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24 Hazard assessment for endpoints of concern
24.1. Toxicity

Toxicokinetics

Toxicokinetic studies with rats show that after an oral dose, the substance is distributed to the blood and tissues (Umegaki et
al., 1993; ICCA/WCC, 2007 citing Thomas and coauthors). Linder et al., (1980) observed that rats fed with PeCB
accumulated approximately 1.5 — 2.2 times the dietary concentration in their adipose tissues. Umegaki et al., (1993) studied
the kinetics of PeCB in blood and tissues of rats given a single oral dose by gavage of either 15 mg or 20 mg. PeCB was
observed in the blood, liver, kidney, brain, and fat tissue as well as in the feces (4.8% of the dose). In the blood, also the
major metabolite pentachlorophenol was observed.

Den Besten et al (1994) studied the urinary metabolite profile of PeCB in the rat after dietary exposure for 13 weeks. PeCB
was metabolized to the major metabolites pentachlorophenol (PCP), 2,3,4,5-tetrachlorophenol (TCP),
mercaptotetrachloro-phenol (MTCP). the glucuronide derivative of pentachlorothiophenol (PCTP), and the minor
metabolites tetrachlorohydroquinone (TCHQ), methythiotetrachlorophenol (MeTTCP), hydroxytetrachlorophenyl
sulphoxide (HTCPS), and bis(methylthio)-trichlorophenol (bis-MeTTriCP). The study also revealed that oxidation of PeCB
to 2,3.4,5-TCP was not mediated by cytochrome P450IIIA. In the urine of rabbits exposed to a single oral dose of PeCB.
also pentachlorophenol and 2,3,4,5-tetrachlorophenol was observed (Slooff et al.. 1991, citing Kohli et al., 1976).

A study with coyotes showed that PeCB is excreted in the facces (Johnston et al., 1997). Coyotes were dosed with PeCB
(single dose of 130, 260 or 520 mg). In both studied matrices, facces and adipose tissue, residues of PeCB were determined.
PeCB was detectable in facces for six months post-dosing. In the faeces, also the metabolites pentachlorophenol and
2,3.4,5-tetrachlorophenol were detected.

Data on other than the oral exposure route are limited available. WHO-ICPS (1991) indicates that the chlorobenzenes are
less readily absorbed through the skin, but that levels of the same isomer of the chlorobenzenes in various tissues appear to
be similar, regardless of the route of administration. The ingestion of a lethal dose leads to respiratory paralysis, while the
inhalation of high doses causes local irritation and depression of the central nervous system WHO-ICPS (1991).

Acute toxicity

PeCB has been tested on rats and mice. Results of acute toxicity tests are available for oral and dermal exposure (see Table
2.6, Annex II, UNEP/POPS/POPRC.3/INF/21). LDs¢s for PeCB (by gavage in peanut oil) are 940 to 1125 mg/kg bw in
adult and weanling rats and 1175 and 1370 mg/kg bw in Swiss Webster mice (Linder et al., 1980 cited in Government of
Canada, 1993). Decreased activity and tremors were observed in both species at sublethal doses: the kidneys, liver and
adrenal glands of rats were also enlarged. In some rats, the gastric mucosa was hyperaemic, and a slight reddish
fluorescence of the gastrointestinal tract was observed in both rats and mice under ultraviolet light, suggesting porphyria
(Government of Canada, 1993). In the study of Allen et al., (1979, cited in Slooff, 1991), a LD50 of 250 mg/kg bw was
observed in rats. Ariyoshi et al., (1975, cited in Slooff, 1991) observed an increase of cytochrome P450 content in rats as
well as an increase in the activity of two hepatic enzymes after oral administration of 250 mg/kg bw once daily during 3
days.

To determine a dermal LD30 one concentration (i.e., 2500 mg/kg bw) was tested on rats, but no toxic effects were seen at
this dose (Linder et al., 1980 cited in Slooff, 1991). Based on this study, a NOEC of > 2500 mg/kg bw can be established
for dermal exposure.

