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NOTE TO READERS OF THE CRITERIA MONOGRAPHS

Every effort has been made to present information in the criteria
monographs as accurately as possible without unduly delaying their
publication. In the interest of all users of the Environmental Health
Criteria monographs, readers are requested to communicate any errors
that may have occurred to the Director of the International Programme
on Chemical Safety, World Health Organization, Geneva, Switzerland,
in order that they may be included in corrigenda.

A detailed data profile and a legal file can be obtained from the
Interpational Register of Potentially Toxic Chemicals, Case postale
356, 1219 Chatelaine, Geneva, Switzerland (telephone no, + 41 22 -
9799111, fax no. + 41 22 - 7973460, E-mail irpte@unep.ch).

This publication was made possible by grant number
5 U0l ES02617-15 from the National Institute of Environmental
Health Sciences, Mational Institutes of Health, USA, and by financial
suppart from the European Commissjon and the Federal Ministry for
the Environment, Nature Conservation and Nuclear Safety, Germany.
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PREAMBLE

Objectives

In 1973 the WHO Environmental Health Criteria Programme was
initiated with the following objectives:

(i) to assess information on the relationship between exposure to
environmental pollutants and human health, and to provide
guidelines for setting exposure limits;

(ii} to identify new or potential pollutants;

(1ii} to identify gaps in knowledge conceming the health effects of
pollutants;

(iv} to  promote the harmonization of toxicological and
epidemiological methods in order to have internationally
comparable results.

The first Environmental Health Criteria (EHC) monograph, on
mercury, was published in 1976 and since that time an ever-increasing
number of assessments of chemicals and of physical effects have been
produced. In addition, many EHC monographs have been devoted to
evaluating toxicological methodology, e.g., for genetic, neurotoxic,
teratogenic and nephrotoxic effects. Other publications have been
concemed with epidemiological guidetines, evaluation of short-term
tests for carcinogens, biomarkers, effects on the elderly and so forth.

Since its inauguration the EHC Programme has widened its scope,
and the importance of environmental effects, in addition to health
effects, has been increasingly emphasized in the total evaluation of
chemicals.

The original impetus for the Programme came from World Health
Assembly resolutions and the recommendations of the 1972 UN
Conference on the Human Environment. Subsequently the work
became an integral part of the Intemational Programme on Chemical
Safety (IPCS), a cooperative programme of UNEP, 1LO and WHO.,
In this manner, with the strong support of the new parmers, the
Importance of occupational health and environmental effects was fully

viii



recognized. The EHC monographs have become widely established,
used and recognized throughout the world.

The recommendations of the 1992 UN Conference on
Envirenment and Development and the subsequent establishment of
the Intergovemmental Forum on Chemical Safety with the priorities
for action in the six programme areas of Chapter 19, Agenda 21, all
lend further weight to the need for EHC assessments of the risks of
chemicals.

Scope

The criteria monographs are intended to provide critical reviews
on the effect on human health and the environment of chemicals and
of combinations of chemicals and physical and biological agents. As
such, they include and review studies that are of direct relevance for
the evaluation. However, they do not describe every study carried out.
Worldwide data are used and are quoted from original studies, not
from absiracis or reviews, Both published and unpublished reports are
considered and it is incumbent on the authors to assess all the articles
cited in the references. Preference is always given to published data.
Unpublished data are only used when relevant published data are
absent or when they are pivotal to the risk assessment. A detailed
policy statement is available that describes the procedures used for
unpublished proprietary data so that this information can be used in the
evaluation without compromising its confidential nature (WHQ (1990)
Revised Guidelines for the Preparation of Environmental Health
Criteria  Monographs. PCS/90.69, Geneva, World Health
Organization).

In the evaluaton of human health risks, sound human data,
whenever available, are preferred to animal data. Animal and in vitro
studies provide support and are used mainly to supply evidence
missing from human studies. It is mandatory that research on hurnan
subjects is conducted in full accord with ethical principles, including
the provisions of the Helsinki Declaration,

The EHC monographs are intended to assist national and
international authorities in making risk assessments and subsequent
risk management decisions, They represent a thorough evaluation of
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risks and are not, in any sense, recommendations for regulation or
standard setting. These latter are the exclusive purview of natjonal and
regional governments.

Content

The layout of EHC monographs for chemicals is outlined below.

+  Summary - a review of the salient facts and the risk evaluation of
the chemical

«  Identity - physical and chemical properties, analytical methods

+  Sources of exposure

«  Environmental transport, distribution and transtormation

»  Environmental levels and human exposure

+  Kinetics and metabolism in laboratory ammals and hurnans

»  Effects on laboratory mammals and in vitre test systems

+  Effects on humans

= Effects on other organisms in the laboratory and field

»  Evaluation of human health risks and effects on the environment

»  Conclusions and recommendations for protection of human
health and the environment

= Further research

»  Previous evaluations by international bodies, e.g., JARC, JECFA,
IMPR

Selection of chemicals

Since the inception of the EHC Programme, the IPCS has
organized meetings of scientists to establish lists of priority chemicals
for subsequent evaluation. Such meetings have been held in: Ispra,
Ttaly, 1980; Oxford, United Kingdom, 1984; Berlin, Germany, 1987,
and North Carolina, USA, 1995, The selection of chemicals has been
based on the following criteria: the existence of scientific evidence that
the substance presenis a hazard to human health and/or the
environment; the possible use, persistence, accumulation or
degradation of the substance shows that there may be significant
human or environmental exposure; the size and nature of populations
at risk (both human and other species) and risks for envirenment:



international concem, i.¢. the substance is of major interest to several
countries; adequate data on the hazards are available.

If an EHC monograph is proposed for a chemical not on the
priority list, the TPCS Secretariat consults with the Cooperating
Organizations and all the Participating Institutions before embarking
on the preparation of the monograph.

Procedures

The order of procedures that result in the publication of an EHC
monograph is shown in the flow chart. A designated staff member of
IPCS, responsible for the scientific quality of the document, serves as
Responsible Qfficer (RO). The IPCS Editor is responsible for layout
and language. The first draft, prepared by consultants or, more
usually, staff from an [PCS Participating Institution, is based initially
on data provided from the International Register of Potentially Toxic
Chemicals, and reference data bases such as Medline and Toxline.

The draft document, when received by the RO, may require an
initial review by a small panel of experts to determine its scientific
quality and objectivity. Once the RO finds the document acceptable
as a first draft, it is distributed, in its unedited form, to well over 150
EHC contact points throughout the world who are asked to comment
on its completeness and accuracy and, where necessary, provide
additional material. The contact points, usually designated by
governments, may be Participating [nstitutions, JPCS Focal Points, or
individual scientists known for their particular expertise. Generally
some four months are allowed before the comments are considered by
the RO and author(s). A second draft incorporating comments
received and approved by the Director, IPCS, is then distributed 10
Task Group members, who carry out the peer review, at least six
weeks before their mecting,

The Task Group members serve as individual scientists, not as
representatives of any organization, government or industry. Their
funiction s to evaluate the accuracy, significance and relevance of the
information in the document and to assess the bealth and
environmental risks from exposure to the chemical. A summary and
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recommendations for further research and improved safety aspects are
also required. The composition of the Task Group is dictated by the
range of expertise required for the subject of the meeting and by the
need for a balanced geographical distribution.

The three cooperating organizations of the TPCS recognize the
important role played by nongovernmental organizations.
Representatives from relevant national and intemational associations
may be invited to join the Task Group as observers. While observers
may provide a valuable contribution to the process, they can only
speak at the invitation of the Chairperson, Observers do not participate
in the final evaluation of the chemical; this is the sole responsibility of
the Task Group members. When the Task Group considers it to be
appropriate, it may meet in camera.

Alt individuals who as authors, consultants or advisers participate
in the preparation of the EHC monograph must, in addition to serving
in their petsonal capacity as scientists, inform the RO if at any time a
conflict of interest, whether actual or potential, could be perceived in
their work. They are required to sign a conflict of interest statement.
Such a procedure ensures the transparency and probity of the process.

When the Task Group has completed its review and the RO is
satisficd as to the scientific comrectness and completeness of the
document, it then gaes for language editing, reference checking, and
preparation of camera-ready copy. After approval by the Director,
IPCS, the monograph is submitted to the WHO Office of Publications
for printing. At this time a copy of the final draft is sent to the
Chairperson and Rapposteur of the Task Group 1o check for any errors.

It is accepted that the following criteria should initiate the
updating of an EHC monograph: new data are available that would
substantially change the evaluation; there is public concern for health
or environmental effects of the agent because of greater exposure; an
appreciable time period has elapsed since the last evaluation.

All Participating Institutions are informed, through the EHC
progress report, of the authors and institutions proposed for the
drafting of the documents. A comprehensive file of all comments
received on drafts of each EHC monograph is maintained and is
available on request. The Chairpersons of Task Groups are briefed
hefore each meeting on their role and responsibility in ensuring that
these rules are followed.
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PREFACE

The preparation of comprehensive Environmental Health Criteria
(EHC}, as outlined in the Preamble of this monograph, is an extremely
time-consuming and resource-intensive procedure. Ofien countrics
have prepared recent comprehensive reviews on chemicals as required
by their national legislation, and the International Programme on
Chemnical Safety (IPC3) has been asked by Member States to
determine how best to utilize such national reviews during the
preparation of international EHC. Utilizing such national documents
should aveid duplication of effort and result in the more rapid
production of more concise IPCS EHC monographs.

This monograph on hexachlorobenzene has been prepared using
as background document the review (Supporting Document) prepared
under the Canadian Environmental Protection Act (CEPA), dated June
1993, From this document, staff of Health Canada have choscn only
the most relevant studies for assessing the human and environmental
risks from exposure to hexachlorobenzene. These have been described
from the original references and supplemented by additional
information published more recently. This has resulted in a concise
maonograph, yet one that supplies sufficient information for the reader
to understand the basis for the conclusions reached by the Task Group.

Readers who wish to consult the text of the Carnadian Supporting

Document can obfain a copy from the Director, IPCS, World Health
Organization, Geneva, Switzerland.
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1.2

13

1. SUMMARY AND CONCLUSIONS

Identity, physical and chemical properties, and
analytical methods

Hexachlorobenzene (HCB) is a chlorinated organic compound
with moderate volatility. It is practically insoluble in water, but is
highly lipid-soluble and bioaccumulative. Technical grade HCB
contains up to 2% impurities, most of which is pentachlorobenzene.
The remainder includes the higher chlorinated dibenzo-p-dioxins,
dibenzofurans and biphenyls. Analysis of HCB in environmental
media and biological materials generally involves extraction of the
sample into organic solvents, often followed by a clean-up step, to
produce organic extracts for gas chromatography/mass spectrometry
(GC/MS) or gas chromatography with electron capture detection
(GC/ECD).

Sources of human and environmental exposure

HCB was at one time used extensively as a seed dressing to
prevent fungal disease on grains, but this use was discontinued in maost
countries in the 1970s. HCB continues to be released to the
environment from a number of sources, including the use of some
chlorinated pesticides, incomplete combustion, ¢ld dump sites and
inappropriate manufacture and disposal of wastes from the manufac-
ture of chlorinated solvents, chlorinated aromatics and chlorinated
pesticides.

Environmental transport, distribution and
transformation

HCB is distributed throughout the environment because it is
mobile and persistent, although slow photodegradation m air and
microbial degradation in soil do occur. In the troposphere, HCB is
transported long distances and removed from the air phase through
deposition 10 soil and waler. Significant biomagnification of HCB
through the food chain has been reported.
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Environmental levels and human exposure

Low concentrations of HCB are present in ambient air (a few
ng/m’ or less) and in drinking-water and surface water (a few ng/litre
or less) in areas thart are distant from point sources around the world.
However, higher levels have been measured near point sources. HCB
is bioaccumulative and has been detected in invertebrates, fish.
reptiles, birds and mammals (including humans) distant from point
sources, particularly in fatty tissues of organisms at higher trophic
levels. Mean levels in adipose tissue of the human general population
in various countries range from tens to hundreds of ng/g wet weight.
Based on representative levels of HCB in air, water and food, the total
intake of HCB by adults in the general population is estimated to be
between 0.0004 and 0.003 pg/kg body weight per day. This intake is
predominantly from the diet. Owing to the presence of HCB in breast
milk, mean intakes by nursing infants have been estimated to range
from < 0.018 to 5.1 pg/kg body weight per day in various countries.
The results of most studies on the levels of HCB in foods and human
tissues over time indicate that exposure of the general population to
HCB declined from the 1970s to the mid-1990s in many locations.
However, this trend has not been evident during the last decade in
some other locations.

Kinetics and metabolism in laboratory animals and
humans

There is a lack of toxicokinetic information for humans. HCB is
readily absorbed by the oral route in experimental animals and poorly
via the skin (there are no data concerning inhalation). In animals and
humans, HCB accumulates in lipid-rich tissues, such as adipose tissue,
adrenal cortex, bone marrow, skin and some endocrine tissues, and can
be transferred to offspring both across the placenta and via mothers'
milk. HCB undergoes limited metabolism, yielding pentachlorophenol,
tetrachlorohydroquinone and pentachlorothiophenol as the major
metabolites in urine. Elimination half-lives for HCB range from
approximately one month in rats and rabbits to 2 or 3 years in
monkeys.
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Summary and Conclusions

Effects on laboratory animals and in vitro tests

The acute toxicity of HCB 1o experimental animals is low (1000
to 10 000 mg/kg body weight). In animal studies, HCB is not a skin or
eye irritant and does not sensitize the guinea-pig.

The available data on the systemic toxicity of HCB indicate that
the pathway for the biosynthesis of haem is a major target of
hexachlorobenzene toxicity. Elevated levels of porphyrins and/or
porphyrin precursors have been found in the liver, other tissues and
excreta of several species of laboratory mammals exposed to HCB.
Porphyria has been reported in a number of studies in rats with
subchronic or chronic oral exposure to between 2.5 and 15 mg
HCB/kg body weight per day. Excretion of coproporphyrins was
increased in pigs ingesting 0.5 mg HCB/kg body weight per day or
more (no effects were observed at (.05 mg HCB/kg body weight per
day in the latter study). Repeated exposure to HCB has also been
shown to affect a wide range of organ systems (including the liver,
lungs, kidneys, thyroid, skin, and nervous and immune systems),
although these have been reported less frequently than porphyria.

HCB is a mixed-type cytochrome-P-450-inducing compound,
with phenabarbital-inducible and 3-methylcholanthrene-inducible
properties. It is known to bind to the Ah receptor.

In chronic studies, mild effects on the liver (histopathological
changes, enzyme induction) occurred in several studies of rats exposed
to between 0.25 and 0.6 mg HCB/kg body weight per day; the NOELs
in these studies were 0.05 to 0.07 mg HCB/kg body weight per day.
Concentrations of neurotransmitters in the hypothalamus were altered
in mink dams with chronic dietary exposure to 0.16 mg HCB/kg body
weight per day, and in their offspring exposed throughout gestation
and nursing. Calcium homoeostasis and bone morphometry were
affected in subchronic studies on rats at 0.7 mg HCB/kg body weight
per day, but not at 0.07 mg/kg body weight per day.

The carcinogenicity of HCB has been assessed in several
adequate bioassays on rodents. In hamsters fed diets yielding average
doses of 4, 8 or 16 mg'kg body weight per day for life, there were
increases in the incidence of liver cell tumours (hepatomas) in both
sexes at all doses, haemangioendotheliomas of the liver at 8-10 mg/kg
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body weight per day, and adenomas of the thyroid in males at the
highest dose. Dietary exposure of mice to 6, 12 and 24 mg/kg body
weight per day for 120 weeks resulted in an increase in the incidence
of liver cell tumours (hepatomas) in both sexes at the two higher doses
(not significant, except for females at the highest dase). /n utero,
lactational and oral exposure of rats to HCB in diets yielding average
lifetime doses ranging from 0.01 to 1.5 mg/kg body weight per day
(males) or 1.9 mg/kg body weight per day (females) for up to 130
weeks post utero produced increased incidences, at the highest dose,
of neoplastic liver nodules and adrenal phaeochromocytomas in
fernales and of parathyroid adenomas in males. In another long-term
study on rats, exposure for up to 2 years to diets yvielding average HCB
doses of 4-5 and 8-9 mg/kg body weight per day induced increases in
the incidences of hepatomas and of renal cell adenomas at both doses
in both sexes, and of hepatocellular carcinomas, bile duct adenomas/
carcinomas and adrenal phaecochromocytomas and adrenal cortical
adenomas in females. High incidences of liver tumours have also been
reported in some more limited studies in which single dietary
concemntrations were administered to small groups of female rats. In
addition, it has been repaorted thar, following subchronic dictary
exposure to HCB, mice, hamsters and rats developed tumours in the
liver, bile duct, kidney, thymus, spleen and lymph nodes. Dictary
exposure to HCB promoted the induction of liver tumours by
polychlorinated terphenyl in mice and by diethylnitrosamine in rats.

Except in the case of renal tumours in male rats (which appear at
least in part to be the result of hyaline droplet nephropathy} and
hepatomas in rats {which may result from hyperplastic responses to
hepatocellular necrosis), mechanistic studies that address the relevance
to humans of the tumour types induced by HCB have not been
identified.

HCB has little capability 1o induce directly gene mutation,
chromosomal damage and DNA repair. It exhibited weak mutagenic
activity in a small number of the available studies on bacteria and
yeast, although it should be noted that each of these studies has
limitations. There is also some evidence of low-level binding to DNA
in vitro and in vivo, but at levels well below those expected for
genotoxic carcinogens.

In studies of reproduction, oral exposure of monkeys to as little
as 0.1 mg HCB/kg body weight per day for 90 days affected the light
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miicroscopic structure and ultrastructure of the surface germinal
epithelium, an unusual target for ovarian toxins, This dose also caused
ultrastructural injury to the primordial germ cells. These specific target
sites, which are damaged further at higher doses, were associated with
otherwise normal follicular, oocyte and embryo development,
suggesting specificity of HCB action within the site of the ovary. Male
reproduction was only affected at much higher doses (between 30 and
221 mg/kg body weight per day) in studies on several non-primate
species.

Transplacental or lactational exposure of rats and cats to maternal
doses of between 3 and 4 mg/kg body weight per day was found to be
hepatotoxic and/or affected the survival or growth of nursing
offspring. In some cases, these or higher doses reduced litter sizes
and’or increased the number of stillbirths, (Adverse effects on suckling
infants have generally been observed more frequently, and at lower
doses, than embryotoxic ot fetotoxic effects). The offspring of mink
with chronic exposure to as little as 1 mg HCB/kg diet (approximately
0.16 mg/kg body weight per day) had reduced birth weight and
increased mortality to weaning. Although skeletal and renal
abnormalities have been observed in fetuses in some studies of rats
and mice exposed to HCB during gestation, these were either not
clearly related to treatment or onccurred at doses that were also
maternally toxic. In two studies, one of which included lactational and
postnatal exposure, neurobehavioural development of rat pups was
affected by in utero exposure to HCB at oral maternal doses of 0.64 to
2.5 mg HCB/kg body weight per day.

