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Abstract
Risks associated with chemical emissions from widely used articles are becoming a
worldwide concern that involves the responsibility of Governments, but nonetheless
producers and importers of materials and articles. Combining statistical information on
chemicals commonly used in articles in Sweden with chemical knowledge on their potential
or known tendencies to persist and/or bioaccumulate in the environment has not yet been
done. A preliminary inventory was therefore conducted on the 101 chemicals present in
highest average net amounts in articles of plastics, textiles and rubber in Sweden according to
the Commodity Guide, a database constructed by the Swedish Chemicals Agency containing
information on what chemicals different articles and materials might contain and in what
amounts they may exist in. The present study reveals that there are chemicals that are
regarded by the European Commission or by other reliable sources as persistent and/or
bioaccumulating that are extensively used in articles in Sweden. Fourteen different classes of
chemicals (25 individual chemicals) were found to be of interest to investigate further with
regard to PBT-properties. Data on their persistence and bioaccumulation was collected,
creating a PB-database. The present study revealed that six of these 101 chemicals are
classified as Substances of Very High Concern (SVHCs) by the European Commission, two
are included in the Stockholm Convention as Persistent Organic Pollutants (POPs), seven are
classified as persistent and/or bioaccumulating by the European Commission, two are
included on the SIN List, two are regarded as persistent and/or bioaccumulating by other
reliable sources and eight structurally resemble substances that are known to be persistent
and/or bioaccumulating. All of the chemicals that are or may potentially be persistent and/or
bioaccumulating are organic compounds and most of these are halogenated. Uncertainties
exist in the statistical data and reservations are made regarding a few chemicals that have
been restricted for use in all or certain articles after the year the data applies for. Nevertheless,
further investigations are needed and recommendations include updating the statistical data of
the Commodity Guide, examining the effectiveness of REACH and other measures
controlling the use of chemicals in articles, and studying different emission scenarios.
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Acronyms and Abbreviations
BaA
BAF
BaP
BbFA
BBP
BeP
BCF
BjFA
BkFA
BMF
CAS
CHR
CMR
CP
DAP
DBAhA
DBP
DecaBB
DecaBDE
DEHP
DIDP
DINP
DIOP
DNOP
DUDP
EBTBP
ECB
ECEDG
ECHA
ECJRC
ESIS
EU
HBCDD
IARC
IUCLID
IUPAC
LCCP
LogKow
LRT
MeO-PBDE
MCCP
OctaBDE
OH-PBDE
OJEU
ORATS
RAR
REACH
RoHS

Benzo[a]anthrazene
Bioaccumulation Factor
Benzo[a]pyrene
Benzo[b]fluoranthene
Benzylbutylphthalate
Benzo[e]pyrene
Bioconcentration Factor
Benzo[j]fluoranthene
Benzo[k]fluoranthene
Biomagnification Factor
Chemical Abstracts Service
Chrysen
Carcinogenic, Mutagenic and Reprotoxic
Chlorinated Paraffins
Dialkylphthalate
Dibenzo[a,h]anthracene
Dibutylphthalate
Decabrominated biphenyl
Decabrominated biphenyl ether
Di(ethylhexyl)phthalate
Diisodecylphthalate
Diisononylphthalate
Diisooctylphthalate
Di-n-octylphthalate
Diundecylphthalate
Ethylene bis(tetrabromophthalimide)
European Chemicals Bureau
European Commission Environment Directorate General
European Chemicals Agency
European Commission Joint Research Centre
European chemical Substances Information System
European Union
Hexabromocyclododecane
International Agency for Research on Cancer
International Uniform ChemicaL Information Database
International Union of Pure and Applied Chemistry
Long-chain chlorinated paraffins
Log octanol-water partition coefficient
Long-range transportation
Methoxylated-PBDE congeners
Medium-chain chlorinated paraffins
Octabrominated biphenyl ether
Hydroxylated-PBDE congeners
Official Journal of the European Union
Online European Risk Assessment Tracking System
Risk Assessment Reports
Registration, Evaluation, Authorization and Restriction of Chemical substances
Restriction of the use of certain Hazardous Substances
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PAH
PB
PBB
PBDE
PBT
PBEB
PCB
PentaBDE
pKa
POP
SCB
SCCP
SIN!
SVHC
TBBPA
T!
vB
vPvB
vP
WEEE
w/w

Polycyclic Aromatic Hydrocarbons
Persistence and Bioaccumulation
Polybrominated biphenyls
Polybrominated diphenyl ether
Persistent, Bioaccumulative and Toxic
Pentabromoethylbenzene
Polychlorinated biphenyls
Pentabrominated biphenyl ether
Logarithmic acid dissociation constant
Persistent Organic Pollutant
Statistics Sweden
Short-chain chlorinated paraffins
Substitute It Now!
Substance of Very High Concern
Tetrabromobiphenol A
Half-life
very Bioaccumulating
very Persistent and very Bioaccumulating
very Persistent
Waste Electrical and Electronic Equipment
weight by weight
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1. Introduction
As of today, the control over the unintended, diffuse spread of chemicals leaching from
widely used articles has been criticized for being poor. This is mainly due to insufficient
chemical legislations and restrictions as well as deficient chemical and legislative knowledge
among companies manufacturing articles.
Emissions of chemicals from articles occur during their entire life-cycle, i.e. during
production, use and waste phases. Electronic waste management, particularly in developing
countries, has been identified as highly deficient (KemI, 2009). This is one important
emission source for many chemicals, especially flame-retardants. The Swedish Chemicals
Agency also reports that half of the inquired textile companies completely lacked any
knowledge on chemicals in articles and chemical legislation (KemI, 2010a). A possible
consequence following such faults in management is that no demands are put on the
producers or subcontractors to follow legislative rules. Furthermore, consumers have the right
to be informed about the presence of Substances of Very High Concern (SVHC) in articles
upon request (ECEGD, 2007), a right that, if used, could put pressure on companies to refrain
from including SVHC in their articles.
When chemicals are included in an article as a substance or mixture and are not chemically
bonded to the material (so called additives), the chemicals can easily migrate out of the
material (de Wit et al., 2010; KemI, 2011a). Numerous of different chemicals or residues of
chemicals have been found to persist in the abiotic environment (air, soil and water) as well as
in the biotic (plants, animals and humans) as a result of this. The attention being drawn to this
problem is increasing. However, there is a limited knowledge about the toxicity and
environmental fate of many of the ever-increasing amounts of different chemicals present on
the market. This becomes clear when reading Risk Assessment Reports (RAR) compiled by
the European Chemicals Bureau (ECB, 2007a). Many scientists are engaged in searching for
common chemicals in the many different compartments of the environment and modelling
and screening programs have been developed (Dimitrov et al., 2003; Kierkegaard et al., 2009;
Howard & Muir, 2010). This has largely contributed to a better understanding of persistence,
bioaccumulation and toxicity (PBT) of many chemicals in use.
Regardless of the increasing evidence of several chemicals’ hazardous characteristics, the
European regulation process of new chemicals is slow and there may be a risk that existing
regulations are not sufficient to cover all problematic areas. Considerably few chemicals are
restricted or regulated in articles that are within the scope of REACH (Registration,
Evaluation, Authorization and Restriction of Chemical substances), the main Eurpean Union
(EU) chemicals legislation. The Candidate List of SVHC only consists of approximately 40
different chemicals (ECHA, 2010). Additionally, some of these chemicals are restricted for
certain uses, including in articles, under REACH Annex XVII (OJEU, 2009).
The Swedish Chemicals Agency has identified the difficulties companies face as they lack
knowledge about which chemicals that can be expected to be present in the articles that they
purchase from their producers or subcontractors (SCB, 2010). With data from Statistics
Sweden (SCB), the Swedish Chemicals Agency has therefore put together a publicly available
database, the Commodity Guide, where one can find information on what chemicals different
materials and articles might contain. There is yet a need to combine the information given in
the Commodity Guide with the knowledge about environmental fate and the hazards some
substances could pose to the human health and the environment.
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1.1. Aim of the Study
The purpose of this literature study is to identify high-volume chemicals used in articles in
Sweden that are known to or could potentially persist and/or bioaccumulate in the
environment. In addition, the aim is to examine if and how these chemicals are regulated by
REACH when incorporated into articles.

2. Background
When studying a chemical’s potential danger to the environment and the organisms within it,
it is of strong interest to examine its persistence and its life-time in the environment, as well
as its capability to bioaccumulate; meaning its capacity to accumulate in biota. These terms
will therefore be described in more detail in this chapter. It is important to also examine the
legislations that include measures to control chemicals that are known to be persistent and/or
bioaccumulating with the purpose to protect humans and the environment from exposure to
these. A couple of the European legislations that apply for chemicals in articles will be
described briefly, as will the support organization, The International Chemical Secretariat.
2.1. Persistence
A chemical can be considered persistent when it is very stable and unreactive and is thereby
only slowly broken down into smaller compounds or elements. The negative aspect of
persistent pollutants is the imminent risk of large concentrations building up which can
interfere with natural biological processes taking place in the area and can thus pose a threat
to the environment for a long period of time.
The term degradation may include the process of mineralization and/or transformation of a
compound and is measured by the compound’s half-life (T! in a certain medium) (Davis et
al., 2006; Zang et al., 2006). There are many different types of degradation processes taking
place in the different compartments of the environment. In air as well as in surface waters,
photochemical and oxidative reactions can take place; in soil and sediment, microbial
reductive degradation is a large contributor and in animals and humans, metabolism can
further transform exogenous substances (Eriksson et al., 2004; Marsh et al., 2004; Davis et al.,
2006). It is important to have knowledge of these degradation pathways to predict substances’
fate in the environment and possible effects on the human health.
The degradation of a chemical is naturally dependant on its structure and the inherent
reactivity of its functional groups. Degradation of halogenated aromatics has, for example,
been connected with bond strength between atoms, charge distribution and steric hindrence in
a molecule (ECB, 2000a). Also, factors such as environmental conditions have effect on
degradation by controlling which reactions are possible. Degradation rates of pollutants in soil
and sediment are for example dependant on redox potential and the amount of oxygen
present, the pH, the temperature and light intensity, the humidity and the types of
microorganisms present (Nyholm et al., 2010).
2.2. Bioaccumulation
Bioaccumulation can be measured and rated either by the bioconcentration factor (BCF), the
bioaccumulation factor (BAF) or the log octanol-water partition coefficient (logKow)
(ECHA, 2008a; Government of Canada, 2008). Also, the biomagnification factor (BMF) is
used to describe bioaccumulation in the food web.
The term BCF is a rating of a substance’s bioavailability combined with its biopersistency. A
high BCF indicates that the rate at which an organism absorbs the chemical of interest from
water is higher than its elimination rate (Dimitrov et al., 2003). The BAF includes other
8

sources of uptake than water. Both the bioconcentration and bioaccumulation is dependant on
an organism’s metabolism and is thus specific for individual species. Since the membranes of
organisms are, to a high extent, lipophilic, the potential uptake of chemicals can therefore be
correlated to its lipophilicity. This is measured by the logKow. Tentatively, a substance can
be considered bioavailable when its logKow-value is in the range of 4-7 (Dimitrov et al.,
2003; ECHA, 2008a). This range is in line with the European Commission’s criteria for
bioaccumulation, which is a logKow > 4.5 (Table 1) and above 8 or 10, bioavailability in
considered to decrease. However, no commonly accepted maximum value for bioavailability
has been set (Dimitrov et al., 2003). Biomagnification is the increasing concentration of a
chemical the higher the trophic level of the organism and it is scaled according to its BMF.
2.3. European Legislations and Support Organisations
The assessment and regulation of industrial chemicals in the EU is primarily handled by
REACH (ECE, 2011). For chemicals that are intended to be released from the article and exist
in articles in more than 1 tonne/year must be registered according to REACH. This applies
e.g. to fragrances. Chemicals identified as SVHC and listed on REACH’s Candidate list must
be notified to the European Chemicals Agency (ECHA) if they are present in articles in a
concentration over 0.1 % weight by weight (w/w) and are present in articles in more than 1
tonne/year/producer or importer (ECEDG, 2007). The regulations under REACH are
therefore mainly applicable to high-volume chemicals i.e. chemicals that are manufactured or
imported in more than 10 tonnes/year (ECHA, 2008a). Also, if the concentration of an
SVHC-chemical in an article exceeds the 0.1 % limit, there is an information requirement
meaning that every link in the chain of suppliers is responsible to provide information on how
the article can be used in a safe way down the supply chain, at a minimum the name of the
substance should be provided (ECEDG, 2007). Consumers have the right to receive the same
information within 45 days after requested. Currently, chemicals that are classified as SVHC
are successively being selected with the purpose of undergoing further risk assessment and
they will require an authorization according to REACH, article 56-57 (OJEU, 2006; KemI,
2011c). Producers must show that the risk associated with the chemical is controlled or that
the environmental and/or health risk is outweighed by socioeconomic factors. It is
questionable whether these requirements are sufficient to ensure a safe use of these chemicals
(SCB, 2010). Although the legislation is followed, if a certain chemical is produced and used
extensively in articles, there is still a risk of large emissions accumulating in the environment.
ECHA has set up a list of criteria for the evaluation of whether or not a substance can be
regarded as PBT or very persistent and very bioaccumulating (vPvB) (ECHA, 2008a). The
substance in question only needs to fulfill one of the criterion to be classified as persistent or
bioaccumulating. The criteria are applicable for substances (or constituents or transformation
products thereof) that are present in " 0.1 % (w/w). Additional to the criteria below, a BMF >
1 and LogKow > 4.5 can be used as guidelines for evaluation and classification of the
bioaccumulation of chemicals. Classification of a substance as PBT or vPvB is of importance
for increasing the likelihood that the substance in question will be included under current
regulatory frameworks e.g. REACH. Note that that the BCF-values are given with the unit
L/kg (Table 1), however, a unit is here unnecessary (Å. Bergman, personal communication,
2011-05-30) and the factor will from here on forth be given as a dimensionless value.
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Table 1. PBT- and vPvB-criteria set by the European Commission, REACH Annex XVII (ECHA, 2008a).

