014b) reported based on a newly
developed QSAR model (using density functional theory and a OH concentration of 9.7 x10 5
molecules cm3) that C10-11 Cl5-8 and C12Cl6-8 homologs tend to have a long life time (τ between 3 and
15 days) in air. C10-13 (especial C13) with nCl <9 have even much longer life times. Monitoring data
suggest that C10-11 Cl5-7 are the dominant group in the gas-phase and C11-12 Cl6-8 are most abundant in
atmospheric deposition samples. C13 are seldom detected in air due to their lower volatility (Ma et al.
2014c).
Persistence in water
40.
Although SCCPs can undergo slow hydrolysis (Annex E 2010 submission from Costa Rica 4),
they are not expected to degrade significantly by abiotic processes such as hydrolysis (IPCS 1996;
U.K. Environment Agency 2003a,b). Koh and Thiemann (2001) showed that SCCP mixtures
underwent rapid photolysis in acetone–water under ultraviolet light (mercury arc lamp; approximately
254-436 nm) with half-lives of 0.7–5.2 hours. The half-life of 52% chlorine by weight SCCP product
in pure water under the same conditions was 12.8 hours. While the results suggest that photolysis may
be a degradation pathway for some SCCPs, the environmental relevance of this study is questionable
as the use of an ultraviolet irradiation source may have produced far shorter half-lives than under
natural light conditions. Also, the extent of photodegradation may be limited in waters at depth and/or
at northern latitudes, and as acetone is a questionable solvent to use in such a study as it is a photo
sensitizer.
41.
As part of an Annex E submission (2010), the Chlorinated Paraffins Industry Association
(CPIA) submitted the results of a prolonged ready biodegradability test for a 49.75% chlorine by
weight SCCP product (Cereclor 50LV) following the OECD 301, Closed Bottle Test method with
modifications to prolong the test duration to 56 days. Due to the low water solubility of the SCCP, a
solvent (silicone oil) or an emulsifier (polyalkoxylate alkylphenol) were employed to increase the
bioavailability of the test substance as allowed in OECD 301. Secondary activated sludge or river
water was used as an inoculum. Blanks with the solvent or emulsifier alone were not included.
Biodegradation in excess of 60% was only obtained when the SCCP was emulsified using
polyalkoxylate alkylphenol, with this percentage exceeded within 28 days when river water was used.
The SCCP in silicone oil achieved 33% degradation within 56 days. Therefore, this low chlorinated
SCCP passed the ready biodegradable criteria only when emulsified and in the presence of an
inoculum obtained from river water. In the presence of the inoculum from sludge, it was not readily
biodegradable within 28 days, though significant degradation (i.e., 55%) occurred within 42 days in
the presence of an emulsifier. The relevance of the use of a surfactant to increase bioavailability for
estimation of biodegradation in aquatic environments is unclear, especially in view of conflicting
results from biodegradation studies and monitoring results in sediments. It is not known to what extent
higher chlorinated SCCPs would be degraded under similar conditions; studies on the biodegradation
of SCCPs in sediments suggest that lower chlorinated SCCPs are much more biodegradable than those
with higher chlorination.
42.
Lu (2013) isolated Pseudomonas sp. N35 capable of degrading SCCP in pure culture and
sewage sludge microcosms.

4

Data from UK Marine SACs Project Chlorinated Paraffins profile, http://www.ukmarinesac.org.uk/
activities/water-quality/wq8_35.htm
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Persistence in soil and sediment
43.
Using 25-day biochemical oxygen demand (BOD) tests, Madeley and Birtley (1980) found that
SCCPs (49% chlorine) appeared to be rapidly and completely degraded by acclimatized
micro-organisms after 25 days. No significant oxygen uptake was observed in tests using the highly
chlorinated CPs, which included two SCCPs (60% and 70% chlorine). Fisk et al. (1998a) found that
two 14C-labelled C12 chloro-n-alkanes (56% and 69% chlorine) were degraded at 12°C in aerobic
sediments used for a study of the bioavailability of SCCPs to oligochaetes. Half-lives in sediment were
12 ± 3.6 days and 30 ± 2.6 days for the 56% and 69% chlorine products, respectively.
44.
A study on the aerobic and anaerobic biodegradation of SCCPs in both freshwater and marine
sediments was undertaken (Thompson and Noble 2007, in U.K. Environment Agency 2007). Using
14
C-labelled n-decane and n-tridecane 65% chlorine by weight products and basing their experiments
on the OECD 308 Test Guideline, the mean half-lives (for mineralization [carbon dioxide or methane
production]) for a C10-13, 65% chlorine by weight product were estimated to be 1,630 days in
freshwater sediments and 450 days in marine sediments under aerobic conditions. Little or no
mineralization was noted in anaerobic sediments.
45.
Concentration profiles of SCCP residues in sediments from Lake Winnipeg, Manitoba, and
Fox Lake, Yukon, indicated that residues were present in the slices dated at 1947 in the sediments
from both of these lakes (Tomy et al. 1999). SCCP residues in sediments were observed from the west
basin of Lake Ontario dating back to 1949. The highest concentration (800 ng/g dw) was observed in
the slice dated at 1971 (Muir et al. 1999a). SCCPs were also measured in a dated sediment core
collected in Lake St. Francis (Lac Saint-François), in 1996, downstream of a former CPs
manufacturing site. The historical profiles show the presence of relatively low levels of SCCPs
compared with Lake Ontario (Muir et al. 1999a; 2002). The highest SCCP concentrations had a
median date of 1985 ± 4 years (Turner 1996). The predominant chain length groups in sediments were
C11 and C12. Iozza et al. (2008) measured SCCPs levels from dated sediment cores as far as from 1960.
However the pattern of homolog groups does show changes over time (Iozza et al. 2008, De Boer
2010, Zeng et al. 2012c, Chen et al. 2011).
46.
In the absence of information on loading for any of the years at any of these locations, it is not
possible to calculate a discrete half-life value from these data. However, the fact that SCCP residues
were detected in sediment cores dating back to the 1940s at these locations is evidence that SCCPs can
persist for more than 50 years in subsurface anaerobic sediments. Environment Canada (2004) used
first order decay equations in a back calculation method to determine that SCCPs have a half-life in
sediments longer than 1 year. While the back calculation method for determining half lives does not
provide a discrete value for the half life of a chemical, it can provide an answer as to whether a
chemical’s half life is significantly greater than a specified timeframe. Several government
assessments and published reviews have concluded that only slow biodegradation in the environment
may be expected to occur, even in the presence of adapted micro-organisms (Government of Canada
1993a,b; Tomy et al. 1998a; EC 2000).
47.
Little information is available on the persistence of SCCPs in soil. A study by Omori et al.
(1987) studied the dechlorination potential of a series of soil bacterial strains acting on C 12H18Cl8
(63% chlorine). Although they could not isolate a bacterial strain that could use this chemical as a sole
carbon source, they did find that different strains pre-treated with n-hexadecane had different
dechlorination abilities. A mixed culture (four bacterial strains) and a single strain (HK-3) acting alone
released 21% and 35% of the chlorine, respectively, after 48 hours. Another study by Nicholls et al.
(2001) investigated the presence of SCCPs in farm soils in the United Kingdom on which several
applications of sewage sludge had been applied. They were unable to detect SCCPs (<0.1 µg/g).
However, the study did not specifically follow the fate of SCCPs over time following sludge
application, and therefore the relevance of these results is questionable.
Summary of Persistence
48.
SCCPs meet the criterion for persistence for sediment (Annex D, Stockholm Convention).
They also are sufficiently persistent in air for long range transport to occur. SCCPs appear to be
hydrolytically stable. While there is evidence that low chlorinated SCCPs can readily degrade in water
under enhanced conditions, the ecological relevance of the test results is not known. There is
insufficient information to conclude on the persistence of higher chlorinated SCCPs in water. There is
also insufficient information on their persistence in soil. Overall, SCCPs are considered to meet the
Stockholm Convention criteria for persistence.
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2.3.2

Bioaccumulation
Modelled Log Kow and Bioaccumulation Factors
49.
Sijm and Sinnige (1995) calculated a log Kow range between 4.8 and 7.6 for all possible SCCP
congeners. Fisk et al. (1998b) determined the octanol-water partition coefficients for C12H20.1Cl5.9,
55.9% wt. Cl and C12H16.2Cl9.8, 68.5% wt. Cl. The mean log KOW values was estimated at 6.2 for the
55.9% wt. Cl substance (range of log Kow was 5.0 to 7.1) and 6.6 for the 68.5% wt. Cl substance
(range of log Kow was 5.0 to 7.4). Using empirical K OW data and assuming no metabolism, the Gobas
BAF model for fish estimated BAF values greater than 5,000 for all possible SCCPs.
Bioconcentration
50.
Bioconcentration factors (BCFs) calculated from laboratory studies for SCCPs have been
reviewed in Government of Canada (1993b) and were found to vary dramatically among different
species. Relatively low BCF values have been determined in freshwater and marine algae (<1–7.6).
BCF values of up to 7816 wet wt. have been measured in rainbow trout (Oncorhynchus mykiss)
(Madeley and Maddock 1983a,b) and 5785–138 000 wet wt. in the common mussel (Mytilus edulis)
(Madeley et al. 1983b, Madeley and Thompson 1983, Renberg et al. 1986).
51.
Information submitted by Japan on the measured BCF test results for CPs (C=11, Cl = 7-10)
suggested that these chemicals are bioaccumulative. BCF measurements were taken at two test
concentrations (0.1 and 1 µg/L) and test organisms were exposed for 60 days. A correlation between
chlorine content of CPs and bioconcentration potential was not observed. BCFs ranged from 1,900 to
11,000 (Information submitted to the POPRC SCCPs risk profile by Japan).
52.
Further
information
submitted
by
Japan
for
the
POPRC5
review
(UNEP/POPS/POPRC.5/INF/23) reported measured BCF test results for carp for a C13, Cl4-9 SCCP.
Due to the low concentrations of the Cl = 4, 8 and 9 substitutions and lack of sensitivity of the analysis
for such concentrations, steady-state BCFs were only determined for the Cl=5, 6 and 7 substitutions.
BCF measurements were taken at two test concentrations (1 and 10 µg/L); however, it is unclear if
these concentrations were for the congeners at each chlorination level or for the mixture itself. The
measured concentrations of C=13 at each chlorination level suggest the test concentration was for
congeners at each chlorination level. The exposure duration was 62 days. Bioconcentration potential
tended to increase with increasing chlorination. BCFs ranged from 1,530 to 2,830.
53.
SCCP also bioaccumulate in humans. Specially, SCCPs with 5–6 chlorines are predicted to
have the highest combined potential for LRT and bioaccumulation in humans (Gawor and Wania
2013), if biotransformation is not considered in the prediction. SCCPs with Cl5–6 or higher chlorination
are estimated to have the potential to bioaccumulate in humans in the Arctic including
biotransformation (estimated half-lives in fish was used as crude estimate of the potential for
metabolic elimination along the entire human food chain) (Gawor and Wania 2013).
Laboratory studies of bioaccumulation, biomagnification and biotransformation
54.
Dietary accumulation is influenced by carbon chain length and chlorine content (Fisk et al.
1996, 1998b, 2000). SCCPs with greater than 60% chlorine by weight were found to have equilibrium
biomagnification factors (BMFs) greater than 1, implying a potential to biomagnify in aquatic food
chains. Depuration half-lives in fish ranged from 7 to about 53 days for juvenile rainbow trout (Fisk et
al. 1998b). In another study, Fisk et al. (2000) estimated SCCPs depuration half-lives that ranged from
7.1 to 86.6 days for rainbow trout. The authors observed that SCCPs with lower chlorination were
being metabolized by fish but that the half-lives of two higher chlorinated SCCPs, C12H16Cl10 and
C12H20Cl6, were similar to those of recalcitrant organochlorines, with long biotransformation half-lives
>1000 days. Fisk et al. (2000) found that the depuration and biotransformation half-lives for some
C10–12 SCCPs, particularly the decanes, were similar, suggesting that the depuration is primarily due to
biotransformation. Fisk et al. (2000) also showed that the calculated BMFs for 35 chlorinated
n-alkanes (combined data for SCCPs and MCCPs) were significantly related to the number of carbon
plus chlorine atoms per compound and to log Kow.
55.
Bengtsson and Baumann-Ofstad (1982) found that, although the uptake efficiency (91-day
uptake period) of a SCCP composed of 71% chlorine by weight was low (6%), it had a remarkably
high retention in bleak (Alburnus alburnus). This formulation remained in the fish tissues at a steady
level until the experiment was terminated after the 316-day elimination period. Similar observations
were reported by Fisk et al. (1998a) in oligochaetes (Lumbriculus variegatus) for C12H20Cl6
(56% chlorine by weight) and C12H16Cl10 (69% chlorine by weight). Organic carbon normalized
biota-sediment accumulation factors (BSAF) calculated from the rates of uptake and depuration
ranged from 1.9 for C12H16Cl10 to an average of 6.8 for C12H20Cl6. Half-lives of the two SCCPs were
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similar (12-14 days), but uptake of the more highly chlorinated dodecane was significantly slower
than that of the less chlorinated dodecane.
Field studies of bioaccumulation and biomagnification
56.
Bioaccumulation factors (BAFs) for SCCP chain length groups in western Lake Ontario lake
trout (Salvelinus namaycush) were calculated based on concentrations in whole fish and dissolved
water concentrations (Muir et al. 2001). BAFs ranged from 88,000 to 137,600 in lake trout on a lipid
weight basis, and from 16,440 to 25,650 on a wet weight basis. Chlorinated dodecanes (C 12) were the
most prominent SCCPs in lake water and fish. BMFs for the SCCPs based on an alewife (Alosa
pseudoharengus)/smelt (Osmerus mordax) diet ranged from 0.33 to 0.94 and were highest for the
tridecanes (C13) because of their low water concentrations. The higher BMF for SCCPs in general was
determined between lake trout and alewife alone (BMF 0.91) (Muir et al. 2003). These BMF values
suggest that SCCPs, especially the chlorinated decanes and dodecanes, are not biomagnifying in this
studied pelagic food web. Relatively high concentrations of SCCPs in sculpin (Cottus cognatus) and
diporeia (Diporeia sp.) imply that sediments are an important source of SCCPs for bottom feeders
(Muir et al. 2002).
57.
Bioaccumulation and biomagnification factors were calculated in Lake Ontario for total SCCP
isomers, as well as SCCP chain length groups and homologs (same molecular formula), that were
detected in water and organism samples (Houde et al. 2008). In both Lake Ontario and Lake Michigan,
SCCPs were found to biomagnify between prey and predators. Mean BAFs in lake trout from Lake
Ontario varied between 4.0x104 and 1.0x107 for C10, 1.3 x105 and 3.2 x 106 for C11, 1.0 x 105 to 2.5 x
105 for C12, and 2.5 x 105 for C13 homologs. The highest BMF for total SCCPs was observed for
sculpin-Diporeia (BMF = 3.6) in both Lake Ontario and Lake Michigan food webs. The BMFs
exceeded 1 for lake trout-rainbow smelt and sculpin-Diporeia in both lakes, and exceed 1 for lake
trout-alewife in Lake Ontario. TMFs ranged between 0.47 and 1.5 for SCCPs (17 homologs) in the
Lake Ontario food web. In Lake Michigan, TMFs for SCCPs ranged from 0.41 to 2.4. Among
individual SCCP homologs C10Cl8 and C11Cl8 had the highest TMFs (1.5). A TMF above 1 indicates
that certain SCCP isomers have the potential to biomagnify in aquatic food web (Houde et al. 2008).
58.
In an aquatic food web (including plankton, fish and turtle) near a municipal sewage treatment
plant biomagnification of SCCPs was shown (Zeng et al. 2011a). BAFs for most studied SCCP
congeners range from 56,160 to 280,200 g/kg lw (lipid weight) in the selected fish species with a mean
TMFs for sum C10-13 of 1.61. Homolog specificTMFs were 1.66 for C11, 1.79 for C12, 1.75 for Cl7, and
1.78 for Cl8. The specific TMFs for other homologue groups were not evaluated due to their weak
linear relationships (Zeng et al. 2011a).
59.
Yuan et al. (2012) showed that SCCPs did not biomagnify in molluscs from coastal waters in
the Chinese Bohai Sea based on a significant negative linear relationship between lipid normalized
SCCPs and trophic level. A similar trend of higher chlorinated PCDD/Fs and PCBs was observed in
food chains of the Chinese Bohai Sea (Wan et al. 2005, Wan et al. 2008 cited in Yuan et al. 2012).
60.
Bioaccumulation and trophic magnification was reported for a marine food web including
zooplankton, eight benthic invertebrate species (bivalves, conch, shrimp and crab) and eight fish
species from Liaodong Bay, North China. Log BAFs for sum of SCCPs (24 congeners, C 10 to C13, Cl5
to Cl10) ranged from 4.5 to 5.6 ww (wet weight) for all organism. Zooplankton had the lowest log BAF
value, arthropod shrimps had log BAFs of 4.6 (39,810 L/kg ww) and 4.8 (63,096 L/kg ww) and
highest values were determined in fish (range 4.7 to 5.6, mean 5.1). BAF values of SCCPs formula
groups generally present an increasing tendency with the increase of carbon chain length, chlorine
contents and KOW values. TMF values (except for C10Cl6, C11Cl7, C12Cl7 and C13Cl7 that showed no
significant correlation between tropic level and lw of sum SCCPs) ranged from 1.45 to 5.65 in this
food web. TMFs increased with longer chain length and Cl8 and Cl9 homologues exhibited the highest
TMFs. TMF of sum SCCPs was determined to be 2.38 in the zooplankton-shrimp-fish food web
(Ma et al. 2014b).
61.
The BSAFs (lipid normalized Biota Sediment Accumulation Factor) of individual congeners
for three bivalve species from the Bohai Sea ranged from 0.14 to 4.03, 0.09 to 2.27, and 0.09 to 1.90,
respectively (Ma et al. 2014a). The authors concluded that these values were comparable with those
reported for PCBs (0.01–5.0) and HCHs (0.81–2.34), but slightly lower than those reported for DDTs
(1.1–27.9) and PBDEs (1.0–11.4) (Yang et al. 2006, Wu et al. 2011, Yang et al. 2006 and Wang et al.
2009, all cited in Ma et al. 2014a).
62.
Luo et al. (2015) indicated trophic magnification for migratory but not for resident terrestrial
bird species inhabiting an e-waste recycling area possibly due to heterogeneity distribution of SCCPs
in the studied environment area.
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63.
Reported levels in Greenland shark liver (caught in waters around Iceland) were 430 ng/g fat
(median) for SCCPs and similar to individual PCB congeners previously reported (Strid et al. 2013).
SCCPs were detected in seabirds and seabird eggs from Svalbard at mean concentrations of 3.95 ng/ml
(glaucous gull plasma) and 7.83 and 3.23 ng/g wet weight in eggs of kittiwake and common eider,
respectively (Norwegian Environment Agency, 2013). Eggs of common eider, European shag and
herring gull collected in remote areas of Northern Norway contained SCCP concentrations up to about
5 ng/g wet weight (Huber et al., 2015). Based on the relative trophic levels and log-transformed
concentrations for polar cod, eider egg, kittiwake egg, glaucous gull plasma, ringed seal plasma and
polar bear plasma from the Norwegian Arctic, Svalbard, a TMF of 2.3 was calculated (Norwegian
Environment Agency 2013).
64.
Results from some monitoring data show different results with regards to bioavailability. Some
data indicate that the C13 formula group is less bioavailable to fish than the shorter chain length SCCPs
based on pattern of SCCPs in Baltic Sea sediments (high C13Cl7 and C13Cl8 content that is not observed
in flounder from the same area). However, in another study the proportions of C 10–C12 homologs in
sediments are reflected in flounder. Similarly in Lake Ontario, the C 11 and C12 homolog pattern is
reflected in sculpin while the relatively high proportions of C 13Cl7 and C13Cl8 in sediment are not. Also
C10Cl5 and C10Cl6 are underrepresented in sculpin compared to sediment due to possibly indications on
biotransformation. This transformation might occur in sediment dwelling invertebrates preyed upon by
the fish as well as in the fish (De Boer 2010). In contrast, Ma et al. (2014b) identified TMFs >1 for
C13Cl8 and C13Cl9 homologs in a zooplankton-invertebrate-fish food web.
Bioaccumulation Summary
65.
Available empirical (laboratory and field) and modelled data all indicate that many SCCPs can
accumulate in biota. Laboratory derived BCFs ranged from 1,900 – 138,000, depending on the species
and congener tested. Field derived BAFs for fish ranged from 16,440 – 398,107 L/kg ww and
modelled BAFs were >5,000 for all SCCPs. For some SCCPs compounds biotransformation and
limited bioavailability might occur. For some food webs including Arctic organisms, BMFs and TMFs
were >1, indicating biomagnification and trophic transfer potential. BAF values of SCCPs generally
present an increasing tendency with the increase in carbon chain length, chlorine atoms and K OW
values. There are also indications that SCCPs can biomagnify in terrestrial species such as birds.
Overall, SCCPs meet the Stockholm Convention criteria on bioaccumulation.
2.3.3