The results of a number of stadies have indicated that HCB
affects the immune system. Rats or monkeys exposed to between 3 and
120 mg HCB/kg body weight per day had histopathological alterations
in the thymus, spleen, lympb nodes andfor lymphoid tissues of the
lung, Chronic exposure of beagle dogs to 0.12 mg/kg body weight per
day caused nodular hyperplasia of the gastric lymphoid tissue. In a
number of studies on rats, humoral immunity and, to a lesser extent,
cell-mediated immunity were enhanced by several weeks exposure to
HCB in the diet, while macrophage function was unaltered. As little
as 4 mg HCB/kg diet (approximately 0.2 mg/kg body weight per day)
during pestation, through nursing and to 5 weeks of age increased
humoral and cell-mediated immune responscs and caused
accumulation of macrophages in the lung tissue of rat pups. In
conirast, HCB has been found to be immunosuppressive in most
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studies with mice;, doses of as little as 0.5-0.6 mg/kg body weight per
day for several weeks depressed resistance to infection by Leishmania
ot to a challenge with tumour cells, decreased cytotoxic macrophage
activity of the spleen, and reduced the delayed-type hypersensitivity
response in offspring exposed in wfero and through nursing. In a
number of studies on various strains of rats, short-term or subchronic
exposure to HCB affected thyroid function, as indicated by decreased
serum [evels of total and free thyroxine (T,) and often, to a lesser
extent, triiodothyronine (T,).

Effects on humans

Most data on the effects of HCB on humans originate from
accidental poisonings that took place in Turkey in 1955-1959, in
which more than 600 cases of porphyria cutanea tarda (PCT) were
identified. In this incident, disturbances in porphyrin metabolism,
dermatological lesions, hyperpigmentation, hypertrichosis, enlarged
liver, enlargement of the thyroid gland and lymph nedes, and (in
roughly half the cases) osteoporosis or arthritis were observed,
primarily in children. Breast-fed infants of mothers exposed to HCB
in this incident developed a disorder called pembe yara (pink sore),
and most died within a year. There is also limited evidence that PCT
occurs in humans with relatively high exposure to0 HCB in the
workplace or in the general environment.

The few available epidemiological studies of cancer are limited
by small size, poorly characterized exposures to HCB and exposure to
numerous other agents, and are insufficient to assess the carcinogeni-
c¢ity of HCB to humans.

Effects on other organisms in the laboratory and field

In studies of the acute toxicity of HCB to aquatic organisms,
exposure to concentrations in the range of 1 to 17 pg/litre reduced
production of chlorophyll in algae and reproduction in ciliate protozoa,
and caused mortality in pink shrimp and grass shrimp, but did not
cause mortality in freshwater or marine fish. In longer-term studies,
the growth of sensitive freshwater algae and protozoa was affected by
a concentration of 1 pg/litre, while concentrations of approxitately
3 pg/litre caused mortality in amphipods and liver necrosis in [arge-
mouth bass.
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Summary and Conclusions

Evaluation of human health risks and effects on the
environment

Health effects

The Task Group concluded that the available data are sufficient
to develop guidance values for non-neoplastic and neoplastic effects
of HCB.

For non-neoplastic effects, based on the lowest reported NOEL
(0.05 mg HCB/kg body weight per day), for primarily hepatic effects
abserved at higher doses in studies on pigs and rats exposed by the
oral route, and incorporating an uncertainty factor of 300 (x 10 for
interspecies variation, x 10 for intraspecies variation, and x 3 for
severity of effect), a TDI of 0.17 pg/kg body weight per day has been
derived.

The approach for neoplastic effects is based on the tumorigenic
dose TDy i.e., the intake associated with a 5% excess incidence of
tumours in experimental studies in animals. Based on the results of the
two-generation carcinogenicity bioassay in rats and using the multi-
stage model, the TD, value is 0.81 mg/kg body weight per day for
neoplastic nodules of the liver in females. Based on consideration of
the insufficient mechanistic data, an uncertainty factor of 5000 was
used to develop a health-based guidance value of 0.16 pg'kg body
weight per day.

Environmental effects

The Task Group pointed out that there are very few experimental
studies on which an environmental risk assessment can be made.
Levels of HCB in surface water are generally several orders lower than
those expected to present a hazard to aquatic organisms, except in a
few extremely contaminated locations. However, HCB concentrations
in the eges of sea birds and raptors from a number of locations from
around the world approach those associated with reduced embryo
weights in herring gulls (1500 pg/kg). suggesting that HCB has the
potential to harm embryos of sensitive bird species. Similarly, levels
of HCB in fish at a number of sites worldwide are within an order of
magnitude of the dietary level of 1000 pg/kg associated with reduced
birth weight and increased monality of offspring in mink. This
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suggests that HCB has the potential to cause adverse effects in mink
and perhaps other fish-eating mammals.

Conclusions

a)

b)

d)

e)

HCB is a persistent chemical that bioaccumulates owing to its
lipid solubility and resistance to breakdown.

Anmmal studies have shown that HCB causes cancer and affects
a wide range of orpan systems including the liver, lungs,
kidneys, thyroid, reproductive tissues and nervous and immune
systems.

Clinical toxicity, including porphyria cutanea tarda in children
and adults, and mortality in nursing infants, has been observed
in humans with high accidental exposure.

Yarious measures are warranted to reduce the environmenial
burden of HCB.

The following health-based guidance values for the total daily
intake (TDI) of HCB in humans have been suggested: for non-
cancer effects, 0.17 pgikg body weight/day; for neoplastic
effects, 0.16 pp/ke body weight/day.
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2.2

2. IDENTITY, PHYSICAL AND CHEMICAL
PROPERTIES, AND ANALYTICAL METHODS
identity

Hexachlorobenzene (HCB) is a chlorinated aromatic hydrocarbon
with the chemical formula C,Cl,. Its CAS registry number is 118-74-1.

Structure:
cl
cl cl
i cl
cl
Synonyms: perchlorobenzene, pentachlorophenyl chloride,
phenyl perchloryl

Trade names: Amatin, Anticarie, Bunt Cure, Bunt-No-More, Co-
op Hexa, Granox NM, Julin's Carbon Chloride, No
Bunt, No Bunt 40, No Bunt 80, No Bunt Liquid,
Sanocide, Smut-Go, Snieciotox, HexaCB

Physical and chemical properties

Some physical and chemical properties of HCB are listed in
Table 1. At ambient temperature, HCB is a white crystalline that is
virtually insoluble in water, but is soluble in ether, benzene and
chloroform (NTP, 1994). It has a high octanol/water partition
coefficient, low vapour pressure, moderate Henry's Law constant and
low flammabhility. Technical grade HCB is available as a wettable
powder, liquid and dust (NTP, 1994). Technical grade HCB contains
about 93% HCR, 1.8% pentachlorobenzene and 0.2% 1.2,4,5-
tetrachlorobenzene (IARC, 1979), and it is known to contain a variety
of impurities, including hepta- and octachlorodibenzofurans,
octachlorodibenze-p-dioxin and decachlorobiphenyl {Villanueva ct al.,
1974; Goldstein et al., 1978).
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Table 1. Physical and chemical properties of hexachlorobenzeng®

Property Value
Refative molecular mass 2B4.79
Melling point {*C} 230

Boiling point {*C)
Density (gfcm* at 20 °C)

Vapour pressure
{Paat25°C)

Log octanolfwater partition coefficiant

Water solubility
{mg/litre at 25 °C)

Henry's Law Constant (calculated)”
(Pa‘mol per m*)

Conversion factors

322 {sublimates)
1.5691
0.0023

5.5
0.005

131

1 ppm = 11.8 mg/m?®
1 mg/m* = 0.08 ppm

? From ATSDR (1990); Mackay et al. (1992)

The Henry's Law Constant has been calculated using the tabled values for

agueous solubility and vapour pressura

Analytical methods

Analytical methods for the

determination of HCB in

environmental samples and biclogical tissues vary depending upon the
matrix and representative methods for various matrices, and are

summarized in Tables 2 and 3.

10



(paywads O1dH AG uoeuoyoey
{Ze61) Jou) abuel *suE¥al Yim Uonoenx3 ‘stind
Aeng 9 AWYSO %L L¥E6 (u/6d smol a0/ {dnd) weoy sueyainijcd g
auexsy Ul JeLla IA1aIp uim
(2861)) uopdenxs ‘abpuyes Buldwres
poaToepy 3 SmaT SLEFS ¥6 Brl 10> a23m9 {dnd) weoy sueyainijod ny
AUBN|O} LM LORIBNXS "HSIP
(ce61) SN 4nd e fq pajeiedas sdey
‘(218 usddiH %66< MBAgL0 {0DUH ZavX Bue Jayy &qy $Se|9 1y
FIRNUSIUGS ' pue || Hd e
(Zg61) ¥d3 SN Eejep oN BB 6L SW/OD  SUBLIBWIDIOUMP YIim 19BIXT 131EM
dn
-ueg e se Aydeifolewoiyo
ULLINP3D 1ISUG| 4 SDIRUSIUDD
‘auexay o} abueyoxs
(z861) ¥d3 SN %0T-01 F 56 Bx%/Bw 50°0 ad3arns  'IUBBWOIODID UM 1DEIXT JSIBAA
Pt
uanoslap nuoémE
FoUaIajay A1DA0I9Y ajdwesg {EanAeuy uage.edaid sidwesg «liew adwes

mmm_a_._._mm [EJUBLLLIDIIALIS Ul SUSZUSGOIOIYIEXSY Buluiunalap 1o SpoyaW EDnAlELY “Z aigeL

11



sisA|eue 10} ‘07 0 IBILED
€ OJU| J9JSUEL] PUE Ji@ JUQUIE
LUCH) L0020 (sIsAleur seb
SOEN JO} UOREZIUO! |2IIAYD
amnssaxd auaydsow)e
{og6tL) aanefiau Buisn Jasijeuy
|2 18 uoSwoy | EJEP ON LB g p- seg dlaydsowyy svel] iy

DPUOIYIEN ) UOGIED yjim
uondiosap ‘Gnid (joom sse(f

(6.64) yomsaN peziue|Is B Aq paieiedas wisal
8 1810UbuE %ZL FGH-  Lubw p100 QoD Z-QVX AIBGWY U0 qIOSPY ry
Aydeiboiewoiyo

ewwnie Ag dn

-uea) jauexay yiim paxnyeds
PUE PAACWLIAL SJUBAIDS
pajeuuo|yd pue aueylal

GOH Guelas u -0XO[UTP Y pIXNSI SISy
(0861) vews)plg  INd vey) sansaya ‘uisal Do-xeua) 19 (JNd)
» sBuyng 2I0W XEU | elEp ON an3rns Weo} sueyiaindjod snoiod iy
Ty
uonoatap Jpotaw
aouals)jay ABA02oY apdwesg [eanAleuy uoleredssd dwes Xinew ajdwes

{pwoo) g slgeL



‘paioidwa ainpasald UonoENXS pue
xujew adwes ayy vodn Buipuadap JayBly spnyubew Jo SIBpI0 (BJAAS 2Je Sajdwes |eMoe 10§ SHWY UOND31aR W] UDNedyusp|
Answonoseds ssew uognjosal-mol = ST AydesBorewoiya seb uonnosar-ybiy = J94H
Lopaiep uoneziuciooud = ()14 ANawonoads SSEW = G 010ajep ainjdes uonosls = Q93 Audesbojewoiya seb = Do q

(0661) HASLY WO USYE) 1M BIQE] 3U) JO SUOIIOY

{99861) vd3a SN

(qe861) va3 SN

(ca61)
18 ja epay-zado)

{a9861) vd3 SN

{oss))
‘1B 18 udaag

21EP ON

EjEp ON

%er

€]ep ON

%9 EFG 06
O} %9'Z¥8L

,amer 0z

Bybuw pg
6y/6w g5

Bybuw g
By gL

BayBw pt

SWI0O

SWNO

SO

SW/OOD

aos3/090

SUBLIBLUOIONDIP UM 1OEN%T

SUELASWOIOIUIIP Y J9BLXT

Aydesioyewosyo

1of3 eanps ¢} pajaslgns
uocnoEl) |EANSUASEq
‘uoneuolioel aseq-poe o}
pojasigns uoRRXS JUBAIOS

BUBYISLUCICIY2IP Ylim J2E)IXT

UQgdei]xa sUEXaH

105 “SB}SBAN

2[qQIIsIL JBIEM
-UOU ‘SBISEM

WwawpaIg

nes

sadwes 315
|esodsIp g1sem
[Bd1WBYD ‘rog

{Puod) 2 sIgeL

13



Laneuondey

(z661) sai %5664 BB z)n QD300 1SN ‘BUCIR0R/BUIZUSG UM LOPIESRXT  @nssy asadipy
LONEUDNIEIY (IS0 ‘|eAcLwas prd|

(9861} AajuRIg Bl2paN 6y 7) SWN/I94H HINg *{payads JoU IUBADS ) UCIDENXT anssn asodipy

(oe61) UOBN|Z UGIEDBY-3U0 PUE dN-UED)D [151:0) (uayoyo}

Bie SHEM %926~ L8 Blep ON as3arno o1 p3129lgns ‘auexay ypm uayosiNg anssn ssodipy
AydeiBoewcuya (@b
{os6L) eQ)Is Jayie wnaenad cjul Buluogped

‘& 13 Aeunpy ETED ON elep ON anams '3|INIUCISIE/BUOIBOE LjiM UONIENX] anssny 13)sA0
Aydeifolewoiys uwnoo
{0861} eulwne ‘vanelAysw *Aydeibojewoiys

|E 39 pssedwen %g6  Bwbr g1-0L ao3/no  uwnjod (ah eas ‘ucysabip poe aunng anssi ysiy
{9261} Buuoyped pise LNy INS PUE JUBAICS

PEISIO % Apum BJEp ON BIEp ON anzinn ‘jouedosdost /BUBXBY (HIM UOIBXD ANSEN Ysig
186 eayjis uo uwniaa "OstH e Aq
POMO0) ULINID JISLO[4/136 BollIs/euIn|E
(zaslL) FOS%eN Aq dn-ueap ‘sunjeoesuexay

(09I § JBANG elepoN  Bwbr gop- Qo309 LA J2BXS 'SJELNS WNIPGS YA puULS) snssh ysi4

By
uoRoaep poyaLu
ELETEIEN| AlpADoay a|dweg e A By vanesedaid sidwes xujew sdwes

S|eualew (EBO[0Iq W susZUSqoIoiyoexay Buluwsisp Joy shoyiaw eaRAleuy g SIqeL

14



Answonoads ssew = gy ‘Aydeifojewcays
seb uoyniosal-ybiy = DOWH LoPaep vajezuwoloyd = Qg Howsiep aunded vongap = 003 AydesSojewoiyn seb = 0o

(€661}
‘e 12 SalN

{£461) wesiolg
2 apun

(0861} ¥d3 SN

(8261} oUsaN
% 18J0ybue

%<8-04

EIED ON

Blep oN

%E8

Bx/60 g

BJEP ON
BIEP ON

{pociqg)
BBl g
{auun}
BBl |y

003/09

0203109

a3

aidron

UGHBUCHIEY)

JISUD|4 '9USZUDq/IUDIRDE LIM UOHDERXT
[CuedoudosFIUBRXaY UM UooeEsXg
B)2AUBILOD "AUBXSL UM LUOIDEAXT
T Tt

‘AydesBolewoiyd uwnied a6 eons
‘BPUOIYDRAB) UCGIED YIIm LONIEI X

Ww sesig

Pooly

poola

suLIN/PGOIg

(o) € ogel

15



3.1

3. SOURCES OF HUMAN AND ENVIRONMENTAL
EXPOSURE

Sources, uses and production processes

Industrial synthesis of HCB may be achieved through the
chlorination of benzene at 150-200 *C using a ferric chloride catalyst
or from the distillation of residues from the production of tetrachloro-
ethylene (US EPA, 1985a). HCB may also be synthesized by refluxing
hexachlorocyelohexane isomers with  sulfuryl chloride or
chlorosulfonic acid in the presence of a ferric chloride or aluminum
catalyst (Brooks & Hunt, 1984).

Historically, HCB had many uses in industry and agriculture. The
major agricultural application for HCB used to be as a seed dressing
for crops such as wheat, barley, oats and rye to prevent growth of
fungi. The use of HCB in such applications was discontinued in many
countries in the 1970s owing to concerns about adverse effects on the
environment and human health. HCB may continue to be used for this
purpose in some countries; far example, HCB was still used in 1986
as a fungicide, seed-dressing and scabicide in sheep in Tunisia (Jemaa
et al,, 1986}). However, it is uncertain as to whether HCB is still used
for this purpose.

In industey, HCB has been used dircctly in the manufacture of
pyretechnics, tracer bullets and as a fluxing agent in the manufacture
of aluminum. HCB has also been used as a wood-preserving agent, a
porosity-control agent in the manufacture of graphite anodes, and as
a peptizing agent in the production of nitrose and styrene rubber for
tyres (Mumma & Lawless, 1973). It is likely that some of thesc
applications have been discontinued, although no information is
available.

Although HCB production has ceased in most countries, it is still
being generated inadvertently as a by-product and/or impurity in
several chemical processes. HCB is formed as a reaction by-product
of thermal chiorination, oxychlorination, and pyrolysis operations in
the manufacture of chlorinated solvents (mainly carbon tetrachloride,
trichloroethylene and tetrachloroethylene) (Government of Canada,
1993), The concentrations of HCB in distillation bottoms was
estimated to be 25%, 15% and 3%, respectively, for tetrachloro-
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ethylene, carbon tetrachloride and trichlorcethylene (Jacoff et al.,
1986). White HCB could potentially also be a contaminant in the final
product, it was not detected {detection limit 5 mg/litre) in carbon
tetrachloride and tetrachloroethylene in an investigation in Canada
{personal communication to Health Canada by Mr John Schultiess,
Dow Chemical Canada [uc., 1991). Analysis of production lots of tri-
and tetrachloroethylene produced in Europe in 1996 failed to detect
HCB at a detection limit of 2 pg/litre solvent (personal communication
to the TPCS by Mr C. de Rooij, Solvay Corporation Europe, 1996).

HCB is also generated as a waste by-product during the
manufacture of chlorinated solvents, chlorinated aromatics and
pesticides (Jacoff et al., 1986). The waste streams from the production
of pentachloronitrobenzene (PCNB), chlorothalonil and dacthal are
expected to contribute the bulk of HCB released from the pesticide
industry (Brooks & Hunt, 1984), although HCB can alsa be generated
as a waste by-product from the production of pentachloraphenol,
afrazine, simazine, propazine and maleic hydrazide (Quinlivan et al.,
1975; Mumma & Lawless, 1975), These pesticides are also known to
contain HCB as an impurity in the final product, usually at levels of
less than 1% HCB when appropriate procedures are used for the
synthesis and purification stages { Tohin, 1986). When such procedures
are not met, the level of HCB could be much higher (e.g.,
pentachloronitrobenzene has been reported to contain 1.8-11% HCB
(Tobin, 1986)). However, owing to many voluntary and regulatory
pressures, it is unlikely that such high levels of HCB are present in
today's pesticide formulations, but no information is available to
substantiate this point.