PBT-criteria
Persistence
• Marine water: T! > 60 days
• Fresh/estuarine water: T! > 40 days
• Marine sediment: T! > 180 days
• Fresh/estuarine sediment: T! > 120
days
• Soil: T! > 120 days
Bioaccumulation BCF > 2000 L/kg
Toxicity
Not applicable for this report

vPvB-criteria
• Marine/fresh/estuarine
water: T! > 60 days
• Marine/fresh/estuarine
sediment: T! > 180 days
• Soil: T! > 180 days
BCF > 5000 L/kg
-

Other regulatory frameworks controlling chemicals in articles are the Restriction of the use of
certain Hazardous Substances (RoHS) Directive (2002/95/EC), which restricts certain
hazardous substances in electronical and electronic equipment and the Waste Electrical and
Electronic Equipment (WEEE) Directive (2002/96/EC), which controls waste handling of
electronic equipment (KemI, 2006a). Furthermore, some chemicals are also specifically
restricted from use in e.g. children’s toys and childcare articles by the Toys Safety Directive
(2009/48/EC) (KemI, 2011b).
The Substitute It Now! (SIN) List is an ongoing project taking the form of a database, created
by the International Chemical Secretariat together with several non-governmental
organisations (NGOs) (ChemSec, 2011). The SIN List works by presenting substances that
are not classified as SVHCs and not regulated by REACH but according to reliable data fulfill
the criteria for such classification, e.g. PBT or vPvB. The goal of the SIN List project is to
speed up the long dowering procedure of risk assessment compilation and classification
according to REACH.

3. Method
A list of substances that can be found in plastic, textiles and rubber, based on information
from the Danish Ministry of the Environment from 1993, was put together by the Swedish
Chemicals Agency with information on the net amounts (the amount produced in and
imported to Sweden minus the amount exported) of these chemicals in articles obtained from
Statistics Sweden for the year of 2007 (KemI, 2011d). This data is what the Commodity
Guide is built upon. The net amounts are always given as a range of possible amounts
(minimum to maximum) included in different types of articles. The raw data from the
Commodity Guide was acquired from Magnus Björk at the Swedish Chemicals Agency.
Linda Molander at the Royal Institute of Technology (KTH) converted the range of net
amounts to mean values and the chemicals were sorted after increasing average net amounts
(tonne/year). From this list (from here on referred to as the Commodity Guide list) consisting
of approximately 1000 different substances, the first 101 chemicals were searched for by their
Chemical Abstracts Service (CAS) numbers in the following lists and databases: Candidate
list (SVHC) (ECHA, 2010), SIN List (SIN List, 2011), the European Commission Joint
Research Centre’s (ECJRC) databases 1) “European Chemical Substances Information
System” (ESIS) (ECJRC, 2011a), 2) Persistent Bioaccumulative and Toxic (PBT) Information
System (ECJRC, 2011b) and 3) Online European Risk Assessment Tracking System
(ORATS) (ECJRC, 2011c). For one chemical, insufficient data was found in the mentioned
databases and information was instead retrieved from ECJRC’s database International
Uniform Chemical Information Database (IUCLID) (ECJRC, 2011d). The chemicals that
were classified as persistent or bioaccumulating in any of the mentioned databases, were
listed separately, forming a new database, the PB (Persistence and Bioaccumulation)-
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Database. Support documents and risk assessment reports accompanying the classifications
were scanned for the following points of information:
1. PBT and vPvB classifications
2. Persistence
3. Bioaccumulation
4. Biomagnification
5. Abiotic degradation mechanism and degradation products
6. Metabolic mechanisms and metabolites
Further information was gained by searching for related peer-reviewed articles in the
following databases: SciFinder, ScienceDirect and PubMed. The ECHA’s PBT/vPvB-criteria
(Table 1) was used as a basis when evaluating the data found in the scientific databases.
Chemicals that were classified as SVHC were also searched for in the Restricted Substance
Database (KemI, 2011b). Additionally, related documents cited in risk assessment reports etc.
were also a source to information.
Out of the top 101 chemicals on the Commodity Guide list, 27 lacked trivial names and were
listed by their IUPAC (International Union of Pure and Applied Chemistry) names. These
were either entered into the “Convert name to structure” function in the program CS
ChemBioDraw Ultra v. 12 (CambridgeSoft, 2010) or searched for in the database Scifinder, to
retrieve their chemical structure. Thereafter, subjective judgements were made on each of the
chemicals on similarities with structures of chemicals with known persistence and
bioaccumulation characteristics. Chemicals on the Commodity Guide list were also selected
for investigation if they were recognized by the author as being widely suspected to be
persistent or bioaccumulating or if they resemble compounds that are known to be persistent
or bioaccumulating.
3.1. Limitations
There is a very wide span of possible net amounts of the chemicals in the chemical list of net
amounts; some range from zero to several hundred thousand tonnes/year (Appendix B). This
makes up a source of error in the ranking based on the average amounts these chemicals may
be present in articles.
The identification of chemicals with PB-properties on the Commodity Guide list was initially
limited to those found on the Candidate list and in the ECJRC’s databases. Further
information for these chemicals was subsequently searched for in scientific databases.
However, it is possible that additional substances would have been found interesting with
regard to their PB-properties and thus included in the PB-database if a thorough search in the
scientific literature had been conducted for all 101 chemicals.
Due to the time limit of this project, only the European legislation REACH, and more
specifically, the Candiate list and Annex XVII was studied. Information on regulations of
chemicals in articles that were encountered while reading other reports and entries in
databases was also included, however, without going into further depth.

4. Results and Discussion
After examination of the 101 chemicals present in highest net amounts (average values) in
articles in Sweden, 14 different classes of chemicals (comprising 25 individual chemicals)
were found to be of interest to investigate further and were collected, creating a new database.
Six of these are classified as SVHC by the European Commission, two are included in the
Stockholm Convention as Persistent Organic Pollutants (POPs), seven are classified as
11

persistent and/or bioaccumulating by the European Commission (ECJRC, 2011 b), two are
included on the SIN-List, two are regarded as persistent and/or bioaccumulating by other
reliable sources and eight structurally resemble other substances that are known to be
persistent and/or bioaccumulating. The following substances are studied in this report:
polybrominated diphenyl ethers (PBDE), hexabromocyclododecane (HBCDD), chlorinated
paraffins (CP), polycyclic aromatic hydrocarbons (PAH), phthalate esters,
pentachlorobenzene
thiol,
ethylene
bis(tetrabromophthalimide)
(EBTBP),
tetrabromobisphenol-A (TBBPA), bromophenols, pentabromotoluene, decabromobiphenyl
(DecaBB), 1,2-bis(pentabromophenoxy)ethane, decabromodiphenyl ethane, 2,9-bis[4(phenylazo)phenyl]-anthra[2,1,9-def:6,5,10-d'e'f']diisoquinoline-1,3,8,10(2H,9H)-tetrone
(CAS 3049-71-6) and 1,4,5,6,7,7-hexachloro-6-norbornene-2,3-dicarboxylic acid (HET
Acid).
4.1. Polybrominated diphenyl ethers (PBDE)
CAS No. 1163-19-5, 32536-52-0 and 32534-81-9
Pentabromodiphenyl ether (pentaBDE), octabromodiphenyl ether (octaBDE) and
decabromodiphenyl ether (decaBDE) (Figure 1) have been assessed by the European
Commission and it was concluded that penta- and octaBDE fulfill the PBT criteria (ECJRC,
2011b). The commercial octaBDE (with the major components being hexaBDE and
heptaBDE) is also classified as a POP by the Stockholm Convention (2011a) since May 2009
for being highly persistent, highly bioaccumulating, for biomagnifying and for it being prone
to long-range transportation (LRT). Tetra- and pentaBDE (main components of commercial
pentaBDE) are also classified as POP under Annex A (for elimination from the market) in the
Stockholm Convention, since 2009 (2011a). It is stated by the Stockholm Convention (2011a)
that possible degradation of PBDEs merely occurs through successive reductive
debromination steps yielding lower brominated, more persistent, bioaccumulating and toxic
PBDEs (ECB, 2003a). This risk is considered by the European Commission. However,
decaBDE has not yet been classified and is under evaluation for PBT-classification (ECJRC,
2011b). Octa- and pentaBDE are not produced in Europe, however reports exist on the
presence of hexa- and heptaBDE in articles in Europe (ECB, 2000a; Stockholm Convention,
2011a). There are presently no limiting restrictions on the use of decaBDE in articles other
than in electronic devices (de Wit et al., 2010). Since 2008, all PBDEs are to be substituted
for other chemicals when new electrical and electronic equipment are produced (RoHS
Directive, 2003).

Figure 1. Polybrominated diphenyl ether, 1 ! x ! 5, 1 ! y ! 5

4.1.1. Persistence
There is experimental evidence that PBDEs may photodegrade in water, whereby the
molecule absorbs radiation and eliminates a bromine atom while in excited state, following
the reaction with water to form a hydroxylated transformation product (ECB, 2000a).
Experiments have been done on photolytic degradation of decaBDE adsorbed on particles.
Results showed that debrominated occurred to a very small extent and solely nona- octa- and
heptaBDE were identified as degradation products (ECB, 2000a). Raff and Hites (2007)
found that the major elimination pathway of PBDEs (>6 Br) from the atmosphere is wet and
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dry deposition as they are to a high extent bound to particles and thus less susceptible to
photolytic degradation. The reason for this is that adsorption to particles/bulk matrices
decreases the availability of the molecules for photodegradation and presumably only surfaceexposed molecules are affected. Lower-brominated PBDEs, on the contrary, are mainly
present in gas phase in the atmosphere leading to a higher degree reacting photolytically.
Hydroxyl radical reactions were only shown to be relevant for mono- and diBDEs. These
laboratory results are in accordance with lake-bottom sediment samples that predominantly
contained decaBDE (95 % of the total PBDE), which is likely due to the deposition of
particulate-bound PBDE. Likewise, pentaPBDEs (BDE-47 and -99) was the predominant
congener found in arctic air samples (Möller et al., 2011). PBDEs (in particular lowerbrominated PBDEs) are generally considered to have a high potential to long-range
transportation. The ubiquitous presence of PBDEs in the environment, in urban and remote
areas, has made them comparable to polychlorinated biphenyls (PCBs) (de Wit et al., 2010).
There are several reports on laboratory experiments giving evidence for the slow
biodegradation of PBDEs in soil and sediment (CITI, 1992 referred to in ECB, 2002; Schaefer
and Haberlien, 1997 referred to in ECB, 2000a; Schaefer and Flaggs, 2001 referred to in
ECB, 2002; Gerecke et al., 2006; Nyholm et al., 2010). However at a slow rate, the chemical
pathways taken by highly brominated PBDEs in the natural environment is debromination
(ECB, 2003a). Reductive dehalogenation is a possible degradation pathway for many
halogenated aromatics, including PBDEs, under oxygen deficient conditions in soils and
sediments in the abiotic environment (ECB, 2003a; Nyholm et al., 2010). However,
microbally mediated dehalogenation is found to contribute to a faster removal of halogenated
aromatics in soils and sediments compared to reductive dehalogenation (ECB, 2000a).
Enzymatic debromination of PBDEs is also believed to occur in mammalian livers e.g. in
polar bears (Letcher et al., 2010). Lower brominated PBDEs can also form hydroxylated
polybrominated diphenyl ethers (OH-PBDE) as these metabolites have been found in liver,
fat, blood and brain of polar bears. Laboratory studies on mice have also shown the
transformation of PBDEs to OH-PBDE metabolites (Marsh et al., 2004). Additionally,
methoxylated-PBDE congeners (MeO-PBDE) have been found in arctic birds, fish, beluga,
seal and polar bear (Letcher et al., 2010; Marsh et al., 2004). However, it is not certain
whether these originate from PBDEs or are of natural origin (Marsh et al., 2004).
4.1.2. Bioaccumulation
The logKow-value used in the Risk Assessment Report for decaBDE is 6.27 (ECB, 2002).
This value was measured by MacGregor and Nixon (1997, referred to in ECB, 2002))using a
standardized method. A logKow-value of 6.27 is in the range of being bioavailable and
decaBDE has a high potential to bioaccumulate. It was, however, noted that this value is
likely a minimum value and that higher logKow-values have been reported. Howard and Muir
(2010b) gave a significantly higher modelled logKow-value of 12.11 resulting in the low
BCF-value of 3. Likewise, a logKow of 6.29 is given for octaBDE in its Risk Assessment
Report (MacGregor and Nixon, 1997 referred to in ECB, 2003a) while Howard and Muir
(2010b) estimated a value closer to 10. From laboratory and simulation tests the
bioaccumulation potential of octaBDE is unclear (ECB, 2003a). However, the evidence that
hexa- and heptaBDE have been found in organisms in the environment shows the tendency of
these chemicals to bioaccumulate. The same goes for pentaBDE as described for octaBDE,
however, in this case, an estimated BCF-value of 8128 is also reported by Muir and Howard
(2006). From this information, it is clear that pentaBDE fulfills the criterion for very
bioaccumulating (vB) set by the European Commission (ECHA, 2008a).
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Furthermore, from biomagnification studies on arctic sledge dogs and polar bears, BDE-153
(a hexaBDE) was found to be the congener with the strongest tendency to biomagnify; with
determined BMF-values of 7 and 11, for sledge dogs and polar bears respectively (Verreault
et al., 2008).
4.1.3. Occurrence in the Environment
Several studies have been done proving PBDEs bioaccumulation in humans. Significant
correlations have e.g. been made between levels of the bioaccumulated PBDE-congener
BDE-47 (a penta-BDE) in humans and degree of fish consumption, as well as between serum
levels of BDE-153 (a hexaBDE), -183 (a heptaBDE), an unidentified octaBDE and the
occupational duration of computer technicians (Sjödin et al., 2000; Jakobsson et al., 2002).
Even elevated concentrations of PBDE was detected in air samples taken from domestic
homes compared to the out door air (Wilford et al., 2004). Two major exposure sources are
thereby highlighted. As described, not only are PBDEs bioaccumulating but also their
metabolites, OH-PBDE and MeO-PBDE (Marsh et al., 2004).
4.2. Hexabromocyclododecane (HBCDD) CAS No. 25637-99-4
Hexabromocyclododecane (Figure 2a) is regarded as PBT and very bioaccumulating (vB) by
the European Commission and is also classified as a SVHC since 2008 (ECB, 2008a; ECHA,
2010). The classification as persistent is based on its long half-life in aerobic sediment (190210 days) (ECB, 2008b). However, an atmospheric half-life of over 2 days allows for longrange transportation of HBCDD, which was also considered during the PBT-assessment
(ECB, 2008a). Given its low vapour pressure (6.3 * 10-5 Pa), distribution to the atmosphere is
favoured (Davis et al., 2005). Given that HBCDD is not regulated under any article-specific
regulatory framework, concerns should be raised for the safety of the environment and human
health and a further investigation of the present situation is needed. In particular since
HBCDD is used as additive in polystyrene and can thus easily migrate out of the material
(KemI, 2010b; KemI, 2011a).