Potential for Long Range Transport
66.
Annex E (2007) information submitted by Switzerland outlines a study by Wegmann et al.
(2007) which examined the long range transport potential (LRTP) of SCCPs and other POPs
candidates using the OECD Pov (overall persistence) and LRTP Screening Tool. The results indicated
that SCCPs have Pov and LRTP properties similar to those of several known POPs. The Arctic
contamination potential (ACP) of several SCCPs was estimated based on their K OA and KAW values,
and compared to the ACP results generated for a hypothetical series of chemicals (Wania 2003).
Results suggest that SCCPs have ACPs similar to tetra- to heptachlorobiphenyls. Gawor and Wania
(2013) modelled the long range transport potential for all SCCPs congeners showing that SCCPs with
C5-7 and Cl6-9 (depending on their log KOA) are transported as “multiple hoppers/multiple hoppers
swimmers” and have the potential to accumulate significantly in Arctic surface media. The available
modelled and empirical information supports the conclusion that SCCPs undergo long range transport.
67.
SCCPs have been detected in air, sediment, fish and mammals in the Arctic as well as in air in
the Antarctica (see Section 2.4). Tomy (1997) and Bidleman et al. (2001) detected SCCPs at
concentrations ranging from <1 to 8.5 pg/m3 in air collected in the high Arctic (Alert, Ellesmere
Island). In 2011, 12 air samples collected at the Canadian High Arctic station of Alert (from January to
August) were analysed for SCCPs. The mean and median concentrations were 913.3 and 684.6 pg/m 3,
respectively, with a range of 205.7 to 2876 pg/m3, dominated by the C10 and C11 formula groups (Hung
et al. in press). This is considerably higher than measurements by Tomy (1997) and Bidleman et al
(2001). Borgen et al. (2000) measured SCCPs ranging from 9.0-57 pg/m3 at Mt. Zeppelin, Svalbard,
Norway in 1999. In 2013 mean annual SCCP concentrations at Mt. Zeppelin were reported to 360
pg/m3, with monthly means ranging from 185.8 to 596.5 pg/m3 (Norwegian Environment Agency
2014b). The annual average for 2014 was 240 pg/m3, with a range from 140 to 480 pg/m3 (Norwegian
Environment Agency, 2015). Borgen et al. (2002) found much higher SCCP concentrations in air at
Bear Island, a small isolated island between Svalbard and mainland Norway. Total SCCP
concentrations ranged from 1,800 to 10,600 pg/m3. SCCPs have been measured in the sediments of
remote Arctic lakes (Tomy et al. 1999; Stern and Evans 2003) far from local sources of contamination,
as well as in Arctic biota, such as ringed seal, beluga whale, walrus, (Tomy et al. 2000), char, seabirds
(Reth et al. 2006), trout from remote lakes (Basconcillo et al. 2015) and Greenland shark (Strid et al.
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2013), polar bear, ringed seal, glaucous gull, kittiwake, eider and polar cod (Norwegian Environment
Agency 2013, Climate and Pollution Agency Norway 2012). The concentration profiles for SCCPs in
Arctic marine mammals show a predominance of the shorter carbon chain length congeners, i.e., the
C10 and C11 formula groups (Tomy et al. 2000), some of the more volatile components of SCCP
mixtures (Drouillard et al. 1998a), suggesting that these compounds are more likely to be transported
long distances. This is in agreement with the results of Reth et al. (2005, 2006), who found an
enrichment of C10 SCCPs in biota in the North Sea compared to the Baltic Sea (Reth et al. 2005) and
in the Arctic as compared to the Baltic Sea (Reth et al. 2006). However SCCPs in Greenland shark
liver showed a predominance of C11 and C12 with Cl6 and Cl7 substitutes (Strid et al. 2013). Halse et al.
(2015) found in soils collected along an latitudinal UK - Norway declining SCCPs concentrations with
increasing latitude that indicate that SCCPs are comparatively less prone to long range atmospheric
transport according to this study finding.
68.
Modelled results indicating that the atmospheric half-lives for the major SCCP homologues
observed in environmental samples, such as the Great Lakes and Arctic air and biota (C10H17Cl5,
C10H16Cl6, C10H15Cl7, C11H18Cl6, C11H17Cl7, C12H20Cl6, C12H19Cl7), are greater than 2 days (Section
2.2.1). Overall, SCCPs meet the Stockholm Convention criteria on long range transport.

2.4
2.4.1

Exposure
Atmospheric concentrations
69.
The complexity of SCCPs and the difficulties of accurately detecting and quantifying these
compounds in the environment are described in section 2.1. SCCPs were measured in air in several
countries including Canada (cf. section 2.3.3), the United Kingdom (U.K.), Norway (cf. section 2.3.3),
Sweden and China.
70.
The total atmospheric concentrations for SCCPs (predominately existed in the gas phase
during summertime) ranged from 9.6 to 20.8 pg/m3 in George King Island, Antarctica (Ma et al.
2014c). C10 and C11 carbon chains with Cl5 and Cl6 atoms predominated both in the gas and particlephase. Absorption to organic matter of aerosols played a more important role on atmospheric
partitioning and thus transferring SCCPs in the remote Antarctic area (Ma et al. 2014c).
71.
Concentrations of SCCPs in air samples collected at Egbert, Ontario, Canada, in 1990 ranged
from 65 to 924 pg/m3 (Tomy 1997; 1998a). Concentrations of SCCPs over Lake Ontario in 1999 and
2000 ranged from 120 to 1,510 pg/m3 (Muir et al. 2001; D.C.G. Muir, unpublished data, 2001).
72.
Peters et al. (2000) reported a mean SCCP concentration of 99 pg/m3 in air collected from a
semi-rural site in Lancaster, U.K. Barber et al. (2005) found that concentrations in the U.K.
atmosphere in 2003 ranged between <185 to 3,430 pg/m3 (mean of 1,130 pg/m3) and were higher than
1997 concentrations at the same site. Barber et al. (2005) also calculated an average concentration of
600 pg/m3 of SCCPs for the UK atmosphere.
73.
At an urban site in Beijing SCCP levels range from 1.9 to 332 ng/m3 (Wang et al. 2012).
17.69 ng/m3 average SCCP concentration were detected at the Pearl River Delta in South China with
an enrichment of shorter-chain and less chlorinated congeners (Wang et al. 2013b). Li et al. (2012)
investigated the concentrations and congeners group pattern of SCCPs throughout East Asia.
Atmospheric concentrations in China (concentration range from 13.4 to 517 ng/m 3) exceeded those in
Japan (0.28 to 14.2 ng/m3) and South Korea (0.60 to 8.96 ng/m3), both of which exceed the levels
determined for other regions of the world. In China C10 components with Cl5 and Cl6 predominate the
profile whereas for Japan and Korea C11 (with respect to total chlorine Cl6 and Cl5 were most abundant
in Japan, Cl7 in Korea) were the most abundant group.
74.
SFT (2002) measured SCCP concentrations in three moss samples from Norway (Valvil,
Molde, and Narbuvoll). Samples were taken in forest areas at a minimum distance of 300m from roads
and buildings and 10 km from towns. Concentrations of 3 – 100 µg/kg ww were measured, suggesting
deposition of SCCPs from the atmosphere. SCCPs have been monitored in air and deposition in the
Swedish Environmental Protection Agency’s monitoring program for air since 2009. The
concentration of SCCPs at the two measurement stations, situated on the west- and east coast of
Sweden, varied between 0.02-2 ng/m3 in air and 10-380 ng/m2 per day in deposition (Sjöberg et al.
2014).
75.
The results of the 2009 GAPS retrospective study that included four Arctic sites revealed that
SCCPs analysed using high resolution GC/MS were detectable in PUF disk samples at 220 pg/m 3 at
Barrow, 81 pg/m3 at Ny-Alesund, 1000 pg/m3 at Stórhöfði, and 87 pg/m3 at Little Fox Lake (Harner et
al., 2014).
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2.4.2

Wastewater treatment effluents, sewage sludge and soils
76.
SCCPs were detected in all eight sewage treatment plant (STP) final effluents sampled from
southern Ontario, Canada. Total SCCPs (dissolved and particulate C10-13) ranged from 59 to 448 ng/L.
The highest concentrations were found in samples from treatment plants in industrialized areas,
including Hamilton and St. Catharine’s (Muir et al. 2001).
77.
Reiger and Ballschmiter (1995) reported C10–13, 62% chlorine SCCP concentrations of
80 ± 12 ng/L in water upstream and 73 ± 10 ng/L in water downstream of a sewage treatment plant in
Germany. The concentration of SCCPs in the effluents was 115 ng/L. In the United States, Murray et
al. (1988) reported C10–13, 60% chlorine SCCP concentrations of <150–3300 ng/L in water from an
impoundment drainage ditch that received effluent from a CPs production plant in Dover, Ohio.
78.
Iino et al. (2005) measured concentrations of SCCPs in influent and effluent of three MWTPs
(municipal wastewater treatment plants) in Japan in 2002. Concentrations of SCCPs in influent and
effluent ranged from 220 to 360 ng/L and 16 to 35 ng/L, respectively. All three influent samples
contained C10-13 with five to eight chlorines for each homologue. None of the three effluent samples
showed any detected levels of C12 and C13 homologues suggesting that sewage sludge treatment may
be capable of removing C12 and C13 homologues.
79.
SCCPs have also been measured in sewage sludge. Stevens et al. (2002) found SCCP
concentrations ranging from 6.9 to 200 µg/g dw (dry weight) in sewage sludge from 14 waste water
treatment plants in the UK. The highest concentrations of SCCPs were detected in sludge from
industrial catchments. However, a rural catchment with zero industrial effluent had significant levels
(590 µg/g) of total SCCPs/MCCPs in sludge (Stevens et al. 2002). SCCPs have been monitored on an
annual basis in sludge from nine Swedish waste water treatment plants since 2004 with SCCPs levels
of 0.8-2 µg/g in 2013. No significant time trends can be seen so far (IVL, 2015). Zeng et al. (2012b)
measured SCCPs concentrations in sewage sludge ranging from 0.8 to 52.7 µg/g dw (mean 10.7 µg/g)
from 52 wastewater treatment plants in China. Mass balance results from a municipal STP in Beijing
indicate that 0.8% and 72.6% of the initial SCCPs mass loading (influent 184 +-19 ng/L) were found
in the effluents (27+-6 ng/L) and dewatered sludge 15.6 +- 1.4 µg/g dw whereas 26.6% was lost due to
dissipation. The authors concluded that sludge is a huge reservoir for SCCPs during wastewater
treatment (Zeng et al. 2012a). Agricultural soils may also be a potentially major reservoir of CPs due
to sewage sludge application (Stevens et al. 2002; Nicholls et al. 2001) or wastewater irrigation that
lead to high accumulation of SCCPs in farm soil with a concentration range of 159.9 to 1,450 ng/g dw
(Zeng et al. 2011b).
80.
Gasperi et al. (2012) evaluated the quality of combined sewer overflow in an urban watershed.
SCCPs concentrations range from 15 to 50 µg/L indicating that SCCPs in combined sewer overflow
may pose a significant environmental risk when compared to EU Environmental Quality Standards
together with PAHs (polycyclic aromatic hydrocarbons) and tributyltin compounds.
81.
An average SCCP concentration of 60.4 ± 54.9 ng/g dw was determined for soils taken near
the landfill site in Iqaluit, Nunavut, in the Canadian Arctic (Dick et al. 2010, as provided in the CPIA
Annex E 2010 submission). The results indicate that the landfill may act as a local source of SCCP
contamination in Iqaluit.
82.
SCCPs were measured in surface soils from a background area in China (Chongming Island)
with concentrations of total SCCPs in 27 soil samples between 0.42 to 420 ng/g dw with a
predominance of C13 and C11 congeners and Cl7 and Cl8 chlorine congeners in most soil samples
(Wang et al. 2013a). In 39 background sites from woodland and grassland surface soil collected from
Western Europe (UK-Norway transect). SCCPs were detected with the highest average concentrations
(35±100 ng/g soil organic matter followed by endosulfan and pentachlorobenzene). A steep decline in
concentrations of SCCPs with increasing latitude indicated that the spatial distribution is caused by the
proximity of source regions. SCCP concentrations (means of 50 and 22 ng/g soil organic matter in the
UK and Norway, respectively) were clearly higher than the Σ31PCB concentrations in the same
samples (5 and 8 ng/g soil organic matter for the UK and Norway, respectively (Halse et al. 2015).
83.
Wang et al. (2014) reported SCCP concentration data for urban soils collected from Shanghai.
The concentrations of sum SCCPs (75 sampling sites) ranged from below the detection limit to
615 ng/g dw with a median value of 15.7 ng/g.
84.
In a smaller scale study, Chen et al. (2013) provided data on SCCPs in soils collected in the
Guangzhou suburban area with different land use. Sum SCCP concentration data from 17 samples
ranged from 7 to 541 ng/g (mean: 84 ng/g). The dominant congeners in the SCCP profile typically had
C10 and C11 carbon chain lengths and between 6 and 7 chlorine atoms. Gao et al. (2012) measured 56.9
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to 171.1 ng/g dw SCCPs in paddy soil and 83.5 to 189.3 ng/g dw in upland soils located in the Liaohe
River Basin.
2.4.3

Surface and sea waters
85.
SCCPs were detected in surface waters in Ontario and Manitoba, Canada. Low levels of
dissolved total (C10-13) SCCPs were measured in western Lake Ontario in 1999 and 2000.
Concentrations ranged from 0.168 to 1.75 ng/L in 1999 while concentrations were lower (0.074 to
0.77 ng/L) in 2000 (Muir et al. 2001). The average concentration of total SCCPs in water from Lake
Ontario (4 metre depths) between 2000 and 2004 was 1.194 ng/L. The concentrations ranged from
0.770 to 1.935 ng/L, 1.039 to 1.488 ng/L and 0.606 to 1.711 ng/L for 2000, 2002 and 2004,
respectively (Houde et al. 2008). SCCP concentrations of 30 ± 14 ng/L were measured in the Red
River in Selkirk, Manitoba, over a 6-month period in 1995 (Tomy 1997). Tomy et al. (1999) attributed
the SCCPs in the water to a local source, possibly a metal machining/recycling plant in the town of
Selkirk, as suggested by the similarity of the formula group abundance profile to that of the PCA-60
standard used in the study.
86.
The Ministry of the Environment (2006) in Japan monitored SCCPs in six surface water
samples from across the country in 2004 (Japanese fiscal year) and did not find any concentrations
above the detection limits (which varied from 0.0055 to 0.023 µg/L between chain lengths). A surface
water sample was taken in each of two rivers (four sites) in Japan in 2002. SCCPs concentrations
ranged from 7.6 to 31 ng/L (Iino et al. 2005; Takasuga et al. 2003). Zeng et al. (2011a) measured sum
SCCPs in lake water that receives effluents discharged from the STP in Beijing, China at a
concentration range of 162 to 176 ng/L.
87.
SCCPs have been detected in river waters in a range of 300 (LOD, limit of detection) to
1,100 ng/L in Spain (Castells et al. 2003; 2004), 15.74 to 59.57 ng/L in the St. Lawrence River,
Canada (Moore et al. 2003), <100 to 1,700 ng/L in England and Wales (Nicholls et al. 2001).
88.
In seawater samples from the Liaodong Bay in North China SCCPs levels ranged from 4.1 to
13.1 ng/L (Ma et al. 2014b). SCCPs have also been detected in streams, rivers and lakes in Iqaluit,
Nunavut in the Canadian Arctic. Depending on the location, concentrations ranged from below
detection to 117 ng/L. The results suggest that local sources of SCCP contamination exist in Iqaluit in
addition to atmospheric transport (Dick et al. 2010).

2.4.4

Sediments
89.
SCCPs were detected in sediments around the Great Lakes in Canada, China, Germany, Czech
Republic, Switzerland, Spain, France, Norway, Japan and the United Kingdom. They have also been
detected in Arctic sediment.
90.
Fluxes for surface slices (0-1 cm depth) of sediment core (µg/m2 per year) of SCCPs to various
Canadian lake sediments have been measured (Muir et al. 1999a; Tomy et al. 1999). The highest
fluxes are observed in lake sediments near urban areas (western Lake Ontario and the south basin of
Lake Winnipeg). The lowest fluxes are observed in more remote lakes, including Lake Superior,
which are influenced mainly by atmospheric inputs. These results suggest that the most elevated SCCP
residues observed in lake sediments are mainly derived from urban areas.
91.
Tomy et al. (1997) measured SCCPs at concentrations around 245 µg/kg dw in sediment grab
samples from the mouth of the Detroit River at Lake Erie and Middle Sister Island in western Lake
Erie, in 1995. SCCPs were also detected in all surface sediment samples from harbour areas along
Lake Ontario at concentrations ranging from 5.9 to 290 ng/g dw (Muir et al. 2001). The highest
concentrations were found at the most industrialized site (Windermere Basin, Hamilton Harbour).
Similarly, Marvin et al. (2003) reported a SCCPs concentration of 410 ng/g dw in Lake Ontario
sediments near an industrialized area.
92.
In the Canadian Arctic, total SCCP concentrations in sediment cores (0-1 cm depth) ranged
from 1.6 to 17.6 ng/g dw in three remote lakes (Tomy et al. 1998a, Stern and Evans 2003, Stern et al.
2005). Sediments from streams, rivers and lakes in Iqaluit, Nunavut in the Canadian Arctic had
measurable SCCP concentrations ranging from 5.2 to 138.1 ng/g dw (Dick et al. 2010). The results
suggest that local sources of contamination exist in Iqaluit in addition to atmospheric transport of
SCCPs (Dick et al. 2010).
93.
A dated sediment core from Lake Thun (Switzerland) covering the last 120 years (1899 to
2004) was analyzed to obtain an overview of the historical trend of chlorinated paraffins (Iozza et al.
2008). A 5 ng/g dw concentration was found for the deeper, pre-industrial, sediment slice. The
concentrations remained below 10 ng/g dw from 1960 to the 1980s and increased to a maximum of
33 ng/g dw in 1986 to become more or less stable till 2000. In 2004 surface sediments had SCCP
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levels of 21 ng/g dw. Data from sediments from Norwegian urban fjords were in the range of 60 to
100 ng/g dw (Norwegian Environment Agency 2014d).
94.
Concentrations of SCCPs ranging from 1,250 to 2,090 ng/g dw were measured in marine
sediment samples collected from the coastal area of Barcelona (Spain) and near of a submarine
emissary coming from a waste water treatment plant located at the mouth of the Besòs River
(Barcelona) (Castells et al. 2008). Zeng et al. (2012c) found SCCPs in all surface sediment samples for
the East China Sea with a concentration range of 5.8 to 64.8 ng/g dw. The spatial trend showed a
decrease with distance from the coast although the highest value was found far away from the land.
The C10 homolog group was the most abundant carbon chain group. Vertical profiles of sediment cores
showed that SCCP concentrations decreased from the surface to the depth of 36 cm and then slightly
increased again in depth, which showed a significant positive correlation with TOC (total organic
carbon) and chlorine contents. Zhao et al. (2013) measured SCCPs in the 37 surface sediments from
the Yangtze River Delta and along the Zhejiang-Fujian coastline in the range from 9 to 37.2 ng/g dw.
TOC markedly affected the migrations of SCCPs. River input from the Yangtze river was attributed
with the major portion of sedimentary SCCPs in the coastal area, but only a minor fraction was
transported to the offshore areas (Zeng et al. 2012a). In a recent study from the Bohai Sea levels on
SCCPs ranged from 97.4 to 1,756.7 ng/g dw in 15 surface sediments (average of 650.7 ng/g dw, Ma et
al. 2014a). In 10 marine sediments from the Liaodong Bay in China sum SCCPs of 65 to 541 ng/g dw
(mean 299 ng/g) were measured (Ma et al. 2014b).
95.
SCCPs were detected in the Besòs River in Spain (250 to 3,040 ng/g dw) (Parera et al. 2004),
and in various rivers in Germany, France and Norway (2 to 75 ng/g dw) (Hütting 2006). Ballschmiter
(1994) found SCCPs in sediments in Germany at concentrations ranging from <5 to 83 µg/kg dw. The
83 µg/kg dw sample was from the Rhine River (U.K. Environment Agency 2003b).
96.
A study of SCCPs and MCCPs from the United Kingdom included 20 aquatic and eight
agricultural sites (Nicholls et al. 2001). Nicholls et al. (2001) selected surface sediments from three
locations, ranging from 1 to 100 m, from 200 to 300 m and from 1–2 km downstream of municipal
sewage treatment effluents. SCCPs and MCCPs were judged to be widely distributed in the
United Kingdom environment. At sites where the concentration of SCCPs was determined separately
from MCCPs, concentrations ranged from 0.6 to 10.3 mg/kg dw (Nicholls et al. 2001).
97.
Přibylová et al. (2006) reported concentrations of SCCPs in 36 sediment samples from
11 Czech rivers and five drainage vents near industrial areas. The concentrations ranged from nondetect to 347.4 ng/g dw. Sediment samples from the Czech Republic were analyzed for SCCPs in three
locations having different industrial discharges during 2001 and 2002. SCCPs sediment concentrations
varied between 24 and 45.78 ng/g dw in the Košetice area (reference area), 16.30 to 180.75 ng/g dw in
the Zlín area (rubber, tanning and textile industries) and 4.58 to 21.57 ng/g dw in the Beroun area
(cements and machinery industry) (Štejnarová et al. 2005).
98.
The Ministry of the Environment (2006) in Japan monitored SCCPs in six bottom sediment
samples from across the country in 2004 (Japanese fiscal year) and did not find any concentrations
above the detection limits (which varied from 0.34 to 3.0 ng/g among carbon lengths). However six
sediment samples were taken in three rivers in Japan in 2003 (Iino et al. 2005). Concentrations of
SCCPs ranged from 4.9 to 484.4 ng/g dw. Five of the six samples had concentrations greater than
196.6 ng/g dw.
99.
Spatial and temporal trends of SCCPs were investigated in sediments from the Pearl River
Delta in South China (Chen et al. 2011). The concentrations varied from 320 to 6,600 ng/g dw.
Elevated levels were measured in pond sediments near an e-waste recycling area (2,800 ng/g dw) and
in river sediment in highly industrialized area (1,200 ng/g dw). An increased abundance of short chain
and low chlorinated congeners was observed in the low industrial activity areas which could be due to
preferred transportation of short chain and dechlorination of higher chlorinated congeners. Sediment
cores showed highest concentrations on the upper segments (670 to 1,100 ng/g dw at 0 to 32 cm)
compared to deeper layers (290 – 680 ng/g dw at 36 to 68 cm) indicating an increase in consumption
in recent years.
100. SCCPs were detected in 22 sediment samples from the Liaohe River in northern China with
concentrations between 39.8 to 480.3 ng/g dw. Levels increased as the Liaohe River flowed through
industrial areas. A preliminary sediment inventory indicated approximately 30.82 tonnes of SCCPs
residual in the sediments of the Liaohe River (Gao et al. 2012).
101. From the Chinese Bohai and Yellow Seas 117 surficial sediment samples and two sediment
cores were collected to study the spatial and temporal trends of SCCPs at a large scale in the Chinese
marine environment. Sum SCCPs in the surficial sediments were in the range of 14.5−85.2 ng/g dw
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with an average level of 38.4 ng/g dw. Spatial distribution showed a decreasing trend with the distance
from the coast to the open waters. The concentrations of total SCCPs in the two sediment cores ranged
from 11.6 to 94.7 ng/g dw and 14.7 to 195.6 ng/g dw, respectively, with a sharp rise from the early
1950s to present. Sources of SCCPs were mainly from river outflows via ocean current and partly
from atmospheric depositions (Zeng et al. 2013).
102. Monitoring data for SCCPs from 2002 to 2012 with sampling sites distributed across Norway
indicated a mean of all national data of 33 ng/g dw of marine sediment, 36 ng/g dw fresh water
sediment, 31 ng/g dw for sludge, 19 ng/L for STP water and 5 ng/L marine and fresh water (Climate
and Pollution Agency, Norway 2012).
103. In summary the geographical coverage of environmental levels and trend information on
SCCPs increased in recent years covering now also East Asia. Proximity to industrial and urban areas
explains much of the spatial variation in sediments. Highest concentrations (in the mg/kg range) were
found in the Bohai sea and in marine and freshwater sediments in Spain. Background sites such as
lakes in the Canadian Arctic had detectable concentrations, typically in the lower ng/g range for total
SCCPs. Dated sediment cores suggested a reduction in SCCPs loadings in Lake Thun and East China
Sea but an increasing trend in the Pearl River Delta.
2.4.5