The chlor-alkali industry produces chlorine {CL,), hydrogen and
caustic soda {NaOH) by electrolysis of purified and concentrated
sodium chloride (NaCl). Processes using graphite anodes are known
to produce HCB as a by-product (Quinlivan et al., 1975; Mumma &
Lawless, 1975; Alves & Chevalicr, 1980) owing to the reaction of
chlorine with graphitc anodc materials such as carbon and oils.
Depending on the purification procedures, the final products might
also be contaminated with HCB. In some countries, graphite anodes
have been replaced by dimenstonally stabifized anodes (DSA), which
do not generate HCB (Government of Canada, 1993).

Incineration is an important source of HCB in the environment.
Emission levels from incinerators are very site-specific, and therefore
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generic levels are difficult to estimate, Earlier information yielded a
crude estimate of the total HCB released from all municipal
incinerators in the USA to be 57-454 kgfyear (US EPA, 1986a), but
levels currently emitted are not known,

World production levels

Few recent data on the quantities of HCB produced are available.
Worldwide production of pure HCB was estimated to be 10 000
tonnes/year for the years 1978-1981 (Rippen & Frank, 1986). An
estimated 300 tonnes was produced by three manufacturers in the USA
in 1973 {IARC, 1979). HCB was produced/imported in the European
Community at 8000 tonnes/year in 1978 (Rippen & Frank, 1986), and
a company in Spain used to produce an estimated 150 tonnes of HCB
annually (IARC, 1979). Approximately 1500 tonnes of HCB were
manufactured annually in Germany for the production of the rubber
auxiliary PCTP (BUA, 1994), but this production was discontinued in
1993, No further centres of HCB manufacture in Europe or North
America have been identified. Production of HCB has declined as a
result of restrictions on its use starting in the 1970s.

Considerable amounis of HCB are inadvertently produced as a
by-product in the manufacture of chlorinated solvents, chlorinated
aromatics and chlorinated pesticides. Jacoff et al. {1986) estimated that
approximately 4130 tonnes of HCB are generated annually as a waste
product in the USA and that nearly 77% of this is produced from the
manufacture of three chlorinated selvents: carbon tetrachloride,
trichloroethylene and tetrachloroethylene. The remainder is produced
by the chlorinated pesticide industry. In 1977, about 300 tonnes of
HCB were generated in Japan as a waste by-product in the production
of tetrachloroethylene, almost all of which was incinerated (IARC,
1979). It was estimated that >3000 tonnes HCB/year were produced
as a by-product during tetrachloroethylene production in the Federal
Republic of Germany in 1980 (Rippen & Frank, 1986). However,
recent estimates for Europe from ECSA (European Chlorinated
Solvent Association; P.G. Johnson (1996) personal communication to
IPCS) indicate that up to 4000 tonnes/year of HCR are produced as a
by-product during certain tetrachloroethylene production processes
and that over 99% of this by-product was incinerated at high
temperatures.
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3.3

Sources of Human and Environmental Exposure

Entry into the environment

Currently, the principal sources of HCB in the environment are
estimated to be the manufacture of chlorinated solvents, the
manufacture and application of HCB-contaminated pesticides, and
inadequate incineration of chlorine-containing wastes. It should be
noted that only a small fraction of the HCB generated as a by-product
may be released, depending on the process technology and waste-
disposal practices employed. For example, according to the US Toxic
Chemical Release Inventory (TRI), releases of HCB from the ten
largest processing facilities were 460 kg, most of this to air, compared
with almost 542 000 kg ansferred offsite as waste. The TRI data are
not comprehensive, since only certain types of facilities are required
to report (ATSDR, 1994). ECSA (P.G. Johnson, personal
commmunication to IPCS) estimated that European emissions of HCB
were about 200 kgfyear in 1993,

As discussed in the previous section, HCB is a contaminant of a
number of chlorinated pesticides. Since most current applications for
these products are dispersive, most HCB from this source will be
released to the environment.

Substantial quantities of HCB are also contained in the wastes
generated through the manufacture of chlorinated solvents and
pesticides. In the mid-1980s in the USA, 81% of these HCB-
containing wastes were disposed of by incineration, compared to 19%
via landfilling {Jacoff et al., 1986). It is likely that the amount of HCB
wastes disposed of by incineration has since increased, although
information has not been found to confirm this point. HCB can be
emitted from incinerators as a result of incomplete thermal
decomposition of these wastes and as a product of incomplete
combustion (PIC) from the thermal decomposition of a variety of
chlorinated organics such as Kepone, mirex, chlorabenzenes,
polychlorinated biphenyls, pentachlorophenol, polyvinyl chloride and
mixtures of chlorinated solvents (Ahling et al., 1978; Dellinger et al.,
1991).

Although only a small proportion of the HCB-containing waste
generated in the USA is landfilled, HCB may continue to leach to
groundwater from previously landfilled HCB waste sites. The
contribution of this route is uncertain, although HCB is not easily
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leached, and landfills containing HCB are now designed to prevent
leachate losses into adjacent water systems (Brooks & Hunt, 1984).
HCB emussion into the atmosphere from landfills containing HCB
wastes occurs from slow volatilization and from displacement of the
cantaminated soil {Brooks & Hunt, 1984).

HCB has been detected in emissions from a number of industries,
including paint manufacturers, coal and steel producers, pulp and
paper niills, textile mills, pyrotechnics producers, alominum smelters,
soap producers and wood-preservation facilities (Quinlivan et al.,
1975; Gilbertson, 1979; Alves & Chevalier, 1980), probably reflecting
the use of products contaminated with HCB. Municipal and industrial
wastewater facilities may also discharge HCB-contarninated effluents
(Environment Canada/Ontario Ministry of the Environment, 1986;
King & Sherbin, 1986), probably owing to inputs from industrial
sources,

Long-range transport plays a significant role as a means of
redistribution of HCB throughout the environment, Wet deposition
(deposition via rain or snowfall) is the primary mechanism for
transport of HCB from the atmosphere to aquatic and terrestrial
systems in Canada (Eisenreich & Strachan, 1992). For example, it is
estimated that long-range transport and total deposition to the
Canadian environment is approximately 510 kg/year, an amount that
is similar to that from all other sources combined (Government of
Canada, 1993).
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4.2

4, ENVIRONMENTAL TRANSPORT, DISTRIBUTION
AND TRANSFORMATION

Environmental transport and degradation

HCB is distributed throughout the environment because it is
mobile and resistant to degradation. Volatilization from water to air
and sedimentation following adsorption to suspended particulates are
the major removal processes from water {Oliver, 1984a; Oliver &
Charlton, 1984). Once in the sediments, HCB will tend to accurnulate
and became trapped by averlying sediments {Oliver & Nicol, 1982},
Although HCB is not readily Jeached from seils and sediments, some
desorption does occur and may be a continuous source of HCI fto the
environment, even if inputs to the system cease (Qliver, 1984a; Oliver
etal., 1989). Chemical or biological degradation is not considered to
be important for the removal of HCB from water or sediments
(Callahan et al,, 1979; Mansour et al., 1986; Mill & Haag, 1986;
QOliver & Carey, 1986). In the troposphere, HCB is transported over
long distances by virtue of its persistence, but does undergo slow
photolytic degradation (the half-life is approximately 80 days; Mill &
Haap, 1986G), or is removed from the air phase via atmospheric
deposition to water and soil (Bidleman et al., 1986; Ballschmiter &
winlinger, 1991; Lane et al., 1992a, 1992b). In soil, volatilization is
the major removal process at the surface (Kilzer et al,, 1979, Griffin
& Chou, 1981; Schwarzenbach et al., 1983; Nash & Gish, 1989),
while slow aerobic (half-life of 2.7-5.7 years} and anaerobic
biodegradation (half-life of 10.6-22.9 years) are the major removal
processes at lower depths (Beck & Hansen, 1974; Howard et al.,
1991).

Bioaccumulation and biomagnification

The bicaccumulative properties of HCB result from the
combination of its physicochentical properties (high octanol/water
partition cocfficient) and its slow elimination due to limited
metabolism related to its high chemical stability. Organisms generally
accunulate HCB from water and from food, although benthic
organisms may also accumulate HCB directly from sediment (Oliver,
1984b:; Knczovich & Harrison, 1988; Gobas et al., 1989). The uptake
of IICB in benthic invertebrates has been investigated in a number of
laboratory and ficld studies. The results demonstrated that some HCB
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in sediments is available to infaunal species. Reported bicaccumula-
tion factors® (BAF) for invertebrates in HCB-containing sediments
range from 0.04 to 0.58 in high-organic-content sediment to 1.95 in
low-organic-content sediment (Oliver, 1984b; Knezovich & Harrison,
1988; Gobas et al., 1989). The bicavailabitity of sediment-bound HCB
is inversely related to sediment organic carbon content (Knezovich &
Harrisen, 1988), and varies with the type and size of the organisms
and their feeding habits {Boese et al., 1990), the extent of contact with
sediment pore and interstitial waters (Landrum, 1989), and the surface
area of the substrate (Swindoll & Applehans, 1987). Landrum (1939)
suggested that the bioavailability of sediment-sorbed chemicals
declines as the contact time between the sediment and a contaminant
increases. For example, Schuytema et al, (1990} observed that
addition of HCB-spiked sediments did not result in a significant
increase in the uptake of HCB by the worm {Lumbriculus variegatus),
amphipods (Hyvalella azteca and Gammarus lacusiris), and fathead
minnows (Pimephales promelas) in a laboratory recirculating
water/sediment system. However, there was a substantial increase of
TICB levels in bed sediment, sugpesting that sediment served as a
more effective sink for HCB than the organisms.

The biomagnification factor (BMF) for HCB in the earthworm
Eisenia andrei after exposure via food was 0.068 on a wet weight
basis {0.071 on a lipid basis) (Belfroid et al., 1994a), the biota lipid-to-
s0il accumulation factor, defined as the ratio of the concentration in
the animal to that on the soil, was 215 g soil dry weight/g lipid
(Belfroid et al., 1994b), and the bioconcentration factors (BCFs) for
earthworms kept in water were found to be between 48 x 10° and 62
x 10° ml water/g lipid (Belfroid et al., 1993).

Field studies indicate that exposure via food is important for
orgamsms at higher trophic levels, as significant biomagnification has
been observed in several studies in natural aquatic ecosystems. In Lake
Ontario, Oliver & Niimi (1988) observed that tissue residue
concentrations increased from plankton (mean = 1.6 ng/g wet weight)

® Defined as tissue concentration (wet weight) divided by sediment
concentration {(dry weight). BAFs from Oliver {1984b) were divided
by 6.67 to convert tissue dry weight to wet weight.
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to mysids (mean = 4.0 ng/g wet weight) to alewives (mean = 20 ng/g
wet weight) to salmonids (mean = 38 ng/g wet weight). Braune &
Norstrom (1989} used field data on body burdens of HCB in the
herring gull (Larus argentatus} and one of its principal food items, the
alewife (Alosa pseudoharengus) in a Great Lakes food chain to
calculate a biomagnification factor {whole body, wet weight basis) of
31
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5. ENVIRONMENTAL LEVELS AND HUMAN
EXPOSURE

Environmental levels

HCB has been detected in air, water, sediment, soil and bioa,
Representative levels reported in various environmental media in
many countrics are presented tn Tables 4, S and 6.

Afr

HCB is widely dispersed in ambient air, and is generally present
at Jow concentrations. Mean concentrations of HCB in air removed
from point sources in Canada, Norway, Sweden, Germany, the USA,
the Arctic and the Antarctic range from 0.0M to 0.6 ng/m’ (Table 4).
Levels of HCB in air are generally similar between urban, rural and
rernote sites, reflecting the persistence and long-range transport of this
substance.

Airbome concentrations of HCB measured in the USA near nime
chlorinated solvent and pesticide plants in 1973 and 1976 were much
higher than background levels (Spigarelli et al., 1986). Concentrations
as high as 24 ng/m’ were detected in the immediate vicinity of one
plant, while the maximum concentration of HCB distant from the site
was 0.36 pg/m'. The highest levels were associated with the
production of perchloroethylene, irichlorocthylene and carbon
tetrachloride, and with plants where onsite landfill and open pit waste
disposal were practiced. More recently, Grimalt et al. (1994} reported
that airborne concentrations of HCB in a community in the vicinity of
a organochlorine factory built in 1898 in Catalonia, Spain, averaged
35 pp/m’, compared with 0.3 ng/m’ in Barcelona, the reference
community for this study. It is not known how representative the dara
from these studies are, as HCB releases are expected to be minimized
from industries using approptiate modern technology and waste
management practices.

No data are available on the levels of HCB in indoor air.
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EHC 185: Hexachlorobenzene

Water

Levels of HCB in freshwater in Europe and North America are
generally below 1 ng/litre (Table 5), although higher values have been
reported n aquatic systems that receive industrial discharges and
surface run-off. In the connecting channels to the Great Lakes in
Canada, HCB levels were ofien found to exceed 1.0 ng/litre,
particularly near point sources. Levels in the St. Clair River near the
Dow Chemical outfall were as high as 87 ng/litre in 1985 and 735
ng/litre in 1986 (Oliver & Kaiser, 1986),

Mean concentrations of HCB in seawater rarely exceed 1 ng/litre
(Table 5) (Ernst, 1986; Burton & Bennett, 1987). In the Nueces
Estuary in Texas, USA, the highest level (0.61 ng/litre} was found near
sewage outfalls (Ray et al.,, 1983a}. Higher concentrations (up to 196
ng/litre) were observed in the Forth Estuary in Scotland, near domestic
and chemical industry discharges (Rogers et al., 1989).

Saoil

Data identified on levels of HCB in soil are quite limited and are
summarized in Table 6. The most extensive data are from the 1972 LS
National Soils Manitoring Programn, in which the concentrations of a
variety of pesticides were determmed at 1483 sites from 37 states
(Carey et al., 1979). HCB was detected at 11 sites, with a range of
concentrations in pasitive samples from 10 10 440 pp/kg dry weight,
Of 24 samples of agricultural soil in British Columbia, Canada, where
HCB had last been applied as a seed treatment 10-15 years prior to the
survey, 6 had detectable HCB residues of between 1.3 and 2.2 ng/g dry
weight (Wilson & Wan, 1982),

Mean concentrations of HCB reported from uncontaminated soil
in Europe were found to range from 0.3 ng/g in Switzerland (Miiller,
1982) to 5.1 ng/g in a Swedish rural heathland soil {Thomas et al.,
1985) (it was not indicated whether concentrations were on a dry or
wet weight basis). Seil from a farming area in ltaly contained 40 ng'g
{dry or wet weight basis not indicated) {L.eoni & D'Arca, 1976). IICB
levels were not markedly increased by long-term application of sludge
to land in Germany at a rate of 50 to 500 tons per ha and averaged
2.8 ng/g (dry or wet weight basis not indicated) (Witte et al.,
1988a.b). Monitoring programmes in Germany yiclded averape
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EHC 195: Hexachlorobenzene

levels of HCB contamination of soil ranging from approximaiely
1 ng/g dry weight in the North Rhine-Westphalia (1990) to
approximately 6 ng/g dry weight in Baden-Wiirttemberg (1988} (BUA,
1994).

Levels in soil are highest near industrial sources of HCB. Levels
as high as 12 600 ng/g dry weight were reported at one landfill site in
Canada (Wilson & Wan, 1982), and 570 pg/g (dry or wet weight not
indicated) on the grounds of a chlorinated solvent and pesticide
production plant in the USA (Spigarelli et al., 1986). Soils near a
former grain treatment plant in Canada contained 26¢ ng/g dry weight
of HCB (Wilson & Wan, 1982). Levels of HCB in soils from
contaminated floodplains in the Netherlands ranged from 5.1 to 89
ng/g dry weight (Hendriks et al., 19935).

Sediment

HCB strongly sorbs to sediment and suspended matter, and
differences in the concentrations in the water as well as in the
composition of the sediments and suspended matter result in a wide
range of concentrations in this medium,

In sediment samples collected from 1979 to 1989 in the Atlantic
provinces of Canada, HCB was reported to be below the limit of
detection of 0.2 ng/g dry weight in 140 of 152 samples (Leger, 1991).
In surveys conducted from 1980 to 1983, HCB levels in sediments
from the Great Lakes ranged from 0.02 to 840 ng/g dry weight (Qliver
& Nicol, 1982; Fox et al.,, 1983; Kaminsky et al., 1983; Oliver &
Bourbonniere, 1985; Bourbonmiere et al., 1986; Oliver et al., 1989;
1IC, 1989). Analyses of sediment cores from Lake Ontario indicated
that levels of HCB have declined from the 1960s to the early 1980s but
more recent data are not available to determine if this downward trend
has continued (Oliver & Nicol, 1982; Oliver et al., 1989). HCB levels
in sediment sampled from eight lakes in northern remote Canada (date
of sampling not specified) ranged from 0.09 to 1.80 ng/g dry weight
(Muir et al., 1995),

Levels as high as 5100 ng/g dry weight were detected 1n the
Rhine River in Baden-Wiirttemberg, Germany, in 1986 (BUA, 1994).
The majority of sediment samples taken from the rivers Rhine and
Elbe between 1980 and 1990 contained levels of HCB between 10 and
500 ng/g dry weighi, although levels below 1 ng/g dry weight were
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determined in some other locations (BUA, 1994). A Nordic study on
chlorinated compounds in the Baltic, Kattegat and Skagerrak (@stfeldt
et al., 1994) found HCB concentrations in sediment ranging from 1 to
20 ng/g loi (loss on ignition}, the higher values occurring mainly in the
Bothnian Bay. An extreme value of 63 ng/g loi was found in Oresund
between Denmark and Sweden. Levels of HCB in sediment samples
collected near effluent discharges along a stream in Pakistan ranged
from <0.05 to 94.5 ng/g wet weight (Tehseen et al., 1994),

Higher levels of HCB in sediments were reported in studies
conducted near point sources. As much as 280 000 ng HCB/g dry
weight was detected in 1985 downstream of the Dow Chemical sewer
discharges in the St. Clair River, USA (Oliver & Pugsley, 1986).