(b)
(a)
Figure 2. (a) Hexabromocyclododecane (b) 1,5,9-cyclododecatriene

4.2.1. Persistence
HBCDD has been shown to undergo microbial mediated dehalogenation under anaerobic
conditions with a half-life of less than one day, at 37 °C (Gerecke et al., 2006). However, the
rate of biodegradation/transformation seems to be dependant on temperature since Davis et al.
(2005) observed a biotransformation half-life of 6.9 days in anaerobic soil, at a temperature of
20 °C and half-lives between 190-210 days at 12 °C are reported by the ECB (2008b).
HBCDD can thus not be considered as persistent based on half-lives in anaerobic soil given
by Gerecke et al (2006) and Davis et al. (2005) but it can, based on the data given in the ECB
(2008 b), according to the European Commission’s criteria (ECHA, 2008a). Furthermore,
neither 37 °C nor 20 °C can be considered representative for soil conditions worldwide while
12 °C is a more suitable temperature (Nyholm et al., 2010). Moreover, the biotransformation
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half-lives are approximately 10-fold higher in soil under aerobic conditions compared to
anaerobic. This phenomenon is likely explained by the underlying reactivity of halogenated
hydrocarbons, as they can undergo reductive debromination under anaerobic (reducing) but
not aerobic (oxic) conditions (Davis et al., 2005). After successive debromination whereby
two vicinal bromines are eliminated in each step, 1,5,9-cyclododecatriene (Figure 2b) is
finally produced (Davis et al., 2006).
4.2.2. Bioaccumulation
Several studies have presented an apparent selective bioaccumulation of the different
HBCDD diasteriomers. !-HBCDD is in many cases found as the most abundant diasteriomer
despite it not being the major component of technical HBCDD (consisting of 70-95 % "HBCDD and 3-30 % of !- and #-HBCDD depending on the producer) (ECHA, 2008b; Janák
et al., 2008). Speculations exist on whether the phenomenon is due to a selective absorption
and/or selective metabolism of the diasteriomers (Janák et al., 2008). Differences in diet
among different organisms and the absorption and/or metabolism of the food they eat are in
turn other possible explanation to the sterioselective accumulation. Janák et al. (2008)
describe evidence for such varying steriochemical distribution in biota. They compared the
fractions of the different diasteriomers in guillemots and their major source of food: herring,
where samples of the two were taken from the same location. Guillemots showed a much
higher specificity for accumulating !-HBCDD while herring also accumulated "-HBCDD to
approximately 30 % (Janák et al., 2008). It is thus apparent that different organisms (e.g. birds
and fish) have differing metabolic pathways for HBCDD. Furthermore, there is evidence for
sterioselective accumulation taking place and variations of such have been observed in
different species of birds (Janák et al., 2008).
As Janák et al. (2008) studied HBCDD concentrations in biota of different trophic levels (fish,
birds and top predator birds such as falcons). A clear increasing trend was observed with
higher trophic level of the organism. The results could be an indication of biomagnification.
HBCDD has been found in high concentrations in top predators in the Arctic, giving
additional evidence of it being subject to transportation across large distances and its ability to
biomagnify (de Wit et al., 2010). Its vast presence in the environment has made it comparable
to PCBs before these were taken off the market.
4.2.3. Occurrence in the environment
The concluded potential for long-range transportation by the European Commission (ECB,
2008b) has been validated in the environment as HBCDD has been observed in both biotic
and abiotic material and in air in remote areas (Remberger et al., 2004, de Wit et al., 2010 and
references therein).
4.3. Chlorinated paraffins (CP) CAS No. 63449-39-8
The CAS No. 63449-39-8 refers to the whole group of chlorinated paraffins, consisting of
short-chain chlorinated paraffins (SCCP, alkyl chains consisting of 10-13 carbon atoms),
medium-chain chlorinated paraffins (MCCP alkyl chains consisting of 14-17 carbon atoms)
and long-chain chlorinated paraffins (LCCP, alkyl chains consisting of " 18 carbon atoms)
(Figure 3) (Government of Canada, 2008). At present, the European Committee refrains from
classifying the group of chlorinated paraffins as PBT or vPvB with the motive that there is
insufficient reliable data supporting bioaccumulation of LCCP (ECB, 2007a). Although, in
their report it is stated that chlorinated paraffins may fulfill the criteria for vP but not B. SCCP
(C10-13, 65% weight Chlorine) are, however, selectively classified as PBT and vPvB and are
listed as an SVHC on the Candidate List since 2008 (ECHA, 2010).
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Figure 3. An example of a chlorinated paraffin.

Sijm and Sinnige (1995) indicated a lack of empirical data present on the physical and
chemical properties of chlorinated paraffins. Their explanation was linked to the
complications in the procedure of analysing these compounds. 15 years later, there is still
need of method improvement to better enable screening of this group of compounds (ECB,
2007a). The Government of Canada (2008) also stresses the fact of missing data. However,
modelling results that are mentioned in their report, predict bioaccumulation potential in
liquid LCCP consisting of 18-20 carbon atoms. It is apparent that the Government of Canada
chose a more cautious approach compared to the European Commission since the
Government of Canada accepted the modelled estimations as support for PBT/vPvBclassification of MCCP and LCCP. Classifications as such could potentially lead to future
restriction of the entire group of chlorinated paraffins.
The Government of Canada has thus concluded that SCCP, MCCP and C18-20 liquid LCCP
fulfill the criteria for Persistence and Bioaccumulation Regulations of the Canadian
Environmental Protection Act (CEPA) 1999 (Government of Canada, 2008). The criteria
being the following: an atmospheric half-life of more than two days or being known to
undergo long-range transport, a half-life in sediment of " 1 yr, a BAF and BCF " 5000 or a
logKow " 5 (Government of Canada, 2000). Additionally, SCCP, MCCP and C18-20 LCCP are
classified as toxic to the environment and for posing a treat to human life under the Canadian
Environmental Protection Act 1999 (Government of Canada, 2008). Compared to REACH’s
PBT- and vPvB-criteria, the criteria set by the Government of Canada can be seen as less
strict. This is said on the basis of that a half-life of 180 days in soil would give a substance the
classification of vP, in the EU, while more than a year is needed for such a classification in
Canada (ECHA, 2008a; Government of Canada, 2008). The BCF- and logKow-classification
limit are although similar for both the European Commission and the Government of Canada.
BAF and T! in air are not used by the Eurpean Commission to appoint PBT/vPvBclassifications (ECHA, 2008a).
4.3.1. Persistence
Chlorinated paraffins (CPs) are highly persistent and a representative half-life for C10-13 65 %
weight chlorine is estimated to be 1630 days in freshwater and 450 days in marine sediment
(ECHA, 2008c). The European Commission’s criteria for very persistent (vP) substances are
thus reached for both fresh and marine water (T! > 60 and 180 days respectively) (ECHA,
2008a). Additionally, the half-life of LCCP in fish was shown to be 316 days (Government of
Canada, 2008).
No information was found on degradation mechanisms, degradation products or metabolites
in the searched databases. Although, a theoretically possible mechanism under reducing
conditions is reductive dehalogenation where two vicinal chlorine atoms are eliminated. This
evidently requires a specific molecular position of the chlorine atoms.
4.3.2. Bioaccumulation
Insight into the accumulation kinetics of chlorinated paraffins was gained as Ueberschär et al.
(2007) observed a stringently linear correlation (R2>0.9) between administered SCCP
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concentration in food and accumulated SCCP in hens. After a 6-week period with an
uncontaminated diet, <1 % of the administered SCCP was still present in the analyzed tissues
of the hens while 1.5 % had been transferred to the yolk of laid eggs and 30 % excreted with
urine and faeces (Ueberschär et al., 2007). These estimates leave a large fraction missing,
which could have been accumulated in components that were not analyzed, such as the head,
gut, feet and the feathers. The relative distribution of SCCP was also noted and interestingly,
this was similar in the analyzed tissues, based on fat weight (Ueberschär et al., 2007). This
could mean that the main process of distribution and accumulation of ingested SCCP is based
on lipophilicity. However, this needs to be further investigated and other means of
accumulation, such as specific interactions with different endogenous substances, cannot be
excluded.
A potential exposure pathway is the proliferation of chlorinated paraffins from items in
domestic homes that end up in sewage sludge, which is used as fertilizer for agriculture
(Ueberschär et al., 2007). The exposure pathway can thus go from livestock that are in contact
to contaminated soil and humans that feed off livestock.
4.3.3. Occurrence in the Environment
Chlorinated paraffins (in particular SCCP and MCCP) have been vastly spread and found in
many of the different compartments of the environment. SCCPs have been detected in air,
river water, sewage sludge, river sediment and sediment from contaminated landfills (Bayen
et al., 2006). SCCPs as well as MCCPs have been found in various freshwater and marine
fish, mussels, sea birds and in their eggs, in lake-bottom sediment flora, earthworms, rabbit,
reindeer and in arctic marine mammals such as seal, beluga and walrus (ECHA, 2008c).
SCCP and MCCP have also been detected in food e.g. dairy products, fruits, vegetables and in
human breast milk. Although the uptake efficiency of LCCP is evidently lower than for SCCP
and MCCP, LCCP as well as MCCP have been detected in biota such as fish, crabs and
mussels (ECB, 2007a; Government of Canada, 2008).
4.4. Polycyclic Aromatic Hydrocarbons (PAH) CAS No. 130498-29-2
Out of the large group of polycyclic aromatic hydrocarbons (PAH), solely anthracene (Figure
4) has been classified as fulfilling the PBT and vPvB criteria and it is included on ECHA’s
Candidate list of SVHC (ECHA, 2010; ECJRC, 2011b). Seven other PAHs are however
prohibited to be included in tires in more than 10 mg/kg: benzo[e]pyrene (BeP, CAS No. 19297-2), benzo[a]anthrazene (BaA, CAS No. 56-55-3), chrysen (CHR, CAS No. 218-01-9),
benzo[b]fluoranthene (BbFA, CAS No. 205-99-2), benzo[j]fluoranthene (BjFA, CAS No.
205-82-3), benzo[k]fluoranthene (BkFA, CAS No. 207-08-9), dibenzo[a,h]anthracene
(DBAhA, CAS No. 53-70-3) and > 1 mg/kg for benzo[a]pyrene (BaP, CAS No. 50-32-8)
(OJEU, 2009).
4.4.1.Persistence
PAHs are known to persist in the environment for longer times (Cerniglia, 1993). Their
physical and chemical properties have long been studied and are well understood. They
generally have low water solubility and strong tendency to adsorb to organic particles,
decreasing their availability for various degradation processes to proceed. PAHs can be fully
degraded with the aid of microorganisms present in soil. They are also susceptible to
photooxidation and chemical oxidation.
PAHs of more than four aromatic rings undergo degradation at a slower rate than those with a
2-3 ringstructure (Cerniglia, 1993). An approximate mineralisation half-life is in the range of
days for PAHs consisting of 2-3 rings and can be as long as months or years for larger ring
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systems. Generally, the primary steps of microbial degradation of PAHs is oxidation to form
either arene oxides, quinones or cis-dihydrodiols (Cerniglia, 1993). Arene oxides can be very
reactive depending on their placement in the ring system and the ability to stabilize a charged
intermediate. Arene oxides can also rearrange to yield a phenol or be further oxidized to a
trans-dihydrodiol (Cerniglia, 1993). In bacteria, dihydrodiols can be oxidized to catechols
following a ring cleavage and oxidation of the hydroxyl groups to aldehydes and carboxyl
acids. It should however, be noted that degradation pathways can vary between different
species of microorganisms and other chemical transformations are possible (Zang et al.,
2006). In fungi, among others, conjugation with e.g. sulphate or glucoronic acid can be the
fate of oxidized PAHs and thereby increasing solubility and aiding in the process of
elimination (Cerniglia, 1993). Anaerobic degradation involves carboxylation through addition
of carbon dioxide, followed by stepwise reduction of the aromatic system (Zang et al., 2006).