Biota
104. SCCPs were detected in biota in Canada, China, United Kingdom, Chile, Greece, Germany,
Greenland, Iceland, France, Sweden, United States, Norway, Japan and the North Sea. They have also
been detected in Arctic biota.
105. Strid et al. (2013) reported levels in Greenland shark liver that showed a large variation from
detection limit to 5,200 ng/g lw with a median of 430 ng/g lw.
106. SCCP concentrations in Arctic char from Ellasjøen ranged from 11–27 ng/g ww in liver
(Evenset et al. 2004 cited in De Boer 2010). Two species of seabirds, little auks and kittiwakes
collected at Bjørnøya had a similar range of SCCPs in liver and muscle as the char liver. There were
relatively similar proportions of C10, C11, C12, and C13 SCCP chain length groups in char, and the two
seabirds possibly reflecting the fact that seabird guano is considered one source of SCCPs to Ellasjøen
(Evenset et al. 2007, De Boer 2010). Reth et al. (2006) reported SCCP levels in Arctic char and
seabirds (little auk and kittiwake) collected at Bear Island (European Arctic) as well as in cod from
Iceland and Norway. SCCP concentrations were between 5 and 88 ng/g ww.
107. Dick et al. (2010) measured SCCPs in anadromous and landlocked Arctic char (Salvelinus
alpinus) and ninespine stickleback (Pungitius pungitius) from various locations near Iqaluit, Nunavut,
Canada. SCCP concentrations ranged from non-detectable to 96 ng/g dw and 10.7 to 13.8 ng/g de in
Arctic char and stickleback, respectively.
108. Muir et al. (2001, 2002) measured SCCPs in fish collected in Lake Ontario in 1996 and 2001.
Concentrations ranged from 7.01 to 2,630 ng/g ww. The highest concentration was measured in carp
collected at Hamilton harbour. C12 SCCPs predominated in lake trout, whereas C11 was the major
SCCP in sculpin and smelt.
109. SCCPs were also detected in fish and invertebrates in the Great Lakes and mean levels ranged
from 130 to 500 ng/g ww (Muir et al. 2003). Levels of SCCPs ranged from 118 to 1,250 ng/g ww in
carp and 447 to 5,333 ng/g in trout from Lake Ontario (Bennie et al. 2000).
110. Concentrations of SCCPs in lake trout, carp and food web samples from Lake Ontario and
Lake Michigan were determined from samples collected between 1999 and 2004 (Houde et al. 2008).
SCCP predominated in organisms from Lake Michigan with the highest mean concentrations found in
lake trout (Salvelinus namaycush, 123 ng/g ww). The concentration of SCCPs ranged from 7.5 to 123
and 1.02 to 34 ng/g ww for Lake Michigan and Lake Ontario, respectively. The lowest mean
concentration of the SCCPs (7.5 and 2.4 ng/g ww) was detected in Mysis in Lake Michigan and Lake
Ontario, respectively.
111. Further studies on concentrations of SCCPs in lake trout from Lake Ontario were conducted by
Ismail et al. (2009). Time trends in tissue concentrations were determined from 1979-2004 using
stored whole fish homogenate from a long-term monitoring program. Concentrations of SCCPs ranged
from 17 to 91 ng/g ww. Concentrations showed an increasing but no significant trend from 1979 to
1988 followed by a significant decrease to 2004 (Ismail et al. 2009).
112. Basoncillo et al. (2015) measured SCCPs in top predatory fish from nine water bodies in
Canada, spanning remote and industrialized/urbanized areas. The study included the remote Lake
Kusawa, which only receives SCCPs from long-range transport. The SCCP concentrations in lake
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trout were relatively low (mean of 2 ng/g wet weight), but similar to the concentrations in lake trout of
the Great Lakes, an urbanized and industrialized region. . When comparing Lake Ontario lake trout
samples from years 2001 and 2011, concentrations of sum SCCPs decreased by a factor of 6.6, though
samples were from different studies. However C11, C12 and C13 SCCPs with a 5 to 7 chlorine atoms
increase significantly in 2011 indicating a shift towards atmospheric transport as the most important
source (Basoncillo et al. 2015). SCCPs were measured in perch and Arctic char from Swedish lakes in
2007 and 2010. The SCCP concentrations ranged between 0.6 to 30 ng/g ww. There was no consistent
spatial variation in concentration of SCCPs and no significant differences between the year 2007 and
2010 (Nyberg et al. 2012).
113. SFT (2002) measured concentrations of SCCPs in blue mussel and cod livers from Norway.
SCCPs were present in all samples with concentrations ranging from 14-130 µg/kg ww in mussel and
23-750 µg/kg in cod liver. Norwegian Environment Agency (2014d) reported high SCCP
concentrations (>2,000 ng/g lw) in hering gull blood from Oslofjord. Lahaniatis et al. (2000) reported
mean values for SCCPs of individual chain length (C 10-C13) ranging between 6 – 135 µg/kg in fish
(sprat, redfish, herring, halibut, sardine, and trout) from a variety of sites in England, Norway, Chile,
Greece, Germany, Iceland, France, USA, and the North Sea. Reth et al. (2005) measured SCCP
concentrations ranging between 19 and 286 ng/g ww in fish liver (North Sea dab, cod, and flounder)
from the North and Baltic Seas. Huber et al (2015) measured SCCPs in Norwegian seabird eggs.
SCCP concentrations ranged from 2 – 4.8 ng/g ww.
114. The Ministry of the Environment (2006) in Japan monitored SCCPs in five aquatic wildlife
samples from across the country in 2004 (Japanese fiscal year) and did not find any concentrations
above the detection limits (0.2 to 1.5 ng/g ww).
115. Yuan et al. (2012) reported sum SCCPs in 91 molluscs samples from coastal waters in the
Chinese Bohai Sea with a concentration range of 64.9 to 5,510 ng/g dw. Li et al. (2014a) reviewed
POPs level in biota in the Bohai Sea and found that concentrations of SCCPs was the highest,
followed by DDTs, HCHs, PCBs, PFOS, HBCDs.
116. In an aquatic ecosystem receiving effluents from a STP concentrations of SCCPs in muscle of
leather catfish, common carp, crucian carp, Chinese softshell turtle and java tilapia were 1.7, 1.4, 3.5,
1.3 and 1 µg/g dw, respectively. SCCP concentrations were dependent on the lipid contents (Zeng et
al. 2011a).
117.
SCCP levels in a marine food web from Liaodong Bay, North China ranged from 86 to
4,400 ng/g ww (lowest and highest values detected in zooplankton and Chinese scallop) with an
enrichment of C10Cl5 and C11Cl5 formula groups in most aquatic organisms (Ma et al. 2014b).
Marine mammals
118. SCCPs have been found at concentrations ranging from 95 to 770 ng/g ww in the blubber of
marine mammals, including beluga (Delphinapterus leucas), ringed seal (Phoca hispida), walrus
(Odobenus rosmarus) and narwhal (Monodon Monoceros) from several locations in the Arctic
(Tomy et al. 1998b; 1999, 2000).
119. Measurements of SCCPs in blubber of 5 species of marine mammals from west Greenland
showed total SCCPs concentrations ranging from 10 ng/g ww in ringed seals to 282 ng/g ww in beluga
(Johansen et al. 2004).
120. SCCPs have also been measured in archived beluga whale samples from Hendrickson Island
and Pangnirtung in the Canadian Arctic (Canadian Department of Fisheries and Oceans report
submitted with the CPIA Annex E 2010 submission). Samples of blubber (1993 to 2008 and 1982 to
2008 for Hendrickson Island and Pangnirtung, respectively), were analyzed for total SCCPs. Blubber
from 10-11 or 3-10 individuals from Hendrickson Island and Pangnirtung, respectively, were sampled
for each year. Temporal trends of SCCPs have also been investigated using beluga blubber from two
sites in the Canadian Arctic. Blubber samples collected between the early 1980’s and mid-2000’s
from the southern Beaufort Sea (Hendrickson Island) and Cumberland Sound (Pangnirtung) beluga
whale stocks indicated that SCCPs reached the highest levels in the late 1990s and declined thereafter,
reaching near detection limits by 2007 (Tomy and Loseto, 2013; Tomy et al., 2010). The geometric
mean SCCP concentration for whales from Hendrickson Island for samples analyzed thus far ranged
from 3.96 to 340 ng/g lipid. Concentrations were relatively constant up until 2005 but were
considerably lower in 2006 (3.96 ng/g lipid). The geometric mean of the SCCP concentrations for
whales from Pangnirtung ranged from 2.95-330 ng/g lipid, with the highest concentration recorded in
1992. Concentrations in 2005 and 2006 were 16.5 and 2.95 ng/g lipid, respectively.
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121. SCCPs have been detected in belugas from the St. Lawrence River at an average concentration
of 785 ng/g ww (Tomy et al. 1998b; 2000). The higher proportions of the less volatile components in
the concentration profile suggest that local sources of SCCPs, possibly from the Great Lakes or the
industrialized regions of the lower St. Lawrence River, are the most important sources of input of
SCCPs to this area.
Terrestrial wildlife
122. Very limited information is available on SCCP concentrations in tissues of terrestrial wildlife.
In Sweden, Jansson et al. (1993) reported CP concentrations (unspecified chain length) in rabbit
(Revingeshed, Skåne), moose (Grimsö, Västmanland), reindeer (Ottsjö, Jämtland) and osprey (from
various regions in Sweden) to be 2.9, 4.4, 0.14 and 0.53 µg/g lw, respectively. CEFAS (1999) reported
the concentrations of SCCPs in earthworms ranging from <0.1 to 0.7 µg/g dw in the United Kingdom
in the summer of 1998.
123. Campbell and McConnell (1980) determined levels of C10–20 CPs in liver of birds and seabird
eggs in the United Kingdom. Concentrations of C10–20 CPs ranged from 0.1 to 1.2 µg/g ww in liver of
birds and from <0.05 to >0.6 µg/g in eggs. Morales et al. (2012) found SCCP levels in gull eggs
(Laurus michahellis and Larus audouinii) from the Ebro delta Natural Park in the range of 4.5 and
6.4 ng/g ww, respectively. In both gull species several POPs were detected with decreasing
concentrations:
OC-pesticides>PBDEs>SCCPs>non-ortho
PCBs>PCDDs>PCDFs.
Higher
concentrations were reported recently from muscle of seven bird species collected from an e-waste
recycling region in China. SCCPs in two migratory and four residential bird species samples ranged
from 19 to 340 ng/g ww (620 to 17,000 ng/g lw) with highest detected levels in goldfinch followed by
red-flanked blue tail. Levels in migratory species (red-flanked blue tail and grey-backed thrush) were
71 ng/g and 28 ng/g (mean) ww (Luo et al. 2015).
124. SCCP and MCCP were detected recently in all 79 Norwegian Arctic species samples
indicating a widespread exposure to these chemicals in the marine Arctic. The concentrations in polar
bear, ringed seal and glaucous gull plasma had an average SCCP content ranging from 4 ng/ml plasma
in polar bear and glaucous gull, 5 ng/ml in ringed seal, 7.8 ng/g ww in kittiwake eggs and 3.2 ng/g ww
in eider duck eggs, indicating mother to off-spring transfer. SCCP levels of 10 ng/g ww, 20.6 ng/g lw
in Atlantic cod liver and 2.3 ng/g ww, 134 ng/g lw in polar cod (pooled sample) where measured
(Norwegian Environment Agency, 2013). SCCPs have been detected in the majority of polar bear
samples collected 2012 from Hudson Bay, Arctic Canada, with a mean concentration of
493 ± 343 pg/g lw, and might be on the rise (Letcher, 2013).
Plants
125. Chlorinated paraffins (sum of SCCPs, MCCPs and LCCPs) have been detected in spruce
needles sampled from Alpine regions of Europe, ranging in concentration from 26-460 ng/g dw No
trend could be ascertained between concentration and altitude (Iozza et al. 2009). Levels in pine
needles in urban areas around Beijing ranged from 3.0 to 40.8 µg/g lw (Wang et al. 2015).
2.4.6

Human exposure
126. Tomy (1997) found that SCCPs (around 60–70% chlorine by weight) were present at a
concentration of 11–17 µg/kg lipid (mean concentration 13 µg/kg lipid) in human breast milk from
Inuit women living on the Hudson Strait in northern Quebec, Canada.
127. SCCPs were also detected in human breast milk samples from the United Kingdom (Thomas
and Jones 2002). SCCPs were found at concentrations of 4.6–110 µg/kg lipid in five out of eight
samples from Lancaster and at concentrations of 4.5–43 µg/kg lipid in seven out of 14 samples from
London. The estimated mean level of SCCPs was 20 ± 30 µg/kg lipid (based on the positive findings
alone) or 12 ± 23 µg/kg lipid (assuming that not detected = half the detection limit). In a follow-up
study, Thomas et al. (2006) found concentrations of SCCPs ranging from 49 to 820 µg/kg lipid
(median 180 µg/kg lipid) with no differences found between individuals living in urban and rural
areas. Twenty-five human milk-fat samples were analyzed. SCCPs were detected in all but four
samples. In a study measuring SCCPs and MCCPs in the breast milk of women from Sweden that
included pooled samples from 1996-2010, mean levels for SCCPs and MCCPs were reported of
107 and 14 ng/g fat weight, respectively, with no clear time trends, indicating that levels are not
declining (Darnerud et al. 2012).
128. SCCPs have also been detected a limited number of plasma samples from pregnant women
living in Bodø, Norway and in Taimyr, Russia. In 13 out of the 20 samples analyzed the SCCP levels
were below the limit of detection (Climate and Pollution Agency Norway 2012).
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129. SCCPs have also been detected in food. Thomas and Jones (2002) detected SCCPs in a sample
of cow’s milk from Lancaster and butter samples from various regions of Europe (i.e., Denmark,
Wales, Normandy, Bavaria, Ireland and southern and northern Italy). SCCPs were also found in butter
samples from Denmark at 1.2 µg/kg and Ireland at 2.7 µg/kg. In a market basket survey of 234
ready-to-eat foods representing approximately 5000 food types in American diets, “Chlorowax 500C”
was detected once, in enriched white bread, at a concentration of 0.13 µg/g (KAN-DO Office and
Pesticides Team, 1995). Lahaniatis et al. (2000) reported mean values for SCCPs of individual chain
length (C10-C13) ranging between 7 - 206 µg/kg of fish oil from various origins.
130. Concentrations of SCCPs in eleven food categories were determined in Japan (Iino et al.
2005). SCCPs were detected in grain crops (2.5 µg/kg), seeds and potatoes (1.4 µg/kg), sugar, sweets
and snacks, seasoning and beverages (2.4 µg/kg), fats (e.g., margarine, oils, etc.; 140 µg/kg), beans,
green vegetables, other vegetables, mushrooms and seaweeds (1.7 µg/kg), fruit (1.5 µg/kg), fish
(16 µg/kg), shellfish (18 µg/kg), meats (7 µg/kg), eggs (2 µg/kg) and milk (0.75 µg/kg). Total daily
intakes (TDIs) of SCCPs for people in Japan were calculated for different age groups of people based
on the distributed food consumption and body weight survey data. Due to lower body weights,
generally, the younger a person is, the higher the person’s total daily intake is. The 95th percentile of
the total daily intake for 1-year-old female is 0.68 µg/kg/day. Iino et al. (2005) concluded that food
was the main exposure pathway of SCCPs to humans, but did not pose any health risk in Japan in
2003.
131. Upper-bound estimates of intake of SCCPs for the general Canadian population were
calculated by Health Canada (2003). Virtually the entire estimated intake of SCCPs for each age group
in the Canadian population is from food. The upper-bound estimated intake of breast-fed infants was
1.7 µg/kg-bw per day, and that of formula-fed infants was 0.01 µg/kg bw per day. For the remaining
age groups, intakes ranged from 5.1 µg/kg bw per day for adults over 60 years of age to 26.0 µg/kg bw
per day for infants who were not formula fed.
132. Recent data from Asia showed that whereas in Japan SCCP amounts in food increased only
slightly within a decade, an increase of more than 2 orders of magnitude has been identified in Beijing,
China. In 1993 the range of SCCPs in dietary samples was between non detectable and 36 ng/kg
bw/day whereas 390 – 1,000 ng/kg bw/day were found in 2009. The 95 %percentile was estimated to
be 1,200 ng /kg bw/day, whereas it was 72 ng/kg bw/day in Japan in the 1990ies and 81 ng/kg bw/day
in 2009 (Harada et al. 2011).
133. Although food is suspected to be the main route of exposure to SCCPs inhalation and dermal
uptake may also be important exposure pathways. In France SCCPs have been detected as second
most abundant group of compounds in indoor air with a mean concentration of 45 µg/g dust
(Bonvallot et al. 2010). Studies from Belgium report 2.08 µg/g median and 12.8 µg/g maximum
concentrations in house dust (D’Hollander et al. 2010). In Sweden, Stockholm SCCPs were measured
in indoor air (Friden et al. Stockholm University 2010). An exposure assessment was conducted for an
adult and a toddler. The exposure of a 25 year old to SCCPs via inhalation, dust ingestion and diet had
been estimated to be 3 µg/d, 0.98 µg/day and 12 µg/day (95 %ile Exposure) respectively with diet as
major source (~85%) of SCCP exposure. Whereas the exposure of a toddler to SCCPs via inhalation,
dust ingestion and diet had been estimated to be 1.4 µg/day, 3.6 µg/day and 6.8 µg/day with a
considerable contribution of SSCP exposure via dust ingestion (~30 %). It was concluded by the
authors that these data rather present a broadly distributed background contamination than high
exposure scenarios. Data from house dust are also available from Germany. Median (and Maximum)
concentrations of SCCPs were 6 µg/g (2,050 µg/g) in 2013 (Hilger et al. 2013).
134. Further exposure might occur through consumer articles. The Swedish Chemicals Agency have
found SCCPs in a number of articles mainly in soft plastic items made of PVC (i.a. soft plastic bears,
beauty cases, exercise mats made of PVC plastic, stickers for wall decoration, fancy dress costumes,
plastic toy fishes). Further information about articles found to contain SCCPs is available in Rapex 5. It
has also been reported that hand blenders used for food preparation in Sweden, were found to leak
chlorinated paraffins under normal use. The presence of CPs in household appliances that contaminate
food during preparation is an unexpected exposure pathway and needs to be addressed (Strid et al.
2014)
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2.5
2.5.1