Biota

HCB has been detected in inveriebrates, fish, reptiles, birds and
marnmals from around the world. Following the detection of HCB in
tissues of wild birds by De Vos in 1967, high residues were often
found in predatory birds, whereas minor quantities were detected in
fish, mussels and birds of the aquatic environment (Vos et al., 1968;
Koeman et al., 1969). Based on Canadian data from monitoring studies
in birds, HCB levels declined sharply from the mid-1970s (the earliest
data available) and into the early 1980s, after which they levelled off
{Noble & Elliott, 1986; Environment Canada/Department of Fisheries
and Oceans/Health and Welfare Canada, 1991),

Levels of HCB in freshwater mussels in the Great Lakes and
comnecting channels have been found to range from 0.1 ng/g wet
weight to 24 ng/g wet weight (Kauss & Hamdy, 1985; Innes et al.,
1988; Muncaster et al,, 1989). A similar range {4.4-26 ng/g wet
weipht) was observed in benthic amphipods, the pelagic amphipod
Pseudalibrotus fiteralis and brittle stars from the Beaufort Sea
(Hargrave et al., 1989). Lower levels (0.1-1.8 ng/g wet weight) were
observed in mussels (Myrifus galloprovincialis} trom the Ebro Delta
in the Western Mediterranean, and these levels were observed to
decline from 1980 to 1992 (Solé et al., 1994). Levels in marine species
of clams and oysters from the USA were reported in several studies to
be < 1 ng/g wet weight (Phelps ¢t al., 1986; Eisenberg & Topping,
1984; Ray et al., 1983b). Similarly, levels in inveriebrates, including
mussels (Myrilus edulis), soft clams (Mya arenaria), lugworms
(Arenicole marina), and polychaetes (Nerels diversicolor), were
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<1 ng/g fresh weight in the German Wadden Sea {Ernst, 1986}. Bjerk
& Brevik (1980) reported higher levels (50-350 ng/g wet weight) of
HCB in crabs {Carcinus maenas, Pagurus sp.), snails {(Littorina
fittorea), brittle stars {Ophiura albida) and sea stars (4steroided) from
the contaminated Frierfijord in Norway, which receives discharge from
various industries located in the region, and HCB and related
compounds were reported to originate from one main source
(unspecified) in the area. @stfeldt et al. (1994) found that mussels
(Mytilus edulis) from the Baltic contain higher levels of HCB (200-800
ng/g lipid weight) than mussels from Kattepat (11-20 ng/g lipid
weight),

In a 1981-1982 survey of HCB levels in fish from watersheds in
Eastern Canada, whole body concentrations in hrook trout (Salvelinus
fontinalis) and yellow perch (Perca flavescens) ranged from below the
limit of detection (4.2 ng/g in 1981; 0.2 ng/g 10 1982) to 54 ng/g for
trout and 15 ng/g wet weight for perch (Peterson & Ray, 1987).
Relatively high bedy burdens of HCB have been observed in fish in
Lake Ontario and connecting channels. HCB was not detected (ND)
in juvenile spottail shiners (Notropis hudsonius) from Lakes Superior
and Erie (detection level = | ngfg wet weight) (Suns et al., 1983;
Environment Canada‘/Department of Fisheries and Oceans/Health and
Welfare Canada, 1991), while mean body burdens in shiners in Lake
Ontario ranged from ND to 13 ng/g wetl weight, and those in the
Detroil, Niagara, and St Clair rivers averaged 5 ng/g wet weight, ND
to 8 ng/g wet weight, and 231 ng/g wet weight, respectively (Suns et
al., 1985). Mean concentrations of HCB in the muscle tissue of various
species of salmonids from Lake Ontario ranged from 5 to 37 ng/p wet
weight (Niimi & Oliver, 1989).

Levels of HCB measured in whaole fish species taken from major
rivers and lakes in the USA {including known contaminated areas)
ranged from <2 to 913 ng/g wet weight (Kuchl et al., 1983; DeVault,
1985; Schmitt et al., 1990; Kuehl & Butterworth, 1994). Levels in
roach (Rutilus rutilus L) and perch (Perca fluviarilis L) from the
“moderately polluted” Lahn River in Germany ranged frem ND to
233 ngig wet weight, with a mean of | ng/g (Schuler et al., 1985).
Concentrations of HCB in the whole bodies of carp (Cyprinus carpio)
from the mouth of tributaries to l.ake Ontario and the Niagara River
ranged from 352 10 1600 ngx on a lipid basis (6.7 10 205 ng'z on a
fresh weight basis). The highest values were measured near hazardous
waste dumps and industrial facilities (as high as 1600 ng/g fat) (Jaffe
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& Hites, 1986). Brunn & Manz (1982} reported a mean whole-body
concentration of HCB in fish {mainly trout) from inland rivers,
streams, and ponds in Germany of 5 ng/g wet weight. The highest
levels were recorded from fish caught in rivers.

HCB levels in seawater are generally lower than those in
freshwater, resulting in fower levels in edible parts of marine fish. In
fish taken from the North Sea {species not reported), HCB levels tn
fish muscle tissues averaged 0.3-0.4 ng/g wet weight, with a maximum
of 0.8 ng/g (Ernst, 1986). HCB concentrations in livers averaged
42 ng/g wet weight for cod (Gaduy morhua) and 4 ng/g (range of 0.2-
14 ng/g) for flounder (Platichthis flesus}. These levels were compar-
able to levels measured in fish near the coast of southwest Greenland
and in the North Atlantic Ocean. Livers of ¢od from the coast of
southwest Greenland contained 32.4 ng/g on average, and those of
hake (Mertuccius merfuccius) from the North Atlantic Ocean averaged
40.5 ng/g) (Emst, 1986). Levels of HCB were below the determination
limit (DL) in cod liver (DL = 5 ng/g) and herring muscle (DL =
1 ng/g) of fish from the Clyde Sea near Scotland (Kelly & Campbell,
1994). Cod from the Firth of Forth had mean liver levels of 38.7 ng/g
wet weight, and levels in herring muscle of 2.0 and 2.3 ng/g wet
weight were observed in fish from the Firth of Forth and North Sea,
respectively (Kelly & Campbelt, 1994). In surveillance monitoring of
contaminants in fish from coastal waters near England and Wales,
concentrations of HCB in livers of cod (Gaduns morhua), whiting
(Merlangius merlangus), dab (Limanda limanda) and flounder
(Platichthys flesus) were 2-290, 3-230, 3-55 and 1-52 ng/g,
respectively (all results on a wet tissue weight basis) (MAFF/HSE,
1994). Levels of HCB in muscle tissues of herring (Clupeq harengus)
from the Baltic Sea ranged from <1 to 39 ng/g (Hansen et al., 1985};
concentrations in whitefish (Coregonus lavaretus) and trout (Salmo
trutta) ranged from <1 10 9 ng/g fresh weight in a 1992 survey (Atuma
etal., 1993).

Fish taken from the contaminated waters of the Frierfjord in
Norway contained mean concentrations of HCB in liver of 11 600 ng/g
for saithe (Polluchius virens), and 16 800 ng/g for cod (Gadus
morhua) (Bierk & Brevik, 1980). Levels of HCB from fish taken from
the uncontaminated Sogndalfjord were much Jower, averaging 18 ng/p
wet weight in livers of cod {Gadus morhua), 8 ng/g in haddock
(Melanogrammus geglefinus) and 1 ng/g in lemon sole (Microstonms
&itr) and flounder { Plasichthys flesus) (Skare et al., 1983). Flounder
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(Plasichthis flesus) taken from the Elbe Estuary in Germany,
downstream from Hamburg (a highly industrialized area), contained
mean levels of HCB in muscle of 688 ng/g (range 84-1907 ng/g wet
weight). Further downstream, towards the mouth of the river, levels
were lower, averaging 12.5 ng/g (range 2-32 ng/g) (Kohler et al,,
1986).

The mean level of HCB in 15 snapping turtle eggs from Ontario,
Canada was 27.1 ng/g wet weight (Bishop et al., 1995).

The levels of HCB in birds have been similar across the various
regions of Canada since the 1980s, probably as a combined result of
emission reductions and the long-range transport of HCB to remote
locations. Mean concentrations of HCB in herring gull epgs (Larus
argentatusy in 1991 ranged from 16 to 71 ng/g wet weight at various
colonies in the Great Lakes, and were relatively uniform across lakes
(Environment Canada/Department of Fisheries and Cceans/Health and
Welfare Canada, 1991). These levels were approximately an order of
magnitude lower than in 1974. The mean level of HCB in herring gufl
eggs from Norwegian coastal waters in 1981 was 120 ng/g wet weight
(Moksnes & Norheim, 1986). In a study from the Netherlands, mean
levels in eggs of common temns collected in 1987 were 0.03 pg/p wet
weight and in those of black-headed gulls collected in 1988 were 93
pg/g fat (Stronkhorst et al., 1993). Levels of HCB found in eggs of
sea-bird species (Haematopus ostralegus, Larus ridibundus, Larus
argentatus and Sterna hirundo) from the banks of a river near an
organochlorine chemical plant in Germany were ¢ 500 ng/g wet
weight (Heidmann, 1986); mean levels of less than 15 ng/g wet weight
were found in eggs of several species of land birds, including rooks
(Corvus frugilerus) and sparrow hawks (Accipiter nisus) from
agricultural, industrial and rural sites. Recent surveys have indicated
similar Jevels of HCB in the eggs of five other predatory bird species
across Canada {means ranged from 10 to 53 ng/g wet weight) (Noble
& Elliott, 1986; Pearce et al., 1989; Noble et al., 1992). However, the
mean level of HCB in peregrine falcon {(Falco peregrinus) eggs
collected across Canada from 1980 to 1987 was 279 ng/g wet weight,
and concentrations ranged as high as 1060 ng/g wet weight (Peakall et
al., 1990}.

HCB has been found to accumulate in lipids of the common
goldeneye duck (Bucephala clangula) that overwinter in the Niagara

River (mean of 150 ng/g) (Foley & Baicheller, 1988) and the Detroit
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River {mean of 1700 ng/g) (Smith et al, 1985a) in the USA.
Goldeneye wintering in the Baltic Sea contained average levels of
250 ng/g lipid (Falandysz & Szefer, 1982). Levels of HCB in the livers
of silver seagulls taken from estuaries in Germany were lower in 1988
than 1989 (approximately 80 and 150 ng/g fat, respectively, in samples
from the River Ems estuary). Higher levels were observed for both
years in liver samples of birds taken from the River Elbe estuary (>250
ng/g fat) (BUA 1994).

In breast muscle tissue samples from various species of birds,
HCB concentrations tend to be progressively greater at higher trophic
levels {i.e., piscivores > molluscivores > ommivores > grazers)
(Environment Canada/Department of Fisheries and Oceans/Health and
Welfare Canada, 1991).

In the blubber of marine mammals in the Canadian Arctic, mean
levels of HCB were 19 ng/g wet weight for ringed seals (Phoca
hispida) and 491 ng/g wet weight for beluga whales (Delphinapterus
leucas) (Nerstrom et al,, 1990), while male belugas sampled in the
Gulf of St. Lawrence contained up to 1340 ng/g (Béland et al., 1991).
Blubber from male and female white-beaked dolphins
(Lagerorhunchus albirostris) collected near the Newfoundland coast
averaged 1110 ng/g and 880 ng/g wet weight, respectively. Lower
levels (290 ng/g and 100 ng/g wet weight) were observed in blubber
from male and female pilot whales (Globicephala meleana), also
collected near the Newfoundland coast (Muir et al., 1988). The higher
levels observed in the dolphins may reflect greater exposure to HCB
because of overwintering and feeding in the Gulf of St. Lawrence.
Biubber of harbour porpoises (Phecoena phocoena) collected in
Poland between 1989 and 1990 contained an average of 573 ng/g wet
weight (Kannan et al., 1993), and those coliected around the coast of
Scotland between 1989 and 1991 contained an average of 263 ng/g
(Wells et al.,, 1994). Levels of HCB in the blubber of bottlenosed
dalphins also collected off the coast of Scotland contained an average
of 276 ng/g {(Wells et al., 1994). Levels in the blubber of three species
of dolphins from the Bay of Bengal, southern India, were low, ranging
from 1.1 to 13 ng/g wet weight (Tanabe et al., 1993). Harhour seals
(Phoca vitulina) found sick or dead in Norwegian waters due to a
disease outbreak caused by a morbilli virus had a mean HCB level in
the blubber of 27 ng/g wet weight (range of 5-94 ng/g) (Skaare et al,,
1990).

19



516

EHC 195: Hexachlorobenzene

Limited data were found on levels of HCB in terrestrial
mammals. In a 1973-1974 survey of HCB in the adipose tissue of fox
{Vulpes vulpes), doe (Cupreolus capreolus) and wild boar (Sus scrofa)
in Germany, HCR concentrations ranged from <10 to 3110 ng/g. The
lowest levels were observed in the does, presumably because they are
herhivorous, whereas foxcs and wild boar feed on small animals and
are therefore more affected by biomagnification of HCR (Koss &
Manz, 1976). Similar patterns were evident in a study from Sweden,
in which rabbits (Oryctolagus cuniculus, muscle), moose {Alcaes
alcaes, nmuscle), reindeer (Rangifer tarandus, suet) and osprey
(Pandion haliaetus, muscle) were found to contain 9, 15, 51 and 330
ng HCB/g lipid weight, respectively (Jansson et al., 1993), The mean
concentration in 66 serum samples taken in muskoxen in the Canadian
Northwest Territories in 1989 was 2.8 ng/g (range of 1.1-7.5 ng/g)
{Salisbury et al., 1992). The mean concentration of [ICB in fat samples
from 58 caribou from the same region ranged from 32.93 10 129.4
ng/g (lipid corrected) (Elkin & Bethke, 1995). The mean concentration
of HCB in the livers and lipids of adult river otters {Lutra canadensis)
in western Canada were 3 ng/g and 30 ng/g wet weight, respectively,
for females and 4 ng/g and 25 ng/g wet weight, respectively, for males
(Somers et al., 1987). Concentrations of HCB in mink carcasses
collected in Cntario in the late 19705 and early 1980s ranged from <
0.5 to 10 ng/g wet weight (Proulx et al., 1987). In the Canadian north,
the mean level of HCB in the fat of polar bears {Ursus maritimus)
hunted between 1982 and 1984 was 296 ng/g wet weight (Norstrom
et al., 1990},

Food and drinking-water

HCB is commonly detected, at low levels, in foed (Table 7).
Levels of HCB tend to be highest in fatty foods andfor those that have
been treated with HCB-contaminated pesticides. ‘The mast extensive
data identified have been collected through the United States Feod and
Drug Administration (US FDA} Total Diet Study, The results of the
surveys from 1982 to 1991 indicate that TICB is detectable (DL =
0.1 ng/g) tn a small fraction of food items, most often dairy products,
meats, and peanuts/peanut burter {(KAN-DO Office and Pesticides
Team, 1995). In the most recent surveys, conducted during 1990-
1991, mean lcvels were less than 1| ng/g for all products.
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Environmental Levels and Human Exposure

In a number of more limited recent surveys, HCB levels have
been determined in commercial foods available in several countries
from North America, Europe and Asia {Table 7). The results of these
studies are consistent with the USA study described above, in that
HCD has been detected primarily in fatty foods such as meats and
dairy products, In these studies, mean concentrations are generally in
the low ng/jz range or less, although substantially higher concentrations
have been reported in some surveys from Lurope and Asia.

‘The cffects of cooking, curing and ripening on the HCB residues
in pork meat products were investigated in Spain by Arifia et al.
(1992). Neither cooking at 80-82 °C for 100 min nor curing reduced
the HICB content in pork bologna and pork sausage, respectively,
whereas the level of HCB in dry-salted and cured ham declined by
42% throughout maturation.

HCB has been detected infrequently, and at very low
concentrations in drinking-water supplies (Table 5). Samples of
drinking-water collected in 1980 from Canadian cities in the vicinity
of Lake Ontario contained from 0.06 to 0.20 ng/litre, with a mean of
0.1 nglitre (Oliver & Nicol. 1982). In other Canadian and USA
surveys, HCB was not detected (US EPA 1985k - DL = 100 ng/litre;
Environment Canada. 1982 - DL — 2 ngflitre). Slightly higher
concentrations of HCB (median of 1-2 ng/litre) were reperted in
Croatian drinking-water supplies drawn from a nearby polluted river
{pollution sources were not identified} {Fingler et al., 1992},

General population exposure
Human tissues and fluids

Owing to its persistence and lipophilicity, HCB is present at low
levels in the fatty tissues of virually all members of the general
population. 1evels of HCB in adipose tissues, breast milk. bleod and
follicular tluid of various populations from around the world are
shown in Table 8. It should be noted that the quality of the studies
given in Table 8 varies quite widely, from extensive national surveys
to those with relatively few samples.

Levels of HOCB in human adipose tissue from around the world
are generally <1 mgkg (Table 8). Althcugh available data are limited,

concentrations of HCB reported in fat tissue are generally slightly
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higher in samples from European countries than from elsewhere in the
world. The highest levels reported in recent surveys are from Spain
(mean levels of approximately 3-6 mg/’kg); the authors suggested that
this reflected contamination of foods caused by its presence as an
impurity in other pesticides (Carnps et al., 1989; Gomez-Catalan et al.,
1993, 1995). Concentrations of HCB increased with age in a number
of these surveys, but there were no consistent differences in residue
levels between the sexes (Mes ¢t al., 1982, Williams et al,, 1984, 1988;
Abbott et al,, 1985; Mes, 1990; Mes et al., 1990; Gomez-Catalan et al,
1993; Kemper, 1993; Ludwicki & Gdralczyk, 1994),

In general, concentrations of HCB in breast milk in various
countries or regions (Table 8) range widely, and appear to be related
to the degree of industrialization and/or urbanization within the survey
area. The levels of HCB in breast milk have been expressed ot a
whole milk basis, using the fat content reported by the authors or,
where this was not reported, a fat content of 4.2% (NHW, 1987).
Schechter et al. (1989a) reported that concentrations of HCB in breast
milk in the mid-1980s were lowest in samples from Thailand (0.3
pg/litre whole milk) and Vict Nam (< 0,17 ug/itre }, somewhat higher
in those from a semi-rural area of the USA (0.7-0.8 pg/litre ), and
higher still in German samples (12,6 pg/litre ) (numbers of samples in
this study were extremnely small, except for the German data (n=167)).
In surveys surnmarized by Mges et al. (1986), mean HCB levels were
1 pg/litre whole milk in the USA, 2 pg/litre 1n Canada. 3 pg hire in
Sweden, 4 pg/litre in Great Britain, and 35pg/litre in Germany. Still
higher Jevels (48-89 pg/litre whole milk) have been reported in studies
from Spain (Conde et al. 1993). Bates et al. {1994} reported that the
concentrations of HCB in breast milk of primiparae from New Zealand
increased linearly with age, but were not related to body mass index,
fish intake, smoking status, type of residential water supply or location
of residence (urban versus rural). In a study of body burdens of
organochlorines in an indigencus population, Ayotte et al. {1995)
reported that mean concentrations of HCB in the milk fat of 107 Inui
women from northem Quebec were several times higher than those in
50 Caucasian women from southern Quebec (57 and 1.2 pedlitre whole
milk, respectively). Levels of organochlorine compounds in breast
milk correlated with levels of omega-3 fatty acids n plasxma
phospholipids, indicating that consumption of marine organisms is an
irmportant source of exposure 1o these xenobiotics.
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Environmental Levels and Human Exposure

In a HCB poisoning incident in Turkey (section 8.1), breast-fed
infants were fatally intoxicated through their mothers’ milk. In an eatly
report of this incident {Peters et al,, 1966), HCB was reported as being
present in breast milk, although it was not quantified. However,
elevated levels were measured (mean of 510 ng/g on a fat basis
{approximately 21 ng/g on a wet weight basis) for 56 pomphyric
mothers) 20-30 years after the incident, compared with a mean of 70
ng/g fatin 77 milk samples from women of families without porphyria
or from areas outside of the endemic area (Peters et al., 1982; Gocmen
ct al., 1989).