Figure 4. Anthracene

4.4.2. Bioaccumulation
Laboratory studies on the bioaccumulation of fluoranthene in benthic copepods showed rapid
uptake and elimination (Lotufo, 1997). However, as PAHs are very lipophilic, a large amount
of fluoranthene was stored in the eggs of the female.
4.4.3. Occurrence in the Environment
Many studies have been done where PAHs have been detected in air and soil. However,
several describe scenarios where the sources of emissions are exhaust fumes from industries,
traffic or other burning (Daley et al., 2007). One published article was found describing
laboratory tests on the emissions of PAHs from summer tires (Aatmeeyata, 2010).
Furthermore, the use of granulates from old tires on artificial grass fields has increased
(KemI, 2006b). The Swedish Chemicals Agency discourages the continuation of this due to
the environmental hazard of PAHs, among other chemicals present in tires. However, the
spreading of chemicals from tire granulates to the nearby environment and exposure-scenarios
have not yet been fully assessed.
4.5. Phthalate esters CAS No. 117-81-7, 84-74-2, 85-68-7, 26761-40-0, 28553-12-0
Eleven out of the 101 substances that are used in largest net amounts in articles in Sweden
year, according to the Commodity Guide, are phthalate esters. These being:
di(ethylhexyl)phthalate (DEHP) (Figure 5), dibutylphthalate (DBP), benzylbutylphthalate
(BBP), di-n-octylphthalate (DNOP), diisodecylphthalate (DIDP), diundecylphthalate
(DUDP), diisooctylphthalate (DIOP), diisononylphthalate (DINP), dialkyl(C7-C9)phthalate
(DAP), di(n-hexyl,n-octyl,n-decyl)phthalate and dialkyl(C9-C11)phthalate (DAP). A risk
assessment has been carried out on six of these (DEHP, DBP, BBP, DNOP, DIDP and DINP)
by the European Commission (ECJRC, 2011c). At present, none of the mentioned phthalates
have been classified as fulfilling PBT or vPvB criteria. DEHP, DBP and BBP are classified as
SVHC but for their reprotoxicity rather than for their persistence or bioaccumulation. As the
toxicological properties are outside the scope of this report, it was decided to not go into
further depth on these substances.
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Figure 5. Di(ethylhexyl)phthalate

4.6. Pentachlorobenzene thiol CAS No. 133-49-3
Pentachlorobenzene thiol (Figure 6) fulfills the PBT and vPvB criteria set by REACH (ECB,
2007b). Additionally, due to its low water solubility, fairly high vapour pressure and high
stability in the atmosphere, it possesses a very high risk of being transported over large
distances (ECB, 2007b). The substance is also listed on the SIN-list with a desired latest
registration date of November 30th, 2010 (SIN List, 2011). Nevertheless, there are no
regulatory restrictions of this substance stated in the European Chemical Substances
Information System database (ECJRC, 2011a). Reservations are, however, made for inclusion
of pentachlorobenzene thiol in regulations not listed in the European Chemical Substances
Information System database.

Figure 6. Pentachlorobenzene thiol

Neither the persistence, nor the bioaccumulation is described in further detail in the PBT
summary given by the European Commission (ECB, 2007b) and a risk assessment report has
not been done. The motivation for this is that there are no known producers of this substance
in Europe (ECB, 2007b). This is, however, contradicted by its listing in the ESIS database as
an HPV-substance with Bayer AG in Germany as a reported producer (ECJRC, 2011a) and its
inclusion on the Commodity Guide list. Since no date is given in the ESIS database, it is
unclear which of these assertions apply today.
4.6.1. Persistence
A study on the anaerobic degradation of pentachlorobenzene thiol showed that no degradation
occurred during a 30-day period (ECB, 2007b). It has also been concluded to degrade at a
slow rate in the atmosphere, whereby it poses a very high risk of undergoing long-range
transportation (ECB, 2007b; ECB, 2008c).
4.6.2. Bioaccumulation
Pentachlorobenzene thiol has an estimated BCF of more than 7000, which is the motivation
for classifying pentabromobenzene thiol as vB (ECB, 2007b). Modelling results given by
Dimotrov et al. (2003) also resulted in a classification as PvBT. However, the modelled BCFvalue of >7000 is applicable at pH 1, when it is fully protonated (Scifinder, 2011). At neutral
pH (7) and 25°C, the given BCF-value is 6.04. This is because pentachlorobenzene thiol is an
acid with a pKa-value of 3.14. Since charged molecules do not readily pass through lipid
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membranes of organisms, this characteristic would affect the bioavailability of
pentachlorobenzene thiol. However, the possibility exists of the ionized pentachlorobenzene
thiol binding to endogeneous proteins and thereby accumulating in living organisms (Å.
Bergman, personal communication, 2011-05-30).
4.6.3. Occurrence in the Environment
No information was found on the presence of pentachlorobenzene thiol in the environment in
the searched databases.
4.7. Ethylene bis(tetrabromophthalimide) (EBTBP) CAS No. 32588-76-4
Ethylene bis(tetrabromophthalimide) (EBTBP) (Figure 7) is classified as P/vP but not PBT or
vB due to its limited bioaccumulation potential (ECB, 2008c). Although the substance is not
thought to be bioaccumulating, due to the fact that it is very persistent, there is a risk of high,
accumulated levels of EBTBP being reached if it is spread extensively.

Figure 7. Ethylene bis(tetrabromophthalimide)

4.7.1. Persistence
EBTBP is considered to be persistent according to Howard and Muir (2010). This was
supported by the fact that with low water solubility, potential hydrolysis of the amide bond
would occur only at a slow rate. Furthermore, EBTBP’s degradation products are predicted to
be persistent as well. What the degradation products are, are not mentioned. One possible
degradation mechanism is reductive dealkylation of the ethane bridge yielding two
tetrabromophthalic anhydrides. However, this might only occur to a minor extent due to the
relatively high energy needed for this (G. Marsh, personal communication, 2011-05-11).
These may, however, be the degradation products referred to by Howard and Muir (2010).
Reductive debromination is another possible degradation pathway of EBTBP under anaerobic
conditions. Furthermore, a similar compound, tetrachlorophthalic anhydride (Figure 8) has a
long modelled atmospheric oxidation half-life (338.4 days) (Muir and Howard, 2006). By
judging from their structural similarities, long atmospheric oxidation half-lives may be
expected from EBTBP as well. However, the European Commission does not predict EBTBP
being subject to long-range transportation (ECB, 2008c).

Figure 8. Tetrachlorophthalic anhydride
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4.7.2. Bioaccumulation
No information could be found on whether or not EBTBP is known to bioaccumulate.
4.7.3. Occurrence in the Environment
As far as is known, EBTBP has not been screened for in samples from the environment. No
data from such research was found.
4.8. Tetrabromobisphenol A (TBBPA) CAS No. 79-94-7
The potential environmental and health hazards of tetrabromobisphenol A (TBBPA) (Figure
9a) have been summarized by the European Commission in a risk assessment report (RAR)
(ECB, 2006). The RAR has mainly focused on the human toxicity of TBBPA and the section
on environmental impact is not complete. It is stated that the environmental assessment will
be included at a later point in time. From modelling results, TBBPA was regarded as PvBT
(Dimitrov et al., 2003). It also fulfills the ECHA’s criteria for being persistent according to
laboratory measurements done by Nyholm et al. (2010). Furthermore, a TBBPA derivative,
TBBPA bis(2-hydroxyethyl oxide) (CAS 4162-45-2, Figure 9b, also included on the
Commodity Guide list, however, not one of the top 101 chemicals) is included among the
“Top 30 Bioaccumulative and Persistent Substances Based on Data Assembled for the
Environment Canada DSL Categorization” with a reported logKow of 6.78, a logBCF of 3.87
(corresponding to a BCF of 7413) and an estimated half-life in sediment of 182 days (Muir
and Howard, 2006). Based on these estimated data, TBBPA bis(2-hydroxyethyl oxide) fulfills
the criteria for vPvB set by ECHA. Furthermore, TBBPA carbonate oligomer (CAS 7134277-3) and TBBPA bis(2,3-dibromopropyl ether) (CAS 21850-44-2) are also included on the
top 101 chemicals on the Commodity Guide list. This information suggests that TBBPA and
its derivatives are used extensively in articles in Sweden.

(a)

(b)

(d)
(c)
Figure 9. (a) TBBPA (b) TBBPA bis(2-hydroxyethyl oxide) (c) Bisphenol-A (d) TBBPA-methyl ether

4.8.1. Persistence
Two potential degradation products/metabolites of TBBPA are bisphenol-A (Figure 9c),
which can be formed by microbial debromination under anaerobic conditions, and TBBPAmethyl ether (Figure 9d) (OJEU, 2008). TBBPA-methyl ether is considered to fulfill the
criteria for PBT. This leads to the conclusion that precautionary actions must be taken to limit
the risk of TBBPA from spreading to the environment. When used as an additive in products
measures need to be taken to reduce the risk of contaminant spread. These limitations are
brought forth in the classification of TBBPA as N: Dangerous for the environment (ECJRC,
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2011a) and the Commission Recommendations for risk reduction where the member states are
encouraged to control emissions of this substance through national legislations. The
recommendations are also directed towards all parties handling TBBPA or products
containing TBBPA (OJEU, 2008). However, it is unknown to what extent these
recommendations are followed in practice considering that the chemical knowledge among
many of those producing or handling articles containing hazardous chemicals is low as
described in the introduction of this report.
Detection of TBBPA in areas remotely located from any known emission sources indicate
that TBBPA is subject to long-range transportation and that it has a slow rate of degradation
in the atmosphere (de Wit et al., 2010). TBBPA does undergo photochemical transformation
in the atmosphere and in surface waters. This has been studied by Eriksson et al. (2004) who
found the transformation products to be TriBBPA and various mono-tri-bromophenols with
and without an isopropyl or isopropylene in para-position.
TBBPA has been detected in sewage sludge and sediment in Sweden (Sellström and Jansson,
1995 referred to in Eriksson et al., 2004). This can be supported by the laboratory results of
Nyholm et al. (2010), reporting a half-life of 420 days and 65 days in anaerobic and aerobic
sewage sludge, respectively. Based on theis data, TBBPA would fulfill the criterion for very
persistent (vP) of the REACH legislation if the same criteria would apply for sewage slugde
as for soil (180 days) (ECHA, 2008a).
TBBPA is known to undergo chemical transformation to form brominated dibenzo-p-dioxines
and dibenzo-p-furans under pyrolys (ECB, 2006). This means that during accidental fires,
there is a risk of highly toxic substances being formed. The formation of brominated dibenzop-dioxines and dibenzo-p-furans from TBBPA is, however, compared to that of PBDEs,
relatively small.
4.8.2. Bioaccumulation
Howard and Muir (2010) reported a modelled logKow of 7.2 for TBBPA and Wildlife
International (2001, referred to in ECB, 2006) reported a measured value of 5.9. These values
exceed the logKow-value of 4.5 and may therefore be bioaccumulating according to the
screening criteria given by ECHA (ECHA, 2008a). Low BCF-values have, however, been
recorded for TBBPA. Howard and Muir (2010) reported a value of 4.13 and a BCF>100 in
fish was concluded (ECB, 2006). According to these data, TBBPA would not meet the criteria
for B, bioaccumulative.
4.8.3. Occurrence in the Environment
Laboratory experiments have shown that TBBPA can accumulate in plants (Ceratophyllum
demersum L.) and that the accumulated concentration increased with both increasing exposure
dose and time (Sun et al., 2008). TBBPA has also been detected in serum samples from
computer technicians (Jakobsson et al., 2002). This is a clear example showing that people
that frequently handle articles containing TBBPA are subject to exposure of this chemical.
4.9. Pentabromophenol, 2,4,6-tribromophenol and 2,4-dibromophenol
CAS No. 608-71-9, 118-79-6, 615-58-7
Pentabromophenol (Figure 10a) has been under evaluation for PBT-characteristics by the
European Commission. Though, the decision for any classification was postponed for
unknown reasons and a date for a new decision is not given (ECB, 2011). Pentabromophenol
is structurally similar to pentachlorophenol, which is restricted under REACH Annex XVII
(OJEU, 2009).
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4.9.1. Persistence
Information on the persistency of bromophenols from published articles is scarce. The halflife of 2,4,6-tribromophenol (Figure 10b) was reported to be 5.7-18 days and 5.5-10 days in
aerobic and anaerobic sewage sludge, respectively (Nyholm et al., 2010). Furthermore, it has
been proposed that bromophenols undergo bacterial O-methylation yielding bromoanisols
(Allard et al., 1987). Pentabromophenol is likely more prone to dehalogenation reactions than
the structurally similar pentachlorobenzene thiol (Figure 6). The reason for this is that the
chlorine-carbon bond is stronger than the bromine-carbon bond (ECB, 2000a). From this
point of view, pentabromophenol may be expected to be less persistent in the abiotic
environment compared to pentachlorobenzene thiol.