Hazard Assessment for Endpoints of Concern
Mammalian Toxicity
135. The toxicity of SCCPs has been assessed by IPCS, 1986; IARC, 1990, EC 2000, 2005, 2008,
Canada 2008, 2013. SCCPs reveal low acute toxicity and may cause skin and eye irritation by repeated
exposure.
136. Wyatt et al. (1993) exposed male rats by gavage for 14 days to two SCCPs (58% and
56% chlorine). Both absolute and relative liver weights were significantly increased in a dose-related
manner for the 58% chlorine SCCPs at 100 mg/kg bw per day and higher. For the 56% chlorine
SCCPs, relative liver weight was significantly increased in a dose-related manner at 50 mg/kg-bw
per day and higher.
137. Several subchronic studies were conducted. In a 13-week oral rat study (IRDC, unpublished,
1984; Serrone et al. 1987), rats were given short-chain chlorinated paraffins via the diet or via gavage
(in separate studies) at doses of 10, 100, or 625 mg/kg/day. Dose-dependent increases in absolute and
relative liver and kidney weights were observed from doses of 100 mg/kg/day. While the original
interpretation considered these effects as adaptive, more recent interpretations consider them as
adverse effects; at this dose, morphological changes in liver, kidney and thyroid were also observed.
The US NTP also conducted studies on SCCPs in both rats and mice. In a 13-weeks study where rats
were dosed with SCCPs by gavage, a dose-related increase in relative liver weight was observed
starting from the lowest dose of 313 mg/kg/day. According to NTP there was clear evidence for
carcinogenicity due to increased incidences of hepatocellular neoplasms (primarily neoplastic nodules)
in male and female rats, of adenomas or adenocarcinomas (combined) of the kidney tubular cells in
male rats, and of follicular cell adenomas or carcinomas (combined) of the thyroid gland in female
rats. Also mononuclear leukemia in male rats had been related to the exposure of SCCPs (NTP, 1986).
The NTP also conducted a 13-week and a two year lifetime study on mice (NTP, 1986). In the 13
weeks study, a significantly increased relative liver weight was observed at doses of 250 mg/kg/day
and higher. In the 2 years carcinogenicity study, doses of 125 and 250 mg/kg/day produced clinical
signs of intoxication (decreased activity, prominent backbones, abnormal breathing) at both dose
levels and survival was decreased in top dose females. Other effects included dose-related increases in
hepatocellular carcinomas and adenomas, and in thyroid follicular cell carcinomas and adenomas in
females.
138. Based on these studies, the International Agency for Research on Cancer determined in 1990
that there is sufficient evidence for the carcinogenicity (possibly carcinogenic – groups 2B) of the
commercial chlorinated paraffin product tested, which is described as an average carbon-chain length
C12 and average degree of chlorination 60% (IARC 1990). In the 13 th report on carcinogens SCCPs6
(are classified as reasonably anticipated to be human carcinogens. Several mechanistic studies were
conducted to understand the mechanisms of these tumours and whether they are relevant for human
health (EC 2000). SCCPs are included in the State of California Office of Environmental Health
Hazard Assessment proposition 65 list of chemicals known to the state to cause cancer and they were
listed in 1999.
139. The Scientific Committee on Toxicity, Ecotoxicity and the Environment (CSTEE) reviewed a
draft of the EU risk assessment for SCCPs. The CSTEE concluded that:
“The liver and thyroid are target organs in repeated dose studies with rats and mice. The liver
damage is associated with peroxisome proliferation, whereas the thyroid effects are correlated to
altered thyroid hormone status and glucuronyl transferase induction. Humans would be much less
sensitive to peroxisome proliferation and thyroid hormone perturbation than rats and mice.”
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The Scientific Committee on Toxicity, Ecotoxicity and the Environment (CSTEE) who was invited to
review the EU Risk Assessment Report (RAR) conclusions on SCCPs stated that the
alveolar/bronchiolar carcinomas in male mice should not totally be discounted but acknowledged that
“the control animals in this experiment did not show any evidence of lung tumours, whereas the
historical control incidence was 5.8%. A dose-related trend was seen with the lowest effective dose of
125 mg/kg/day. The underlying mechanism for this finding is not known, although it should be noted
that the chlorinated paraffins are not genotoxic. It was the view of CSTEE that the finding of lung
tumours in male mice might be of importance for humans (CSTEE 1998). The final EU risk
assessment (EC 2000) noted that although there was an increase in alveolar/bronchiolar carcinomas in
mice, the results were within historical control ranges and the controls had a greater incidence of
adenomas of the lung than the treated animals. The EU concluded that rodent studies showed dose
related increases in adenomas and carcinomas in the liver, thyroid, and kidney. They determined that
there was insufficient evidence to conclude that the carcinogenicity observations in the liver and
thyroid in mice and the benign tumours in the kidney of male rats were a male rat specific event and
consequently the concern for humans could not be ruled out. SCCPs are classified in the EU as a
Carcinogen Category 3: R40 – Limited evidence of a carcinogenic effect, and are similarly classified
as hazardous in Australia. According to the globalized harmonised system (GHS) which is
implemented by the CLP regulation (Commission Regulation (EC) No 1272/2008) in the European
Union SSCPs would be classified with Carc Cat 2, H 351: Suspected of causing cancer.
140. The understanding of biological effects of peroxisome proliferation has increased. Peroxisome
proliferator –activated receptors (PPAR) play important roles in the regulation of a variety of
biological processes, such as adipocyte proliferation and differentiation, glucose homeostasis,
intracellular trafficking of lipids and their metabolism, inflammatory responses, vascular functions and
embryonic and fetal development (Lau et al. 2010). Therefore further effects of peroxisome
proliferation induction might have to be considered as well as the variability in humans including
foetuses concerning the amount of the expression of the PPAR receptor.
141. A recent in vitro study with human metabolically competent hepatoma cells (Hep G2) studied
the effects of SCCPs on different endpoints. Environmental relevant concentrations of 1µg/l and 10
µg/l lead to significant reduction in cell viability, perturbation of energy production, protein
biosynthesis, fatty acid metabolism, ammonia recycling and (Geng et al., 2015).
142. A recent study on the induction of renal tumours in male rats by SCCPs (Warnasuriya et al.
2010, submitted by IPEN as an Annex E 2010 submission) indicates that the mechanism by which
renal carcinogenic effects is induced by SCCPs is complex and does not follow the classic profile of
male-rat specific alpha-2-urinary globulin (α2u) nephropathy, i.e., accumulation of renal α2u and
increase in regenerative cell proliferation. Though SCCPs were found to bind to α2u, exposure to
SCCPs resulted in a down-regulation of α2u in the liver leading to no observed accumulation of renal
α2u or increase in renal cell proliferation. However, the little α2u that was expressed in the liver
appeared to accumulate in the kidney; this, plus the binding of SCCPs to the α2u indicates that α2u
nephropathy can not be ruled out. It is hypothesized that peroxisome proliferation in the liver may be
responsible for the suppression of α2u expression. As peroxisome proliferation is dose-dependent with
SCCPs, lower SCCP doses may result in less α2u expression, thus leading to greater α2u nephropathy
and an inverse dose response in renal tumour incidence, as was observed in one study (NTP 1986).
Further study is needed to determine the exact mechanism of renal tumour induction by SCCPs before
it can be concluded that it is male-rat specific.
143. The most recent assessment of the EU derived a NOAEL of 10 mg/kg/day for subchronic
exposure and concluded that the potential toxicological effects of SCCPs on mammals are on the
liver, the thyroid hormone system, and the kidneys, e.g., by causing hepatic enzyme induction and
thyroid hyperactivity, which in the long-term can lead to carcinogenicity in these organs. Based on the
available database, an overall NOAEL of 10 mg/kg/day has been deduced. It has been stated that this
NOAEL does not cover chronic exposure situations. No NOAEL can be obtained from the chronic
studies (ECHA 2008).
144. One epidemiological registry-based case-control study of cancer of the liver and biliary tract in
autoworkers exposed to SCCPs has been identified (Bardin et al. 2005). The case-control study was
nested in a cohort study of autoworkers exposed to metalworking fluids. Exposure to specific
metalworking fluid components and additives was evaluated, and any exposure to chlorinated
paraffins (type not specified) was associated with elevated risk of biliary-tract cancer, based on a small
number of cases. No increased risk was found for liver cancer; however, the study included only one
exposed worker with liver cancer (NTP, 2014).
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145. No changes in reproductive organs were observed in a 13-week study with rats and mice dosed
with 5,000 and 2,000 mg SCCP/kg/day. Developmental effects were observed in rats at concentrations
causing severe maternal toxicity (2,000 mg/kg/day) but not at lower doses (EC 2000).
146. There are no fertility studies conducted with short-chain chlorinated paraffins, and there is thus
a data gap when it comes to potential effects on pups, e.g., during lactation. However, the structural
analogue medium-chain chlorinated paraffins (C14-C17 52% chlorination) has been shown to exert a
very specific inhibitory effect on the blood clotting system in rats, which is manifested at the sensitive
life-stages at and after birth as severe haemorrhaging, leading to mortality both in pups and the dams
(IRDC, 1985) (CXR Biosciences Ltd., 2006, in EU-RAR on MCCP, 2008). Pup mortality was
observed at 74 mg/kg/day, giving an overall NOAEL of 47 mg/kg/day for the pups. The NOAEL for
the dams was 100 mg/kg/day. Read-across of this effect from MCCPs to SCCPs was discussed by the
EU classification and labelling group. The EU classification and labelling group agreed that, in view
of remaining uncertainties in the mechanisms of toxicity of these chlorinated paraffins, read-across
was not justified. This leaves a potential data gap for SCCPs in relation to this endpoint.
147. A risk assessment for Chlorinated Paraffins has been performed and concluded that the margin
between the upper-bound estimate of exposure for the age group with greatest exposure to SCCPs and
the Tumorigenic Dose (TD05) was inadequate in view of the uncertainty concerning mode of
induction of tumours (Environment Canada 2013).
148. To summarise the potential toxicological effects of SCCPs they may affect the liver, the
thyroid hormone system, and the kidneys, e.g., by causing hepatic enzyme induction and thyroid
hyperactivity, which in the long-term can lead to carcinogenicity in these organs. SCCPs are also
classified as suspecting of causing cancer (EU Cat 2; IARC Cat 2B) and are listed as endocrine
disrupters of category 1 human health according to the former preliminary criteria for priorisation of
potential endocrine disrupting substances (EU, 2015).
2.5.2

Ecotoxicity
Microorganisms
149. A number of tests, utilizing various species, endpoints, and SCCPs have investigated the
toxicity of SCCPs to microorganisms (Hildebrecht 1972, Birtley et al. 1980, Madeley et al.1983c, Koh
and Thiemann 2001, Sverdrup et al. 2006). The lowest NOEC/EC20 values were 0.1 mg/L for a 56%
chlorine C10-13 CP and 0.05 mg/L for a 62% chlorine C10-13 CP with Vibrio fischeri (Koh and Thiemann
2001). In soils, the lowest effect concentration was noted by Sverdrup et al. (2006), who determined
an EC10 of 570 mg/kg dw for a 60% chlorine SCCP.
Pelagic aquatic organisms
150. There are a limited number of studies on the aquatic toxicity of SCCPs that have been
published since the reviews of Tomy et al. (1998a) and the risk assessment of SCCPs by the EU (EC
2000).The lowest toxic effect level identified for a pelagic freshwater aquatic species is 8.9 µg/L based
on a 21-day chronic LOEC for Daphnia magna (Thompson and Madeley 1983a). The effect was for
mortality of the offspring. The NOEC is 5 µg/L. Other effects on Daphnia have been reported at
similar concentrations. In a 14-day static renewal study, 50% mortality was observed after 6 days at
10 µg/L (Thompson and Madeley 1983a). Freshwater food webs are dominated by invertebrates, such
as adults and larvae of insects, many of them carnivorous (Klecka 2014).
151. The most sensitive measurement endpoint identified for a marine species is larger than
7.3 µg/L based on a 28-day chronic NOEC for the mysid shrimp (Mysidopsis bahia) (Thompson and
Madeley 1983b). Thompson and Madeley (1983c) reported a NOEC of 12.1 µg/L in a 10-day study
with marine algae Skeletonema costatum. The toxic effects were transient with no effects seen at any
concentration after 7 days. Thompson and Shillabeer (1983) exposed groups of 30 mussels (Mytilus
edulis) to 58% chlorinated SCCPs (2.3 µg/L and 9.3 µg/L) in a flow-through sea water system for
12-hours. No mortalities were observed but growth was reduced in the 9.3 µg/L exposure.
152. Fisk et al. (1999) studied the toxicity of four C10, C11 and C12 SCCP compounds (single chain
lengths with mixtures of isomers) to Japanese medaka (Oryzias latipes) embryos. While there are
uncertainties in the study results, notably associated with the controls, Lowest-Observed-Effect
Concentrations (LOECs) ranged from 55 µg/L for C12H20Cl7 to 460 µg/L for C10H16Cl7. Effects in
eggs and larvae over the first 20 days after laying included large yolk sac, lethargic or no movement
but heart beat present. These effects were observed in C10-12 of SCCPs, and no dose-response in C12, in
which 9.6 µg/L of NOEC was observed. Toxicity was independent of carbon chain length and chlorine
content. The mechanism of toxicity to the embryos was suggested to be narcosis.
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153. Fisk et al. (1996, 2000) studied the accumulation of several 14C-labelled SCCPs (56–69%
chlorine by weight) by juvenile rainbow trout (initial weights 2–7 g) during a 40-day exposure period.
The daily feeding rate was 1.5% of the mean body weight. None of the compounds was found to have
any negative effect on the growth or liver somatic index of juvenile rainbow trout.
154. Cooley et al. (2001) examined the behaviour of juvenile rainbow trout and their liver and
thyroid histology following exposure to the same four C10, C11 and C12 SCCP compounds as in Fisk et
al. (1999) via dietary exposure. Trout showed responses indicative of a narcotic mode of action, such
as delayed or absent startle response and reduced feeding. Severe liver histopathologies were observed
in trout exposed to C10H15Cl7 and C11H18Cl6, consisting of extensive fibrous lesions and hepatocyte
necrosis not seen in controls or lower exposed fish. Effects for the C 10–12 SCCPs were observed at
concentrations ranging from 0.79 to 5.5 µg/g in whole fish tissue following dietary exposure to
concentrations ranging from 13 to 74 µg/g in food. No thyroid lesions were observed. Burýšková et al.
(2006) observed developmental malformations and reduced embryo growth in Xenopus laevis frog at
5 mg/L and higher concentrations of a commercial mixture of SCCPs (C 12 56% chlorine). The results
were not related to the chlorination pattern.
Benthic organisms
155. The benthic (macro)invertebrate fauna plays a key role in mineralization of organic matter and
serve as food for economically important fish and shellfish species in most aquatic environment
(Olomukoro and Ebehiremhen, 2015). An equilibrium partitioning approach (Di Toro et al. 1991)
using the most sensitive chronic measurement endpoint identified for a pelagic freshwater invertebrate
aquatic species (8.9 µg/L) was used to estimate the toxicity to benthic organisms, since a valid
measurement endpoint was not available for a sediment-dwelling invertebrate. The LOECbenthic was
estimated to be 35.5 mg/kg dw (Environment Canada 2004).
Soil-dwelling organisms
156. Bezchlebová et al. (2007) investigated the effects of SCCPs (64% chlorine content) on five
species of soil organisms (collembola, earthworms, nematodes) and on soil microorganisms (for
carbon transformation). Folsomia candida (collembola) was identified as the most sensitive organism
with LC50 (adult survival), and EC50 and EC10 (reproduction) values of 5733 mg/kg, 1230 mg/kg, and
660 mg/kg dry wt. respectively, after a 28 day exposure. Bezchlebová et al. (2007) also reported
reproduction EC50s of 2849 mg/kw dw (28 day exposure), 6027 mg/kg dw (42 day exposure) and 7809
mg/kg dw (28 day exposure) for Eisenia fetida, Enchytraeus albidus and Enchytraeus crypticus,
respectively. Sverdrup et al. (2006) investigated the effects of SCCPs (60% chlorine content) on
earthworms, soil nitrifying bacteria, and red clover. These authors found the nitrifying bacteria to be
the most sensitive, with an EC10 value of 570 mg/kg dry wt.
157. A study by Sochová et al. (2007) used a free-living soil nematode, Caenorhabditis elegans, as
a toxicity probe for seven pollutants, including SCCPs (labelled as C 12, 64% Cl; included short-chain
paraffin fractions C10 6%, C11 37%, C12 32%, C13 25%). The 48h-LC50 was 8833 mg/kg dw and
0.5 mg/L for exposure in soil and an aquatic medium, respectively. For the aquatic medium, no
toxicity was observed at 24 hrs but it was one of the most toxic substances after 48 hours. The greater
effect with the longer exposure time is ascribed to more toxicant being taken up with time.
Birds
158. EC (2000) describes a study in which Mallard ducks, exposed to dietary concentrations of
C10-12 SCCPs (58% chlorine), were investigated for reproductive effects. The study was conducted
over a 22-week feeding study, including a 9-week pre-egg-laying period without photostimulation, a
3-week pre-egg-laying period with photostimulation and a 10-week egg-laying period with
photostimulation. Birds were induced (by photoperiod manipulation) to lay eggs. Eggs were collected
over a 10-week period, and the young which were not fed the test substance were observed for
14 days. The mean measured concentrations were 29, 168 and 954 mg/kg in diet. The lowest level
seen to cause slight effects in this study was 954 mg/kg food, which caused a slight, but statistically
significant, decrease (by 0.020 mm) in mean eggshell thickness. Although this decrease was
significant, the mean eggshell thickness was still in the range of normal values given in the OECD
guidelines (0.35–0.39 mm), and no increase in cracked eggs was seen at this dose. No significant
difference in the number of eggs laid, number of cracked eggs or mean egg weight was seen in any
treatment group when compared with controls. Since slight effects on reproduction have been seen at
954 mg/kg in diet, the NOAEL is considered as 168 mg/kg in food.
159. In a study by Ueberschär et al. (2007), hens from 24 to 32 weeks old were fed technical SCCPs
(C10-13, 60% Cl) in increasing concentrations of up to 100 mg/kg feed. No significant effects were
noted on the health, relative organ weights or performance (laying intensity, egg weight, feed
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consumption) of the hens. Relative organ weights were not significantly affected, except for the
pancreas of hens fed the 77 mg/kgww diet, which was decreased. Less than 1% of the chlorinated
paraffins ingested were incorporated into the body, while about 1.5% were eliminated with the egg
yolk and 30% were excreted with urine and faeces.
Summary of the ecotoxicology of SCCPs
160. The most sensitive toxicity endpoints for SCCPs are summarized in Table 2.5.2-1 that
demonstrates that SCCPs are very toxic to aquatic organisms. Moreover it should be noted that for
suspected endocrine disrupting chemicals standard toxicity tests can fail to detected low-dose effects
and non-monotonic dose response (Vandenberg et al. 2012).
Table 2.5.2-1: Overview of the most sensitive long-term ecotoxicity LOEC, NOEC or EC x data
for SCCPs.
Species/endpoint

Effect

Pelagic organisms (Daphnia
magna)
Benthic organisms

Mortality of offspring, 21
days
Equilibrium partitioning
based on 21-day study using
Daphnia magna

5 µg/L

8.9 µg/L

NA

35.5 mg/kg dry
weight

Fish (Japanese medaka
embryos, early life stage
effects)

20-day study, large yolk
sac, lethargic or no
movement but heart beat
present
Severe liver
histopathologies; extensive
fibrous lesions and
hepatocyte necrosis, 21
days of exposure
28-day chronic NOEC

9.6 µg/L

55 µg/L

-

0.79 to 5.5 µg/g ww
(whole fish); food
concentration is 13
to 74 µg/g ww

Reproduction, 28 day
exposure

625 mg/kg dw

EC50= 1,230 mg/kg
dw

Soil nitrification

300 mg/kg dw
nominal
168 mg/kg in
diet
-

EC10 = 570 mg/kg
dw nominal
954 mg/kg in diet

Sverdrup et al. (2006)

100 mg/kg bw/day

IRDC (1984)

10 mg/kg/day
(possibly lower
at chronic
exposure
situations

50 mg/kg/day
(and possibly lower
at chronic exposure
situations)

EU SCCP Risk
Assessment Report
(EC 2000), ECHA
(2008)
CXR Biosciences Ltd.,
2006
Calculated based on
IRDC (1984),
Environment Canada,
2008

Juvenile rainbow trout

Mysid shrimp (Mysidopsis
bahia)
Folsomia candida
(collembola) – soil
organisms
Microorganisms (bacterial,
soil nitrification)
Bird – mallard duck
Mammals - rats

Hypertrophy of the liver
and thyroid, increases in
liver and kidney weight
Hepatic enzyme induction,
thyroid hormone system
hyperactivity,
carcinogenicity, and pup
mortality

Mammals

Mammals – adult otter

2.6

Eggshell thinning

Hypertrophy of the liver
and thyroid, increases in
liver and kidney weight
from rat studies

NOEC or
NOAEL

LOEC or ECx

7.3 µg/L

1,000 mg/kg-food
ww

Reference
Thompson and Madeley
(1983a)
Environment Canada
2004, based on data
from Thompson and
Madeley 1983a
Fisk et al. (1999)

Cooley et al. (2001)

Thompson and
Madeley 1983b
Bezchlebová et al. 2007

EC 2000

Toxicological interactions involving multiple chemicals
161. The environmental hazards of chemicals are still most often assessed substance-by-substance,
neglecting mixture effects. This may underestimate the risk/ hazard as the typical exposure is toward
multicomponent chemical "cocktails" (e.g. Backhaus et al. 2012, Kortenkamp et al. 2009, Vighi and
Villa 2011, EU 2012). The Arcticfunctions as a sink for a wide range of pollutants, among them many
known and potential POPs (e.g. AMAP 2009a). Moreover, across the different environmental matrixes
more than 80 different organic pollutants have been detected. As demonstrated by Vighi and Villa
(2011), combined effects of POPs present in remote areas may be of extremely high concern for the
biological community, particularly for top predators and may contribute to the developmental
disorders for baby polar previously reported in literature (Vos et al. 2000, Wiig et al. 1998).
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162. There are no studies available on the reprotoxicity of SCCPs. In the EU MCCPs are classified
as reprotoxic:”May cause harm to breast-fed children” H362and similar reprotoxic effects cannot be
ruled out for SCCPs (ECHA 2008).
163. In the environment SCCPs may also be found along with other types of chlorinated paraffins;
the long-chained chlorinated paraffins (LCCPs) and medium-chain chlorinated paraffins (MCCPs)
(Environment Canada, 2008, 2013, Brooke and Crookes, 2011, Norwegian Environment Agency,
2013). The three groups are themselves not single substances but rather multi-constituent substances
of variable composition and potentially different properties. Recognizing varying levels of
bioavailability among the CCPs, it is assumed that co-exposure to some level of MCCPs and LCCPs
may increase the risk for any adverse or potential adverse effects observed with SCCPs. More
specifically, for predators and humans exposed via food, the available data suggests that all three types
of chlorinated paraffins may make a significant contribution to the predicted toxicity (Brooke and
Crookes 2011).
164. SCCPs have shown to affect the thyroid and are included in the database for priorisation of
potential endocrine disrupters based on thyroid tumours, and thyroid hypertrophy in several studies
(EU 2015). In the last decades human thyroid cancer incidence has continuously and sharply increased
all over the world (Pellegriti et al. 2013). According to the authors the reasons for the increase are still
unclear but some environmental carcinogens may have specifically affected the thyroid.
165. Epidemiologic studies in heavy polluted areas have demonstrated that long term exposure with
organochlorine compounds leads to thyroid and metabolic disorders (Langer 2010). A recent Meta
analysis provides quantitative evidence supporting the conclusion that exposure to organochlorine
pollutants is associated with an increased risk of incidence of diabetes (Tang et al. 2014).
Organohalogen contaminants also may well contribute to the onset of obesity in more highly exposed
populations (Hansen et al. 2014).
166. The general public, and in particular Arctic indigenous peoples, are exposed to SCCPs in
addition to a wide array of other contaminants, including already regulated dioxin-like compounds
such as PCBs, adding to the overall body burden. Several of these contaminants (including PCBs),
already exceed guideline levels in Arctic aboriginal peoples, and new evidence indicates that POPs
and heavy metals such as mercury and lead can affect the health of people and especially children at
lower levels of exposure than previously thought (AMAP, 2009a). It has been demonstrated that the
Arctic indigenous population is affected due to exposure to a variety of POPs and that the developing
fetus, children, women of reproductive age and elderly are most at risk (AMAP, 2014). Lastly, it
should also be recognized that, in addition to other chemicals, other stressors such as starvation
episodes and reproductive and/ or developmental status as well as climate change induced effects may
act alone or in concert to add to the severity of and risk for adverse effects, in the alpine regions and
particularly in the Arctic (Sagerup et al. 2010, UNEP/AMAP Expert Group 2010, Letcher et al. 2010,
Schröder et al. 2014). With view to the current changes in climate, it very important to protect the
habitat diversity in the remote regions from additional stresses like organic pollutants.