PeCB is classified in the European ESIS database as R22, harmful if swallowed (European Chemicals Bureau, 2007).
WHO-IPCS (1991) reported that data on skin and eye irritation potential and on sensitization potential were mainly
restricted to 1,2,4-trichlorobenzene. No data were available for PeCB.
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Subchronic toxicity

PeCB has been tested on rats and mice. Results of (sub)chronic toxicity tests are available for dietary exposure, see Table

2.6, Annex I, UNEP/POPS/POPRC.3/INF/21. In female Sherman rats ingesting diets containing 500 mg/kg and greater (>

37.5 mg/kg bw/day) PeCB for 100 days, there was an increase in liver weight and hypertrophy of hepatic cells (Linder et

al., 1980). There was also an increase in kidney weights and renal hyaline droplet formation in males at exposure levels ‘
>125 mg/kg (equivalent to >8.3 mg/kg bw/day). In addition, at 1 000 mg/kg (equivalent to 81.1 mg/kg bw/day for males E
and 78.7 mg/kg bw/day for females), the effects observed were: an increase in adrenal weight and focal areas of renal

tubular atrophy and interstitial lymphocytic infiltration in males; an increase in kidney weight in females; a decrease in

haemoglobin and an increase in white blood cells in both sexes; and decreases in red blood cells and haematocrit in males.

The no-observed-effect-level (NOEL) in female rats, derived on the basis of the results of this study, was 250 mg/kg

(equivalent to 18.2 mg/kg bw/day); the lowest-observed-effect-level (LOEL) in males was 125 mg/kg (equivalent to 8.3

mg/kg bw/day) (calculations by Government of Canada, 1993).

In a study of NTP (1991) rats and mice were exposed to PeCB through their diet. Observed effects were among others:

decreases in the mean body weights of male rats at exposure levels > 1 000 mg/kg diet and in females at all concentrations
(= 33 mg/kg), increase in absolute and relative liver weights (33 mg/kg in males), centrilobular hepatocellular hypertrophy ‘
(as low as 330 mg/kg for males), increases in kidney weights and renal histopathological effects at concentrations as low as

100 mg/kg, nephrotoxic effects in females (> 1 000 mg/kg), increase of the concentration of protein in the urine in male and |
female rats at > 1 000 mg/kg, decrease of free thyroxin and total thyroxin concentrations in male and female rats indicating

moderate hypothyroxinemia and abnormalities were observed at concentrations of >330 mg/kg in females and > 1 000

mg/kg in males. The incidence of abnormal sperm in males was also increased at both dietary concentrations at which it

was examined (330 and 2 000 mg/kg). On the basis of histopathological lesions, the authors considered the NOELs to be

33 mg/kg in male rats and 330 mg/kg in females (approximately 2.4 and 24 mg/kg bw/day, respectively) (calculations by

Government of Canada, 1993).

In PeCB exposed mice in the same study NTP (1991), observed effects were among others: ventral swelling and ruffled fur
(2 000 mg/kg), increase of kidney weights (>330 mg/kg in males), functional effects on the thyroid at all concentrations in
both sexes (>33 mg/kg), increase in liver weights (at 100 mg/kg in males). The only exposure-related histological lesion in
mice of either sex was centrilobular hepatocellular hypertrophy and minimal necrosis, observed at all concentrations in
males and at > 330 mg/kg (equivalent to 68 mg/kg bw/day) in females. On the basis of the histopathological lesions, the
authors considered the NOEL in female mice to be 100 mg/kg (approximately 22 mg/kg bw/day). No NOEL for males

could be established (LOEL = 33 mg/kg or approximately 5.2 mg/kg bw/day) (calculations by Government of Canada,
1993).

In contrast to ingestion, WHO-ICPS (1991) does not provide data on dermal exposure and inhalation of PeCB, which
indicates that such data are limited. The lowest NOELs reported for the ingestion of PeCB were between 2.4 and 24 mg/kg
per day. Ingestion of high doses by rats and mice resulted in hepatic and renal toxicity.

Mutagenicity and carcinogenicity

Epidemiological studies of exposed populations are not available and information on carcinogenicity in experimental
animals has not been identified. PeCB showed no genotoxicity in a small number of in vitro and in vivo studies of a limited
range of investigated genetic endpoints.

PeCB has been tested negative in the Ames test (see Table 2.6, Annex II, UNEP/POPS/POPRC.3/INF/21). Based on limited
available data, mutagenicity in S. fyphimurium with and without metabolic activation, effects on chromosomes in Chinese
Hamster ovary cells in vitro, and micronuclei in peripheral blood smears in animals from the NTP sub-chronic study, PeCB
has been assessed as not genotoxic (Haworth et al., 1983 and NTP, 1991 cited in Government of Canada, 1993). Several
studies (Thomas et al., 1998 and Gustafson et al., 2000; Ying et al., 2001) investigated the tumor-promoting activity in
medium term carcinogenicity assays of various chlorobenzene isomers including PeCB. The results suggest that PeCB
promotes glutathione S-transferase (GSTP1-1) positive prencoplastic foci formation in rat liver, following
diethylnitrosamine (DEN) initiation.