(b)
(c)
(a)
Figure 10. (a) Pentabromophenol (b) 2,4,6-tribromophenol (c) 2,4-dibromophenol

4.9.2. Bioaccumulation
2,4,6-tribromophenol (Figure 10b) has a logKow of 4.3, making it potentially bioavailable
(Covaci et al., 2011). No documented information was found on bioaccumulation of 2,4,6tribromophenol or 2,4-dibromophenol (Figure 10b and c). As for pentachlorobenzene thiol,
bromophenols are also ionisable and according to chemical property data from Scifinder
(2011), pentabromophenol is an acid and can be expected to be in its deprotonated, ionized
state at neutral pH (pKa = 4.43 at 25 °C). As described earlier, this will affect its
bioavailability.
4.9.3. Occurrence in the Environment
2,4,6-Tribromophenol has been quantatively detected in river water and river-bottom
sediments in close vicinity to a nuclear power plant in Korea (Sim et al., 2009). 2,4Dibromophenol and 2,4,6-tribromophenol were also found in marine waters close to the
power plant. However, reservations were made on these findings due to the natural source of
these compounds in marine waters.
4.10. Pentabromotoluene CAS No. 87-83-2
Pentabromotoluene (Figure 11) is, at present, not classified as P or B by the European
Commission and is not included in their list of substances that have undergone risk
assessments. Despite of this, attention is drawn to pentabromotoluene due to its structural
similarities to pentabromophenol and pentachlorobenzenethiol described earlier. It is therefore
of interest to examine any available documentation on the fate of pentabromotoluene in the
environment.
4.10.1. Persistence
No information on the persistence of pentabromotoluene was found. Hydrolysis of the methyl
group is theoretically a possibility, as well as reductive debromination.
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Figure 11. Pentabromotoluene

4.10.2. Bioaccumulation
Pentabromotoluene is very lipophilic and has a reported logKow value of 5.87 (Harju et al.,
2008), which is in the range of having high bioaccumulation potential.
Occurrence in the Environment
Pentabromotoluene has long been used as a flame retardant and was already in the mid 1970’s
screened for and found in sewage sludge from a wastewater sewage plant in Sweden
(Mattsson et al., 1975). Since then, little has been documented on the fate and existence of
pentabromotoluenes in the environment. Pentabromoethylbenzene (PBEB) is therefore used
for comparison in this section. With low molecular weights, both pentabromotoluene and
pentabromoethylbenzene have the capability of being subject to long-range transportation.
However, information on their susceptibility to photolytic and radical reactions has not been
found. Pentabromoethylbenzene has been measured in air samples at several different
locations in the United States (Hoh et al., 2005). A larger portion of pentabromoethylbenzene
was found in gasous phase compared to particular phase in the sample taken from Chicago.
Pentabromotoluene was also found in the air samples analyzed, however, in much lower
concentrations (Hoh et al., 2005). Pentabromotoluene has also been quantitively determined
in herring gull eggs (0.004-0.02 ng/g ww) along the Laurentian Great Lakes in the United
States (Gauthier et al., 2007).
4.11. Decabromobiphenyl (DecaBB) CAS No. 13654-09-6
As of today, no risk assessment has been done on decabromobiphenyl (decaBB) () by the
European Commission. There is therefore no official classification on persistence or
bioaccumulation of this substance. However, there are European regulations that have been
imposed on the use of DecaBB. For example polybrominated biphenyls (PBBs) are prohibited
to be used in electrical and electronic devices according to the RoHS Directive (2003) and
they are forbidden in textile articles intended to be in contact with the skin according to
REACH Annex XVII (OJEU, 2009). Hexabromobiphenyl is included in the Stockholm
Convention (2008b) as a POP. Furthermore, PBBs are structurally very similar to
hexabromobenzene and PCBs, both classified as POPs (Stockholm Convention, 2011b).
PBBs were used and produced since the 1970’s and decaBB was produced in Europe until
year 2000 (Alaee et al., 2003). Thereafter, the industry voluntarily refrained from further
production of decaBB it was thus completely phased-out from use (Kemmlein et al., 2009).
The reason for the high ranking of decaBB on the Commodity Guide list may thus be due to
uncertainties in the statistical data.
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Figure 12. Decabromobiphenyl

4.11.1. Persistence
PBBs are known to be persistent in the environment (Covaci et al., 2011). DecaBB has a very
long estimated atmospheric half-life of 852 days (Howard and Muir, 2010b) and it thereby
has high potential to travel far distances in the atmosphere. As for PBDEs, decaBB can also
be expected to undergo reductive debromination, forming lower-brominated biphenyls such
as hexabromobiphenyl.
4.11.2. Bioaccumlation
PBBs are known to accumulate in organisms (Covaci et al., 2011). DecaBB, with an
estimated logKow-value of 12.66 and a BCF of 3, is not likely to be bioavailable and is
therefore not expected to bioaccumulate (Howard and Muir, 2010b).
4.11.3. Occurrence in the Environment
The well-known PBB catastrophe that occurred in Michigan, United States, where PBBs were
accidentally fed to cattle, showed the hazardous effects of PBBs. (Alaee et al., 2003).
4.12. 1,2-Bis(pentabromophenoxy)ethane CAS No. 61262-53-1 and Decabromodiphenyl
ethane CAS No. 84852-53-9
Neither 1,2-bis(pentabromophenoxy)ethane (Figure 13a) or decabromodiphenyl ethane
(Figure 13b) have undergone risk assessments by the European Commission. There are,
however, reasons for concerns due to their structural resemblance to decaBDE (described
above).

(a)
(b)
Figure 13. (a) 1,2-Bis(pentabromophenoxy)ethane (b) Decabromodiphenyl ethane (CAS No. 84852-53-9)

4.12.1. Persistence
No information could be found on the persistence of 1,2-bis(pentabromophenoxy)ethane,
however, information was found for a similar compound, decabromodiphenyl ethane, which
is here described in comparison. Being structural similar to PBDEs, decabromodiphenyl
ethane has both similar physical and chemical properties and shares the same uses as PBDEs
(Kierkegaard et al., 2009). However, the additional ethane bridge causes diverging
characteristics between the two. Differences such as increased flexibility, and increased
hydrophobicity (thus a higher logKow) leads to decabromodiphenyl ethane being less prone
to form dibenzo-p-dioxines and dibenzo-p-furanes. These differences may also apply for 1,2bis(pentabromophenoxy)ethane. Additionally, it has been suggested that 1,225

bis(pentabromophenoxy)ethane may be susceptible to reductive dealkylation of the ethane
bridge under the right conditions, thereby yielding pentabromophenol (Howard and Muir,
2010b). Howard and Muir (2010b) also estimated a relatively low atmospheric oxidation halflife (0.74 days). It may therefore be the case that 1,2-bis(pentabromophenoxy)ethane is not
persistent in the environment. This is what also was suggested from results of a modelling
program done by Brown and Wania (2008).
4.12.2. Bioaccumulation
No information could be found on the bioaccumulation potential of decabromodiphenyl
ethane or 1,2-bis(pentabromophenxy)ethane.
4.12.3. Occurrence in the Environment
Decabromodiphenyl ethane was detected in indoor air at a storage facility used for electronic
and electrical waste (Muenhor et al., 2010). However, quantifications showed that the air
contained higher concentrations of PBDEs than decabromodiphenyl ethane. No reports were
found on the occurrence of 1,2-bis(pentabromophenoxy)ethane in the environment.
4.13. CAS No. 3049-71-6 and CAS No. 4948-15-6
The substance 2,9-bis[4-(phenylazo)phenyl]-anthra[2,1,9-def:6,5,10-d'e'f']diisoquinoline1,3,8,10(2H,9H)-tetrone (from here on referred to as CAS 3049-71-6, Figure 14a) and 2,9bis(3,5-dimethylphenyl)-anthra[2,1,9-def:6,5,10-d'e'f']diisoquinoline-1,3,8,10(2H,9H)-tetrone
(from here on referred to as CAS 4948-15-6, Figure 14c) resemble 3,4,9,10Perylenetetracarboxylic dianhydride (from here on referred to as CAS 128-69-8, Figure 14b),
a compound that has been classified as persistent (P) from modelling attempts (Dimitrov et
al., 2003). CAS 128-69-8 is also included in Muir and Howard’s (2006) list “Top 30
Bioaccumulative and Persistent Substances Based on Data Assembled for the Environment
Canada DSL Categorization”.
4.13.1. Persistence
CAS 128-69-8 has an estimated half-life in sediment of 182 days (Muir and Howard, 2006). It
thereby fulfills the criterion for very persistent (vP) set by the ECHA (ECHA, 2008a). It could
be expected that CAS 3049-71-6 is more persistent in the environment than CAS 128-69-8
since it is larger in size and therefore a larger number of reactions are needed to degrade it.
Also, if the two phenylazophenyl-groups are cleaved by reductive dearylation, a diamideversion of CAS 128-69-8 is produced (anthra[2,1,9-def:6,5,10-d'e'f']diisoquinoline1,3,8,10(2H,9H)-tetrone). Due to a higher stability of an amide bond compared to an esther
bond the amide-version of CAS 128-69-8 is expected to be more persistent than CAS 128-698. The same type of persistency as that described for CAS 3049-71-6 could be expected from
CAS 4948-15-6. There may be reasons to be concerned if these compounds are present in
articles on the market.
4.13.2. Bioaccumulation
CAS 128-69-8 has an estimated logKow of 6.26 and a logBCF of 4.12 (corresponding to a
BCF of 13183) (Muir & Howard, 2006). According to these values, CAS 128-69-8 fulfills the
ECHA’s criteria for very bioaccumulating (vB) (ECHA, 2008a). Judging from its high
logKow-value, it is expected to be bioavailable. However, the dimensions of a molecule can
affect bioavailability (ECHA, 2008a). In particular, CAS 3049-71-6 takes up a relatively large
area in space and may therefore not be at risk of bioaccumulating. Additionally, CAS 304971-6 and CAS 4948-15-6 have a relatively high molecular weight (698.68 and 550.59 g/mol,
respectively). They could therefore be expected to they have a lower bioavailability compared
to CAS 128-69-8. It is thus questionable how well these substances can pass biological
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membranes. However, the present knowledge on the bioavailability of high-molecular weight
compounds is limited (Simonsen et al., 2000). Their potential to bioconcentrate should not be
excluded without further testing.

(a)

(b)

(c)

Figure 14. (a) CAS 3049-71-6 (b) CAS 128-69-8 (c) CAS 4948-15-6

4.13.3. Occurrence in the Environment
No documentation was found on the presence of CAS 3049-71-6 in the environment in the
searched databases.
4.14. HET Acid CAS No. 115-28-6
There is an apparent resemblance in structure between HET Acid (also known as Chlorenic
acid, Figure 15a), which can be found on the Commodity Guide list, and chlordane (Figure
15b), a chemical that has long been classified a POP (Stockholm Convention, 2011b). The
substitution of the dibrominated cyclopentane component of chlordane by two carboxylic acid
functional groups in HET Acid will evidently change its physical and chemical properties.
HET Acid is expected to have higher water solubility (lower Kow) and a lower bioavailability
than chlordane. However, the two carboxylic acid functional groups could metabolically be
cleaved off (Å. Bergman, personal communication, 2011-05-30). Due to the toxicity of
chlordane, it may be of interest to further examine the fate of HET Acid in the environment.