3.

Synthesis of Information
167. Total reported annual production and usage of SCCPs has been high globally. Although there
have been notable reductions in recent years in some countries, in others production volumes of CP
mixtures containing SCCPs have increased. Releases can occur during production, storage,
transportation, use and disposal of SCCPs and SCCP containing products. Facility wash-down and
spent metalworking/metal cutting fluids are amongst others sources to aquatic ecosystems. In
industrialized, e-waste recycling areas, as well as in densely populated areas, high emissions to the
environment are possible (Yuan et al. 2010, Chen et al. 2011, Luo et al. 2015, Gao et al. 2012).
Although data are limited, the major sources of release of SCCPs have likely been the formulation and
manufacturing of products containing SCCPs, such as polyvinyl chloride (PVC) plastics, and use in
metalworking fluids.
168. SCCPs are not expected to degrade significantly by hydrolysis in water, and biodegradation
studies and dated sediment cores indicate that they persist in sediment for much longer than 1 year.
SCCPs have atmospheric half lives ranging from 0.81 to 10.5 days, indicating that they are also
relatively persistent in air. Model data (OECD LRTP Screening Tool) indicate that SCCPs have
properties similar to known POPs that undergo long range transport. Recently it was shown by
modelled data that several SCCPs homologs have a high Arctic pollution potential. Concentrations
measured in air, biota and sediment from remote Arctic and Antarctic locations also confirm that long
range transport of SCCPs is occurring.
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169. Bioaccumulation factors of 16,440 to 25,650 L/kg ww in trout from Lake Ontario as well as
BAFs from 50,119 to 398,107 L/kg ww from eight fish species from the Liaodong Bay, indicate that
SCCPs can bioaccumulate to a high degree in aquatic biota. In crustaceans (shrimp) that are especially
sensitive to toxic effects from SCCPs field measured BAFs are up to 39,810 L/kg ww and 63,096 L/kg
ww. The high bioaccumulation potential is further supported by modelling data for log Kow and
bioaccumulation factors. BSAF values in bivlaves from the Bohai Sea have been calculated that are
comparable to other POPs. In addition, biomagnification and trophic magnification factors for some
SCCPs have been found to be greater than 1 in aquatic food webs (for some congeners TMFs <1 are
reported). There is also indication for terrestrial biomagnification in birds, though data are limited.
170. SCCPs have been detected in remote areas such as the Arctic (notably in air, sediment and
biota) and Antarctic (in air up to 20.8 pg/m3). SCCPs found in Arctic blubber of beluga whales, ringed
seals and walruses had mean SCCPs concentrations of 0.2, 0.5, and 0.4 µg/g lw, respectively (Tomy et
al. 2000). Table 3-1 and 3-2 show that these concentrations are similar to concentrations of
well-recognised POPs such as sum HCHs, PCB, DDT, sum PBDEs and toxaphene (AMAP 2004, Strid
et al. 2013, Letcher et al. 2010). For air, higher concentrations of SCCPs were found than these POPs.
More detailed comparisons of POP concentrations for the Arctic marine mammals, fish and for the
birds are presented in table 3-1 and 3-2, respectively. SCCPs have been measured in the blubber of
marine mammals from several locations in the Arctic at concentrations of 95 to 626 ng/g. In addition
SCCPs have been detected in polar bear, ringed seals and sea birds from the Arctic indicating
widespread contamination.
Table 3-1: Comparison by ratio of mean concentrations of SCCPs and POPs in Arctic species. (Tomy et al,
2000; AMAP 2004).
Species
Beluga whale
Ringed seals
Walrus

[sumPCB]/[SCCPs]
19-24
2.3
0.4

[sumDDT/SCCPs]
11-18
1.3
0.1

[Toxaphene/SCCPs]
15
0.9
0.6

Table 3-2: Comparison of concentrations of SCCPs and POPs (ng/g lw) in Arctic Kittiwake, Kittiwake egg
and Greenland shark (Reth et al, 2006; AMAP 2004, Strid et al. 2013, Letcher, 2010).
Species

[SCCPs]

[sumDDT]

[sumPCB]

[sum HCHs]

10,000-21,000
7,254–7,938

[sum
PBDE]
-

Kittiwake
Kittiwake egg

110-880 (n=2)
100 (n=12)

500-1,900
806–1562

Common eider
egg
Greenland
shark liver
Polar cod

17 (n=12)

-

Egg yolk: 262

Egg yolk: 2

-

5,200 (n=15) 770
ng/g ww
10.3 ng/g ww
(n=10)

7,195

990-10,000

9.9-200

53

-

-

21

-

20 – 30

171. Data on human exposure in the Arctic is limited, and so far the Arctic Monitoring Programme
has not included measurements of SCCPs in human samples (AMAP 2014, 2009b). SCCPs have
however been detected in the breast milk of Inuit women in Northern Quebec. In addition SCCPs have
been detected in breast milk from women in the United Kingdom and Sweden. From the annual
monitoring programme in Sweden no clear trend can be observed. The mean concentration of the
mean annual values from 1998-2010 is 107 µg/kg lipid, concentrations range from 45 -157 µg/kg lipid
(Darnerud 2012); whereas in the UK mean concentrations in 2002 were 180 µg/kg lipid
(range: 49-820) (Thomas and Jones 2006). In the only study available on SCCP levels in breast milk
from humans living in the Arctic Tomy (1997) reported concentrations ranging from 11-17 ng/g lipid
(mean of 13 ng/g lipid) in breast milk of Arctic women living in northern Quebec, Canada
(table 3-3).Indigenous people have higher body burdens than e.g. Russian population groups and
might therefore also have higher body burdens of SCCPs (AMAP 2014).
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Table 3-3: Comparison of mean concentrations of SCCPs and specific POPs in breast milk samples
Substance
SCCPs
PBDE (Σ47,99,100, 153, 183)
Oxychlordane

Toxaphene

Mean ng/g lipid in
breast milk (range)
13 (11-17)
4.72
4.9 (2.0-10)
5.2
41 (2-1070)
5
7.3
9 (0.5 -112)

Population, sampling time
Inuit, Canada (Tomy 1997)
Finnish Arctic 2005 (AMAP 2014)
Arkhangelsk (Russian) 2003 (AMAP 2014)
Murmansk (Russian) 2000-2002 (AMAP 2014)
Chukotko (Indigenous) 2001-2002 (AMAP 2014)
Arkhangelsk (Russian) 2003 (AMAP 2014)
Murmansk (Russian) 2000-2002 (AMAP 2014)
Chukotko (Indigenous) 2001-2002 (AMAP 2014)

172. Freshwater and marine invertebrates appear particularly sensitive to SCCPs, with a reported
chronic NOEC of 5 µg/L for Daphnia magna and a chronic NOEC of 7.3 µg/L for the mysid shrimp.
Severe liver histopathology was observed in trout, with LOECs ranging from 0.79 to 5.5 µg/g in whole
fish tissue.
173. SCCPs have been measured in surface and seawater, sediments, soils, sewage sludge and air
with most data available from Europe, North America and East Asia. While concentrations decline in
some regions a recent increase in environmental matrices was observed in others. No temporal trend
can be established for remote regions. Though recent advances in the analysis of SCCPs have been
reported measurements of SCCPs remain challenging.
174. Table 3-4 presents exposure values for organisms at sites close to likely sources of release, at
more distant sites influenced by regional sources, and sites remote from known or significant sources.
Also listed are toxicity values relevant to the type of exposure reported – for example, expressed as
exposure to the ambient environment, as doses in food, or as body burden. Several factors, including
timing of exposure, transgenerational impacts, potential for endocrine disruption as well as mixture
effects are not reflected in these studies and can cause effects at much lower levels, which is not
captured in these tables. Also other endpoints may be relevant, such as behavioural effects, which have
not been investigated in the studies listed. According to Environment Canada for persistent and
bioaccumulative substances the risks may be underestimated using standard risk assessment methods
(Environment Canada, 2008).
Table 3-4: Exposures of organisms/receptors at sites close to likely sources of release (Local), more distant
sites influenced by regional sources (Regional) and sites distant from known or significant sources
(Remote), and relevant toxicity values.
Receptor

Exposure
concentration

Sample

Relevant
toxicity value

Notes

Local

Fish-eating
mammals
(otter)

Pelagic
invertebrates

Pelagic fish

30

2.63 mg/kg ww

Carp from
Hamilton
Harbour, Lake
Ontario ng/g
ww

1,000 mg/kg
food ww
Estimated No
Exposure Value:
100 mg/kg food
ww (AF of 100)

176 ng/L

Lake water
receiving STP
effluents,
Beijing, China

8,900 ng/L
Estimated No
Exposure Value:
890 ng/L (AF of
10)

2.63 mg/kg ww

Carp from
Hamilton
Harbour, Lake
Ontario

0.79 mg/kg ww

– Assuming concentration in carp
representative of food consumed. Measured
SCCPs in carp collected in Lake Ontario in
1996 and 2001 (Muir et al. 2001; 2002)
– See Section 2.5.2 for calculation of relevant
toxicity value.
- Reference for exposure concentration and
AF (Assessment Factor): Environment
Canada (2008)
– Pelagic invertebrate exposed to lake water
(Zeng et al. 2011a).
– 21-day chronic LOEC value for Daphnia
magna (Thompson and Madeley 1983a)
- Reference for AF: Environment Canada
2008
– Comparing concentrations measured in carp
in Hamilton Harbour.
– LOEC for observed severe liver
histopathologies, extensive fibrous lesions
and hepatocyte necrosis of rainbow trout
(Cooley et al. 2001)
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Exposure
concentration

Sample

Relevant
toxicity value

Pelagic
invertebrates

1.19 ng/L

Water, midLake Ontario

8,900 ng/L
Estimated No
Exposure Value:
see above

Marine
invertebrates

13.1 ng/L
(coastal mud
shrimp 502
ng/g ww)

Seawater from
Liaodong Bay,
China (Ma et
al. 2014b)

5 µg/L
PNEC: 100 ng/L,
(AF of 50)

Pelagic fish

2.9 mg/kg ww

Japanese
seabass from
Liaodong Bay,
China

0.79 mg/kg ww

1.8 mg/kg dw

Bohai sea
surface
sediment

35.5 mg/kg dw
Estimated No
Exposure Value:
3.55 (AF of 10)

Receptor

Notes

Regional

Benthic
invertebrates

– Assuming exposure of pelagic invertebrates
to Lake Ontario water (Houde et al. 2008).
– 21-day chronic LOEC value for Daphnia
magna (Thompson and Madeley 1983a)
- 21d- NOEC Daphnia magna 5 µg/L;
Predicted no effect concentration (PNEC) for
marine water of 0.1 µg/L, AF of 50
(according to U.K. Environment Agency
2007)
– Comparing concentrations measured in
Lateolabrax japonicus (Ma et al. 2014b) with
LOEC for severe liver histopathologies,
extensive fibrous lesions and hepatocyte
necrosis of rainbow trout (Cooley et al. 2001)
–Max. sediment concentration measured in
surface sediments from the Bohai Sea
(Ma et al. 2014a)
– LOEC calculated using the LOEC for
Daphnia magna using equilibrium
partitioning approach (Environment Canada,
2004)
- Reference for the AF: Environment

Canada (2008)

Benthic fish

0.69 mg/kg ww

Flathead fish
from Liaodong
Bay, China

0.79 mg/kg ww

– Max. concentration in Platycephalus
indicus from the Liaodong Bay, China
(Ma et al. 2014b).
– LOEC for observed severe liver
histopathologies, extensive fibrous lesions
and hepatocyte necrosis of rainbow trout
(Cooley et al. 2001)

0.0176 mg/kg
dw

Surface
sediment Lake
DV09
Canadian
Arctic

35.5 mg/kg dw
Estimated No
Exposure Value:
see above

– Calculated using the LOEC for Daphnia
magna using equilibrium partitioning
approach (Environment Canada, 2004)

Remote

Benthic
invertebrate

100 mg/ kg ww
Arctic ringed
seal

Ringed seal
from East
Greenland

0.52 mg/kg ww

Ringed seal
blubber

PNECoral 5.5
mg/kg food
100 mg/ kg ww

0.52 mg/kg ww

Ringed seal
blubber

PNECoral 5.5
mg/kg food

– Results for seals from Tomy et al. 1999
- PNECoral from U.K. Environment Agency.
(2007) based on a NOEC of 166 mg/kg food
of a mallard duck reproduction study and an
AF of 30.
- Results from Tomy et al. 1999
- PNECoral from U.K. Environment Agency.
(2007) based on a NOEC of 166 mg/kg food
of a mallard duck reproduction study and an
AF of 30.

175. Table 3-5 presents scenarios for exposure of humans to SCCPs. The first two scenarios assume
consumption of a traditional food diet. Exposure was calculated using SCCP concentrations measured
in the Arctic in ringed seal blubber, beluga whale blubber and walrus blubber (from Tomy et al 1999
and Muir et al. 2004 NCP, 2013), and using dietary intake from Kuhnlein (1995a) and Kuhnlein et al.
(1995b). The scenarios for a breast-fed child assumes intake of 750 mL milk/day and 3% lipid content
(Van Oostdam et al. 1999). In addition, elevated levels of SCCPs in human breast milk in remote
communities have been reported. The upper bound estimation in the Canadian population of SCCPs
intake was exceeding the TDI for long term effects (Environment Canada 2008, 2013). Especially long
term exposure of children is of concern, by an estimated intake value of 24.6 µg/kg bw per day.
Although if there is low confidence in the upper-bounding estimates, they were basis to conclude that
SCCPs constitute or may constitute a danger in Canada to human life or health (Environment Canada,
2008). Further it has to be taken into consideration that children are vulnerable towards chemicals
exposure due to development and growth processes.
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Table 3-5: Scenarios for exposure of humans, and relevant toxicity values
Receptor

Exposure

Humans (75 kg)

0.15-0.37 µg/kg
body ww/d

Humans (75 kg)

0.15-0.37 µg/kg
body ww/d

Humans (75 kg)

Breast fed child
(5 kg)
Breast fed child
(5 kg)

Breast fed child
(5 kg)

0.15-0.37 µg/kg
body ww/d

0.0585 ug/kg
body ww/d
0.0585 ug/kg
body ww/d

0.0585 ug/kg
body ww/d

Sample
Estimated
dietary exposure
Baffin Island
male Inuit
Estimated
dietary exposure
Baffin Island
male Inuit

Estimated
dietary exposure
Baffin Island
male Inuit

Human milk:
13 ug/kg lipid
ww
Human milk:
13 ug/kg lipid
ww

Human milk:
13 ug/kg lipid
ww

Relevant
toxicity value
125,000 ug/kg
body ww/d

100 µg/kg bw/d

11 ug/kg body
ww/d

125,000 ug/kg
body ww/d

Comments

LOEL, 2 year rat study (NTP, 1986)

TDI, non-neoplastic effects, 13 weeks study
in rats; AF: 100 (IPCS, 1992)
The 11 ug/kg bw/d was derived using a
safety factor of 1000 applied to a value of
11 mg/kg bw, based on multistage
modelling of tumours with the highest
incidence in the carcinogenesis bioassay of
male mice that resulted in 5% increase in
tumour incidence (IPCS, EHC 181, 1996)
LOEL, 2 year rat study (NTP, 1986)

100 µg/kg bw/d

TDI, non-neoplastic effects, 13 weeks study
in rats; AF: 100 (IPCS, 1992)

11 ug/kg body
ww/d

The 11 ug/kg bw/d was derived using a
safety factor of 1000 applied to a value of
11 mg/kg bw, based on multistage
modelling of tumours with the highest
incidence in the carcinogenesis bioassay of
male mice that resulted in 5% increase in
tumour incidence (IPCS, EHC 181, 1996)

176. The International Agency for Research on Cancer considers SCCPs (average C 12, average 60%
chlorination) to be possible carcinogens (groups 2B), although questions have been raised regarding
the mechanisms for induction of tumours and the relevance for human health of the studies on which
this classification was derived. NTP has listed SCCPs (C12, 60% chlorine) in the 13th report on
carcinogens as reasonably anticipated to be human carcinogens. The EU Risk assessment (EC 2000)
concluded that the concern for humans could not be ruled out. A tolerable daily intake (TDI) for
SCCPs of 100 µg/kg-bw per day was developed by IPCS (1996); for neoplastic effects a dose of 11
µg/kd bw/day should not be exceeded (IPCS 1996). The most recent assessment of the EU stated that
no NOAEL can be obtained from the chronic studies for mammals. Environment Canada comes to the
conclusion that the upper bound estimation of SCCPs intake is exceeding the TDI for long term effects
and assumes that the margin of safety is not sufficient. Also it is mentioned that some justification for
considering a somewhat lower value as TDI exists, to take into account potential progression of the
lesions in longer-term studies (Environment Canada 2008, 2013). Further it has to be considered that
Arctic indigenous people are exposed to various POPs, several of those as well classified carcinogens.

4.

Concluding statement
177. SCCPs have been used worldwide in a wide range of applications such as plasticisers in
plastics, in metalworking fluids, flame retardants and additives in paints. Their wide industrial
applications probably have provided the major source of environmental contamination. Environmental
releases occur during production, service-life and disposal of SCCPs and SCCPs containing products.
178. SCCPs are atmospherically, via water or migratory species transported to Antarctic, Arctic and
subarctic regions far from local sources. Several SCCP homologues are persistent in the environment
and investigations on food webs and food chains confirm several SCCPs accumulate in invertebrates,
freshwater and marine fish at high levels. Laboratory studies have shown adverse effects on fish at low
concentrations. Some SCCPs accumulate and biomagnify in Arctic biota including mammalian
species. In mammals, SCCPs affect the liver, the thyroid hormone system, and the kidneys.
179. SCCPs have been measured in sediments also in Arctic lakes. SCCPs are particularly toxic to
aquatic invertebrates. Given the key role that invertebrates play in aquatic ecosystems, there is
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therefore high concern relating to potential for effects of SCCPs on sediment-dwelling and other
invertebrates.
180. Although concentrations in remote areas are low, SCCPs have been measured in Arctic biota at
levels comparable to already listed POPs. Notably, SCCPs are present in Arctic biota, which are in
turn food for northern indigenous people. SCCPs are present in human breast milk both in temperate
and Arctic populations.
181. SCCPs have been shown to affect the thyroid, liver and kidneys, which in the long-term can
lead to carcinogenicity in these organs as it was seen in animal experiments with laboratory rodents.
SCCPs are suspected to cause cancer in humans and disrupt endocrine function also. Upper bound
exposure concentrations exceed the respective acceptable exposure levels.
182. SCCPs have been measured in Arctic biota at concentrations similar to other known POPs.
Simultaneous exposure to POPs may be of concern. No temporal trend of SCCPs can currently be
established for remote areas. Given demonstrated long range transport and ability to accumulate, there
is potential for increases in environmental levels should releases continue or increase.
183.
Based on the available evidence, it is concluded that SCCPs are likely, as a result of their long
range environmental transport, to lead to significant adverse environmental and human health effects,
such that global action is warranted.

33

UNEP/POPS/POPRC.11/10/Add.2

5.