Both Health Canada and U.S. EPA have reviewed the cancer toxicity data of PeCB. The cancer weight-of-evidence
classification is based on all routes of exposure. Neither group derived a risk value. Both groups concluded that the
substance is unclassifiable with respect to its carcinogenicity in humans due to the lack of data. PeCB is not classified as a
carcinogen by IARC or by the EU (European ESIS database).
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Reproductive and developmental toxicity

Available studies concerning the embryotoxicity, foetotoxicity and teratogenicity of PeCB include one study in rats (and
one in mice (Villeneuve and Khera, 1975 and Courtney et al.. 1977, cited in Government of Canada, 1993) (see Table 2.6,
Annex [, UNEP/POPS/POPRC.3/INF/21). Results of the study of Villeneuve and Khera (1975) indicated that PeCB is
foetotoxic (an increased incidence of extra ribs and sternal defects was observed in the offspring) at maternal exposure
doses of 50 mg/kg bw/day. The exposure concentration was below the concentration that induced toxic effects in the
mothers. In mice, no embryotoxic, foetotoxic or teratogenic effects were observed in the offspring at doses which were
maternally toxic (50 mg/kg bw/day and above)(Courtney et al., 1977). In the only identified study on reproductive toxicity
of PeCB, Linder et al. (1980) reported that suckling pups of PeCB treated mothers fed > 250 mg/kg developed tremors
(LOAEL = 18.2 mg/kg/day). At 1000 mg/kg, most sucklings died before weaning.

The studies above are also cited in WHO-ICPS (1991) who conclude that there is some evidence that the higher chlorinated
benzenes (TCBs, TeCBs, PeCB) are embryotoxic or fetotoxic at dose levels that are not maternally toxic. WHO-ICPS
(1991) also remark that the available data are not consistent and that the toxicities of the various isomers of the TCBs and
TeCBs for the mother and fetus vary considerably. Most reported effect (NOAEL, NOEL) and no effect levels (LOAEL,
LOEL) vary between 17 and 200 mg/kg PeCB per day.

PeCB showed high oral toxicity with LD50 doses as low as 250 mg/kg bw in rats. From the limited data available, dermal
1.D50s are higher. Data on skin and eye irritation potential and on sensitization potential are limited. In contrast to
ingestion, WHO-ICPS (1991) does not provide data on dermal exposure and inhalation of PeCB, which indicates that such
data are limited. The lowest NOELs reported for the ingestion of PeCB were between 2.4 and 24 mg/kg bw per day.
Ingestion of high doses by rats and mice resulted in hepatic and renal toxicity.

PeCB showed no genotoxicity in a small number of iz vitro and in vivo studies of a limited range of investigated genetic
cndpoints. Data on mutagenity and carcinogenity are limited. Both Health Canada and US-EPA concluded that the PeCB is
unclassifiable with respect to its carcinogenicity in humans due to the lack of data. PeCB is not classified as a carcinogen by
IARC, nor by the EU (European ESIS database). There is some evidence that PeCB is embryotoxic or fetotoxic at dose
levels that are not maternally toxic.

2.4.2. Ecotoxicity

Agquatic toxicity

Acute and chronic toxicity data are available for both freshwater (see Table 2.7, Annex 11, UNEP/POPS/POPRC.3/INF/21)
and marine organisms (see Table 2.8, Annex II. UNEP/POPS/POPRC.3/INF/21). The lowest acute toxicity values are

100 pg/L for freshwater fish species (EC50) and 87 pug/L for a marine crustacean (LC50). The lowest chronic values
(NOECs) are 2 pg/L for a freshwater fish and 14 pg/l. for a marine crustacean. According to these findings, species
sensitive to PeCB can be found in both the freshwater and the marine environment.

Within the European Union PeCB is classified as a substance which is very toxic to aquatic organisms and which may
cause long-term adverse effects in the aquatic environment (Risk phrases N: R50 and R53) (European Chemicals Bureau,
2007). This classification is based on the fact that the substance is very toxic to fish, daphnia or algae (LC50 <1 mg/L) and
the substance is not readily degradable or bioaccumulative.

Soil and sediment toxicity

Limited data are available for soil and sediment. Tests with various chlorobenzenes were carried out by Van Gestel et al
(1991). Two earthworm species were raised on a natural sandy soil (KOBG) and an artificial OECD standard soil. Average
LC50 values varied between 115 and 238 mg/kg dry weight, whereas LC50 values in pore water varied between 55.1-
117.7 pg/L.. Van Gestel et al (1991) concluded that based on pore water concentrations earthworms are more sensitive to
PeCB than fish, but that this may be due to diffcrences in test design.