(a)

(b)

Figure 15. (a) HET acid, CAS 115-28-6 (b) chlordane, CAS 57-74-9

5. Discussion Summary
Several of the chemicals presented in this report are classified under several different
categories and/or are included on different lists. An overview of the European Commission
and the Stockholm Convention’s classifications of these chemicals is given in Table 2. Table
3 includes a list of chemicals that are regulated under REACH Annex XVII when
incorporated into articles, the RoHS Directive and a list of chemicals that are not classified
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under any of the categories mentioned and not regulated in articles under REACH XVII or the
RoHS Directive. For further details see Appendix A.
Table 2. An overview of the European Commission and the Stockholm Convention’s classifications of
some of the top 101 chemicals on the Commodity Guide list.

Substance
OctaBDE
PentaBDE
HBCDD
Chlorinated paraffins (SCCP)
PAH (Anthracene)
DEHP
DBP
BBP
Pentachlorobenzene thiol
EBTBP

POP
X
X

SVHC PBT
X
X
X
X
X
X
X
X
X
X
X
X

vPvB

P/vP

B/vB

CMR
X

X
X
X

X
X

Table 3. An overview of the chemicals that are: neither regulated in articles under REACH Annex XVII
nor the RoHS Directive, those regulated under REACH Annex XVII when incorporated into articles and
those restricted under the RoHS Directive when incorporated into articles.

Not classified as persistent or bioaccumulating by
the European Commission or the Stockholm
Convention and not regulated in articles under
REACH Annex XVII or the RoHS Directive
Chlorinated paraffins (MCCP and LCCP)
TBBPA
Bromophenols
Pentabromotoluene
PAH2
Decabromodiphenyl ethane
1,2-Bis(pentabromophenxy)ethane
CAS 3049-71-6 and CAS 4948-15-6
HET Acid

Regulated under
REACH Annex
XVII

Restricted
under the
RoHS Directive

OctaBDE
PentaBDE
PAH1
DEHP
BBP
DBP
DIDP
DINP
DNOP

DecaBDE
OctaBDE
PentaBDE
DecaBB

1. The following PAHs are regulated: Benzene, BaP, BeP, BaA, CHR, BbFA, BjFA, BkFA, and DBAhA
2. The PAHs not included in 1.

6. Method Discussion
This report is an initial investigation of the persistence and bioaccumulation of the chemicals
on the Commodity Guide list. A preliminary identification of chemicals with known or
potential PB-properties has been done based on information from databases described in
section 3 and subjective chemical knowledge. It is likely that if a more thorough review of
these listed chemicals had been done and by a person with more experience with chemical
pollutants, more chemicals of concern would be found.
The data on the net amounts of chemicals present in articles in Sweden is from 2007 and data
on the constituents of different materials are largely from 1993 (KemI, 2011d). Since then,
new restrictions have been imposed on some of the substances listed. SCCP and HBCDD
were included on the Candidate List of SVHCs in 2008. Commercial octaBDE and pentaBDE
are classified as POPs under Annex A of the Stockholm Convention since May 2009 and they
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are also regulated under REACH Annex XVII and RoHS (OJEU, 2009; ECHA, 2010;
Stockholm Convention, 2011a; RoHS Directive, 2003). These restrictions should have an
effect on the amounts of these substances present in articles and they may no longer be used
in such high volumes as suggested by the Commodity Guide. The data from the Commodity
Guide is therefore in need of an update.
Some of the substances on the Commodity Guide list comprise a group of chemicals, where
only one or a few of the components of the chemical group is classified and/or regulated. Two
examples of this are the chlorinated paraffins and the PAHs. It may be the case that the
components that are not classified and/or regulated, make up the high-volume shown on the
list.
As described above, the substances on the Commodity Guide list are ranked after the average
amounts calculated from the span of chemical amounts that may be present in articles in
Sweden. As the span of possible amounts is very large, this creates a potential source of error
in the ranking of the chemicals on the list.
Although the data from the Commodity Guide include several uncertainties, a similar
initiative of collecting statistical data over amounts of chemicals in articles has not yet been
encountered elsewhere. The data is thus a valuable source for conducting e.g. a preliminary
examination of the presence of hazardous chemicals in widely used articles.

7. Conclusion
The present study revealed that some substances, although regarded by the European
Commission as persistent and/or bioaccumulating, are still extensively used in articles in
Sweden according to the statistics in the Commodity Guide. Furthermore, there are chemicals
on the Commodity Guide list that have been identified as persistent and/or bioaccumulating
by other reliable sources. Most of these substances have also been found spread in the
environment. This suggests that there is a need of a better control over the inclusion of
hazardous or potentially hazardous chemicals in articles and how and to what extent these
chemicals emit from articles should be investigated further. However, the overall goal for the
future is that more safe compounds substitute these hazardous chemicals.
Similarities were found among the chemicals that were identified as persistent and/or
bioaccumulating. All compounds are organic, either aromatic or alkyl chains/rings. Many of
the chemicals that are brought forth in this report contain halogens. The known or predicted
PB-characteristics of some of the chemicals presented in this report can be seen as serious and
some are speculations and thus contain uncertainties. Concerns should be raised regarding
chlorinated paraffins, which are not as a group classified and regulated by REACH but are by
the Government of Canada. Furthermore, there is data showing the hazardous properties of
TBBPA and the risk it may pose to, in particular, aquiatic organisms However, the European
Commission has not yet acknowledged TBBPA and its derivatives as substances of high
concern. HBCDD, on the contrary, is regarded by the European Commission as a SVHC since
2008. Production volumes of HCBDD are therefore likely to decrease, however, it will
probably still be an issue of concern as long as it is not more stricltly restricted. Octa- and
pentaBDE are banned from further use in articles (Stockholm Convention, 2011a). In spite of
this, components of these have been reported to be present in articles still on the market (ref?).
This initial investigation has been conducted to gain an overview of which chemicals,
suggested to be used in high volumes in articles in Sweden, have PB-properties and may
therefore be of danger to the environment and the human health. It is clear from this report
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that this is an area in need of further exploration and recommendations include updating the
data of the Commodity Guide but also examining the effectiveness of REACH and other
measures controlling the use of chemicals in articles, and studying different emission
scenarios. Findings in this report suggest that there are chemicals that need to be further risk
assessed and that they, thereafter, may need to be evaluated for use restrictions. In accordance
with the precautionary principle, preventative measures should be put into action in order to
minimize exposure to these hazardous chemicals. Finally, a goal is to strive for an increased
consciousness about the chemical impact on the environment and human health.
This study makes up a base for further research on potential hazardous chemicals contained in
articles. Plans are that Linda Molander, PhD student at the Royal Institute of Technology
(KTH), will continue a study on the chemicals presented here. Following this report,
investigations will cover an in depth examination of the legislations controlling the identified
PBT- and vPvB-substances on the Commodity Guide list, as well as substances classified as
hazardous, e.g. as CMR, on that list. Additional regulatory frameworks to those studied in this
report will be considered. Also, different exposure scenarios following chemical emissions
from articles will be examined. Such information can be found in the risk assessments that are
currently being compiled for chemicals classified as SVHC and in the registration dossiers for
hazardous substances. The aim is also to compare the regulation of these substances with the
materials in which these might be used, according to the Commodity Guide. Thus, an
inventory of the current situation will be produced that is planned to include: which chemicals
are of concern, in what type of articles they are present and if and how the use of these
chemicals in the suggested articles are regulated?
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9. Appendix A
In appendix A, a spreadsheet of the PB-database is presented. In table 4, classifications of the
chemicals by the European Commission, the Stockholm Convention and researchers (in
published articles) are presented as well as some European regulations and restrictions. Table
5 is based on laboratory results given in published work. References are given therein.
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Table 4. Classifications and regulations
CAS No.
1163-19-5

32536-520

32534-819

25637-994

63449-398

Substance
DecaBDE

Classification
Under evaluation

Reference
ECJRC, 2011b
ECB, 2002

OctaBDE

Low bioaccummulation
potential
Low biodegredation
PBT

CMR (class I and II) Annex 1 of
Directive 67/548/EE

SIN-List, 2011

POP, Annex A (for elimination)

Stockholm Convention,
2011a
Stockholm Convention,
2011a
ECJRC, 2011b

PentaBDE

HBCDD

Chlorinated
paraffins

vPvB, biomagnifying and high
risk of long-range transport
PBT

ECB, 2002
ECJRC, 20011b

POP, Annex A (for elimination)

Stockholm Convention,
2011a

T: May seriously damage health
and may be harmful to
breastfeeding children, N: Very
toxic to aquatic organisms
PBT

ECJRC, 2011a

vB but not vP
SVHC
Not readily biodegradable
Biomagnifies

ECB, 2008b
ECHA, 2010
ECB, 2008b
Janák et al., 2008;
ECB, 2008b
ECJRC, 2011b

Not PBT or vPvB
LCCP possibly vP but not likely
B
SCCP: PBT, vPvB and SVHC
Fulfills REACH criteria for
vPvB
Possibly carcinogenic (Group
2B)

ECJRC, 2011b

ECB, 2007a
ECHA, 2010
Judgment based on data
given by Government
of Canada, 2008
IARC, 1990 referred to
in Bayen et al., 2006

Regulation
Prohibited in electronic
devices placed on the market,
RoHS directive (2002/95/EC)

Reference
RoHS Directive,
2003

Status
No production in EU

Reference
ECB, 2002

Limited use in Sweden

de Wit et
al., 2010

No production in EU, however
reports exist on the presence of
hexa- and heptaBDE in articles
still in use

Stockholm
Conventio
n, 2011a

No production in EU but
imported and additive in
polyurethane

ECB,
2000a

Prohibited in articles in
> 0.1 % w/w

OJEU, 2009

Prohibited in electronic
devices placed on the market,
RoHS directive (2002/95/EC)

RoHS Directive,
2003

Prohibited in articles in
> 0.1 % w/w

OJEU, 2009

Prohibited in electronic
devices placed on the market,
RoHS directive (2002/95/EC)

RoHS Directive,
2003

Regulated as applicable for
SVHC

ECEDG, 2007

Limited use in Sweden

de Wit et
al., 2010

SCCP: Regulated as
applicable for SVHC

ECEDG, 2007

-

-

CAS No.
13049829-2

117-81-7

Substance
PAH

Classification
Antracene: PBT and vPvB,
SVHC

Reference
ECHA, 2010

DEHP

B

ECJRC, 2011c

ECHA, 2010
ECJRC, 2011a

DBP

SVHC
T: Risk of impared fertility and
may harm the fetus
SVHC

ECJRC, 2011a

BBP

T: Risk of impared fertility and
may harm the fetus and N: Very
toxic to aquatic organisms
SVHC

ECJRC, 2011a

26761-400

DIDP

T: Risk of impared fertility and
may harm the fetus and N: Very
toxic to aquatic organisms
Priority 2

28553-120

DINP

Priority 2

ECJRC, 2011c

117-84-0

DNOP

Priority 1

ECJRC, 2011c

84-74-2

85-68-7

ECHA, 2010

ECHA, 2010

ECJRC, 2011c

Regulation
Antracene is prohibited in
products for consumer use
Benzene is prohibited in
childrens toys in
concentrations > 0.0005 %
w/w, REACH Annex XVII
Prohibited in tires on the
market after 2010 if they
contain oil of BaP > 1 mg/kg
or BeP, BaA, CHR, BbFA,
BjFA, BkFA, or DBAhA > 10
mg/kg, REACH Annex XVII
Prohibited in childrens toys
and childcare articles in
> 0.1 % w/w, REACH Annex
XVII

Reference
KemI, 2010b

Status
-

Reference
-

KemI, 2011b,
OJEU, 2009

Produced in EU

ECB,
2008d

Prohibited in childrens toys
and childcare articles in
> 0.1 % w/w, REACH Annex
XVII

KemI, 2011b,
OJEU, 2009

-

-

Prohibited in products for
costumer use
Prohibited in childrens toys
and childcare articles in
> 0.1 % w/w, REACH XVII
Prohibited in childrens toys
and childcare articles in
> 0.1 % w/w, REACH XVII
Prohibited in childrens toys
and childcare articles in
> 0.1 % w/w, REACH XVII
Prohibited in childrens toys
and childcare articles in
> 0.1 % w/w, REACH XVII

KemI, 2010b

-

-

KemI, 2011b;
OJEU, 2009

-

KemI, 2011b;
OJEU, 2009

-

-

KemI, 2011b;
OJEU, 2009

-

-

OJEU, 2009

OJEU, 2009

KemI, 2011b;
OJEU, 2009
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CAS No.
133-49-3

32588-764
79-94-7

608-71-9
118-79-6
615-58-7
87-83-2
13654-096

61262-531

Substance
Pentachlorobenzene thiol

EBTBP
TBBPA

Pentabromophenol
2,4,6Tribromfenol
2,4-Dibromfenol
Pentabromotoluene
DecaBB

1,2bis(pentabromophenoxy)ethane

Classification
PBT & vPvB,

Reference
ECJRC, 2011b

Regulation
-

Reference
-

Status
No producer/importer known
within the EU

Reference
ECB,
2007b

SIN-listed
Very high risk of undergoing
LRT
PvBT
P/vP but not PBT or vB
Not expected to undergo LRT
PvBT