References
Adielsson, S.; Graaf, S.; Andersson, M.; Kreuger, J. 2012. Resultat Från Miljöövervakningen Av
Bekämpningsmedel (Växtskyddsmedel) (Data from Environmental Monitoring of Pesticides);
Swedish University of Agricultural Sciences. Cited in Backhaus et al. 2012.
AMAP 2004. AMAP Assessment. 2002: Persistent Organic Pollutants in the Arctic. Arctic Monitoring
and Assessment Programme (AMAP), Oslo, Norway. xvi+310 pp.
AMAP 2009a. AMAP Assessment: Persistent Organic Pollutants in the Arctic. Levels, trends and
effects of legacy and new persistent organic pollutants in the Arctic: Special Issue. Science of the
Total Environment. Volume 408/15 (2010).
AMAP 2009b. AMAP Assessment: Human Health in the Arctic, ISBN 978-82-7971-051-6
[http://www.amap.no/documents/doc/amap-assessment-2009-human-health-in-the-arctic/98]
AMAP 2014. Trends in Stockholm Convention Persistent Organic Pollutants (POPs) in Arctic Air,
Human media and Biota. AMAP Technical Report to the Stockholm Convention. AMAP Technical
Report No. 7 (2014), Arctic Monitoring and Assessment Programme (AMAP), Oslo, Norway.
Atkinson, R. 1986. Kinetics and mechanisms of gas phase reactions of the hydroxyl radical with
organic compounds under atmospheric conditions. Chem. Rev. 86: 69–201.
Atkinson, R. 1987. Estimation of gas-phase hydroxyl radical rate constants for organic chemicals.
Environ. Toxicol. Chem. 7: 435–442.
Backhaus, T., Faust, M. 2012. Predictive environmental risk assessment of chemical mixtures: a
conceptual framework. Environ Sci Technol. 2012 Mar 6;46(5):2564-73.
Ballschmiter, K. 1994. [Determination of short and medium chain length chlorinated paraffins in
samples of water and sediment from surface water.] Department of Analytical and Environmental
Chemistry, University of Ulm, Ulm, Germany, May 10 (in German).
Barber , J.L., Sweetman, A.J., Thomas, G.O., Braekevelt, E., Stern, G.A., Jones, K.C. 2005. Spatial
and temporal variability in air concentrations of short-chain (C10-C13) ad medium-chain (C14-C17)
chlorinated n-alkanes measured in the U.K. atmosphere. Environ. Sci. Technol. 39: 4407-4415.
Bardin, J.A., Gore, R.J., Wegman, D.H., Kriebel, D., Woskie, S.R., Eisen, E.A. 2005. Registry-based
case-control studies of liver cancer and cancers of the biliary tract nested in a cohort of autoworkers
exposed to metalworking fluids. Scand J Work Environ Health 31(3): 205-211.
Basconcillo SL, Backus SM, McGoldrick DJ, Zaruk D, Sverko E, Muir DC, 2015. Current status of
short- and medium chain polychlorinated n-alkanes in top predatory fish across Canada. Chemosphere.
2015 Feb 6;127C:93-100.
Bengtsson, B. and E. Baumann-Ofstad. 1982. Long-term studies of uptake and elimination of some
chlorinated paraffins in the bleak, Alburnus alburnus. Ambio 11: 38–40.
Bennie D.T., C.A. Sullivan, R.J. Maguire. 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 Qual Res J Can 35:263–81.
Bezchlebová, J., J. Černohláková, K. Kobetičová, J. Lána, I. Sochová, J. Hofman. 2007. Effects of
short-chain chlorinated paraffins on soil organisms. Ecotox. & Envir. Safety 67:206-211.
Bidleman, T.F., M. Alaee and G.A. Stern. 2001. New persistent chemicals in the Arctic environment.
In: S. Kalhok (ed.), Synopsis of research conducted under the 1999–2000 Northern Contaminants
Program. Department of Indian Affairs and Northern Development, Ottawa, Ontario. pp. 93–104.
Birtley, R.D.N., D.M. Conning, J.W. Daniel, D.M. Ferguson, E. Longstaff and A.A.B. Swan. 1980.
The toxicological effects of chlorinated paraffins in mammals. Toxicol. Appl. Pharmacol. 54: 514-525.
Bonvallot, N., Mandin, C.,Mercier, F., Le Bot, B., Glorennec P. (2010) Health ranking of ingested
semivolatile organic compounds in house dust: an application to France, Indoor Air, 20: 458-472.
Borgen, A.R., M. Schlabach and H. Gundersen. 2000. Polychlorinated alkanes in arctic air.
Organohalogen Compd. 47: 272–274.
Borgen, A.R., M. Schlabach, R. Kallenborn, G. Christensen and T. Skotvold. 2002. Polychlorinated
alkanes in ambient air from Bear Island. Organohalogen Compd. 59: 303–306.
Braune, B.M., P.M. Outridge, A.T. Fisk, D.C.G. Muir, P.A. Helm, K. Hobbs, P.F. Hoekstra, Z.A.

34

UNEP/POPS/POPRC.11/10/Add.2

Kuzyk, M. Kwan, R.J. Letcher, W.L. Lockhart, R.J. Norstrom, G.A. Stern and I. Stirling. 2005.
Persistent organic pollutants and mercury in marine biota of the Canadian Arctic: An overview of
spatial and temporal trends. Sci. Total Env. 351-352: 4-56.
[Brooke, D.N. and Crookes M.J. 2011. Intersessional working group on toxicological interactions.
Study 1. Case study on toxicological interactions of chlorinated paraffins. Environmental Evaluation,
Building Research Establishment, Watford, UK. Draft of 25 July 2011. Persistent Organic Pollutants
Review Committee, Seventh meeting. Geneva, 10–14 October 2011. UNEP/POPS/POPRC.7/INF/15.]
BRE (Building Research Establishment). 1998. Use category document — Plastics additives. Revised
draft for discussions, June [cited in U.K. Environment Agency 2003a,b].
BRMA (British Rubber Manufacturers’ Association Ltd.). 2001. Personal communication. February 5
[cited in U.K. Environment Agency 2001].
BUA (Beratergremium für Umweltrelevante Alstoffe). 1992. Chlorinated paraffins. German Chemical
Society (GDCh) Advisory Committee on Existing Chemicals of Environmental Relevance, June (BUA
Report 93).
Burýšková, B., L. Bláha, D. Vršková, K. Šimkova and B. Maršalek. 2006. Sublethal toxic effects and
induction of glutathione S-transferase by short chain chlorinated paraffins (SCCPs) and C-12 alkane
(dodecane) in Xenopus laevis frog embryos. Acta Vet. Brno 75: 115–122.
Campbell, I. and G. McConnell. 1980. Chlorinated paraffins in the environment. 1. Environmental
occurrence. Environ. Sci. Technol. 10: 1209–1214.
Chaemfa, C., Xu, Y., Li, J., Chakraborty, P., Syed, Jh., Malik, RN., Wang, Y., Tian, CG., Zhang, G.,
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, 2014 May 6, Vol.48(9), pp.4799-4808
Castells P., F.J. Santos, M.T. Galceran. 2003. Solid-phase microextraction for the analysis of
short-chain chlorinated paraffins in water samples. J Chromatogr A 984:1–8.
Castells P., F.J. Santos, M.T. Galceran. 2004. Solid-phase extraction versus solid-phase
microextraction for the determination of chlorinated paraffins in water using gas
chromatography-negative chemical ionisation mass spectrometry. J Chromatogr A 1025:157–62.
Castells, P., J. Parera, F.J. Santos and M.T. Galceran. 2008. Occurrence of polychlorinated
naphthalenes, polychlorinated biphenyls and short-chain chlorinated paraffins in marine sediments
from Barcelona (Spain). Chemosphere 70(9): 1552-1562.
CCME (Canadian Council of Ministers of the Environment). 1998. Protocol for the derivation of
Canadian tissue residue guidelines for the protection of wildlife that consume aquatic biota. Winnipeg,
Manitoba [reprinted in CCME. 1999. Canadian environmental quality guidelines. Chapter 8.
Winnipeg, Manitoba].
CEFAS (Centre for Environment, Fisheries and Aquaculture Science). 1999. Sampling the levels of
short and medium chain length chlorinated paraffins in the environment. Final report for the
Department of the Environment, Transport and the Regions. Burnham-on-Crouch, U.K. [cited in U.K.
Environment Agency 2003a,b].
Chen, M.Y., Luo, X.J., Zhang, X.L., He, M.J., Chen, S.J., Mai, B.X., 2011. Chlorinated paraffins in
sediments from the Pearl River Delta, South China: spatial and temporal distributions and implication
for processes. Environ. Sci. Technol. 45, 5964 - 5971.
Chen, L., Huang, Y., Han, S., Feng, Y., Jiang, G., Tang, C., Ye, Z., Zhan, W., Liu, M. and Zhang, S.
(2013) Sample pretreatment optimization for the analysis of short chain chlorinated paraffins in soil
with gas chromatography–electron capture negative ion-mass spectrometry. Journal of
Chromatography A, 1274, 36-43
COMMISSION REGULATION (EU) No 519/2012 of 19 June 2012 amending Regulation (EC)
No 850/2004 of the European Parliament and of the Council on persistent organic pollutants as regards
Annex I, available at http://eur-lex.europa.eu/homepage.html?locale=en

35

UNEP/POPS/POPRC.11/10/Add.2

COMMISSION REGULATION (EC) No 1272/2008 on classification, labelling and packaging of
substances and mixtures, amending and repealing Directives 67/548/EEC and 1999/45/EC, and
amending Regulation (EC) No 1907/2006 (REACH). It implements the 2nd edition of the
United Nations Globally Harmonised System of classification and labelling of chemicals (GHS) into
EU law, http://www.echa.europa.eu/regulations/clp/legislation, 2015-03-5
COMMISSION REGULATION (EC) No 166/2006 of the European Parliament and of the Council of
18 January 2006 concerning the establishment of a European Pollutant Release and Transfer Register
and amending Council Directives 91/689/EEC and 96/61/EC, available at http://eurlex.europa.eu/homepage.html?locale=en
Cooley, H.M., A.T. Fisk, S.C. Weins, G.T. Tomy, R.E. Evans and D.C.G. Muir. 2001. Examination of
the behavior and liver and thyroid histology of juvenile rainbow trout (Oncorhynchus mykiss) exposed
to high dietary concentrations of C10, C11, C12 and C14 polychlorinated alkanes. Aquat. Toxicol. 54:
81–99.
Climate and Pollution Agency, Norway 2012. Compilation of Norwegian Screening Data for Selected
Contaminants (2002 –2012). Report TA-2982/201
http://www.miljodirektoratet.no/old/klif/publikasjoner/2982/ta2982.pdf, 2015-03-05
CPIA (Chlorinated Paraffins Industry Association). 2000. Comments of the Chlorinated Paraffins
Industry Association on the risk assessment for medium-chain chlorinated paraffins. Washington, D.C.
CPIA (Chlorinated Paraffins Industry Association). 2002. Comments on the draft report “Short chain
chlorinated paraffins (SCCPs) substance dossier” (draft March 2). Correspondence to G. Filyk,
Environment Canada, from R. Fensterheim, CPIA, May 17.
CSTEE 1998. Scientific Committee on Toxicity, Ecotoxicity and the Environment opinion on the risk
assessment of short chain length chlorinated paraffins (Available at
http://ec.europa.eu/health/ph_risk/committees/sct/docshtml/sct_out23_en.htm)
CXR Biosciences Ltd. 2006. Stamp SL. C14-17 n-alkane, 52% chlorinated study of post-natal
offspring mortality following dietary administration to CD rats. DAR0001/062390. Huntingdon Life
Sciences Ltd., Huntingdon, UK. Unpublished report.
Darnerud, P.O., Aune, M., Glynn, A., Borgen, A., 2012. Paraffins in Swedish breast milk. A report of
the Swedish Chemicals Agency:
http://www.kemi.se/Documents/Publikationer/Trycksaker/PM/PM%2018_12.pdf
De Boer, J., El-Sayed Ali, T., Fiedler, H., Legler, J., Muir, D., Nikiforov, V.A., Tomy, G.T., Tsunemi,
K., de Boer, J., 2010. Chlorinated paraffins. In: The Handbook of Environmental Chemistry.
Chlorinated Paraffins, vol. 10. Springer-Verlag, Berlin/Heidelberg.
D’Hollander, W., Roosens, L., Covaci, A., Cornelis, C., Reynders, H., Campenhout, K.V.,Voogt, P.D.,
Bervoets, L., 2010. Brominated flame retardants and perfluorinated compounds in indoor dust from
homes and offices in Flanders, Belgium. Chemosphere1, 478-487.
Dick, T.A., C.P. Gallagher and G.T. Tomy. 2010. Short- and medium-chain chlorinated paraffins in
fish, water and soils from the Iqaluit, Nunavut (Canada), area. World Review of Science, Technology
and Sustainable Development. 7: 387-401.
Di Toro, D.M., C.S. Zarba, D.J. Hansen, W.J. Berry, R.C. Swartz, C.E. Cowan, S.P. Pavlou, H.E.
Allen, N.A. Thomas and P.R. Paquin. 1991. Technical basis for establishing sediment quality criteria
for nonionic organic chemicals using equilibrium partitioning. Environ. Toxicol. Chem. 10:
1541-1583.
Directive 2002/45/EC of the European Parliament and of the Council of 25 June 2002 amending for
the twentieth time Council Directive 76/769/EEC relating to restrictions on the marketing and use of
certain dangerous substances and preparations (short-chain chlorinated paraffins) [http://eurlex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32002L0045, 2015-02-03]
Drouillard, K.G., G.T. Tomy, D.C.G. Muir and K.J. Friesen. 1998a. Volatility of chlorinated n-alkanes
(C10–12): vapour pressures and Henry’s law constants. Environ. Toxicol. Chem. 17: 1252–1260.
Drouillard, K.G., T. Hiebert, P. Tran, G.T. Tomy, D.C.G. Muir and K.J. Friesen. 1998b. Estimating
the aqueous solubilities of individual chlorinated n-alkanes (C10–12) from measurements of chlorinated
alkane mixtures. Environ. Toxicol. Chem. 17: 1261–1267.

36

UNEP/POPS/POPRC.11/10/Add.2

EC, 2000. European Union risk assessment report. 1st Priority List Vol. 4: alkanes, C 10–13,
chloro-. European Commission. European Chemicals Bureau, Luxembourg. 166 pp. (EUR 19010;
ISBN 92-828-8451-1).
EC, 2003. Technical guidance document on risk assessment. Part II: Environmental risk assessment.
European Commission, Commission Directive 93/67/EEC on Risk Assessment for new notified
substances. European Chemical Bureau, Luxembourg. [cited in Bezchlebová et al. 2007]
EC, 2005. Risk profile and summary report for short-chained chlorinated paraffins (SCCPs), European
Commission. Dossier prepared from the UNECE Convention on Long range Transboundary Air
Pollution, Protocol on Persistent Organic Pollutants. European Commission, DG Environment.
EC, 2008 European Union risk assessment report. Updated Version 1st Priority List Vol. 4: alkanes,
C10–13, chloro-. European Commission 23396 EN. ISSN 1018-5593 Luxembourg: Office for Official
Publications of the European Communities
ECHA, 2008. Support document for identification of alkanes C10-13Chloro as substances of very high
concern. SVHC support document. Member States Committee, adapted on October 8 th, European
Chemicals Agency.
Evenset, A.,Carroll J., Christensen, GN., Kallenborn, R., Gregor, D, Gabrielsen, GW. 2007. Seabird
Guano Is an Efficient Conveyer of Persistent Organic Pollutants (POPs) to Arctic Lake Ecosystems.
Environ. Sci. Technol. 2007, 41, 1173-1179.
Environment Canada. 2003a. Data collected from “Notice with Respect to Short-, Medium- and
Long-chain Chlorinated Paraffins.” Canada Gazette, Part I, November 30, 2002.
Environment Canada. 2003b. Short chain chlorinated paraffins (SCCPs) substance dossier. Final draft
II, revised May 16. Prepared for United Nations Economic Commission for Europe Ad hoc Expert
Group on Persistent Organic Pollutants.
Environment Canada. 2004. Follow-up report on PSL1 substance for which there was insufficient
information to conclude whether the substance constitutes a danger to the environment; Chlorinated
Paraffins. Existing Substances Division, Environment Canada, Gatineau, Quebec.
Environment Canada. 2008. Follow-up report on PSL1 substance for which data were insufficient to
conclude whether the substances were “toxic” to the environment and to human health; Chlorinated
Paraffins. August 2008. http://www.ec.gc.ca/lcpe-cepa/default.asp?lang=En&n=D7D84872-1
Environment Canada. 2013. Chlorinated Paraffins. Follow-up Report on a PSL1 Assessment for
WhichData Were Insufficient to Conclude Whether the Substances Were “Toxic” to the Environment
and to the Human Health. Date modified: 2013-11-07; https://www.ec.gc.ca/lcpecepa/default.asp?lang=En&n=D7D84872-1&printfullpage=true, Assessed: 2015-03-13.
EU (European Union). 2002. European Commission DG ENV Endocrine Disrupting Substances
(man-made chemicals) B4-3040/2001/325850/MAR/C2. RPS BKH Project number: M0355037
Report: Endocrine disrupters: study on gathering information on 435 substances with insufficient data.
Final report by bkh consulting engineers.
EU (European Union). 2003. Technical guidance document on risk assessment, Part II. Institute for
Health and Consumer Protection, European Chemicals Bureau, EU Joint Research Centre (EUR 20418
EN/2).
EU (European Union). 2012. Toxicity and Assessment of Chemical Mixtures. European Union, 2012,
Scientific Committee on Health and Environmental Risks SCHER, Scientific Committee on Emerging
and Newly Identified Health Risks SCENIHR, Scientific Committee on Consumer Safety SCCS 2012
ISB N 978- 92-79-3 0700-3.
EU (European Union). 2015 Endocrine Disrupters: Database.
http://ec.europa.eu/environment/chemicals/endocrine/strategy/being_en.htm (Assessed: 2015.03.13)
Euro Chlor. 1995. As reported in letter from ICI dated 12/7/95 [cited in EC 2000].
Fiedler, H. 2010. Short-Chain Chlorinated Paraffins: Production, Use and International Regulations in
De Boer, J., El-Sayed Ali, T., Fiedler, H., Legler, J., Muir, D., Nikiforov, V.A., Tomy, G.T., Tsunemi,
K., de Boer, J., 2010. Chlorinated paraffins. In: The Handbook of Environmental Chemistry.
Chlorinated Paraffins, vol. 10. Springer-Verlag, Berlin/Heidelberg
Fisk, A., C. Cymbalisty, A. Bergman and D.C.G. Muir. 1996. Dietary accumulation of C 12- and
C16-chlorinated alkanes by juvenile rainbow trout (Oncorhynchus mykiss). Environ. Toxicol. Chem.
15(10): 1775–1782.
37

UNEP/POPS/POPRC.11/10/Add.2

Fisk, A.T., S.C. Wiens, G.R.B. Webster, A. Bergman and D.C.G. Muir. 1998a. Accumulation and
depuration of sediment-sorbed C12 and C16 polychlorinated alkanes by oligochaetes (Lumbriculus
variegatus). Environ. Toxicol. Chem. 17: 2019–2026.
Fisk, A.T., C.D. Cymbalisty, G.T. Tomy and D.C.G. Muir. 1998b. Dietary accumulation and
depuration of C10-, C11- and C14-polychlorinated alkanes by juvenile rainbow trout (Oncorhynchus
mykiss). Aquat. Toxicol. 43: 209–221.
Fisk, A.T., G.T. Tomy and D.C.G. Muir. 1999. The toxicity of C 10-, C11-, C12- and C14-polychlorinated
alkanes to Japanese medaka (Oryzias latipes) embryos. Environ. Toxicol. Chem. 18: 2894–2902.
Fisk, A.T., G.T. Tomy, C.D. Cymbalisty and D.C.G. Muir. 2000. Dietary accumulation and
quantitative structure activity relationships for depuration and biotransformation of short, medium and
long carbon chain polychlorinated alkanes by juvenile rainbow trout (Oncorhynchus mykiss). Environ.
Toxicol. Chem. 19: 1508–1516.
Friden, U., Mc Lachlan, M., Berger U. 2010 Human exposure to chlorinated paraffins via indoor air
and dust. Final report. Stockholm University.
Gao Y., Zhang H., Su F., Tian Y., Chen J. 2012. Environmental Occurrence and Distribution of Short
Chain Chlorinated Paraffins in Sediments and Soils from the Liaohe River Basin, China, Environ. Sci.
Technol. 2012, 46, 3771−3778.
Gasperi, J.; Zgheib, S.; Cladière, M.; Rocher, V.; Moilleron, R.; Chebbo, G. (2012): Priority pollutants
in urban stormwater: Part 2 – Case of combined sewers, Water Research, 2012, Vol.46(20),
pp.6693-6703
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: Processes &
Impacts 15(9): 1671-1684.
Geng N., Zhang, H, Zhang B, Wu, P, Wang F, Yu, Z, Chen, J (2015) Effects of short-chain
chlorinated paraffins exposure on the viability and metabolism of human hepatoma HepG2 Cells.
Environ. Sci. Technol. 2015, 49, 3076−3083.
Gilliom, R. J.; Barbash, J. E.; Crawford, G. C.; Hamilton, P. A.;Martin, J. D.; Nakagaki, N. Pesticides
in the Nation’s Streams and Ground Water, 1992−2001; USGS Circular 1291, Revised Edition, 2007.
Government of Canada. 1993a. Priority Substances List assessment report. Chlorinated paraffins.
Minister of Supply and Services, Ottawa, Ontario (ISBN 0-662-20515-4; Catalogue No.
En40-215/17E).
Government of Canada. 1993b. Canadian Environmental Protection Act. Priority Substances List
supporting document. Chlorinated paraffins. Environment Canada and Health and Welfare Canada.
66-pp.
Halse, AK; Schlabach, M.; Schuster, J. K ; Jones, K C ; Steinnes, E.; Breivik, K. (2015): Endosulfan,
pentachlorobenzene and short-chain chlorinated paraffins in background soils from Western Europe,
Environmental pollution (Barking, Essex : 1987), 2015, Vol.196, pp.21-8
Hansen, J.C., Gilman, A.P., and Odland, J. Ø 2014 The Seven Pillars of Obesity: Development of a
holistic understanding of a complex problem AMAP Technical Report No. 8 Arctic Monitoring and
Assessment Programme (AMAP), Oslo, Norway. ISBN – 978-82-7971-085-1.
Harada, K.H.,, Takasuga, T., Hitomi, T., Wang, P., Matsukami, H., Koizumi, A. 2011 Dietary
exposure to short-chain chlorinated paraffins has increased in Beijing, China. Environ Sci Technol.
15;45(16):7019-27.
Harner, T., M. Mitrovic, L. Ahrens, and J. Schuster, 2014. Characterization of PUF disk passive air
samplers for new priority chemicals: a review. Organohalogen Compounds, 76:11-29.
Hildebrecht, C.O. 1972. Biodegradability study on chlorinated waxes. Environlab Inc., Plainesville,
Ohio (Laboratory Report No. 50-0405-001) [cited in EC 2000 and Madeley and Birtley 1980].
Hill, R.W. and B.G. Maddock. 1983a. Effect of a chlorinated paraffin on embryos and larvae of the
sheepshead minnow Cyprinodon variegatus. – study 1. ICI Confidential Report BL/B/2326.
Hill, R. W. and B. G. Maddock., 1983b. Effect of a chlorinated paraffin on embryos and larvae of the
sheepshead minnow Cyprinodon variegatus – study 2. ICI Confidential Report BL/B/2327.
Hilger, B., Fromme, H., Völkel, W., Coelhan, M., 2011. Effects of chain length, chlorination degree,
38