HCB is present in a wide range of other tissues and fluids from
humans, but at Jower levels than in adipose tissue and breast milk. For
example, concentrations of HCB 1n serum of 370 subjects from the
general population in the USA studied by Needham et al. (1990)
averaged (+.189 pg/litre, compared to concentrations of 39 ng/g lipid
in 287 adipose tissue samples. Schechter et al. (1989b) reported HCB
levels in various organs in autopsy tissue from three American
patients, HCB levels in adipose tissue ranged from 15 to 24 ng/g wet
tissue, while kidney, muscle, lung, spleen and testis contained | ng/g
or less, and adrenals, hone marrow and liver contained intermediate
concentrations.

Median blood serum levels of HCB ranged from <0.5 to 1.0
ng/litre in four population groups {total of 97 samples) from Zagreb,
Croatia {Krauthacker, 1993}. The groups included workers employed
in the distribution and packing of seeds treated with different
pesticides, who were expected to have absorbed organochlorine
compounds at levels greater than the general population. However,
levels of HCB in the blood of these warkers were not elevated. Van
der Ven et al, (1992} reported the HCB levels in maternal serum of &
and 11 full-term pregnant women in Germany and Tanzania,
respectively. Levels in Germany averaged 1.23 pgikg {0.33-2.66
pg’ke). whereas those in Tanzania were 0.01 pg'kg (0-0.03 pg/kp).
Analysis of blood plasma samples from a human organ specimen bank
in Germany revealed that median annual concentrations of HCB
between 1983 and 1989 ranged between 3.1 and 3.4 pg/lire (Kemper,
1993). Serum and ovarian follicular fluid have been shown to contain
HCB in patients receiving in vitra fertilization (Jarrell et al., 1993h).
Of 72 patients, HCB was detected in the serum of 60 and follicular
fiuid of 49, There was a significant geographical variation among three
major cities in Canada (Jarrell et al., 1993b). Follicular fluid from
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similarly treated patients in Germany has been shown to contain HCB
{Trapp et al., 1994}, In some studies, workers exposed to chlorinated
solvents or chlorinated pesticides had elevated fevels of HCB in blood
{section 5.2.7).

intake from ambient air

Based on a daily inhalation volume for adults of 22 m’, a mean
body weight for males and females of 64 kg (IPCS, 1994), and the
range of mean levels of HCB measured in ambient air in cities from
around the world of approximately 0.1 to 0.6 ng/m’ (Table 4). mean
mtake of HCB from ambient air for the general population is estimated
to range from 3.4 x 10” to 2.1 x 107 ug/kg body weight per day. Since
no data on levels of HCB in indoor air were found, it has been
assumed that levels indoors are the same as those cutdoors. The intake
of HCB via air may be greater in populations residing in the vicinity
of point sources, but this exposure 13 considered to be too site-specific
to estimate reliably.

intake from drinking-water

Based on a daily volume of ingestion for adults of 1.4 litres, a
mean body weight for males and females of 64 kg (IPCS, 1994}, and
the range of mean concentrations of HCB detected in drinking-water
from cities of approximately 0.1 to 2 ng/litre {Table 5), the estimated
mean daily intake of HCB from drinking water for the gencral
population ranges from approximately 2.2 % 10”10 4.4 x 107 pg/ke
body weight per day.

Intake from foods

Based on the average daily consumption of various foadstufts by
adults from around the world”, a mean body weight for males and
fernales of 64 kg (IPCS, 1994), and the mean level of HCD detected

“ Dielary intakes (g/person/day) consist of: cereals, 323, starchy roots,
225; sugar {excludes syrups and honey), 72; pulses and nuts, 33:
vepetables and fruits, 323; meat, 125; egys, 19; fish, 23; milk products
(exc¢ludes butter), 360; fats and oils {includes butter), 31 (all intakes
from IPCS, 1994),
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in various foads in the 1990-1991 US FDA Total Diet Study (Table 7),
the estimated daily intake of HCB from food ranges from
approximately 0.0004 to 0.0028 ng/kg body weight per day (this range
was generated by assuming, for food groups in which HCB was not
detected, that non-detectable values were zero with the detection limit
being 0.1 pg/kg. These estimates overlap the range of dietary estimates
{between 0.001 and 0.027 pg/kg body weight per day) that have been
reported for various countries (Canada, USA., Germany, Finland, Viet
Nam, Thailand, India, Japan, Australia, the Netherlands) {Gartrell et
al,, 1986; De Walle et al,, 1995; Fujita & Morikawa, 1992: Kannan et
al., 1992a,b; Government of Canada, 1993; Kannan et al., 1994).
Intakes via food may be substantially higher in selected European and
Asian countries, where the content of HCB in a sampling of a limited
range of foods was relatively high (Table 7), or in indigenous
populations consuniing large quantities of sore wildlife species, such
as marine mammals, that are known to accumulate relatively high
tissue levels of lipophilic contaminants {Govermnment of Canada, 1993;
Avyotte et al., 1995; Kuhnlein et al., 1995).

Dietary intakes may also be greater in infants during breast-
feeding, owing to the accumulation of HCB in the mothers' milk. The
mean concentrations of HCB in the most recent surveys found for
various countries range from <0.17 to 48 pg HCB/litre whole milk
{Table §). Assuming that infants are exclusively breast fed for the first
6 months, during which they consume an average of 0.75 litres of
breast milk per day and have an average body weight of 7 kg (Health
Canada, 1994), the estimated mean intakes of HCB from breast milk
in various countries range from <0.018 to 5.1 ug/kg body weight per
day. Daily intakes of HCB by breast-feeding infants of Inuit mothers
in northern Quebec, Canada (a population that consumes substantial
quantities of marine organisms that accumulate lipophilic
contarmnants) was estimated at 0.45 pg/kg body weight per day, a
value that was several times greater than for a more southerly
pepulation in the same province (Ayotte et al., 1995).

Apportionment of Intakes

Total intake of HCB from ambient air, drinking-water and foods
15 estimated to range from approximately 0.0004 to 0.003 pg/kg body
weight per day for the general population, the principal route of
exposure being through the diet (92%). The estimated contributions
from air and drinking-water are much smaller (7% and 1%,
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respectively). (The contribution from each environmental medium was
calculated based on the mid-point of the intakes estimated in the
previous sections.)

Trends in exposure of the general population over time

The results of most studies of the levels of HCB in foods and
human tissues over time indicate that exposure of the general
population to HCB declined from the 1970s to the mid-1990s in many
locations. However, this trend has not been evident during the last
decade in some other locations.

Routine monitoring of foods in some countries indicates that
exposure to HCB is decreasing. For example, mean concentrations in
grab samples of milk, bovine fat, poultry fat and egg fat collected from
suppliers in Ontario, Canada, decreased by an order of magnitude or
more between the early 1970s and the mid-1980s (Frank et al., 1983,
19854, 1985b; Frank & Ripley. 1990). Brown et al, (1986) reported
that the frequency of detectable (> 10 ng/g in fat samples, wet weight)
levels of HCB in the USA meat and poultry supply increased
dramatically from 1972 to 1977-1978, but had fallen off sharply up to
1984, More recent data collected through the US FDA Total Diet
Study indicate that this trend had continued. Between 1982-1984 and
1991, the most recent year for which data are available, both the
frequency of detection of HCB and the estimated average daily intake
for people of various ages decreased by roughly 80% (US FDA 1990,
1991, 1992). A decline in HCB levels in fish from the Baltic and the
Swedish West Coast was found in the National Swedish Monitoring
Programme over the period 1988 to 1994 (Bignert, 1995). The annual
decrease in levels in herring muscle from different places in the Baltic
was 12 1o 15% and in cod liver from the Baltic 21%,; from the West
Coast it was 12% in herring muscle, 23% in cod liver and 23% in dab
liver. The trend with higher concentrations in samples from the Baltic
as compared to the West Coast is still seen in the samples.

The results of most studies of temporal trends of HCB levels in
human adipose tissue or milk (summarized in Table 8) indicate that
general population exposures have declined since the 1970s. In routine
monitoring of breast milk contaminants in German mothers, mean
concentrations of IICB declined by more than 50% between 1984 and
1991 (Fiirst et al., 1994), and by about 80% between 1979 and 1990
(BUA 1994). The median HCDB content in samples of plasma from a
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human specimen bank in Germany decreased from 4.8 pg/liire in 1983
to 3.1 pg/litre in 1989, a peried of increasing restrictions on indoor
applications of pentachlorophenol, which contzins HCB as a
contaminant (Kemper, 1993). Mes (1990) reporied that congentrations
of HCB in human adipose tissue from Canadian surveys were
significantly lower in 1985 than in 1972; this decrease occurred in all
age classes over this period. An increase in the HCB content of human
adipose tissue and milk was observed in the early 1970s in the
Netherlands, and was attributed to an increase in the HCB
concentration in products of animal onigin (Greve & Van Zoonen,
1990). Once measures were taken to avoid contamination of such
products, a gradual decrease in HCB levels was observed. Johansen et
al. (1994} reported that the conceniration of HCB in routine
monitoring of milk from Norwegian mothers declined by 65%
between 1982 and 1991. In contrast, in the most extensive study of
levels of HCB in adipose tissues, the US National Human Adipose
Tissue Survey (Robinson et al., 1990}, in which data on residues were
collected from a nationally representative sample of 6081 autopsies
and surgical patients from 1974-1983, there was little change in
residue concentrations over the study period, with the national median
level remaining near 30 to 40 ng/g.

QOccupational exposure during manufacture, formulation, or use

Workers may be exposed to higher concentrations of HCB than
the general population, particularly tn the manufacture of chlorinated
solvents, and in the manufacture and applcation of pesticides
contaminated with HCB.

In a survey of production indusiries (perchloroethylene,
trichloroethylene, carbon tetrachloride, chlorine, triazine herbicides
and pentackloronitrobenzene), the highest HCB concentrations were
associated with the production of perchloroethylene and
trichloroethylene {Spigarelli et al., 1986). The highest level of HCB
determined in the air on plant property was 24 pg/m’ at a plant
producing perchloroethylene, carbon tetrachloride and chlorine.
Relatively high HCB levels (maximum concentration of 2.2 pg/m’ in
air} were also detected in samples from the pentachloronitrobenzene
production plant. Lower levels of HCB were measured at triazine
herbicide production plants (ND - 0.02 pgim"), and, in the one plant
that preduced only carbon tetrachloride, HCB was not detected (MDL
not reported). It is not known how representative the data from these
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studies are, as the generation and release of HCB would be minimized
in plants using appropriate modern technology and waste management
practices.

Personal breathing-zone samples (54 in all) from workers in a
pentachlorophenol production plant contained HCB concentrations
ranging from <0.1 to 120 ug/m’ (Marlow, 1986), while levels in 112
area samples throughout the plant ranged from <0.1 to 630 pg/m”.

HCB concentrations in the blood of workers in a factory
producing chlorinated solvents ranged from 14 to 233 pg/litre {Bumns
& Miller, 1975); this compared with a range <1 to 310 pg/litre in the
blood of vegetable spraymen (Burns et al., 1974). Mean levels of HCB
in the blood plasma of workers in a chlorinated solvents plant in the
USA were 311 pg/litre in 1974, and 312 pg/litre in 1975, and levels in
whole blood were 160 pg/litre in 1976, and 170 pgflitre tn 1977
(Currier et al., 1980). Concentrations of HCB in blood were positively
cormrelated with the number of years worked in the plant, but were not
associated with airborne levels of HCB or job-category-based
exposure estimates. Pesticide-exposed vineyard workers in Germany
tended 1o have higher HCB whole blood levels (median 7 pg/hitre,
maximum 30 pgilitre) than reference controls (median 3 pg/litre,
maximum 17 pglitre) (Kemper, 1993). Angerer et al. (1992) reported
that the mean plasma level of HCB in 53 workers at a municipal waste
incinerator was 5.0 pg/litre, compared with 4.69 pg/litre in 64 subjects
with no known occupational contact.
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6. KINETICS AND METABOLISM

Aquatic and terrestrial biota

Terrestrial plants such as barley, cress and wheat, and algae such
as Qedogonium cardiacum slowly metabolize HCB 1o polar
metabolites and non-extractable residues (Lu & Metcalf, 1973;
Scheunert et al., 1983, 1985; Topp et al,, 1989). For example, of the
total radiolabelled HCB in barley after uptake from soil over one
growing season, 14% was present as polar metabolites, 20% as plant-
bound residues and the remainder as the parent compound (Topp et al.,
1989). In the only available study on HCB depuration rates in plants,
the aquatic macrophyte Afyriophyllum spicanm eliminated 95% of
HCB during the first 28 days after exposure ceased (Gobas et al.,
1991).

Invertebrates slowly metabolize HCB to compoeunds such as
pentachlorothioanisole, pentachlorophenol and other polar metabolites
{Lu & Metcalf, 1975; Bauer et al, 1989). In an aquatic model
ecosystemn treated with *C-HCB for 24 h, unchanged HCB accounted
for 84% of the total radicactivity in snails (Physua sp.), 67% in water
fleas (Daphnia magna) and 65% in mosquito larvae (Culex pipiens)
(Lu & Metcalt, 1975). Half-lrves for the eltmination of HCB by
invertebrates were less than 5 days for filter-feeding bivalves (Eliiptio
complanata and Myrilus edulis} (Bro-Rasmussen, 1986; Russell &
Gobas, 1989), 16 days for deposit-feeding clams (Macoma nasura)
(Boese et al., 1990), and 27 days for aligochaete worms ( Tubifex
tubifex and Limnodrilus hoffmeisteri) (Oliver, 1987).

Sanborn et al. {1977) detected pentachlorophenol and at least four
unidentified polar metabolites in green sunfish {Lepomis cvanellus)
after 28 days of ingesting HCB-contatrinated food. Pentachlorophenol
has also been detected in the excreta and tissues of rainbow trout
(Onrcorkvachus mykiss) following an intraperitoneal dose with HCB
(Koss & Koransky, 1978; Koss etal., 1978). Zebra fish (Brachydunio
rerip) did not metzbolize HCB after a 48-h exposure in water (Kasokat
etal., 1989). Elimmnation half-lives of HCB ranged from 7-21 days for
fathead minnows (Pimephales promelas) after a waterborne exposure
(Kosian et al., 1981) to wp to 210 days for rainbow trout
{Oncarhynchus mykisy) after ingestion of HCB in food (Niimi & Cho,
1981).
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Clark et al. (1987) reported that 63% of the total HCE eliminated
in herring gulls (Larus argentatus) was found in the egg yolk. Breslin
et al. (1983} found that 50% of total HCB eliminated from laying
bobwhite quail (Colinus virginianus), a species that lays many eggs,
was accounted for in egg volk. For most wild species, egg laying will
account for a relatively small loss of HCB, while depletion of stored
fat during energetically costly activities such as migration and
mouliing may result in a significant reduction in body burdens. The
half-life for elimination of HCB in birds ranged from 24-35 days for
domesticated chickens (Gallus gallus domesticus) fed HCB-
contaminated diets (Kan & Tuinsira, 1976; Hansen et al.,, 1978) to 211
days in intrapetitoneally dosed juvenile herring gulls (Clark et al.,
1987).

Mammals

There are few data on the absorption of HCB by humans. By
comparing intake and faecal excretion of HCB in a single breast-fed
infant, Abraham et al (1994) estimated that absorption was virtually
complete (greater than 99.7% at one month of age and greater than
97% at 5 months). The concentrations of HCB in the diet and faeces
of a single formula-fed infant were too low for reliable estimation of
absorption (Abraham et al., 1994), The results of animal studies
indicate that 80% or more of an oral dose of HCB (between 10 and
180 mg/kg body weight) is absorbed if administered in an o0il vehicie
(Albro & Thomas, 1974; Koss & Koransky, 1975; Ingebritsen et al,,
1981; Bleavins et al., 1982). In female rats treated with ""C-HCB in
oil, peak values of radioactivity were reached in 2 to 5 days. The
absorption was poor (2-20%, depending on the dose) when the
substance was given as an aqueous suspension {Koss & Koransky,
1975). Little information was identified on dermal absorption,
although it appears to be Jower. Koizumi (1991) observed that after
dermal application of approximately 2.5 mg "“C-HCB in tetrachloro-
ethylene to Fisher-344 rats for 72 h, only 9.7% of the administered
dose was absorbed, No information on absorption via the lungs has
been reported.

There are no experimental studies of ussue distribution of HCB
in humans, although in a small autopsy study of members of the
general population (Schechier et al., 1989b), the highest levels were
found im (in order) adipose tissue, adrenals, bone marrow and liver.
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Laboratory studies in a number of antmal species also indicate that the
highest concentrations of HCB are accumulated in tissues with a high
lipid content, such as the adipose tissue, adrenal cortex, bone marrow,
skin and some endocrine tissues (thyroid, adrenal and ovary) following
ingestion or injection of HCB {Koss & Koransky, 1975; Yang et al,,
1978; Courtney, 1979; Sundlof et al., 1982; Ingebritsen, 1986; Smith
etal, 1987, 1994; Goldey et al., 1990; Foster et al., 1993; Jarrell et al.,
1993a). No information was found on the tissue distribution following
inhalation or dermal exposure. HCB crosses the placenta, and is
eliminated via the mothers’ milk in both animals and humans
(Villeneuve et al,, 1974; Mendoza et al., 1975; Courtney & Andrews,
1979, 1985; Courtmey et al., 1979; Bailey ¢t al., 1980; Bleavins et al.,
1982; Goldey et al., 1990; section 5.2.1).