SIN List, 2011
ECB, 2007b

-

-

-

-

Producers responsible for
recycling treatment and
information to consumers
according to WEEE directive
Nations are recommended to
implement national
legislations controlling local
emissons of TBBPA

ECB, 2006

4 European companies are
producing/importing TBBPA

ECJRC,
2011a

Priority 4

ECJRC, 2011c

OJEU, 2008

Still in use in Sweden, imported
and TBBPA-containing
products are exported

de Wit et
al., 2010

P

Concluded from data
given by Nyholm et al.,
2010

N: Very toxic to aquatic
organisms
Descision deferred

ECJRC, 2011a
ECJRC, 2011b

-

-

-

-

-

-

-

-

-

-

Not readily biodegradable

Simonsen et al., 2000

-

-

-

-

-

-

PBBs are prohibited in
electronic devices placed on
the market, RoHS directive
(2002/95/EC)
PBBs are prohibited in textile
articles that are intended to
have contact with the skin,
REACH Annex XVII
-

RoHS Directive,
2003

-

-

-

Dimitrov et al., 2003
ECJRC, 2011b
ECB, 2008c
Dimitrov et al., 2003
(Modelling)

-

OJEU, 2009

-
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CAS No.
84852-539
4948-15-6

3049-71-6

115-28-6

Substance
Decabromodiphenylethane
2,9-bis(3,5dimethylphenyl)anthra[2,1,9def:6,5,10d'e'f']diisoquinol
ine1,3,8,10(2H,9H)tetrone
2,9-bis[4(phenylazo)phen
yl]-anthra[2,1,9def:6,5,10d'e'f']diisoquinol
ine1,3,8,10(2H,9H)tetrone
HET Acid

Classification
-

Reference
-

Regulation
-

Reference
-

Status
-

Reference
-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

Table 5. Compiled data on laboratory results
CAS No.
1163-195

Substance
DecaBDE

Conclusion
LogKow = 6.27 used in
RAR
LogKow = 12.11
No biodegradation
during a 2 week period
No significant
biodegradation during 32
weeks
BCF = 3
T! = 94 d
T! > 300 d
T! = 700 d
T! > 390 d

Type of test
Generator column method-GC-ECD,
25°C, [DecaBDE] = 0.1 mg/l
Estimated using QSPRs, KOWIN
BOD measured, [Deca-BDE] = 100 mg/l

Matrix
-

Closed bottle test, [14C-labelled DecaBDE] = 5 mg/kg and 500 mg/kg, 14CO2
and 14CH4 measured using continual HS
+ Parent and metabolites measured using
HPLC-UV and Radiometric + GC-MS
Estimated using QSPRs, BCFWIN
Estimated using the Syracuse Research
Corporation AOP program; [OH*] =
5*10^5 molecule/cm3
Estimated using QSPRs (AOPWIN),
[OH*] = 1.5*10^6 molecules/cm3
Closed bottle test-Soxhlet extraction-GCHRMS, 37°C.
Closed bottle test-Soxhlet extraction-GCMS [BDE-209] = 40-70 ng/g dw, 8°C

Anaerobic sediment
(redox: -284 mV)

Reference
MacGregor and Nixon, 1997
referred to in ECB, 2002
Howard and Muir, 2010b
CITI, 1992 referred to in ECB,
2002
Schaefer and Flaggs, 2001 in
ECB, 2002

Atmosphere

Howard and Muir, 2010b
ECB, 2002

Atmosphere

Howard and Muir, 2010b

Digested sewage sludge,
anaerobic conditions
Anaerobic and aerobic
activated sewage sludge,

Gerecke et al., 2006

Aerobic activated sludge

Comment
Higher values have been
measured.

Observed formation of
octa- and nona-BDE.

Nyholm et al., 2010
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CAS No.
3253652-0

Substance
OctaBDE

Conclusion
LogKow = 6.29 used in
RAR

Type of test
Generator column method-GC-ECD, 25
C (according to GLP)

Matrix
-

Reference
MacGregor and Nixon, 1997
referred to in ECB, 2003a

LogKow = 10.33

Estimated using QSPRs, KOWIN

-

Howard and Muir, 2010b

T! = 76 d

Estimated using the Syracuse Research
Corporation AOP program; [OH*] =
5*105 molecules/cm3
Estimated using QSPRs (AOPWIN),
[OH*] = 1.5*10^6 molecules/cm3
-

Atmosphere

ECB, 2003a

Atmosphere

Howard and Muir, 2010b

-

ECB, 2003a

Closed bottle test, [Octa-BDE] =
15 mg/L (according to GLP)
Generator column method-GC-ECD
(according to GLP)
Estimated using QSPRs, KOWIN
Estimated using the Syracuse Research
Corporation AOP program; [OH*] =
5*105 molecules/cm3
Estimated using QSPRs (AOPWIN),
1.5*10^6 OH cm-3

Aerobic domestic
wastewater
Atmosphere

Schaefer and Haberlein, 1996
in ECB, 2003a
MacGregor and Nixon, 1997
referred to in ECB, 2000a
Howard and Muir, 2010ab
ECB, 2000a

Atmosphere

Howard and Muir, 2010b

Aerobic activated sludge

Schaefer and Haberlein, 1997
referred to in ECB, 2000a
Muir and Howard, 2006

T! = 93.6 d

3253481-9

PentaBDE

B unknown but heptaand hexa-BDE have been
found in environment
No biodegradation
during a 28-d period
LogKow = 6.57
LogKow = 10.33
T! = 12.6 d
T! = 93.6

2563799-4

HBCDD

No biodegradation
during 29-d period
LogBCF = 3.91
(corresponding to BCF =
8128)
LogKow = 5.625
LogKow = 7.74
LogKoc = 4.66
Steady state BCF =
18100 used in RAR
Steady state BCF mean =
19195
BCF = 6211
T! = 190-210 d

Estimated using BCFWIN v 2.15

-

Generator column method

-

Estimated using QSPRs, KOWIN

-

[HBCDD] = 6.2 µ/L, 25±0.5°C

Flathead minnow
(Pimephales promelas)
Rainbow trout
(oncorhynchus mykiss)
Aerobic sediment

Flow-through system, LC-MS, 12±1°C
Estimated using QSPRs, BCFWIN
12 °C

MacGregor and Nixon, 1997
referred to in ECB, 2008b
Howard and Muir, 2010b
ECB, 2008b
Veith et al., 1979 referred to in
ECB, 2008b
Drottar and Krueger, 2000
referred to in ECB, 2008b
Howard and Muir, 2010b
ECB, 2008b

Comment
Likely a minimum
value, higher LogKow
have been measured.

Higher values have been
measured

Not readily
biodegradable

The longest T! is for !HBCDD.
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CAS No.
2563799-4

Substance
HBCDD

Conclusion
T! < 1 d

Type of test
Closed bottle test-Soxhlet extraction-GCHRMS, 37°C

Matrix
Digested sewage sludge,
anaerobic conditions

Reference
Gerecke et al., 2006

T! = 6.9 d

Closed-bottle test-HPLC-MS, according
to OECD test guidelines, 20°C,
[HBCDD] = 10-80 ng/g dw

Anaerobic soil

Davis et al., 2005

Atmosphere

ECB, 2008a

Estimated using QSPRs (AOPWIN),
[OH*] = 1.5*10^6 molecules/cm3
-

Atmosphere

Howard and Muir, 2010b

-

ECB, 2007a

Slow-stirring method-GC-ECD,
equilibrium reached after a few days,
measured at 2 concentration levels.
SCCP and MCCP: modelled and
measured, LCCP: modelled

-

Sijm and Sinnige, 1995

-

Government of Canada, 2008

In vitro

Trout and mussel
-

Government of Canada, 2008
Government of Canada, 2008

BAF (SCCP, MCCP and
liquid LCCP 18-20 C) >
5000

SCCP and MCCP: measured, LCCP:
modelled (Modified Gobas BAF Model)

Fish

Government of Canada, 2008

BMF (SCCP and MCCP)
= 0.3-3.2
T! (SCCP, MCCP and
likely LCCP) > 1 yr
T! = 30-112 h

-

Marine organisms

Houde et al., 2006 referred to in
Government of Canada, 2008

-

Sediment

Government of Canada, 2008

Estimated using the Syracuse Research
Corporation AOP program, [OH*] =
5*10^5 molecules/cm3
Calculated from reaction rate, [OH*] =
5*10^5 molecules/cm3
Biodegradation simulation

Atmosphere

ECB, 2007a

Atmosphere

ECHA, 2008c
ECB, 2007a
ECHA, 2008c

Thus classified as vP

Biodegradation simulation

Abiotic aquous media
Aerobic freshwater
sediment
Aerobic marine sediment

ECHA, 2008c

Thus classified as vP

-

Air, sediment and biota

Government of Canada, 2008

Evidence of long-range
transport

T! > 2 d
T! = 1.75 d
6344939-8

Chlorinated
paraffins

LogKow > 9.7
LogKow = 5.85-7.14
LogKow > 5 (SCCP:
4.39 - 8.69, MCCP: 5.47
- 8.21 and LCCP: 7.3412.83)
BCF (SCCP) > 5000
BCF (MCCP and LCCP)
< 5000

T! (SCCP) = 1.9-7.2 d
No expected degradation
T! (SCCP, C10-13, 65%
Cl) = 1630 d
T! (SCCP, C10-13, 65%
Cl) = 450 d
SCCP found in Arctic

Comment
!-HBCDD degrades
slower than "# or $#.
Biotransformation

High potential for longrange transport.

Increasing with
increasing chain length

Likely underestimated
due to insufficient
solubility

-
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CAS No.
13049829-2
117-81-7

Substance
PAH

Conclusion
-

Type of test
-

Matrix
-

Reference
-

Comment
-

DEHP

84-74-2
85-68-7
2676140-0

DBP
BBP
DIDP

LogKow = 7.5
LogKoc = 5.2 L/kg
BCF as high as 2700
LogKow = 8.8
Koc = 286000 L/kg
BCF < 14.4

-

Invertebrates
Sediment
Fish (Cyprinus Carpio)

Staples et al, 1997
Staples et al, 1997
ECB, 2008d
ECB, 2003b
ECB, 2003b
ECB, 2003b

-

Mussels (Mytilus edulis)

Brown and Thompson, 1982b
referred to in ECB, 2003b
ECB, 2003c
ECB, 2003c
ECB, 2008c

BCF = 3000-4000
2855312-0
117-84-0
133-49-3

DINP
DNOP
Pentachlorobenzene thiol

LogKow = 8.83,
BCF = 4000
Estimated travelling
distance = 52000 km
LogKow = 6.4

EBTBP

C-labelled DIDP
Flow-through system, performed
according to OECD guidelines
Flow-through system

14

-

Mussels
Atmosphere

-

-

C-measurements

Aerobic domestic sewage

BCF > 7000

Closed bottle test, OECD guideline 3, 10,
30 mg/l (88 % purity)
Modelling (AopWin v1.91), [OH*] =
5*10^5 molecules/cm3
QSAR models based on logKow 5.91

pKa = 3.14

-

Atmosphere, OH-radicals

Bayer AG Leverkusen referred
to in ECB, 2000b
Bayer AG Leverkusen, 1976
in ECB, 2000b
ECB, 2008c

-

ECB, 2008c

25 °C

-

Scifinder, 2011

LogKow = 9.8

Estimated using KOWWIN

-

ECB, 2008c

T! = 10 h

Estimated using the Syracuse Research
Corporation AOP program; [OH*] =
5*10^5 molecule/cm3
Estimated based on logKow = 9.8
-

Atmosphere

ECB, 2008c

Atmosphere

ECB, 2008c
Howard and Muir, 2010
Howard and Muir, 2010
Howard and Muir, 2010
ECB, 2008c

No biodegradation
during 30 d
T! = 115 d

3258876-4

14

BCF = 9.5
T! = 0.27 d
LogKow = 9.80
BCF = 10
LogKow = 9.8

-

-

Fulfuls REACH
criterion for vB
-

Not soluble in water or
organic solvent
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CAS No.
79-94-7

79-94-7

Substance
TBBPA

TBBPA

Conclusion
LogKow = 5.9

Type of test
Generator column method-HPLC-MS

Matrix
-

T! = < 1 d

pKa = 4.3

Closed bottle test-Soxhlet extraction-GCHRMS, and LC- APCI-MS, 37°C
Closed bottle test-Soxhlet extraction-GCMS, [TBBPA] = 40-70 ng/g dw
Closed bottle test-Soxhlet extraction-GCMS, [TBBPA] = 40-70 ng/g dw
25°C

Digested sewage sludge,
anaerobic conditions
Atmosphere
Fish
Activated sewage sludge,
anaerobic conditions, 8 °C
Activated sewage sludge,
aerobic conditions, 8 °C
-