Only one study on the toxicity of PeCB in plants was identified. Duplicate tests were carried out in which Lactuca sativa
seedlings were grown on OECD soil contaminated with PeCB. The seedlings were harvested after 7 and 14 days. EC50
values varied between 56 and 862 mg/kg dw (Hulzebos et al. 1993). Experiments in solution resulted in an EC50 value of
+1.0 mg/L. Details of the tests are provided in Table 2.9, Annex II, UNEP/POPS/POPRC.3/INF/21.

16



UNEP/POPS/POPRC.3/20/Add.7

Toxicity to birds
No toxicity data on birds are available for PeCB.

Multiple chemicals and toxicological interactions

Annex E request information on toxicological interactions involving multiple chemicals (Annex E, b). Limited information
is available on this subject. Yoo et al (2003) report on their studies on the kinetics of PeCB: “The kinetics and toxicity of
pentachlorobenzene were assessed using a freshwater (Hyalella azteca) and marine amphipod (Leptocheirus plumulosus).
The results of these studies demonstrated the additive toxicity of PeCB with other organic chemicals (pyrene).”

Comparison of exposure and effect data

Several methods, exposure routes and species with very different feeding strategies were used by ICCA/W CC to determine
the lethal and critical body burden of PeCB. Based on the general knowledge on substances with a narcotic mode of action
and the available data on PeCB, such as the Hyalella growth/mortality study and other information discussed, an estimation
of 25 mg/kg PeCB/kg (0.1 mmol) was tentatively proposed by ICCA/WCC (2007) as a Critical Body Burden for chronic
effects.

A very recent publication of Schuler et al (2007b) has reported critical whole body residues of pentachlorobenzene of

58 mg/kg and 5 mg/kg for Hyalella azteca and Chironomus tentans respectively. These residue levels are lower than the
highest concentrations reported for temperate regions in Table 2.5 in the Annex POPRC3/INF21 and 150-1500 times higher
than the highest values of <0.1 — 37 pg/kg wet weight in biota reported for the Faroe Islands by Hoydal and Dam (2003).
Other concentrations reported from remote areas are of the same order of maginitude, .. Adelie penguin eggs (Antartic)
contained 0.68 pg/kg ww (Corsolini et al., 2006) and whole body concentrations from fish in the White Sea were up to 5
ug/kg ww (ICCA/WCC, 2007 citing Muir et al., 2003).

The World Chlorine Council (ICCA/WCC, 2007) has provided information related to two other approaches. The first
approach focused on PeCB organic carbon concentrations in sediments from Canadian lakes and showed that in both rural
and remote sites, PeCB organic carbon concentrations were 410-75000 times lower than Environment Canada’s “estimated
no effect value” for freshwater benthic organisms. In the second approach, comparisons were made between exposure
estimations for a pisciverous predator and for polar bear using assumptions considered by the WCC as “worst case
assumptions”, and effect levels derived from human Reference Dose and Tolerable Daily Intakes from USA and Canada.
These estimations of exposure were 13 and 20 times lower than the derived effect levels, respectively.

The available information has not been sufficient for confirming if the values given above represent real critical body
burdens or just expressions of internal dose or whole body residues levels. Both concepts have fundamental differences
related to the understanding of the mechanism of action of the chemical. Nevertheless, it should be noted that expressing the
toxicological effects as internal dose or, whenever possible, critical body burdens, improves the effect assessment but only
reduces partially its uncertainty. In addition, all the uncertainty related to the exposure assessment remains. While
monitoring levels above critical body burdens or internal toxic doses clearly indicate a risk, the fact that current measured
concentrations are below these triggers should in no case be interpreted as a confirmation of the absence of risk, particularly
in the assessment of POPs and POPs candidates.

3 Synthesis of the information

Pentachlorobenzene is a chlorinated organic compound. According to available data, pentachlorobenzene should be
considered as persistent given the considerable number of estimated and experimental half-lives in atmosphere, soils,
sediments, and water. Persistence in the environment depends on the rate of photo-oxidation, the presence of oxygen and
organic matter. Pentachlorobenzene meets the criterion on bioaccumulation. BCF values for pentachlorobenzene range from
1085 — 23 000 L/kg for fish, 833 — 4 300 L/kg for mollusca, and 577 — 2258 L/kg for crustacean. Biomagnification may be
expected due to the high logK, and the fact that biotransformation is insignificant. However, data on the biomagnification
of pentachlorobenzene are lacking.