Metabolic transformation is not extensive in the wide range of
species examined. The pathways of biotransformation of HCB have
been reviewed by Debets & Strik (1979) and by Renner {1988}, The
metabolism of HCB operates via three distinct pathways. These are
oxidative pathways, which give nse to phenolic metabolites including
pentachiorephenol, tetrachlorehydroquinene and tetrachlorobenzo-
quinone; a glutathjone-conjugation pathway leading to pentachloro-
thiophenol, pentachlorothioanisoles, and several other sulfur-
containing metabolites; and a minor pathway that vields lower
chlorinated benzenes through reductive dechlorination. Metabolism
occurs primartly in the liver, afthough dechlorination of HCB has also
been demonstrated ¢ vitro In enzyme preparations from the lung,
kidney and small intestine {Mehendale et al., 1973),

The metabolism of HCB has been studied in the rat and guinea-
pig (Mehendale et al., 1975; Rozman et al., 1975; Koss & Koransky,
1976; Kass et al,, 1978; Koss & Koransky, 1978; Courmey, 1979), and
in the monkey (Rozman et al., 1975; Couriney, 1979). Dosing routes
ncluded gastnic intubation and the intraperironeal route, while dosing
vehicles included oil and aqueous media. The monitoring for
metabolic products of HCB has included excretory products and’or
tissue residues for periods ranging from 28 to 40 days post-dosing,
Findings were quate dissimilar among the studies, The most commeon
finding was that less than 40% of the admunistered dose was recavered
in the excretory products and a majority of the recovered dose was
unchanged HCB.
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The major metabolites found in the urine of rats, mice and
guinea-pigs exposed to HCB by various routes in most studies are
pentachlorophenol (PCP), tetrachlorohydroquinone and pentachloro-
thiophenol (PCTP) (Koss & Koransky, 1978; Koss et al,, 1978).
{There is some question as to whether most of the latter compound
detected in some studies was an analytical artefact from alkaline
hydrolysis of the m-acetyl cysteine conjugate.) Other metabolites
include tetra- and pentachlorobenzenes and thioaniseles, and tri- and
tetrachlorophencls, both in free and conjugated forms. 1t has been
reported that, after dietary exposure of' male and female Wistar rats o
HCB for 13 weeks, M-acetyl-$-(pentachlorophenyljcysteine was the
most abundant metabolite via the conjugation pathway (89-92% of the
total urinary metabolites collected over 24 h, after one week of
treatment), Mercaptotetrachlorothioanisole was alse present, excreted
as a glucuronide {den Besten et al,, 1994), The excreta from male
Wistar rats given 125 mg/kg body weight on day 1 and 6 were
collected for 12 days (Jansson & Bergman, 1978). Faeces and/or urine
contained HCB (about 4% of the total does), pentachlerobenzene,
pentachlorophensl, pentachlorobenzenethiol (both as such and as
conjugates), methylthiopentachlorobenzene, tetrachlorobenzenedithio)
and/ot methylthiotetrachlorobenzenethiol (both as such and as
conjugatesj, dichlorotetrakis(methyhhiojbenzene (trace amounts),
hexakis(methylthiojbenzene (trace amountsy, bis{methylthio)tetra-
chlorobenzene, tetrachlorobenzenethiol (trace amouatsi and methyi-
thiotetrachlorobenzene (trace amounts). Compounds found accumu-
lated in adipose tissue were hexachlorobenzene, pentachlorabenzene,
pentachlorobenzenethiol,  bis(methylthio)tetrachlorobenzene  and
pentachloroanisole.

Rizzardini & Smith (1982) administered 50 pmoles of HCBkg
body weight 10 male and female rats by gavage in arachis oil for
103 days. Three urinary metabolites were identified, i.e., pensachioro-
phenol, 2.3,5,6-tetrachlorobenzene, 1,4-diol and pentachlorothio-
phenot (derived from mercapturate). The authors reported that female
rats excreted several times more HCB metabolites than males.

PCP and PCTP have been detected in the urine of humans from
the general population of Spain with high body burdens of 11CB (To-
Figueras et al., 1992).

No religble information on the elimination half-life of HCB in
humans was found. Excretion of HCB by laboratory animals occurs
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mainly through the faeces regardless of the route of administration {(US
EPA, 1985a; ATSDR, 1990). Both hiliary excretion and non-biliary
intestinal transfer contribute to faecal excretion (Rozman et al., 1981;
Ingebritsen et al., 1981 Richter & Schifer, 1981; Sundlof ¢t al,, 1982).
Reported half-lives for the elimination of an oral dose of HCB (doses
were 3 mg/kg body weight or less in these studies) are approximately
one month in rats and rabbits, 10-18 weeks in sheep, pigs and dogs,
and 2.5 to 3 years in rhesus monkeys (Avrahami & Steele, 1972
Avrahami, 1975; Rozman et al,, 1981; Sundiof et al., 1982; Scheufler
& Rozman, 1984; Yamaguchi et al., 1986}, HCB has been detected in
the milk of several species, including humans, and the results of
experiments with mice and ferrets indicate that the majority of the
maternal body burden can be eliminated via the maother's milk during
lactation (Bleavins et al., 1982; Courtney & Andrews, 1985).
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7.2

7. EFFECTS ON LABORATORY MAMMALS AND
IN VITRO TEST SYSTEMS

This section summarizes the extensive literature on the toxicity
of HCB 1o laboratory mammals, with emphasis on those studies
reporting the lowest-observed-¢ffect levels. Information on the dosage
with respect to body weight was obtained from the original papers,
wherever possible. When doses were not expressed in this way by the
investigators and could not be calculated from the data provided,
approximate doses (given in parentheses) have been estimated based
on the reference values given in NIOSH (1985).

Single exposure

The acute toxicity of HCB in experimental animals 15 low;
reported oral LD, values for various species range from 1700 mg'kg
body weight for the cat to between 3500 and > 10 000 mg/kg body
weight for the rat, with infermediate values for the mouse, rabbit and
guinea-pig. Reported LC., values for inhalation exposure range from
1600 mg/m’ for the cat to 4000 mg/m’ for the mouse, with intermedi-
ate values reported for the rat and rabbit (IARC, 1979, Strik, 1986;
Lewis, 1992), Acute lethal doses elicit convulsions, tremors, weakness,
ataxia, paralysis and pathological changes in organs, Strik (1986)
reported that HCB has a low skin irritation score, is not imitating to the
eye and does not sensitize the guinea-pig, although no details were
provided. In several studies, single oral doses of 100-1000 mg kg body
weight produced increases in the activities of various liver enzymes in
rats within 24 h (Strik, 1986).

Short-term and subchronic exposure

The effects of short-term, repeated expasure to HCB are primarily
hepatotoxic and neurological, In a number of studies, the effects of
HCB on rats exposed to oral doses in the range of 30-250 mg/kg body
weight per day included altered body weight, cutaneous lesions,
trernors and other neurelogical signs, hepatomegaly, liver damage and,
in some cases, early alterations in porphyrin or hacm metabolism
(Courtney, 1979; US EPA, 1985a; Strik, 1986). Short-term exposure
in vive induced a variety of enzymes, including glutathione-S-
transferases and isozymes of cytochrome P-450, identified as
cytochromes P-4501A 1 (CYPIAT), P-4501A2 (CYPIA2) and P-45011B
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(CYPIIB) (Wada et al., 1968; Courtney, 1979; Denomme et al., 1983;
US EPA, 1985a; Linko et al., 1986 Strik, 1986; Hahn et al., 1988,
1989; Vos et al,, 1988; Green et al., 1989; Rizzardini et al., 1990;
D'Amour & Charbonneau, 1992; Smith et al., 1993; Goerz et al.,
1994}. This means that HCB is a mixed-type cytochrome-P-450-
inducing compound, with phenobarbital-inducible and 3-methyl-
cholanthrene-inducible properties. Enzyme induction has been
observed at relatively low doses in some studies. For instance, in
Wistar rats fed HCB in the diet for 14 days, the low-effect level for
induction of microsomal liver enzyme was 50 mg HCB/kg feed
(approximately 2.5 mg/kg body weight per day), and the no-effect
level was 20 mg HCB/kg feed (approximately 1 mg/kg body weight
per day) (den Tonkelaar & van Esch, 1974).

The effects produced by subchronic exposure to HCB are similar
1o those observed in short-term studies, but are generally evident at
lower doses (Courtney, 1979; US EPA, 1985a; ATSDR, 1990, 1994).
At relatively high doses (32 mgkg body weight per day or more for
periods from several weeks to 90 days), reported effects have included
death, skin lesions, behavioural and neurclogical changes, reduced
body weight gain, increased organ weights, and altered thyroid
function and serum levels of thyroid hormones (the latter effect is
discussed later in this section). At lower doses, hepatotoxic effects
have been commonly reported, including histological alterations, the
induction of a variety of hepatic microsomal enzymes and porphyria.

The porphyrinogenic effects of exposure to HCB have been
extensively studied since the seminal reports of Ockner & Schmid
(1961} and De Matteis et al, (1961}, These and subsequent earlier
works, many of them conducted at relatively high doses, have been
summarized by Courtney (1979}, and much of this research is not
discussed in this repert. Porphyria has been observed in several species
of laboratory mammals, most often manifested as increased ievels of
porphyrins and/or porphyrin precursors in the liver, other tissues and
excreta. This disturbance in haem synthesis is associated with the
inhibition of uwroporphyrinogen decarboxylase activity (this enzyme
converts uroporphyrinogen 111 to coproparphyrinogen 11}, leading to
the accumulation of uroporphyrin and other highly carboxviated
porphynns, and with the induction of ALA synthetase (the enzyme
controlling the rate of haem synthesis) {ATSDR, 1994). There is a
delay betore exposed rats become porphyric, which appears to reflect
the time for the animals to receive a sufficient cumulative dose of
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HCB (Krishnan et al., 1991, 1992}, as well as the time needed for the
porphyrins to accumulate ta the level of overt porphyria (Kennedy et
al., 1986; Kennedy & Wigfield, 1990). Ailthough in most studies
porphyria has been associated with longer-term expaosure to HCB, rats
exposed to doses of 25-50 mg HCB/kg body weight per day for as
little as several days had increased levels of hepatic and urinary
porphyrins (Krishnan et al,, 1991, 1992). In another study, hepatic
levels of highly carboxylated porphyrins were elevated by a single
exposure 10 50 mg HCB/kg body weight, although the latter result was
not accompanied by clinical porphyria (Kennedy & Wigfield, 1990).

HCB-induced porphyria has been extensively studied in rats, in
which dietary or gavage exposure of various strains to between 2.5 and
15 mg HCB/kg body weight per day for periods of 8 to 15 weeks has
caused hepatic porphyria, and, in some studies, increased levels of
porphyrins in the kidney and spleen (Grant et al, 1975; Kuiper-
Goodman et al., 1977; Goldstein et al,, 1978; Mendoza et al., 1979;
Rizzardini & Smith, 1982; Teschke et al,, 1983; Smith et al., 1985b;
Green et al., 1989; Van Ommen et al., 1989; Kennedy & Wigfield,
199¢: Smith et al., 1990; Den Besten ef al., 1993). A no-vbserved-
effect-level (NOEL) for HCB-induced porphyria was not determined
in these studies. Although the data on other species are limited, levels
of hepatic or urinary porphyrins were increased in mice of various
strains fed diets containing 200 mg HCB/kp feed (yielding
approximate doses of 24 mg HCB/kyg body weight per day) for periods
of 7 to 15 weeks in some studies (Smith & Francis, 1983; Rizzardinm
ct al, 1988; Vincent et al, 1989), and porphyria was mduced 1n
Japanese quail following short-term oral and intraperitoneal exposure
to 500 mg HCB/kg body weight per day (section 9.1.2).

The lowest doses producing porphyrinogenic and other effects on
the liver in a subchronic study were reparted by den Tonkelaar etal.
(1978). Groups of five pigs exposed for 90 days to doses of .5 mg-ky
body weight per day or more in the diet had increased urinary levels
of coproporphyrin and alterations in liver histology and microsomal
enzyme activities, but po effects were observed at 0.05 mg/kg body
wejght per day. However, marked excretion of coproporphyrin alone
is not a characteristic of the inhibition of uroporphyrinogen
decarboxylase in animal systems.

Female rats are more sensjtive than males to the porphyrinogenic
effects of exposure to HCB, In various strains of rats exposed to doses
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of 5 to 10 mg HCB/kg body weight per day in the diet or by gavage,
for periods of between 3 months or more, females developed 2 marked
porphyria which was absent or much reduced in males (Grant et al.,
1975; Kuiper-Goodman et al., 1977, Rizzardini & Smith, 1982; Smith
etal., 1985b). In a number of studies, the basis for the susceptibility to
HCB-induced porphyria of female rats compared to males has been
examined. Grant et al. {1975) reported that ovariectomy decreased,
and castration increased, the accumulation of porphyrins in the livers
of female and male Sprague-Dawley rats with subchronic exposure to
HCB, suggesting a role for steroid hormones in the development of
porphyria in this species. In another study, female Fischer-344 rats
with HCB-indnced porphyria had higher levels of cytochrome P-
450IA isoenzymes and ethoxyresorufin-O-deethylase activity than
males, whereas males had higher levels of total cytochrome P-450 and
activities of microsomal monooxygenases associated with cytochrome
P-4501IB 1 {Smith et al,, 1990). In Fischer-344 rats with HCB-induced
porphyria, sex-related differences in urinary and hepatic porphyrin
levels were paralleled by differences in the excretion of phenolic
metabalites, particularly pentachlorothiophenal {Rizzardini & Smith,
1982). These findings were further investigated in a short-term study
by D'Amour & Charbonneau (1992), which indicated that male rats
may be mote resistant to HCB-induced porphyria than females
because hepatic conjugation of HCB with glutathione is more
important in males, Male Sprague-Dawley rats receiving a
porphyrinogenic dose of HCB (100 mg HCB/kg body weight per day
by gavage for 5 days) had significantly fower hepatic giuthione
concentration and higher glutathione transferase activity (to 3.4-
dichloronitrobenzene) than controls, whereas ne significant differences
were observed in females. Biliary excretion of PCTP (a metabolite of
glutathione conjugation} and the rate of elimination of HCB from the
liver were greater in males than in females,

Other mechanistic studies have suggested the involvement of
oxtdative metabolism of HCB in the development of porphyria,
although the mechanism remains to be elucidated. In female Wistar
rats co-treated with 300 mg HCB/kg in the diet (approximately 15 mg
HCB/kg body weight per day} and triacetyloleandomycin (TAQ) {to
selectively inhibit cytochrome P-d5MMITA 1/2 and thereby prevent the
oxidative biotransformation of HCB) for 10-13 weeks, hoth the
excretion of PCP and TCHQ (1etrachlorohydroquinone, the reduced
analogue of the reactive tetrachlorobenzogquinone} and the extent of
hepatic porphyria and urinary porphyrin excretion were greatly
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diminished {Van Ommen et al., 1989; Den Besten et al., 1993). In 13-
week feeding studies on female Wistar rats exposed to 300 mg
HCB/kg diet (approximately 15 mg HCB/kg body weight per day) in
the presence or absence of TAQ, the degree of porphyria was better
carrelated with excretion of PCP than TCHQ, and in comparative
studies pentachlorobenzene (which is metabolized to PCP by a
different mechanism than for HCB) was not porphyrinogenic (Den
Besten et al.,, 1993).

In addition, it has been suggested that the aryl hydrocarbon
receptor (Ah receptor) may be involved in the accunulation of hepatic
porphyrins in mice (Linko et al., 1986; Hahn et al., 1988, 1989). Ah-
responsive strains of inbred mice were more sensitive to hepatic
porphyrin accurmulation after HCB exposure than non-responsive mice
{Smith & Francis, 1983; Hahn et al., 1988), and HCB has been shown
to be a weak agonist for the Ah receptor (Hahn et al., 198%9).

Full discussion of the evidence for a unifying hypothesis of
porphyria induced by HCB and other chemicals that act in a sirmilar
way, as well as for human sporadic porphyrnia cutanea tarda, is beyond
the scope of this document. There is however, substantial experimental
and human evidence implicating a complex interaction between
hepatocellular iron and oxidative processes leading to the oxidation of
unstable uroporphyrinogen to uroporphyrin, possibly mediated by
induced cytaochrome P-450 isozymes (reviewed by Smith & De
Matteis, 1990). There is evidence that inhibition of uroporphyrinogen
decarboxylase may occur through formation of an mhibitor of the
enzyme during the oxidation of uroporphyrinogen (Rios de Molina et
al., 1980; Smith & De Matteis, 1990), HCB may act partly through
induction and uncoupling of the cytochrome P-450 system to form
reactive oxygen species, especially in the presence of an increased
available iron pool (Smith & De Mareis, 1990; Den Besten et al,,
1993).

Subchronic exposure to low doses of HCB has also caused
changes in calcium homoeostasis and bone morphometry. Male
Fischer-344 rats administered HCB by gavage in corn oil had elevated
serum levels of 1,25-dihydroxy-vitamin-D, and reduced calcium
excretion after 5 weeks, and increased fernur density, weight and
strength after 15 weeks. These effects were evident at 0.7 mg/kg body
weight per day but not at 0.07 mg/kg body weight per day (Andrews
et al., 1989, 1990).
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While technical HCB is known to be contaminated with
chlorinated dibenzo-p-dioxins, dibenzofurans and biphenyls
{Villanueva et al., 1974; Goldstein et al., 1978), the effects (primarily
hepatic) of subchronic dietary exposure of rats to either pure or
technical HCB were virtually identical, indicating that the effects
observed in this study were due to the parent compound (Goldstein et
al., 1978).

In a number of studies on various strains of rats, short-term or
subchronic exposure to HCB affected the thyroid, as indicated by
decreased serum levels of total and free thyroxine (T,) and ofien, to a
lesser extent, triiodothyronine (T;). In some instances, these are
accompanied by compensatory incieases in thyroid weight, circulating
levels of thyroid-stimulating hormone or iodine uptake by the thyroid
(Rozman et al., 1986; Kletman de Pisarev et al., 1989, 1990; Van Raaij
et al., 1991a, 1993a, 1993b; Foster et al., 1993; Den Besten et al.,
1993; Sopena de Krakoff et al, 1994). Den Besten et al. {1993)
reported such effects in rats exposed to as little as 9.5 mg/kg body
weight per day following dietary exposures for 13 weeks, although
effect levels were somewhat higher in other studies, which involved
expostire for a shorter duration and/or employed an aqueous vehicle.
Somewhat different effects (decreased levels of T, in serum and no
change in T,, accompanied by increased uptake of iodine by the
thyroid) were observed in hamsters exposed to 100-200 mg HCB/kg
feed (approximately 12-24 mg/kg body weight per day) for 18-28
weeks (Smith et al., 1987).

The mechanisms that have been advanced to account for the
effects of HCB on 1he thyroid include accelerated metabolism of
thyroid hormones by HCB-induced enzymes or accelerated
deiodination of thyroxine, in conjunction with increased biliary
excretion (Kleiman de Pisarev, 1989; Van Raajj et al., 1993b), and
interference with plasma transport of thyroid hormones ihrough
displacement of T, from binding sites on proteins {Van Raaij et al,,
1991a, 1993a). Van Raatj et al. (1991b, 1993a) reported that
intraperitoneal injection of pentachlorophenol and tetrachloro-
hydroquinone, but not HCB itself. decreased serum thyroxine [evels
In rats, indicating that these metabolites may be involved in the effects
of HCB on the thyroid. These authors reported that PCP was a more
effective competitor for thyroxine-binding sites of serum carriers in
vigro, and more effective at occupying carrier sites in ex vive
experiments. than HCB (van Raaij et al., 1991a), and demonstrated
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that T, binding sites were partially occupied in the serum of rats
exposed to HCB (Van Raaij et al., 1993a). In the latter study, it was
estimated that competition for thyroid hormone binding sites, by PCP
metabolized from HCB, could account for almost half of the observed
reduction in serum levels of T,

Long-term toxicity and carcinogenicity

A tange of non-neoplastic effects from long-term exposure to
HCB, which are primarily hepatotoxic, have been observed at
relatively Jow doses. In a two-generation study with Sprague-Dawley
tats, liver and heart weights were increased m F, males exposed to
TWA doses of 0.29 and 1.50 mg/kg body weight per day in the diet for
3 months, and histopathological changes in the liver were observed in
F, animals of both sexes exposed to maternal doses of 0.29-0.38 and
1.50-1.90 mg HCB/kg body weight per day in diet in utero, through
nutsing, and then continued on the same diet as their parents for theit
lifetimes. The no-effect level in this study was 0.06-0.07 mg/kg body
weight per day (Amold et al., 1985; Amold & Krewski, 1988). Dietary
exposures of Sprague-Dawley rats to 10 mgfkg and above
(approximately 0.5-0.6 mg/kg body weight per day) for 9-10 months
mduced in vive mixed-function oxidase activity, as indicated by
reductions in drug-induced sleeping times (Grant et al, 1974)
Exposure of Sprague-Dawley rats to 5 mg HCB/kg 1w diet
(approximately 0.25-0.30 mg/kp body weight per day) for 3-12
months caused protiferation of smooth endoplasmic reticulum, altered
mitochendria and increased numbers of starage vesicles in liver, but
these effects were not evident at | mgikg in diet {(approximately 0.05-
0.06 mg/kg body weight per day) {Mollenhauer et al., 1975; 1976). In
a study by Boger et al. (1979), oral administration of 2, 8 ar 32 mg
HCB to female Wistar rats twice weckly for 203 days (0.57,2.3 or 9.1
mg HCB/kg body weight per day} resulted in hepatocellular
enlargement, proliferatcd smooth endoplasmic reticulum, increased
alycogen and porphyrin deposits, and enlarged mitochondria, but these
effects were not seen at a tower dose (0.5 mg HCB/kg body weight
rwice weekly, or 0.14 mg HCB/kg body weight per day). Bleavins ct
al. (1984a) reported that exposure of female nunk to a dietary concen-
tration of 1 mg/kg (esumated to yield a dose of 0.16 mg/kg body
weight per day) for 47 wecks significantly increased serotonin
concentrations in the hypothalamus of dams, and depressed
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hypothalamic dopamine concentrations in kits exposed in ufero and
through nursing.