LogKow = 4.33
LogKow = 5.87
LogKoc = 4.57
LogKow = 12.66
BCF = 3

Estimated using QSPRs, KOWIN
Estimated using QSPRs, BCFWIN

T! = 852 d

T! = 3.61
LogKow = 7.2
BCF = 4.13
BCF > 100
T! = 430 d
T! = 65 d

608-71-9
118-79-6
615-58-7
87-83-2
1365409-6

Pentabromophenol
2,4,6-Tribromfenol
2,4-Dibromfenol
Pentabromotoluene
DecaBB

Reference
Wildlife International, 2001
referred to in ECB, 2006
Gerecke et al., 2006
Howard and Muir, 2010
Howard and Muir, 2010
Howard and Muir, 2010
ECB, 2006
Nyholm et al., 2010

Comment
-

Fulfills REACH
criterion for P

Nyholm et al., 2010
Scifinder, 2011

-

-

Covaci et al., 2011
Harju et al., 2008
Harju et al., 2008
Howard and Muir, 2010b
Howard and Muir, 2010b

-

Atmosphere

Howard and Muir, 2010b

Atmosphere

Howard and Muir, 2010b
Howard and Muir, 2010b
Howard and Muir, 2010b

-

-

-

-

Not B but may degrade
to compounds that are B

6126253-1

1,2bis(pentabromophenoxy)eth
ane

LogKow = 12.71
BCF = 3
T! = 0.74

8485253-9
4948-156

Decabromodiphenylethane
2,9-bis(3,5dimethyl-

-

Estimated using QSPRs (AOPWIN),
[OH*] = 1.5*10^6 molecules/cm3
Estimated using QSPRs, KOWIN
Estimated using QSPRs, BCFWIN
Estimated using QSPRs (AOPWIN),
[OH*] = 1.5*10^6 molecules/cm3
-

-

-

-

-

-

3049-716

2,9-bis[4(phenylazo)phenyl]anthra[2,1,9def:6,5,10d'e'f']diisoquinoline1,3,8,10(2H,9H)tetrone

-

-

-

-

-

115-28-6

HET Acid

-

-

-

-

-

phenyl)anthra[2,1,9def:6,5,10-d'e'f']
diisoquinoline-1,3,8,
10(2H,9H)-tetrone

46

10. Appendix B
In appendix B, Table 6, the 101 chemicals of highest average net amounts and their minimum,
maximum and average net amounts (tonne/year) in Sweden, in 2007 are given. The data is
that which is included in the Commodity Guide and was provided by the Swedish Chemicals
Agency and Statistics Sweden. The chemicals are ranked after decreasing average net
amounts. The 25 substances found to be of interest for investigation of PB-characteristics are
marked in bold.
Table 6. Raw data from the Commodity Guide list.
CAS No.

Substance

65997-17-3
471-34-1
21645-51-2
14807-96-6
12001-26-2
1333-86-4
1309-42-8
1332-58-7
1163-19-5
32534-81-9
88497-56-7
32536-52-0
71342-77-3
63231-67-4
68333-79-9
7723-14-0
84852-53-9
87-83-2
1332-07-6
13701-59-2
15432-85-6
32588-76-4

Glass fibre
Calcium carbonate
Aluminium hydroxide
Tal
Mica
Aktivated carbon
Magnesium hydroxide
Kaolin
Decabromo diphenyl ether
Pentabromo diphenyl ether
Brominated polystyrene
Octabromo diphenyl ether
TBBPA carbonate oligomer
Silochrome
Ammonium polyphosphate
Red phosphorus
Decabromo diphenyl ethane
Pentabromotoluene
Zinc borate
Barium metaborate
Sodium antimonate
Ethylenbis(tetrabromophtalimide)
Melamine
Chalk
Aluminum silicate
Calcined kaolin
Chlorinated paraffins
2,4,6-Tribromfenol
Pentabromophenol
2,4-Dibromfenol
TBBPA bis(2,3-dibromopropyl
ether)
Dithiopyrophosphate
Dibromostyrene grafted
Wollastonite
Dolomite
Polytribromostyrene
Antimony trioxide
Barium sulphate

108-78-1
13397-25-6
12068-56-3
66402-68-4
63449-39-8
118-79-6
608-71-9
615-58-7
21850-44-2
36558-41-5
171091-06-8
13983-17-0
16389-88-1
57137-10-7
1309-64-4
7727-43-7

Minimum net
amounts
(tonne/year)
290 000
260 000
50 000
250 000
200 000
64 000
0
36 000
3 700
3 700
0
0
0
3 500
0
0
0
0
0
0
0
0

Maximum
net amount
(tonne/year)
530 000
940 000
650 000
530 000
410 000
410 000
410 000
360 000
350 000
340 000
320 000
310 000
310 000
300 000
300 000
300 000
300 000
290 000
290 000
290 000
290 000
290 000

Average net
amount
(tonne/year)
410 000
600 000
350 000
390 000
310 000
230 000
200 000
200 000
180 000
170 000
160 000
160 000
150 000
150 000
150 000
150 000
150 000
150 000
150 000
150 000
150 000
150 000

0
660
0
0
1 100
0
0
0
0

270 000
270 000
260 000
260 000
260 000
260 000
260 000
260 000
260 000

130 000
130 000
130 000
130 000
130 000
130 000
130 000
130 000
130 000

0
0
54 000
49 000
0
4 900
10 000

260 000
260 000
200 000
190 000
230 000
180 000
160 000

130 000
130 000
130 000
120 000
120 000
95 000
83 000

117-81-7
115-86-6
84-74-2
85-68-7
7631-86-9
25637-99-4
59447-55-1
61262-53-1
557-05-1
78-42-2
103-23-1
103-24-2
117-84-0
122-62-3
26761-40-0
33703-08-1
3319-31-1
3648-20-2
27554-26-3
28108-99-8
28553-12-0
68515-41-3
68515-51-5
68648-92-0
1592-23-0
13810-83-8
24938-64-5
133-49-3
130498-29-2
31780-26-4
1328-53-6
3049-71-6

65212-77-3

68187-11-1
68987-63-3
72102-84-2

Di(ethylhexyl)phthalate
Triphenylphosphate
Dibutylphthalate
Bensylbutylftalat
Silicone dioxide
Hexabromocyclododecane
Pentabromobenzyl acrylate
1,2bis(pentabromophenoxy)
ethane
Zinc stearate
Tris(2-ethylhexyl)phosphate
Di(2-etylhexyl)adipat
Di(2-ethylhexyl)azelate
Dioktylftalat
Di-(2-Ethylhexyl) sebacate
Diisodecylphthalate
Diisononyladipat
Tris(2-ethylhexyl)trimellitate
Diundecylphthalate
Diisooctylphthalate
Isopropylphenyldiphenylphosphate
Diisononylphthalate
Dialkyl(C7-C9)phthalate
Di(n-hexyl,n-octyl,ndecyl)phtalate
Dialkyl(C9-C11)phthalate
Calcium stearate
Tetrabromophthalic acid
Kevlar
Pentachlorobenzenethiol
PAH
Polydibromostyrene
Polychloro copper
phthalocyanine
2,9-Bis[4-(phenylazo)phenyl]anthra[2,1,9-def:6,5,10d'e'f']diisoquinoline1,3,8,10(2H,9H)-tetrone
4,5-Dichloro-2-[[4,5-dihydro-3methyl-5-oxo-1-(3sulfophenyl)-1H-pyrazol-4yl]azo]-benzenesulfonic acid,
calcium salt
Aluminum chromium cobalt
oxide spinel
[29H,31H-phthalocyaninato(2)-N29,N30,N31,N32]-copper,
chlorinated
5-[(2,3-Dihydro-6-methyl-2oxo-1H-benzimidazol-5yl)azo]-2,4,6(1H,3H,5H)pyrimidinetrione

29 000
490
29 000
29 000
16 000
4 600
0
0

130 000
150 000
120 000
120 000
120 000
100 000
96 000
96 000

80 000
77 000
76 000
76 000
66 000
54 000
48 000
48 000

6 800
1 100
1 100
1 100
1 100
1 100
1 100
1 100
0
0
0
0

84 000
86 000
86 000
86 000
86 000
86 000
86 000
86 000
85 000
85 000
85 000
85 000

45 000
44 000
44 000
44 000
44 000
44 000
44 000
44 000
43 000
43 000
43 000
43 000

0
0
0

85 000
85 000
85 000

43 000
43 000
43 000

0
4 800
3 700
17 000
29 000
29 000
0
0

85 000
78 000
79 000
52 000
38 000
38 000
64 000
63 000

43 000
41 000
41 000
35 000
34 000
34 000
32 000
31 000

0

63 000

31 000

0

63 000

31 000

0

63 000

31 000

0

63 000

31 000

0

63 000

31 000
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78245-94-0

31566-31-1
115-28-6
52434-59-0
52907-07-0
81-77-6
147-14-8
980-26-7
1047-16-1
3905-19-9
4051-63-2
4948-15-6

5045-40-9

5280-78-4

5280-80-8

5281-04-9

5580-57-4

2,2'-[(3,3'-Dichloro[1,1'biphenyl]-4,4'diyl)bis(azo)]bis[N-(2,3dihydro-2-oxo-1Hbenzimidazol-5-yl)-3-oxobutanamide]
Glycerol monostearate
HET Acid
1,2,5-Tris(2,3dibromopropoxy)-2,4,6-triazine
Ethylenebis(5,6dibromonorbornane-2,3dicarboximide)
6,15-Dihydro-5,9,14,18anthrazinetetrone
[29H,31H-phthalocyaninato(2)-N29,N30,N31,N32]-(SP-4-1)copper
5,12-Dihydro-2,9-dimethylquino[2,3-b]acridine-7,14-dione
5,12-Dihydro-quino[2,3b]acridine-7,14-dione
N,N'-1,4-phenylenebis[4-[(2,5dichlorophenyl)azo]-3-hydroxy2-naphthalenecarboxamide]
4,4'-Diamino-[1,1'bianthracene]-9,9',10,10'-tetrone
2,9-Bis(3,5-dimethylphenyl)anthra[2,1,9-def:6,5,10d'e'f']diisoquinoline1,3,8,10(2H,9H)-tetrone
1-Methyl-2,6phenylenediaminebis(4,5,6,7tetrachloroisoindolin-1-one-3ylidene)
N,N'-(2-chloro-1,4phenylene)bis[4-[(2,5dichlorophenyl)azo]-3-hydroxy2-naphthalenecarboxamide]
3,3'-[(2,5-Dimethyl-1,4phenylene)bis[imino(1-acetyl-2oxo-2,1-ethanediyl)azo]]bis[4chloro-N-(5-chloro-2methylphenyl)-benzamide]
3-Hydroxy-4-[(4-methyl-2sulfophenyl)azo]-2naphthalenecarboxylic acid,
calcium salt
3,3'-[(2-Chloro-5-methyl-1,4phenylene)bis[imino(1-acetyl-2oxo-2,1-ethanediyl)azo]]bis[4chloro-N-(3-chloro-2methylphenyl)-benzamide

0

63 000

31 000

1 900
0
0

60 000
60 000
60 000

31 000
30 000
30 000

0

60 000

30 000

0

60 000

30 000

0

60 000

30 000

0

60 000

30 000

0

60 000

30 000

0

60 000

30 000

0

60 000

30 000

0

60 000

30 000

0

60 000

30 000

0

60 000

30 000

0

60 000

30 000

0

60 000

30 000

0

60 000

30 000

49

5590-18-1

7023-61-2

12286-66-7

14302-13-7

15782-05-5

71832-85-4

84632-65-5
129423-54-7

79-94-7
13654-09-6

1,4Phenylenediaminebis(4,5,6,7tetrachloroisoindolin-1-one-3ylidene)
4-[(5-Chloro-4-methyl-2sulfophenyl)azo]-3-hydroxy-2naphthalenecarboxylic acid,
calcium salt
4-[[1-[[(2Methylphenyl)amino]carbonyl]2-oxopropyl]azo]-3-nitrobenzenesulfonic acid, calcium
salt
(1,3,8,16,18,24-Hexabromo2,4,9,10,11,15,17,22,23,25decachloro-29H,31Hphthalocyaninato(2-)N29,N30,N31,N32)copper
4-[(5-Chloro-4-methyl-2sulfophenyl)azo]-3-hydroxy-2Naphthalenecarboxylic acid,
strontium salt
4-[[1-[[(2Chlorophenyl)amino]carbonyl]2-oxopropyl]azo]-3nitrobenzenesulfonic acid,
calcium salt
3,6-Bis(4-chlorophenyl)-2,5dihydro-pyrrolo[3,4-c]pyrrole1,4-dione
4-Chloro -2-[[4,5-dihydro-3methyl-5-oxo-1-(3sulfophenyl)-1H-pyrazol-4yl]azo]-5-methylbenzenesulfonic acid, calcium
salt
Tetrabromobisphenol A
Decabromobiphenyl

0

60 000

30 000

0

60 000

30 000

0

60 000

30 000

0

60 000

30 000

0

60 000

30 000

0

60 000

30 000

0

60 000

30 000

0

60 000

30 000

0
0

57 000
57 000

29 000
28 000

50