UNEP/POPS/POPRC.11/10/Add.2

and structure on the octanolewater partition coefficients of polychlorinated n-alkanes. Environmental
Science and Technology 45, 2842-2849.
Hilger, B., Friomme, H., Völkel, W., Coelhan, M. 2013. Occurence of chlorinated pafaffins in hous
dust samples from Bavaria, Germany. Environmental Pollution 175, 16 -21. Houde, M., D.C.G.Muir,
G.T.Tomy, D.M. Whittle, C. Teixeira, and S. Morre. 2008. Bioaccumulation and Trophic
Magnification of Short- and Medium-Chain Chlorinated Paraffins in Food Webs from Lake Ontario
and Lake Michigan. Environ. Sci. Technol. 42: 3893-3899.
Huber S., Warner N.A., Nygård T., Remberger M., Harju M., Uggerud H.T., Kaj L., Hanssen L. 2015.
A broad cocktail of environmental pollutants found in eggs of three seabird species from remote
colonies in Norway. Environ Toxicol Chem. 2015 Jun;34(6):1296-308.
Hung et al., in press: Northern Contaminants Air Monitoring: Organic Pollutant Measurements. In:
NCP, 2015. Synopsis of Research conducted under the 2014-2015 Northern Contaminants Program.
Aboriginal Affairs and Northern Development Canada, Ottawa, ON
Hüttig, J. 2006. Determination of the “new” problem group chloro-paraffins in sediments by
HRGC-LRMS. Ph.D. Thesis, University of Basel, Basel, Swithzerland.
IARC (International Agency for Research on Cancer). 1990. Summaries and Evaluations
CHLORINATED PARAFFINS (Group 2B) Vol. 48. p 55.
Iino F., T. Takasuga, K. Senthilkumar, N. Nakamura and J. Nakanish. 2005. Risk assessment of
shortchain chlorinated paraffins in Japan based on the first market basket study and species
sensitivity -distributions. Environ. Sci. Technol. 39:859-866
Iozza, S, C.E. Müller, P. Schmid, C. Bogdal and M. Oehme. 2008. Historical profiles of chlorinated
paraffins and polychlorinated biphenyls in a dated sediment core from Lake Thun (Switzerland).
Environ. Sci. Technol. 42 (4):1045–1050.
Iozza, S., P. Schmid, M. Oehme, R. Bassan, C. Belis, G. Jakobi, M. Kirchner, K-W. Schramm, N.
Kräuchi, W. Moche, I. Offenthaler, P. Weiss, P. Simončič and W. Knoth. 2009. Altitude profiles of
total chlorinated paraffins in humus and spruce needles from the Alps (MONARPOP). Environ.
Pollut. 157: 3225-3231.
IPCS (International Programme on Chemical Safety). 1984a. Heptachlor. World Health Organization,
Geneva (Environmental Health Criteria 38).
IPCS (International Programme on Chemical Safety). 1984b. Mirex. World Health Organization,
Geneva (Environmental Health Criteria 44).
IPCS (International Programme on Chemical Safety). 1991. Lindane. World Health Organization,
Geneva (Environmental Health Criteria 124).
IPCS (International Programme on Chemical Safety). 1996. Chlorinated paraffins. World Health
Organization, Geneva. 181 pp. (Environmental Health Criteria 181).
IPEN 2015. Comments on the draft risk profile SCCP. International POPs Elimination Network,
February, 2015.
IRDC (International Research and Development Corporation). 1984. 13-week oral (gavage) toxicity
study in rats with combined excretion, tissue level and elimination studies; determination of excretion,
tissue level and elimination after single oral (gavage) administration to rats. Chlorinated paraffin: 58%
chlorination of short chain length n-paraffins; 14C labeled CP. Mattawan, Michigan. 350 pp. (Report
No. 438-029/022) [cited in IPCS 1996].
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.
Ismail, N., S.B. Gewurtz, K. Pleskach, D.M. Whittle, P.A. Helm, C.H. Marvin, and G.T. Tomy. 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. Environ. Toxicol.
Chem. 28: 910-920.
IVL, Environmental Research Institute. 2015. Miljöövervakningsdata,
http://dvss.ivl.se/registersida.aspx
Jansson, B., R. Andersson, L. Asplund, K. Litzen, K. Nylund, U. Sellstrom, U. Uvemo, C. Wahlberg,
U. Wideqvist, T. Odsjo and M. Olsson. 1993. Chlorinated and brominated persistent organic
39

UNEP/POPS/POPRC.11/10/Add.2

compounds in biological samples from the environment. Environ. Toxicol. Chem. 12: 1163–1174.
Johansen, P. D. Muir, G. Asmund and F. Riget. 2004. Contaminants in the Traditional Greenland Diet.
NERI Tehnical Report, No. 492, National Environmental Research Institute, Roskilde DK. 77 pp.
KAN-DO Office and Pesticides Team. 1995. Accumulated pesticide and industrial chemical findings
from a ten-year study of ready-to-eat foods. J. Assoc. Off. Anal. Chem. Int.J AOAC Int. 78 (3):
614-631.
KEMI (Swedish National Chemicals Inspectorate). 1991. Chlorinated paraffins. In: L. Freij (ed.), Risk
reduction of chemicals: A government commission report. Solna, Sweden. pp. 167–198 [cited in IPCS
1996].
Klecka, J. 2014. The role of a water bug, Sigara striata, in freshwater food webs. PeerJ 2:e389
https://dx.doi.org/10.7717/peerj.389
Koh, I.-O. and W.H.-P. Thiemann. 2001. Study of photochemical oxidation of standard chlorinated
paraffins and identification of degradation products. J. Photochem. Photobiol. A 139: 205–215.
Kolpin, D. W.; Furlong, E. T.; Meyer, M. T.; Thurman, E. M.;Zaugg, S. D.; Barber, L. B.; Buxton, H.
T. Pharmaceuticals, hormones,and other organic wastewater contaminants in U.S. streams,
1999−2000--A national reconnaissance. Environ. Sci. Technol. 2002, 36 (6), 1202−1211.
Kortenkamp A, Backhaus T, Faust M. State of the Art Report on Mixture Toxicity. 2009.
http://ec.europa.eu/environment/chemicals/pdf/report_Mixture%20toxicity.pdf
Kuhnlein, H. M. (1995a). "Benefits and risks of traditional food for Indigenous Peoples: focus on
dietary intakes of Arctic men." Can. J. Physiol. Pharmacol. 73: 765 -771.
Kuhnlein, H. V., O. Receveur, D. C. Muir, H. M. Chan and R. Soueida (1995b). "Arctic indigenous
women consume greater than acceptable levels of organochlorines." J Nutr 125(10): 2501-10.
Lahaniatis, M.R., Coelhan, M., H. Parlar. 2000. Clean-up and quantification of short and medium
chain polychlorinated n-alkanes in fish, fish oil, and fish feed. Organohalogen Compounds. 47:
276-279.
Langer, P., 2010. The impacts of organochlorines and other persistent pollutants on thyroid and
metabolic health. Front Neuroendocrinol. 31(4):497-518. doi: 10.1016/j.yfrne.2010.08.001.
Lau, C., Abbott, B.D., Corton, C.J., Cunningham, M.L.2010 PPARs and Xenobiotic-Induced Adverse
Effects: Relevance to Human Health. PPAR Research Volume 2010, Article ID 954639,
doi:10.1155/2010/954639
Letcher RJ, Bustnes JO, Dietz R, Jenssen BM, Jørgensen EH, Sonne C, Verreault J, Vijayan MM,
Gabrielsen GW. Exposure and effects assessment of persistent organohalogen contaminants in arctic
wildlife and fish. Sci Total Environ. 2010 Jul 1;408(15):2995-3043.
Letcher, R. 2013. Temporal and Spatial Trends of Legacy and Emerging Organic and Metal/Elemental
Contaminants in Canadian Polar Bears. In: Synopsis of Research Conducted under the 2013-2014
Northern Contaminants Program. Aboriginal Affairs and Northern Development Canada, 2013
Li, Xm ; Gao, Y, Wang, Yw, Pan, Yy. 2014a: Emerging Persistent Organic Pollutants in Chinese
Bohai Sea and Its Coastal Regions, Scientific World Journal, 2014
Li, C, Xie, Hb, Chen, JW, Yang, Xh, Zhang, Yf, Qiao, XL. 2014b. Predicting Gaseous Reaction Rates
of Short Chain Chlorinated Paraffins with center dot OH: Overcoming the Difficulty in Experimental
Determination, Environmental Science & Technology, 2014 Dec 2, Vol.48(23), pp.13808-13816
Li Q, Li J, Wang Y, Xu Y, Pan X, Zhang G, Luo C, Kobara Y, Nam JJ, Jones KC. 2012. Atmospheric
short-chain chlorinated paraffins in China, Japan, and South Korea. Environ Sci Technol. 2012 Nov
6;46(21):11948-54.
Lu, M. 2013. Degradation of short chain polychlorinated paraffins by a new isolate: tests in pure
culture and sewage sludge, Journal Of Chemical Technology And Biotechnology, 2013 Jul, Vol.88(7),
pp.1273-1279
Luo, Xiao-Jun, Sun, Yu-Xin, Wu, Jiang-Ping, Chen, She-Jun, Mai, Bi-Xian 2015. Short-chain
chlorinated paraffins in terrestrial bird species inhabiting an e-waste recycling site in South China,
Environmental Pollution, March 2015, Vol.198, pp.41-46
Ma, Xd, Zhang, Hj, Zhou, HQ, Na, Gs, Wang, Z, Chen, C, Chen, JW, Chen, JP. 2014c. Occurrence
and gas/particle partitioning of short- and medium-chain chlorinated paraffins in the atmosphere of
40

UNEP/POPS/POPRC.11/10/Add.2

Fildes Peninsula of Antarctica, Atmospheric Environment, 2014 Jun, Vol.90, pp.10-15
Ma, Xd, Zhang, Hj, Wang, Z, Yao, Zw, Chen, JW, Chen, JP. 2014a. Bioaccumulation and Trophic
Transfer of Short Chain Chlorinated Paraffins in a Marine Food Web from Liaodong Bay, North
China, Environmental Science & Technology, Vol.48(10), pp.5964-5971
Ma, Xd; Chen, Jn, Ma, X, Wang, Z, Yao, Z, Ma, X, Zhang, H, Gao,Y; Chen, J; Chen, C. 2014b.
Congener-specific distribution and bioaccumulation of short-chain chlorinated paraffins in sediments
and bivalves of the Bohai Sea, China, Marine Pollution Bulletin, 2013
Madeley, J. and R. Birtley. 1980. Chlorinated paraffins and the environment. 2. Aquatic and avian
toxicology. Environ. Sci. Technol. 14: 1215–1221 [cited in U.K. Environment Agency 2003b].
Madeley, J.R. and B.G. Maddock. 1983a. The bioconcentration of a chlorinated paraffin in the tissues and
organs of rainbow trout (Salmo gairdneri). Imperial Chemical Industries PLC, Devon, U.K. (Brixham
Report No. BL/B/2310).
Madeley, J.R. and B.G. Maddock. 1983b. Toxicity of a chlorinated paraffin to rainbow trout over 60 days.
Imperial Chemical Industries PLC, Devon, U.K. (Brixham Report No. BL/B/2203).
Madeley, J.R. and R.S. Thompson. 1983. Toxicity of chlorinated paraffin to mussels (Mytilus edulis) over
60 days. (iv) Chlorinated paraffin – 58% chlorination of short chain length n-paraffins. Imperial Chemical
Industries PLC, Devon, U.K. (Brixham Report No. BL/B/2291).
Madeley, J.R., E. Gillings and L.F. Reynolds. 1983a. The determination of the solubility of four
chlorinated paraffins in water. Imperial Chemical Industries PLC, Devon, U.K. (Brixham Report
No. BL/B/2301).
Madeley J.R., R.S. Thompson and D. Brown 1983b. The bioconcentration of a chlorinated paraffin by
the common mussel (Mytilus edulis). Imperial Chemical Industries PLC, Devon, U.K. (Brixham
Report No. BL/B/2351).
Madeley, J.R., A.J. Windeatt and J.R. Street. 1983c. Assessment of the toxicity of a chlorinated
paraffin to the anaerobic sludge digestion product. Imperial Chemical Industries Ltd., Brixham
Laboratory, Devon, U.K. 25 pp. (Report No. BL/B/2253).
Marvin, C.H., S. Painter, G.T. Tomy, G.A. Stern, E. Braekvelt and D.C.G. Muir. 2003. Spatial and
temporal trends in short-chain chlorinated paraffins in Lake Ontario sediments. Environ. Sci. Technol.
37(20): 4561–4568.
Meylan, W.M. and P.H. Howard. 1993. Computer estimation of the atmospheric gas-phase reaction
rate of organic compounds with hydroxyl radicals and ozone. Chemosphere 12: 2293–2299.
Ministry of the Environment (Japan). 2006. Chemicals in the Environment; Report on Environmental
Survey and Monitoring of Chemicals in FY 2005. Environmental Health Department, Ministry of the
Environment, Ministry of Japan. March 2006.
MOE (Ontario Ministry of the Environment). 1998. Guidelines for the utilization of biosolids and
other wastes on agricultural land. January revision.
Moore S., L. Vromet, B. Rondeau. 2003. Comparison of metastable atom bombardment and electron
capture negative ionization for the analysis of polychloroalkanes. Chemosphere 54:453–9.
Morales, L., Martrat, MG., Olmos, J,; Parera, J.; Vicente, J.; Bertolero, A.; Abalos, M., Lacorte, S.;
Santos, Fj., Abad, E. 2012: Persistent Organic Pollutants in gull eggs of two species (Larus
michahellis and Larus audouinii) from the Ebro delta Natural Park, Chemosphere, 2012 Sep,
Vol.88(11), pp.1306-1316
Muir, D.C.G., M. Alaee and G.A. Stern. 1999a. Polychlorinated (C 10–C13) n-alkanes (SCCPs) and
brominated diphenyl ethers (BDPEs) in the Canadian environment. Paper presented at Workshop on
Persistent Organic Pollutants and Heavy Metals, Durham, North Carolina.
Muir D.C.G, T.F. Bidleman and G.A. Stern. 1999b. New persistent and bioaccumulative chemicals in
arctic air, water/snow, and biota. In: Kalhok S, editor. Synopsis of research conducted under the
1997/98 Northern Contaminants Program, vol. 75. Environmental Studies. Ottawa, Indian and
Northern Affairs Canada, p. 165– 9.
Muir, D.C.G., D. Bennie, C. Teixeira, A.T. Fisk, G.T. Tomy, G.A. Stern and M. Whittle. 2001. Short
chain chlorinated paraffins: Are they persistent and bioaccumulative? In: R. Lipnick, B. Jansson,
D. Mackay and M. Patreas (eds.), Persistent, bioaccumulative and toxic substances. Vol. 2. ACS
Books, Washington, D.C. pp. 184–202.
41

UNEP/POPS/POPRC.11/10/Add.2

Muir, D., E. Braekevelt, G. Tomy and M. Whittle. 2002. Analysis of medium chain chlorinated
paraffins in Great Lakes food webs and in a dated sediment core from Lake St. Francis in the
St. Lawrence River system. Preliminary report to Existing Substances Branch, Environment Canada,
Hull, Quebec. 9 pp.
Muir, D. C., Teixeira, E. Braekevelt, G. Tomy and M. Whittle. 2003. Medium chain chlorinated
paraffins in Great Lakes food webs. Organohalogen Compd. 64: 166–169.
Muir, D. C. G., M. Alaee, C. Butt, B. Braune, P. Helm, S. Mabury, G. Tomy and X. Wang. 2004. New
contaminants in Arctic biota. Synopsis of research conducted under the 2003-2004, Northern
Contaminants Program, . Ottawa, Indian and Northern Affairs Canada: 139-148.
Murray, T.M., D.H. Frankenberry, D.H. Steele and R.G. Heath. 1988. Chlorinated paraffins: A report
on the findings from two field studies, Sugar Creek, Ohio and Tinkers Creek, Ohio. Vol. 1. Technical
report. U.S. Environmental Protection Agency, Washington, D.C. 150 pp. (EPA/560/5 87/012).
NCP 2013. Canadian Arctic Contaminants Assessment Report On Persistent Organic Pollutants –
2013. Muir D, Kurt-Karakus P, Stow J. (Eds). Northern Contaminants Program, Aboriginal Affairs
and Northern Development Canada, Ottawa ON. xxiii + 487 pp + Annex
Nicholls, C.R., C.R. Allchin and R.J. Law. 2001. Levels of short and medium chain length
polychlorinated n-alkanes in environmental samples from selected industrial areas in England and
Wales. Environ. Pollut. 114: 415–430.
NICNAS. 2004. Environmental exposure assessment of short chain chlorinated paraffins (SCCPs) in
Australia July, 2004. A follow up report to the National Industrial Chemicals Notification and
Assessment Scheme (NICNAS) Short chain chlorinated paraffins (SCCPs) priority existing chemical
assessment report No. 16.
NILU (2015) Monitoring of environmental contaminants in air and precipitation, M-368|2015 annual
report 2014.– Norwegian Institute for Air Research, Norwegian Environment Agency
Norwegian Environment Agency 2014a. Emission reductions for priority hazardous chemicals (2020
target). Status report. Report M 210-2014 (available in Norwegian only). See
[http://www.miljodirektoratet.no/Documents/publikasjoner/M210/m210.pdf ,2015-03-05]
Norwegian Environment Agency 2014b. Monitoring of environmental contaminants in air and
precipitation, annual report 2013. Report M202-2014.
[http://www.miljodirektoratet.no/Documents/publikasjoner/M202/M202.pdf,2015-03-05]
Norwegian Environment Agency 2014c. Contaminants in coastal waters of Norway 2013. Report
M-250/2014. [http://www.miljodirektoratet.no/Documents/publikasjoner/M250/M250.pdf,
2015-03-05]
Norwegian Environment Agency 2014d. Environmental Contaminants in an Urban Fjord. Report
M-205/2014
Norwegian Environment Agency 2013. Perfluorinated alkylated substances, brominated flame
retardants and chlorinated paraffins in the Norwegian Environment - Screening 2013. Report
M400-2013. [http://www.miljodirektoratet.no/Documents/publikasjoner/M-40/M40.pdf, 2015-03-05]
NTP (National Toxicology Program) 1986. Technical Report Series, No. 308. Toxicology and
carcinogenesis studies of chlorinated paraffins (C12, 60% chlorine) (CAS No. 63449-39-8) in F344/N
rats and B6C3F1 mice (gavage studies).
NTP (National Toxicology Program). 2014. National Toxicology Program. Department of Health and
Human Services. 13th Report on Carcinogens, U.S. Department of Health and Human Services.
Thirteenth Edition. Chlorinated Paraffins. Chlorinated Paraffins (C12, 60% Chlorine) CAS No.
108171-26-2 Reasonably anticipated to be human carcinogens. First listed in the Fifth Annual Report
on Carcinogens (1989): http://ntp.niehs.nih.gov/ntp/roc/content/profiles/chlorinatedparaffins.pdf
Nyberg E., Faxneld, S.,Danielsson, S., Bignert, A., Eriksson, U., Holm, K., Borg H., Berger U., 2012.
National Swedish Contaminant Monitoring Programme for Freshwater Biota, 2012. Swedish Museum
of Natural History,
http://www.nrm.se/download/18.551d33ba13a8a19ad04264a/13_2012+Limniska2012.pdf
Omori, T., T. Kimura and T. Kodama. 1987. Bacterial cometabolic degradation of chlorinated
paraffins. Appl. Microbiol. Biotechnol. 25: 553–557.
OECD guideline for testing of chemicals, Phototransformation of Chemicals in water – direct and
Indirect Photolysis (draft document 2000)
42