As 1n subchronic shidies, female rats were more sensitive than
males to porphyria induced by chronic exposure to HCB. Grant et al.
{1974} reported that in Sprague-Dawley rats fed diets containtng HCB
for 9-10 months, reduced weight gain and porphyria were observed in
females, but not males, receiving 80 or 160 mg HCB/kg feed
(approximately 4 or 8 mg HCB/kg body weight per day). A dose-
related increase in relative liver weights and in the hepatic content of
HCB was noted in both sexes. Hepatic enzyme activities and
cytochrome P-450 activitics were increased in males administered 40
mg HCB/kg feed or more. Exposure to0 10 mg HCB/kg feed
(approximately 0.5-0.6 mg HCB/kg body weight per day) induced in
vive mixed-function oxidase activity, as indicated by reductions in
sleeping time for pentabarbital and zoxazolamine exposure.

The carcinogenicity of HCB has been assessed in several
bioassays in rats, mice and hamsters. The following discussion is
limited principally to the four studies in which adequate numbers of
animals of both sexes were exposed for a snfficient length of time to
more than one dose level,

Cabral et al. (1977) and Cabral & Shubik (1986) reported a
statistically significant increase of liver cell tumours (hepatomas) in
groups of 30-60 male and fernale Syrian golden hamsters fed 50, 100
or 200 mg HCB/kg (4, 8 or 16 mg'kg body weight per day) HCB in
their diets for life. The incidence of “haemanginendotheliomas”™ of the
liver was significantly increased in both sexes at 200 mg/kg and in
males at 100 mg/kg, and of alveolar adenamas of the thyroid in males
at 200 mg/kp. (The latter finding is interesting in the light of reports
of excesses of thyroid neoplasms, or of enlargement of the thyroid, in
human populations with elevated exposures to HCR (section 8.1.))
The authors reported that three of the hepatic “haemangioendo-
theliomas” (which are non-invasive by definition) metastasized. It
scems likely, therefore, that these tumours were malignant, though
misclassified.

In another study, HCB was administered in the diet to groups of
30 or 50 outbred male and female Swiss mice at concentrations of ¢,
50, 100 and 200 mg/kg (0, 6, 12 and 24 myp/kg body weight per day)
for 120 weeks (Cabral et al., 1979 Cabral & Shubik, 1986}, In females
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exposed to 200 mg/kg, a statistically significant increase in the
incidence of “liver cell turnours (hepatomas)™ was noted. “Hepatomas™
were also elevated, though not significantly, in males at this dose and
in both sexes at 100 myg/kg. The number of tumour-bearing animals,
the latent period, and the multiplicity and size of tumours increased
with dose,

Amold et al. (1985) and Amald & Krewski (1988) investigated
the potential carcinogenicity to rats of combined in utero, lactational
and oral exposure to analytical grade HCB. Groups of 40 or more
weanling male and femalc Sprague-Dawley rats were fed diets
containing 0, 0.32, 1.6, 8 or 40 mg HCB/kp. (Based on data supplied
by the author, mean doses for males were 0, 0.01, 0.06, 0.29 and
1,50 mg/kg body weight per day and for females 0, 0.01, 0.07, 0.33
and 1.90 mg/kg body weight per day). After 3 months, the F, rats were
bred, and 50 F, pups of each sex were randomly selected from each
group. From weaning, the F, animals wete continued on the same diet
for their lifetimes {up to 130 weeks). In exposed F, females, increased
incidences of neoplastic liver nodules and adrenal phaeochromo-
cytomas were noted at the highest dose. A significantly increased
incidence of patathyroid adenomas was noted in males receiving
40 mg HCB/kg in their diet.

In a study by Lambrecht et al. {1983a.b; Ertiirk et al., 1986),
aroups of 94 weanling Sprague-Dawley rats were fed diets containing
0, 75 or 150 mg/kg (4 and 8 mg/kg body weight per day for males and
5 and 9 mg/kg body weight per day for females, respectively) for up
to 2 years. Statistically significant increases in the incidence of
hepatomas/haemangiomas and of renal cell adenomas were noted at
both doses in animals of both sexes surviving beyond 12 months.
Incidences of thepatocellular carcinomas and bile duct
adenomas/carcinomas were also elevated in females at both doses. In
female rats, significant increases in the incidences of adrenal cortical
adenomas at 75 mg/kg and phaeochromocytomas at both doses were
reported. Lambrecht etal. (1983b) reported a leukaemia involving the
thyrmus, spleen, liver and kidney in rats exposed to HCB in this study,
but did not present any quantitative data, The results of this study were
only reported in summary form, with few details of the study pratocol
and results. In addition, HCB was incorporated into the diet as a
powder in this study, raising the possibility that some of the effects
observed may have been in part autribmable to the mhalaton of
aerasolized HCB.
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High incidences of liver tumours have also been reported in some
more limited studies in which single dietary concentrations (100 or
200 mg/kg) were administered to small groups (i.e., between 4 and 15)
of femaies of three strains of rats (Smith & Cabral, 1980 Smith et al.,
1985b); in one strain (Fischer-344), hepatocellular carcinomas were
observed (Smith et al, 1985b). HCB has not, however, been
carcinogenic in several other studies in various strains of mice (Theiss
et al, 1977; Shirai et al., 1978; Smith et al., 1989), perhaps as a result
of the low doses, short durations of exposure and/or small group sizes
employed. Results were also negative in a second study by Amold et
al. (1985), in which groups of 50 male Sprague-Dawley rats were fed
diets containing 40 mg HCB/kg in conjunction with various levels of
vitamin A for 119 weeks, indicating the probable higher sensitivity of
the two-generation carcinogenesis bioassay.

Ertiirk et al. (1982, 1986; Lambrecht et al., 1982a,b} examined
the tumorigenic activity of subchronic exposure to HCB in both sexes
of Swiss mice, Syrian golden hamsters and Sprague-Dawley rats at
dietary levels of 0, 100 and 200 mg/kg (mice) and 0, 200 and 400
mg/kg (hamsters and rats) for 90 days. At day 91, 25 of 50 animals in
each group were sacrificed for histological examination, with the
remainder being sacrificed at 6-week intervals (up to 341, 361 and 424
days for mice, hamsters and rats, respectively). The results of these
studies were reported in summary form only, and much of the
quantitative data were not presented. The authors reported that, as the
experiment progressed, treated amimals developed hepatomas, bile
duct adenomas, renal adenotnas and carcinomas, and lymphosarcomas
of the thymus, spleen, and Jymph nodes. However, the only tumour
and species for which they presented clear evidence of a treatment-
related increase in incidence was for lymphatic tumours in mice
(Ertiirk et al, 1982). Lymphatic and renal neoplasms were observed
as early as the end of the 90-day period. It is not clear from these
reports which tumours each species developed or the dietary levels
associated with the observed effects, as well as other experimental
details,

Results from a number of studies have indicated that HCB is a co-
carcinogen or prometer of cancer. Concomitant exposure to 50 mg
HCB/kg in diet (approximately 6 mg HCB/kg body weight per day)
enhanced the imduction of liver tumours by polychlorinated terphenyl
(at 250 mg/kg diet} in male ICR mice (Shirai et al., 1978). Exposure
1o HCB {100-200 mg/kg in diet (approximately 5-10 mg HCB/kg body
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weight per day) or 1 mmole/kg ip. at | and 5 weeks) promoted the
development of hepatocellular carcinomas and/or hepatic gamma-
glutamyltranspeptidase-positive foci initiated by diethylnitrosamine in
various strains of rats (Pereira et al., 1982; Herren-Freund & Pereira,
1986; Stewart et al., 1989).

[n some recent studies, the possible mechanisms by which HCB
induces tumours in animals have been investigated.

Bouthillier et al. {1991) presented the results of studies of
Sprague-Dawley rats exposed to 100 mg HCB/kg by gavage for
periods of several weeks, which indicated that the observed increase
in renal tumours in male Sprague-Dawley rats following exposure to
HCR (Lambrecht et al., 1983b; Ertiitk et al., 1986) is related to protein
droplet nephropathy. The mechanism by which structurally diverse
hydrocarbons induce hyaline droplet nephropathy in male rats has
been well documented and involves accumulation of alpha-Zu-
globulin, resulting in necrosis, regeneration and, in some cases,
tumours. This response is sex- and species-specific, and hence is
unlikely to be relevant o humans. This mechanism does not, however,
explain the increased (butlower} incidence of renal tumours in females
also reported by Lambrecht et al. (1983b).

Carthew & Smith (1994) hypothesized that some HCB-induced
hepatic tumours in rats may be produced by a non-genotoxic
mechanism. They noted that hepatotoxicity of HCB in rodents gives
rise to peliosis and necrosis with haemosiderosis, indicating that
vascular damage has occurred, and confirmed the presence of such
damage in the liver of chronically HCB-cxposed rats by the
identification of widespread fibrin deposits, using an antibody to rat
fibrin. These deposits occurred in association with abundant
haemosiderosis in hepatocytes and areas of widened hepatic sinusoids.
On this basis, it was suggested that the formation of hepatomas and
haemangiomas with elements of peliosis could be the result of
compensatary hyperplastic responses to hepatocellular necrosis and
the simultaneous loss of hepatocellular cords, pechaps potentiated by
the accumulation of iron in the liver.

Mechanistic studies that address the relevance to humans of the

remaining turnour types induced in rodents by HCB have not been
(dentified.
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Mutagenicity and related end-points

HCE has not been found to be genotoxic in most studies
conducted to date. HCB did not cause either frameshift or base pair
substitution mutations in Salmonella syphimurium at doses of as much
as 10 mg/plate with or without metabolic activation, with both rat and
hamster liver activation systems, pre-incubation and plate
incorparation methods, and technical and 99.9% pure HCB (Haworth
etal., 1983; Gorski et al., 1986; Sickel et al., 1991). A weak positive
response in §. fyphimurium strain TA98 at 50 and 100 pg/plate was
reported by Gopalaswamy & Aiyar (1986) and Gopalaswamy & Nair
(1992). However, the authors also reported mutagenic activity for
lindane, in contrast to the results of other studies {e.z., Haworth et al.,
1983). Doses of up to 1000 pg/plate of HCB did not induce tryptophan
reversion or DNA damape in Escherichia coli strains WP2 and
WP2uvrA with or without metabolic activation (Siekel et al., 1991).

There have been reports of mutagenic activity for HCB in
eukaryotic cells in vitro, although these studies have himitations,
Guerzoni et al. (1976) reported a positive finding for methionine
reversion in Saccharomyces cerevisiae strain 632/4 exposed to HCR,
but Brusick (1986} did not consider the observed increase to meet
current standards of a positive response. In addition, only a single dose
level was used in that study, and there was no exogenous metabolic
activation. Kuroda (1986) reported that in cultured Chinese hamster
lung cells (V79), HCB did not induce OUA" mutations, but did induce
8AG" mutations. However, both the magnitude of the increase (which
was small, roughly 1/10" survivors at the two highest doses) and
uncertain dose-response indicate that this response is open to question.

Oral administration of as much as 221 mg HCB/kg body weight
per day ta male rats for 5 or 10 days failed to induce dominant lethal
effects in two different studies (Khera, 1974; Simon et al.,, 1979},
although Simon et al. {1979) did observe a slight reductien in male
reproductive performance (numbers of females inseminated and
impregnated). Rumsby et al. (1992) reported that liver neaplasms that
developed in iron-overloaded C57Bl/10ScSn mice exposed for 18
menths to 0.01% HCB in the diet were not associated with a high
frequency of mutations in the Ha-ras proto-oncogene at codon 61.
Only two mutations were observed at different sites, from 23
prencoplastic and neoplastic lesions examined, indicating that
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activation of the Ha-ras gene i not an important event in the
hepatocarcinogenicity of HCB in this test system,

HCB has not been found to be clastogenic in the few available
studies in which this end-point has been examined. The compound did
not increase the frequency of sister chrornatid exchanges in the bone
marrow of male mice given as much as 400 mg/kg body weight (by an
unspecified route), although the lack of detail in reporting the test
protocol and results limits the interpretation of this study (Gdrski et al,,
1986). HCE did not induce chromosomal aberrations in vitro in
cultured Chinese hamster fibroblast cells at concentrations as high as
12 mg/ml, with or without metabolic activation (Ishidate, 1988}, or in
human peripheral blood lymphocytes exposed to up to 0.1 mmol/litre
(Siekel et al., 1991). Treatment of rats with 1000 mg HCB/kg diet for
15 days was hepatotoxic, but did not cause early dipleidization in
hepatocytes as measured by flow cytometry (Rizzardini et al., 1990).

The results of less specific assays also indicate that HCB does not
interact strongly with DNA, although there are two reports that the
compound binds, at fow levels, to DNA. After incubating hepatocytes
isolated from phenobarbital-treated rats with “C-HCB (5 uM) for
20 h, Stewart & Smith (1987) reported the maximum amount of
radioactivity associated with DNA was < 9.9 x 10°% of the substrate
added, and was only marginally above that of hepatocytes held at 4 °C;
the authors considered this 0 be significantly lower than expected for
hepatocarcinogens. Gopalaswamy & Nair (1992) also reporfed a low
order of binding of HCB to DNA from the livers of rats exposed to
25 mg HCB/kg. Short-term exposure (<1 day) of rats to oral doses of
700 or 1400 mg/kg body weight (Kitchin & Brown, 1989) or 10 as
much at 300 mg/kg body weight i.p. (Goérski et al., 1986) did not cause
hepatic DNA damage, as measured by alkaline elution.

Reproductive and developmental toxicity

Relatively low doses of HCB have becn found to affect some
reproductive tissues in female monkeys. Oral exposure of cynomolgus
monkeys to 0.1 mg/kg body weight per day in pelatin capsules for 90
days caused stratification of the ovarian germinal epithelium
(Babineau et al., 1991; Jarrell et al., 1993a). Higher dosages (1.0 and
10.0 mg/kg body weight per day) were associated with cellular
degeneration of this surface epithelium. The low dosage was
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associated with ulirastructural as well as light microscopic changes in
surface epithelium (Babineau et al., 1991; Sims et al., 1991),

In ovarian follicles the low dose was associated with an increased
number of lysosomal elements in germ cells (Singh et al., 1990a), The
basa! lamina was thickened, Higher dosapes were associated with
greater degenerative changes in their cells and granulesa cells (Singh
etal., 1991, 1990b).

These studies demonstrated changes in ovarian tissues with no
other evidence of toxicity. In particulat, the induction of supetavula-
tion with human menopausal gondotrophin (HMG]} in these animals
was assoclated with a normal estradiol response, oocyle recovery,
oucyle maturation, fx vitro fertilization and early embryo development
(Jarrell et al, 1993a). These studies confirm the findings of
Iatropoulous et al. {1976) in which the administration of 8 to 128
mg/kg body weight (by gavage in 1% methylcellulose) for 6¢ days
induced severe follicular degeneration in primordial germ cells,
pseudostratification of the ovarian surface epithelium, hepatic
degeneration and severe systemic toxicity in Rhesus monkeys.

In subsequent studies of similarly treated animals, the higher
doses were associated with reduced luteal phase progesterone and
blunted estradiol responses to HMG (Foster etal,, 1992a,b). Reduction
in adrenal steroidogenesis occurred in ovariectomized rats in response
to exposure to HCB at concentrasions of 1, 10 and 100 mg/kg body
weight for 30 days (Foster et al., 1995),

In contrast, the results of studies on a variety of species have
indicated that repeated exposure to HCB can affect male reproduction,
but only at relatively high doses. Mice exposed to 250 mg HCB per kg
feed (approximately 30 mg HCB/kg body weight per day) for 21 days
had reduced serum testosterone levels; based on the results of in vitro
tests, it was suggested that this was due to increased metabolism by
hepatic microsomal enzymes induced by HCB (Elissalde & Clark,
1979). Histological changes in the testes (retarded sexual maturation)
were noted in pigs fed a diet yielding a dose of 30 mg HCB/kg body
weight per day for 90 days (den Tonkelaar et al,, 1978). The mating
index for male rats receiving five consecutive daily gavage doses of
221 mg HCB/kg body weight in corn oil was decreased compared to
those recetving 0 or 70 mg'kg body weight However, the fertility

83



EHC 195: Hexachiforobenzene

index for the mated female rats (sperm positive smears) was not
affected (Simon et al., 1979).

As discussed in the following paragraphs, placental and
lactational transfer of HCB, demonstrated in a number of species, can
adversely affect both the fetus and nursing offspring. The lactational
route appears 1o be more important than placental transfer. Adverse
effects on suckling infants are generally observed more frequently, and
at lower doses, than are embryotoxic or fetotoxic effects.

Grant et al. (1977) conducted a four-generation study on female
{20/dose level} and male (10/dose level} weanling Sprague-Dawley
rafs fed diets containing 0, 10, 20, 40, 80, 160, 320 or 640 mg HCB%kg
feed. The two highest doses caused some deaths in the F, dams before
first whelping, and reduced the fertility index. Dietary levels of 160
mg/ke or more reduced litter sizes, increased the number of stillbirths,
and adversely affected pup survival. Similar effects were seen at 80
mg/kg after the first two generations, while 40 mg/kg was hepatotoxic
to the F,_ and F,, pups. A dietary level of 20 mg/kg (approximately 1-
1.2 mg/kg hody weight per day) was designated as the no-observed-
effect level.

Arnold et al. (1985) fed groups of male and female Sprague-
Dawley rats from weaning on diets containing up to 40 mg HCB/kg.
The rats were then bred at 3 months, and the F, pups were continued
on the same diet for their lifetimes. HCB had no effect on fertility, but
pup survival was significantly reduced in the 40 mg/kg group
(calculated doses of 1.50 and 1,90 mg/kg body weight per day for
males and females, respectively).