The available data support the potential for long range transport of pentachlorobenzene. The physical and chemical
characteristics are within the range of the other POPs. Model estimations on the transport distance resulted in distances of
8 000 km, while estimates based on air measurements suggested 13 338 km. Monitoring data also indicate that PeCB is
subject to long range transport. PeCB was detected in air and precipitation at various locations in the world, many of those
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far from its sources. The small spatial vanability across the Northern Hemisphere observed in some studies also indicate
that PeCB has a very long atmospheric residence time, which allows it to become widely distributed in the global
hemisphere.

A large quantity of monitoring data exists on PcCB detected in abiotic matrices as well as in biota in temperate zones,
mainly originating from developed countries. In general, concentrations of PeCB in the temperate zones of the world seem
to be decreasing. This pattern is representative for most POPs. For the Arctic and Antarctic area, only recent data are
available which do not enable a trend to be derived.

Case reports of adverse effects in individuals, or epidemiological studies of populations exposed to PeCB have not been
identified. The only nisk phrase for pentachlorobenzene in the European ESIS database is R22, harmful if swallowed.
Lowest LD50 observed for acute exposure was 250 mg/kg bw. Repeat-dose mammalian toxicity tests result in evidence of
hepatic, nephric, hematological, and developmental toxicity for this chemical. According to the American Hazardous
Substances Data Bank pentachlorobenzene is not classifiable as to human carcinogenicity because there are no human data
and no animal data available. PeCB is moderatcly toxic to humans. Pentachlorobenzene is very toxic to aquatic organisms
and may cause long-term adverse effects in the aquatic environment. Data on soil and sediment organisms are limited or
lacking.

Bioavailability of pentachlorobenzene is inversely proportional to the organic carbon content of the soil or sediment.
However, experiments suggest that hydrophobic chemicals bound to the sediment or suspended sediment may act as a
reservoir and result in continuous uptake. There are limited quantitative data on this process for pentachlorobenzene.

The data from Europe and North America show that production and use of pentachlorobenzene has ceased over the last
decades, but it cannot be excluded that PeCB is produced or used elsewhere. Unintentional release of pentachlorobenzene
as a byproduct of incomplete combustion appears to be the largest current source. However, this conclusion is based on data
for Europe and North America only.

An important element in the assessment of the potential risk of PeCB is the assessment of the risk associated with intended
and non-intended uses. This distinction is not possible with the current information but it should be very useful for the deci-
sion making process. Such an analysis would request precise information on the amounts released by intentional production
and usc in the past and the unintentional releases plus a correction for the degradation rate of the substance after release.
Data on past production and use are currently lacking.

PeCB meets all screcning criteria on long range transport, persistence, bioaccumulation and toxicity. Generally,
environmental concentrations seem to be decreasing. Production and use have ceased in Europe and North America, but
data from other parts of the world are limited. Unintentional release as a byproduct of incomplete combustion appears to be
the most important source of PeCB in the environment.

The available information does not allow the Committee to distinguish between the environmental burden caused by inten-
tional use and the burden caused by the unintentional production and releases of PentaCB. Clarifying this distinction would
help the Committee to prepare the risk management evaluation and to formulate its final conclusions. Hence, additional data
on this issue should be sought.

4 Concluding statement

Pe(CB is persistent in the environment and is bioaccumulative. The small spatial variability in the ranges of air
concentrations across the Northern Hemisphere indicates that PeCB has a very long atmospheric residence time, which
allows it to become widely distributed in the global hemisphere. There are monitoring data from remote areas, backed up by
modelling results that suggest that pentachlorobenzene can be transported over great distances. Pentachlorobenzene is
moderately toxic to humans, but is very toxic to aquatic organisms.

As a result of the long range transport of PeCB. neither a single country nor a group of countries alone can abate the
pollution caused by this substance. Unintentional release of PeCB, as a byproduct of incomplete combustion, appears to be
the largest current source. Measures to reduce these releases can only be taken at a global scale. Although the production
and use of pentachlorobenzene seems to have ceased in most countries, its reintroduction remains possible. This could lead
to increased releases and levels in the environment. Based on the available evidence, PeCB is likely, as a result of its long
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range environmental transport, to lead to significant adverse human health and/or environmental effects, such that global
action is warranted.

As the distinction between the environmental burden caused by intentional use and the burden caused by unintentional pro-
duction and releases would support the preparation of the risk management evaluation and making the final recommenda-
tion, the Committee considers that an additional effort should be made to fill this gap.
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