UNEP/POPS/POPRC.11/10/Add.2

Olomukoro, OJ., Ebehiremhen.O. 2015. Diversity and Distribution of Benthic Macroinvertebrate
Fauna of Obazuwa Lake in Benin City, Nigeria. Journal of Biology, Agriculture and Healthcare,
Vol.5, No.1, 2015, p. 94 [www.iiste.org]
OSPAR (Oslo-Paris Convention for the Protection of the Marine Environment of the North-East
Atlantic). 2001. OSPAR draft background document on short chain chlorinated paraffins. 65 pp.
(OSPAR 01/4/8-E).
OSPAR (Oslo-Paris Convention for the Protection of the Marine Environment of the North-East
Atlantic). 2006. Overview Assessment: Implementation of PARCOM Decision 95/1 on Short Chained
Chlorinated Paraffin.
Parera, J., F.J. Santos and M.T. Galceran. 2004. Microwave-assisted extraction versus soxhlet
extraction for the analysis of short-chain chlorinated alkanes in sediments. J. Chromatogr. A 1046
(1-2) 19-26.
Pellegriti, G., Frasca, F., 2 Squatrito, S., Vigneri, R. 2013. Worldwide Increasing Incidence of Thyroid
Cancer: Update on Epidemiology and Risk Factors, Journal of Cancer Epidemiology. Volume 2013,
965212, 10 pages http://dx.doi.org/10.1155/2013/965212
Peters, A.J., G.T. Tomy, K.C. Jones, P. Coleman and G.A. Stern. 2000. Occurrence of C10–C13
polychlorinated n-alkanes in the atmosphere of the United Kingdom. Atmos. Environ. 34: 3085–3090.
Petersen, 2012. Short and medium chained chlorinated paraffins in buildings and constructions in the
EU. [part of the Annex E 2015 submission, Netherlands;
http://chm.pops.int/TheConvention/POPsReviewCommittee/Meetings/POPRC10/POPRC10Followup/
Shortchainedchlorinatedparaffins/tabid/4295/Default.aspx, 2015-02-03
Přibylová, P., J. Klánová, and I. Holoubek. 2006. Screening of short- and medium chain chlorinated
paraffins in selected riverine sediments and sludge from the Czech Republic. Environ. Pollut.
144:248-254.
Reiger, R. and K. Ballschmiter. 1995. Semivolatile organic compounds polychlorinated dibenzop-dioxins (PCDD), dibenzofurans (PCDF), biphenyls (PCBs), hexachlorobenzene (HCB), 4,4'-DDE
and chlorinated paraffins (CP) as markers in sewer films. Fresenius J. Anal. Chem. 352: 715–724.
Renberg, L., G. Sundström and K. Sundh-Nygård. 1980. Partition coefficients of organic chemicals
derived from reversed phase thin layer chromatography. Evaluation of methods and application on
phosphate esters, polychlorinated paraffins and some PCB-substitutes. Chemosphere 9: 683–691.
Renberg, L., M. Tarkpea and G. Sundström. 1986. The use of the bivalve Mytilus edulis as a test organism
for bioconcentration studies. Ecotoxicol. Environ. Saf. 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., and M. Oehme. 2006. Short- and medium-chain
chlorinated paraffins in biota from the European Arctic- differences in homologue group patterns. Sci. Tot.
Environ. 367: 252-260.
Sagerup K, Helgason LB, Polder A, Strøm H, Josefsen TD, Skåre JU, Gabrielsen GW. Persistent organic
pollutants and mercury in dead and dying glaucous gulls (Larus hyperboreus) at Bjørnøya (Svalbard). Sci
Total Environ. 2009 Nov 15;407(23):6009-16.
SCHER Scientific Committee on Health and Environmental Risks. 2008. Scientific opinion on the risk
assessment report on alkanes, C14-17, chloro MCCP human health part. CAS 85535-85-9, 15 January
2008.
Schröder, P. ; Belis, C. ; Schnelle-Kreis, J. ; Herzig, R. ; Prevot, A. ; Raveton, M. ; Kirchner, M. ; Catinon,
M. 2014. Why air quality in the Alps remains a matter of concern. The impact of organic pollutants in the
alpine area, Environmental Science and Pollution Research, 2014, Vol.21(1), pp.252-267
Serrone D. M., Birtley R. D. N. Weigand, W., Millischer .R., (1987). Summaries of toxicological data.
Toxicology ofchlorinated paraffins. Food Chem. Toxicol., 25, (7), 553-562SFT. 2002. Kartlegging av
bromerte flammehemmere og klorete parifiner. Rapport 866/02. Norwegian Pollution Control
Authority.Sijm, D.T.H.M. and T.L. Sinnige. 1995. Experimental octanol/water partition coefficients of
chlorinated paraffins. Chemosphere 31: 4427–4435.
Sjöberg, K., Brorström-Lundén, E., Pihl Karlsson G., Danielsson, H., Hansson, K., Wängberg, I.,
Potter A., Kreuger, J., Lindström, B., Areskoug, H., Alpfjord H., Andersson C., (2014). Sakrapport
43

UNEP/POPS/POPRC.11/10/Add.2

2013, Data från övervakning inom Programområde Luft t.o.m. år 2013. IVL Svenska Miljöinstitutet
2014. http://www.naturvardsverket.se/upload/miljoarbete-i-samhallet/miljoarbete-isverige/miljoovervakning/Luft/nationell-luftovervakning-sakrapport-2013.pdf
Sochová, I., J. Hofman, and I. Holoubek. 2007. Effects of seven organic pollutants on soil nematode
Caenorhabditis elegans. Environment International. 33:798-804.
Štejnarová, P., M. Coelhan, R. Kostrhounová, H. Parlar and Ivan Holoubek. 2005. Analysis of short
chain chlorinated paraffins in sediment samples from the Czeck Republic by short-column
GC/ECNI-MS. Chemosphere 58:253-262.
Stern, G.A. and M. Evans. 2003. Persistent organic pollutants in marine and lake sediments. In:
Canadian Arctic Contaminants Assessment Report II. Sources, occurrence, trends and pathways in the
physical environment. Northern Contaminants Program, Department of Indian Affairs and Northern
Development, Ottawa, Ontario. pp. 100–115.
Stern, GA, Braekevelt, E, Helm, PA, Bidleman, TF, Outridge, PM, Lockhart, WL, McNeeley, R,
Rosenberg B, Ikonomou MG, Hamilton P, Tomy GT, Wilkinson P. 2005. Modern and historical fluxes
of halogenated organic contaminants to a lake in the Canadian arctic, as determined from annually
laminated sediment cores. Sci. Total Environ. 342: 223-243
Stevens, J.L., G.L. Northcott, G.A. Stern, G.T. Tomy and K.C. Jones. 2002. PAHs, PCBs, PCNs,
organochlorine pesticides, synthetic musks and polychlorinated n-alkanes in UK sewage sludge:
survey results and implications. Environ. Sci. Technol. 37: 462–467.
Stiehl, T., Pfordt, J., Ende, M. 2008. Globale Destillation. I. Evaluierung von Schadsubstanzen
aufgrund ihrer Persistenz, ihres Bioakkumulationspotentials und ihrer Toxizität im Hinblick auf ihren
potentiellen Eintrag in das arktische Ökosystem. J. Consumer Prot. Food Saf. 3, 61–81.
Stolzenberg, H.-C. 1999. Short chained chlorinated paraffins. Presented at the Organisation for
Economic Co-operation and Development Expert Meeting, Geneva, Switzerland. UmweltBundesAmt,
Berlin, Germany.
Strid, A., Athanassiadis, J., Bergman, A. 2014 Hand blenders available on the Swedish market may
contaminate food with chlorinated paraffins. Annex E submission Pamela Miller, Alaska Community
Action on Toxics and IPEN.
Strid, A., Bruhn, C., Sverko, E., Svavarsson, J., Tomy, G., Bergman, A. 2013. Brominated and
chlorinated flame retardants in liver of Greenland shark (Somniosus microcephalus) Chemosphere,
2013 Apr, Vol.91(2), pp.222-228.
Sverdrup, L.E., T. Hartnik, E. Mariussen, J. Jensen. 2006. Toxicity of three halogenated flame
retardants to nitrifying bacteria, red clover (Trifolium pratense) and a soil invertebrate (Enchytraeus
crypticus) Chemosphere 64(1): 96-103.
Sverko, E., Tomy, GT, M rvin, CH, Muir DCG. 2012. Improving the uality of Environmental
Measurements on Short Chain Chlorinated Paraffins to Support Global Regulatory Efforts, Environ.
Sci. Technol. 2012, 46, 4697−4698.
Takasuga T., A. Hayashi, M. Yamashita, H. Takemori, K. Senthilkumar. 2003. Preliminary study of
polychlorinated n-alkanes in standard mixtures, river water samples from Japan by HRGC-HRMS
with negative ion chemical ionization. Organohalog Compd 60:424–7.
Takasuga T., Nakano T., Shibata Y,. 2012. Unintentional POPs (PCBs, PCBz, PCNs) contamination in
articles containing chlorinated paraffins and related impacted chlorinated paraffin products.
Organohalogen Compd, 2012.
Tang M,, Chen K.,, Yang F., Liu1W., 2014 Exposure to Organochlorine Pollutants and Type 2
Diabetes: A Systematic Review and Meta-Analysis. Plos one. 10, 9, e85556.
Thomas, G.O. and K.C. Jones. 2002. Chlorinated paraffins in human and bovine milk-fat. A report on
a research project funded by the Euro Chlor Chlorinated Paraffins Sector Group. Department of
Environmental Sciences, Lancaster University, Lancaster, U.K. [cited in U.K. Environment Agency
2003a,b].
Thomas G. O., Braekevelt E., Stern G., Martin F. L. and Jones K. C. 2003. Further work on
chlorinated paraffins in human milk-fat. A report on a research project funded by the Eurochlor
Chlorinated Paraffin Sector Group. Department of Environmental Sciences, Lancaster University.
[cited in U.K. Environment Agency 2007].
Thomas G.O., D. Farrar, E. Braekevelt, G. Stern, O.I. Kalantzi, F.L. Martin and K.C. Jones. 2006.
44

UNEP/POPS/POPRC.11/10/Add.2

Short and medium chain length chlorinated paraffins in UK human milk fat. Environmental
International 141:30-41
Thompson, R.S. and J.R. Madeley. 1983a. The acute and chronic toxicity of a chlorinated paraffin to
Daphnia magna. Imperial Chemical Industries PLC, Devon, U.K. (Brixham Report BL/B/2358).
Thompson, R.S. and J.R. Madeley. 1983b. The acute and chronic toxicity of a chlorinated paraffin to
the mysid shrimp (Mysidopsis bahia). Imperial Chemical Industries PLC, Devon, U.K. (Brixham
Report BL/B/2373).
Thompson, R.S. and J.R. Madeley. 1983c. Toxicity of a chlorinated paraffin to the marine alga
Skeletonema costatum. ICI Confidential Report BL/B/2328.
Thompson R. S. and Noble H. 2007. Short-chain chlorinated paraffins (C10-13, 65% chlorinated):
Aerobic and anaerobic transformation in marine and freshwater sediment systems. Draft Report
No BL8405/B. Brixham Environmental Laboratory, AstraZeneca UK Limited.
Thompson, R.S. and N. Shillabeer. 1983. Effect of a chlorinated paraffin on the growth of mussels
(Mytilus edulis). ICI Confidential Report BL/B/2331.
Tomy, G.T. 1997. The mass spectrometric characterization of polychlorinated n-alkanes and the
methodology for their analysis in the environment. Thesis, University of Manitoba, Winnipeg,
Manitoba [cited in Tomy et al. 1998a, 1999].
Tomy, G.T., G.A. Stern, D.C.G. Muir, A.T. Fisk, D. Cymbalisty and J.B. Westmore. 1997.
Quantifying C10–C13 polychloroalkanes in environmental samples by high resolution gas
chromatography/electron capture negative ion mass spectrometry. Anal. Chem. 69: 2762–2771.
Tomy, G.T., A.T. Fisk, J.B. Westmore and D.C.G. Muir. 1998a. Environmental chemistry and
toxicology of polychlorinated n-alkanes. Rev. Environ. Contam. Toxicol. 158: 53–128.
Tomy, G., G. Stern, K. Koczanski and T. Halldorson. 1998b. Polychloro-n-alkanes in beluga whales
from the Arctic and the St. Lawrence River estuary. Organohalogen Compd. 35: 399–401.
Tomy, G.T., G.A. Stern, W.L. Lockhart and D.C.G. Muir. 1999. Occurrence of C 10–C13
polychlorinated n-alkanes in Canadian mid-latitude and Arctic lake sediments. Environ. Sci. Technol.
33: 2858–2863.
Tomy, G.T., D.C.G. Muir, G.A. Stern and J.B. Westmore. 2000. Levels of C 10–C13 polychloro-nalkanes in marine mammals from the Arctic and the St. Lawrence River estuary. Environ. Sci.
Technol. 34: 1615–1619.
Turner, L.J. 1996. 210Pb dating of sediments from the St. Lawrence River (Core 087, Station TCT1).
Ontario. National Water Research Institute, Burlington, Ontario. 27 pp. (NWRI Contribution 96-28).
Ueberschär, K.H., S. Dänicke, S. Matthes. 2007. Dose-response feeding study of short chain
chlorinated paraffins (SCCPs) in laying hens: effects on laying performance and tissue distribution,
accumulation and elimination kinetics. Mol. Nutr. Food Res. 51(2): 248-254.
U.K. Environment Agency. 2001. Long-chain chlorinated paraffins. Environmental risk assessment
report. Draft, November. Prepared by Building Research Establishment Ltd. for Chemicals
Assessment Section, U.K. Environment Agency, Wallingford, Oxfordshire, U.K. 184 pp.
U.K. Environment Agency. 2003a. Risk assessment of alkanes, C14–17, chloro. Draft document,
February. Prepared by Building Research Establishment Ltd. for Chemicals Assessment Section, U.K.
Environment Agency, Wallingford, Oxfordshire, U.K. 326 pp.
U.K. Environment Agency. 2003b. Updated risk assessment of alkanes, C 10–13, chloro.
Environmental draft, July. Prepared by Building Research Establishment Ltd. for Chemicals
Assessment Section, U.K. Environment Agency, Wallingford, Oxfordshire, U.K. 104 pp.
U.K. Environment Agency. 2007. Updated Risk Assessment of Alkanes, C10-13, Chloro. CAS
Number: 85535-84-8. EINECS Number: 287-476-5. Combined Draft of April 2007. UK Environment
Agency, Oxfordshire, U.K. 139 pp.
UNECE-LRTAP POPs Protocol, 2007. Summary Of The Independent Track A Technical Peer
Reviews On Short Chained Chlorinated Paraffins (SCCPs) Dossier Submitted Under The
UNECE-LRTAP POPs Protocol, 16/1/08 Available at
http://www.unece.org.net4all.ch/fileadmin/DAM/env/lrtap/TaskForce/popsxg/2006/5th meeting/Final
Summary Report SCCP May 1.doc
45

UNEP/POPS/POPRC.11/10/Add.2

[UNEP/AMAP Expert Group. 2009. Climate Change and POPs: Predicting Impacts.
http://chm.pops.int/Programmes/GlobalMonitoringPlan/ClimateChangeandPOPsPredictingtheImpacts/
tabid/1580/language/en-US/Default.aspx]
UK REACH Competent Authority 2008. Proposal for identification of a substance as a CMR, PBT,
vPvB or a substance of an equivalent level of concern, Annex XV, June 2008, [available at
http://echa.europa.eu/, 2015-03-06]
US EPA. 2009. Short-Chain Chlorinated Paraffins (SCCPs) and Other Chlorinated Paraffins Action
Plan, U.S. Environmental Protection Agency, 12/30/2009
[http://www.epa.gov/opptintr/existingchemicals/pubs/actionplans/sccps_ap_2009_1230_final.pdf,
2015-03-06]
Van Oostdam, J., A. Gilman, É. Dewailly, P. Usher, B. Wheatley, H. Kuhnlein, S. Neve, J. Walker, B.
Tracy, M. Feeley, V. Jerome and B. Kwavnick (1999). Human Health Implications of Environmental
Contaminants in Arctic Canada: A Review. Sci. Tot. Environ. 230: 1-82.
Vandenberg LN, Colborn T, Hayes TB, Heindel JJ, Jacobs DR Jr, Lee DH, Shioda T, Soto AM, vom
Saal FS, Welshons WV, Zoeller RT, Myers JP. 2012. Hormones and endocrine-disrupting chemicals:
low-dose effects and nonmonotonic dose responses. Endocr Rev. 2012 Jun;33(3):378-455.
Vighi, M and S. Villa. 2011. Risk for POP mixtures in an Arctic food chain. Presentation. Stockholm
Convention on POPs.
Vorkamp, K., Rigét F.F. 2014 A review of new and current-use contaminants in the Arctic
environment: evidence of long-range transport and indications of bioaccumulation. Chemosphere.
111:379-95.
Vos, JG., Dybing E, Greim H.A., Ladefoged O., Lambre C, Tarazona J.V., Brandt I, Vethaak AD
2000. Health effects of endocrine-disrupting chemicals on wildlife with special reference to the
European situation. Crit.Rev.Toxicol. 30, 71–133.
Wang, T., Han, S., Yuan, B., Zeng, L., Li, Y., Wang, Y. and Jiang, G. 2012. Summer–winter
concentrations and gas-particle partitioning of short chain chlorinated paraffins in the atmosphere of
an urban setting, Environmental Pollution, 171, 38-45.
Wang, Xue-Tong ; Zhang, Yuan ; Miao, Yi ; Li, Yuan-Cheng ; Chang, Yue-Ya ; Wu, Ming-Hong ;
Ma, Ling-Ling 2013a. Short-chain chlorinated paraffins (SCCPs) in surface soil from a background
area in China: Occurrence, distribution, and congener profiles, Environmental Science and Pollution
Research, July 2013, Vol.20(7), pp.4742-4749
Wang, Yan; Li, Jun; Cheng, Zhineng; Li, Qilu; Pan, Xiaohui; Zhang, Ruijie; Liu, Di; Luo, Chunling;
Liu, Xiang; Katsoyiannis, Athanasios; Zhang, Gan. 2013b: 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, 2013, Vol.47(6), pp.2679-2687
Wang, X-T., Wang, X-K., Zhang, Y., Chen, L., Sun,Y-F., Li, M. and 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, Thanh; Yu, Junchao; Han, Shanlong; Wang, Yawei ; Jiang, Guibin 2015. Levels of short chain
chlorinated paraffins in pine needles and bark and their vegetation-air partitioning in urban areas,
Environmental Pollution, January 2015, Vol.196, pp.309-312
Wania, F. 2003. Assessing the potential of persistent organic chemicals for long-range transport and
accumulation in polar regions. Environ. Sci. Technol. 37(7): 1344–1351.
Warnasuriya, G.D., B.M. Elcombe, J.R. Foster and C.R. Elcombe. 2010. A mechanism for the
induction of renal tumours in male Fischer 344 rats by short-chain chlorinated paraffins. Arch
Toxicol. 84: 233-243.

46

UNEP/POPS/POPRC.11/10/Add.2

Wegmann, F., M. MacLeod and M. Scheringer. 2007. POP Candidates 2007: Model results on overall
persistence and long-range transport potential using the OECD Pov & LRTAP screening tool.
Available at: http://www.sust-chem.ethz.ch/downloads.
WHO World Health Organisation. 2012. State of the science of endocrine disrupting chemicals – 2012
An assessment of the state of the science of endocrine disruptors prepared by a group of experts for the
United Nations Environment Programme (UNEP) and WHO. ISBN: 978 92 4 150503 1.
Wiig, O. 1998. Survival and reproductive rates of polar bears at Svalbard. Ursus 10: 25 -32.
Wyatt, I., C.T. Coutts and C.R. Elcombe. 1993. The effect of chlorinated paraffins on hepatic enzymes
and thyroid hormones. Toxicology 77(1/2): 81–90.
Yuan, B.; Wang, Y. W.; Fu, J. J.; Zhang, Q. H.; Jiang, G. B. 2010. An analytical method for
chlorinated paraffins and their determination in soil samples. Chin. Sci. Bull. 2010, 55, 2395−2401.
Yuan, Bo; Wang, Thanh; Zhu, Nali; Zhang, Kegang; Zeng, Lixi; Fu, Jianjie; Wang, Yawei; Jiang,
Guibin 2012: Short chain chlorinated paraffins in mollusks from coastal waters in the Chinese Bohai
Sea, Environmental Science and Technology, Vol.46(12), pp.6489-6496
Zeng, Lixi; Wang, Thanh; Wang, Pu; Liu, Qian ; Han, Shanlong ; Yuan, Bo; Zhu, Nali; Wang, Yawei;
Jiang, Guibin 2011a: Distribution and trophic transfer of short-chain chlorinated paraffins in an
aquatic ecosystem receiving effluents from a sewage treatment plant, Environmental Science and
Technology, Vol.45(13), pp.5529-5535
Zeng, Lixi; Wang, Thanh; Yuan, Bo; Liu, Qian; Wang, Yawei; Jiang, Guibin; Han, Wenya 2011b:
Spatial and vertical distribution of short chain chlorinated paraffins in soils from wastewater irrigated
farmlands, Environmental Science and Technology, Vol.45(6), pp.2100-2106
Zeng L, Li H, Wang T, Gao Y, Xiao K, Du Y, Wang Y, Jiang G. 2012a. Behavior, fate, and mass
loading of short chain chlorinated paraffins in an advanced municipal sewage treatment plant, Environ
Sci Technol. 2013 Jan 15;47(2):732-40.
Zeng, Lixi ; Wang, Thanh ; Ruan, Ting ; Liu, Qian ; Wang, Yawei ; Jiang, Guibin ; Zeng, Lixi 2012b:
Levels and distribution patterns of short chain chlorinated paraffins in sewage sludge of wastewater
treatment plants in China, Environmental Pollution, January 2012, Vol.160(1), pp.88-94
Zeng L., Zhao Z., Li, H., Wang T., Liu Q., Xiao, K., Du, Y., Wang Y., Jiang G. 2012c. Distribution of
Short Chain Chlorinated Paraffins in Marine Sediments of the East China Sea: Influencing Factors,
Transport and Implications, Environ. Sci. Technol., 2012, 46 (18), pp 9898–9906
Zeng, Lixi, Chen, Ru, Wang, Thanh, Gao, Yan, Wang, Yawei, Jiang, Guibin, Zeng, Lixi, Chen, Ru,
Zhao, Zongshan, Li, An Sun, Liguang 2013. Spatial distributions and deposition chronology of short
chain chlorinated paraffins in marine sediments across the Chinese Bohai and Yellow Seas,
Environmental Science and Technology, 15 October 2013, Vol.47(20), pp.11449-11456
Zhao, Zongshan; Li, Huijuan; Wang, Yawei; Li, Guoliang; Zeng, Lixi; Wang, Thanh; Jiang, Guibin;
2013. Source and migration of short-chain chlorinated paraffins in the coastal East China Sea using
multiproxies of marine organic geochemistry, Environmental Science and Technology, 21 May 2013,
Vol.47(10), pp.5013-5022
Zitko, V. and E. Arsenault. 1974. Chlorinated paraffins: Properties, uses, and pollution potential.
Fisheries and Marine Service, Environment Canada, St. Andrews, New Brunswick. 38 pp. (Technical
Report No. 491).

47