In other studies, maternal doses in the range from 1.4 104 mg'kg
given to rats and cats have been found to be hepatotoxic and/or
affected the survival or growth of nursing offspring. In some cases,
these or higher doses reduced litter sizes and/or increased numbers of
stillbirths (Mendoza et al, 1977, 1978, 1979; Hansen et al.. 1979;
Kitchin et al., 1982),

Mink are particularly sensitive to the effects of prenatal and
perinatal exposure 1o HCB; the offspring of mink fed diets containing
concentrations as low as 1 mg/kg (approximately 0.16 mg/kg body
weight per day) for 47 weeks {prior to mating and throughout
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gestation and nursing) had reduced birth weights and increased
mortality (Rush et al., 1983: Bleavins et al., 1984b).

The available data on the developmental toxicity of HCB are
limited. CD-1 mice administered 100 mg/kg body weight by gavage
on days 7-16 of gestation had a significantly increased incidence of
abnormal fetuses per litter, and one case of renal agenesis was
reported. Some cleft palates were produced, but they all occurred in
one litter. This dose also increased maternal liver-to-body weight
ratios and decreased fetal body weights (Courtmey et al., 1976}, In a
series of studies reported by Andrews & Courtney (1986), combined
in utere and lactational exposure of CD-1 mice and CD rats (strain
unclear, probably Sprague-Dawley) to HCB (mouse dams received 10
or 30 mg/kg body weight per day, and rats 10 mg/kg body weight per
day, by gavage during gestation) resulted in increases in body weight
and kidney weights of pups of both species, along with enlarged
kidneys and a few cases of hydronephrosis. Increased liver weights
were observed in rat pups, and the occurrence of abnormal kidneys
was sporadic, with no dose-response relationship in studies with mice,
Khera (1974) reported a significant increase in the incidence of
unilateral or bilateral 14th rib in litters of Wistar rats receiving doses
of 80 and 120 mg HCB/kg body weight during gestation, but maternal
toxicity (loss of body weight and neurological effects) and reduced
fetal weights were noted in animals in these groups. (Tt should be
noted that, based on the biological half-lives reported for HCB in
mammals (section 6.2), the concentration of HCB in the dams in these
studies would not have reached the maximum that might occur as a
result of intake over a longer period).

Neurobehavioural development was affected in the offspring of
rats exposed to 2.5 or 25 mg/kg body weight per day by gavage 2
weeks prior to breeding. Pups in both treated groups were hyperactive
(based on tests of negative geotaxic reflex, olfactory discrimination,
and exploratory locomotor activity) at 6-20 days of age. Pups from the
high treatment groups showed reduced acoustic startle response at 23
days of age, but a significantly increased response at 90 days. These
doses did not affect learning (swim 1-maze) or motor activity in older
offspring, nor maternal or fetal body weights, length of gestation,
number of pups/litter at birth, or number of days to eye opening
(Goldey & Taylor, 1992).
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Lilienthal et al. (1996) recently reported HCB-induced effects on
neurobehavioural development of rat pups exposed both maternally
and through the diet {dams were exposed to 0, 8 or 16 mg HCB/kg diet
for 90 days prior to mating and throughout gestation and nursing. after
which the offspring were fed the same levels for 150 days). Exposure
to HCB did not affect the mean body weight of the pups (except males
at 150 days of age), or the number of pups/litter, but did increase the
mean body weight of dam, and their liver-to-body weight ratios.
Schedule-controlled behaviour was affected at § and 16 mg HCB/kg
diet (0.64 and 1,28 mg/kg body weight per day), as indicated by a
dose-related decrease in post-reinforcement pause at the end of the
experiment. Exploratory locomotor activity, open field behaviour at 21
days of age, and active avoidance learning at 90 days of age were
unaffected.

Immunotoxicity

The results of a number of studies have indicated that HCB
affects the immune system, with immunosuppressive effects in mice
and immunostimulatory effects in rats (summarized by Vos, 1986).

Balb/C mice exposed to 5 mg HCB/kg diet (approximately 0.6
mg/kg body weight per day) for 3 to 18 weeks were maore susceptible
w0 Leishmania infection (Loose, 1982) and had reductions in resistance
to a challenge with tumour cells and in the cytotoxic macrophage
activity of the spleen (Loose et al,, 1981}). Barnett et al. (1987)
reported that Balb/C mice exposed to maternal doses of 0.5 or 5 mg
HCB/kg body weight per day in ufero and through nursing had severe
depression of the delayed-type hypersensitivity response to a contact
allergen {oxazolone), In a number of studies, exposure of mice to diets
containing 167 mg HCB/kg in diet (approximately 20 mg HCB/kg
hody weight per day) for several weeks depressed humoral immunity,
cell-mediated immunity and host resistance {Vos, 1986; Carthew et al,,
1990).

In rats or rhesus monkeys with oral expesure to between 3 and
120 mg HCPB/kg body weight per day for periods from 3 wecks to &
months in various studies, proliferative histopathological effects in the
thymus, spleen, lymph nodes, and/or lymphoid tissucs of the lung have
heen observed (Kimbrough & Linder, 1974; latropoulos et al., 1976;
Cioldstein et al., 1978; Vos etal,, 1979 b; Kitchin et a)., 1982). Gralla
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et al. (1977) observed that long-term exposure to 1| mg HCB/day
(equivalent to a dose at the start of the experiment of roughly
0.12 mg/kg body weight per day) caused nodular hyperplasia of the
gastric lymphoid tissue in beagle dogs.

In rats, prominent changes following dietary exposure to HCB
include elevated fgM levels and an increase in the weights of the
spleen and lymph nodes. Histopathologically, the spleen shows
hyperplasia of B-lymphocytes in the marginal zone and follicles, while
lymph nodes show an increase in proportions of high endothelial
venules, indicative of activation. High endothelial-like venules are
induced in the lung, as are accumulations of macrophages. Functional
tests revealed an increase in cell-mediated immunity, as measured by
DTH reactions, a notable increase in primary and secondary antibody
response to tetanus toxeid, and decreased NK activity in the lung (Vos
et al., 1979a,b). Stimulation of humoral and cell-mediated immunity
occurred even at dietary levels as low as 4 mg HCB/kg (approximately
0.2 mg HCB/kg body weight per day}, at such a dose conventional
parameters for hepatotoxicity were unaltered (Vos et al, 1983),
Therefore, the developtng immune system of the rat seems to be
particularly vulnerable to the immunotoxic action of HCB.

Mare recent studies indicate that HCB may cause autoimmune-
like effects 1n the rat. Wistar rats treated with HCB had elevated levels
of TgM, but not 1g(G, against the antoantigens single-stranded DNA,
native DNA, rat [gG (representing rhenmatoid factor), and bromelain-
treated mouse erythrocytes (that expose phosphatudylcholine as a
major autoantigen). It has been suggested that HCB activates a
recently described B cell subset committed to the production of these
antibodies (Schielen et al,, 1993). The role of these autoantibodies is
still a martter of controversy. Increased levels have been associated
with various systemic autoimmune diseases, but a protective role of
these autoantibodies against development of autolmmune disease has
been postulated as well. Interesting in this respect are the observations
that HCB had quite opposite effects in two different models of
autoimmune disease in the Lewis rat. HCB treatment severely
potentiates allergic encephalitis elicited by immunization with myelin
in complete Freund's adjuvant, while it strongly inhibits the
development of arthritic lesions elicited by complete Freund's adjuvant
as such (Van Loveren et al,, 1090),
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A possible relation between the immunomodulatory properties of
HCB and HCB-induced skin lesions, attributed in the literature to the
porphyrinogenic action of HCB, was recently indicated. In rats weated
with a combination of HCB and triacetyloleandomycin {TAQ, a
selective inhibitor of cytochrome P-450111a), porphyria was greatly
reduced. Remarkably, combined treatment with HCB and TAO did not
substantially affect the incidence and severity of skin lesions. In
addition, TAQ did not influence the nnmunomodulatory effect of
HCB, including the formation of antibodies. From these findings it has
been suggested that an immunological component underlies, at least
in part, the HCB-induced skin Jesions in the rat (Schielen et al., 1995),
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General population exposure

Numerous reviews have been published of an accidental
poisoning incident in Turkey that occutred in 1955-1959 as a result of
HCB-treated wheat grain (distributed by the Turkish government for
planting purposes) being ground into flour and made into bread
{Schmid, 1960; Cam & Nigogosyan, 1963; Dogramaci, 1964; Peters,
1976; Courtney, 1979, Peters et al., 1982; US EPA, 1985a; Gocmen
et al,, 1989). In this incident, more than 600 cases of porphyria cutanea
tarda (PCT) were clinically identified, and it was estitnated that as
many as 3000-5000 persons were affected, with a mortality of 10%.
The condition developed primarily in children 4-14 years of age
{roughly 80% of cases), occurring infrequently in adults and rarely in
children under 4 years of age. In a number of reports, it has been
suggested that males developed the condition in higher proportion than
females. However, Dogramaci et al. (1962} demonstrated that the sex
ratio was skewed in favour of males in both the affected and
unaffected populations. In addition to disturbances in porphyrin
metabolism (excretion of porphyrins and porphyrin precursors was
greatly increased}, clinical manifestations included skin lestons
(erythema, bullae), ulcerations and resoltant scamring, friable skin,
hyperpigmentation, hypertrichosis, enlarged liver, weight loss,
enlargement of the thyroid gland and lymph nodes, neurological
effects, and a characteristic port wine colour of the urine (from
increased excretion of porphyrins). In roughly half the cases,
osteoporosis of extremnities, deformation of the fingers or arthritis was
also noted. The dermatological lesions, which occurred on the exposed
parts of the body, particularly the face and hands, were often
precipitated by sunlight. They tended to remit in winter and relapse
during the spring and summer (Peters, 1976; Peters et al,, 1982). The
estimated dose was 50-200 mg/day for a number of months before
manifestations of the disease became apparent (Cam & Nigogosyan,
1963); the basis for this estimate was not presented, however, making
exposure calculations unreliable for this population. In 20- to 30-year
follow-ups of exposed individuals, neurological, dermatological and
orthopaedic abnermalities persisted, and there were elevated levels of
porphyrins in excreta of some individuals (Peters et al., 1982; Peters
et al., 1986; Gocmen ct al., 1989).
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In this incident, a disorder called “pembe yara™ or “pink sore”
was described in infants of mothers who either had PCT or had eaten
HCB-contaminated bread. These infants developed characteristic pink
cutaneous lesions, and often had fevers, diarrhea, vomiting, weakness,
convulsions, enlarged livers and progressive wasting. It is noteworthy
that PCT was not observed in these children (Cam, 1960; Peters et al..
1982). Atleast 95% of these children died within a year of birth, and
in many villages no children between the ages of 2-5 years survived
during the period 1955-1960. Elevated concentrations of HCB (levels
were not quantified at the time, but the average concentration in milk
from 56 porphyric mathers, 20-30 years after the incident, was 510
ng/g on a fat basis) were found in the mothers' milk and cessation of
breast-feeding slowed the deterioration of infants with this disorder
(Peters et al., 1966; Gocmen et al,, 1989),

No adequate epidemiological studies of cancer in populations
exposed to HCB in the environment were found in the literature, In
long-term follow-up of the Turkish poisoning victims with porphyria
(Peters et al., 1982; Cripps et al., 1984; Gocmen et al., 1989) there was
no evidence of increased cancer incidence, although these studies were
not designed to evaluate this end-point, and only a small fraction of the
exposed people was followed up. There was a high frequency of
enlarged thyroids in the Turkish poisoning victims (27% of men and
60% of women, compared to an average of 5% in the area (Peters et
al,, 1932)), but Gocmen et al. (1989) reported that they observed no
malignant tumeurs of the liver or thyroid in 252 of the poisoning
victims, In three patients who underwent thyroidectomy,
histopathological examination indicated that the enlargement was due
to colloidal goitre.

Grimalt et al. (1994) reported a small ecological study of cancer
incidence (129 cases in all) in the inhabitants of a village in Spain
located near a chlorinated solvents factory. There were statistically
significant excesses of thyroid neoplasms and sofi-tissue sarcomas in
males, compared with the province as a whole, although these were
based on only 2 and 3 cases, respectively. The exposures expernenced
by this population were somewhat unciear. Levels of HCB in ambient
air and in the sera of volunteers were much higher in the village than
in Barcelona (means of 35 ng/m’ versus 0.3 ng/m *and 26 pg/lirre
versus 4.8 pg/litre, respectively), but the authors presented evidence
that historical exposures had been much higher and indicated that all
of the males with cancer for whom there were occupational histories
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had warked in the factory. Ambient air monitoring revealed that there
were exposures to a variety of aother compounds, including
polychlorinated biphenyls, p,p'DDE, chloreform, carbon tetrachloride,
trichloroethylene and tetrachloroethylene, but at similar or lower levels
than in the reference community.

Occupational exposure

There have been case reports of workers developing PCT as a
result of direct contact with HCB (Courtney, 1979; Currier et al,
1980}, although there was no association between exposure to HCB
and PCT in three cross-sectional studies of very small populations of
exposed workers (Morley et al., 1973; Bumns et al,, 1974; Currier et al.,
i1980). There was no evidence of cutaneous porphyria in a cross-
sectional study of the general population in Louisiana, USA, exposed
to HCB through the improper transport and disposal of hex waste;
however, plasma concentrations of HCB were significantly correlated
with levels of coproporphyrin in urine and of lactic dehydrogenase in
blood (Burns & Miller, 19735).

Available epidemiological studies on the carcinogenicity of HCB
in occupationally exposed humans are restricted 10 one siudy of a
cohorl of 2391 magnesium mewl production workers in Norway.
Although the incidence of lung cancer was significantly elevated
compared 1o that of the general population, workers were exposed o
numerous other agentts in addition to HCB, including coal tar, asbestos
and dust of metal oxides and chlorides (Heldaas et al., 1989). Selden
et al. {1989} reported a case of hepatocellular carcinoma in a 65-year-
old man who had been employed for 26 years in an aluminum
smelting plant, where he had potential exposure 1o a range of
substances, including HCB, other chlorobenzenes, chlorophenols,
dioxins and furans.
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9.1.1

9. EFFECTS ON OTHER ORGANISMS IN THE
LABORATORY AND FIELD

Data on the acute and chronic ecotoxicity of HCB are available
for species from a number of wrophic levels, including protozoans,
algae, invertebrates and fish, for both the freshwater and marine
environmenis. With reference to terrestrial organisms, toxicity data are
available only for birds and mammals (the results of studies in
mammals are summarized in chapter 7). Since IHCB is nearly insoluble
in water, and tends to partition from water to the atmosphere, the
substance is lost rapidly from open-test solutions. Hence, it is difficult
to maintain test concentrations for a sufficient time to establish
concentration-effects profiles for aquatic organisms. Furthermore,
HCB tends to bind to suspended solids in the water column and thus
may not be bioavailable to test organisms. This discussion of the
toxicity of HCB to aquatic organisms will therefore focus on tests
conducted under flow-through conditions, static renewal conditions,
or using closed vessels with minimal headspace. In addition, no
consideration has been given to tests in which concentrations of HCB
were well above its solubility in water {5 pg/litre at 25 °C).

Short-term exposure
Aquatic biota

Of four freshwater algal species tested, only one, Chlorella
pyrenoidosa, was affected by concentrations of HCB in water at or
below its limit of agueous solubility. Reduced production of
chlorophyll, dry matter, carbohydrate and nitrogen was observed for
C. pyrenoidosa after exposure to a nominal concentration of 1 pg/litre
HCE for 46 h in a static-closed system (Geike & Parasher, 1976a). A
no-cbserved-effect concentration (NOEC) was not determined in this
study.

At concentrations equal to its aqueous solubility in water
(5 pgilire), HCB was not lethal to the freshwater water flca Duphnia
magna in a flow-through test in which concentrations of HCB were
measured (Nebecker et al,, 1989). In 96-h flow-through 1tests on
marine invertebrates, exposure to HCB caused 13% mortality in pink
shrimp (Penaeus duorarum) at a measured concentration of 7 pg
HCB/litre, and 10% mortality in grass shrimp (Palnemonetes pugic)
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at 17 pg/litre, The NOEC values in these species were 2.3 pp/litre and
6.1 ug/litre, respectively (Parrish et al., 1974). In a static-closed
system, there was a 10% reduction in reproduction of the ciliate
protozoan Euplotes vannus after exposure to a nominal concentration
of 10 pg/litre HCB for 48 h (Persoone & Uyttersprot, 1975).

The available data on freshwater fish species indicated no harmful
effects at concentrations at or near the limit of selubility of HCB in
water during acute exposure (Call et al., 1983; Ahmad et al,, 1984). In
the only available study for marine fish species, there were no effects
on mortality in sheepshead minnow (Cyprinodon variegatus) after
flow-through exposure to a measured concentration of 13 pg/litre HCB
for 96 h (Parrish et al., 1974).

Limited data are available concerning the toxic effects of HCB in
sediment on freshwater and marine biota. In a 96-h sediment toxicity
test on the marine shrimp, Crangon septemspinosa, no mortality was
observed at the highest concentration of HCB tested, 300 pg/litre
(McLeese & Metcalfe, 1980).

Several studies have confirmed that there is a relatively constant
body residue associated with acute lethality in freshwater fish,
invertebrates and alpae exposed to mono-to-pentachlorobenzenes
(McCarty et al., 1992a; Tkemoto et al., 1992). The acute LC,, critical
bedy residue for chlorobenzenes is 2 pmol/g wet weight, or 569.6 ug/g
wet weight for HCB, assuming that HCB has the same mode of action
as the other chlorobenzenes (McCarty et al., 1992b).

Terrestriaf biota

The LD,, for HCB in herring gull (Larus argentatus) embryos
injected on day 4 and tallied on day 25 was 4.3 pgfg body weight
{Boersma et al., 1986). At a dose of 1.5 pg/g body weight, there were
significant reductions in embryonic weight. Five-day LC,, values {i.e.,
5 days of HCB-containing diet followed by 3 days of unireated diet)
were 617 pg/e diet for 10-day-old ring-necked pheasants { Phasianus
colchicus) and > 5000 pg/g diet for 5-day-old mallards {dnas
platvriymehos) (Hill et al., 1973). Induction of porphyria has been
observed in studies of Japanese quail following administration of 500
pe HCB/g body weight per day for between 5 and 10 days either in
food or via intraperitoneal injection (Buhler & Carpenter, 1936,
Lambrecht et al., 1988).
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Leng-term exposure
Aguatic biota

Growth of culres of the alga Chlorella pyrenoidosa was
increased by exposure for 3 months to a nominal concentration of 1 pg
HCB/lire {(Geike & Parasher, 1976b), while that of the protozoan
Tetrahymena pyriformis was decreased afler a 10-day exposure to the
same concentration (Geike & Parasher, 1976b).

After exposure to 5 pg HCB/litre for 10 days in a static-renewal
system, crayfish (Procambarus clarki) experienced damage to the
hepatopancreas (Laseter et al., 1976). The fertility of Daphnia magna
was reduced by 50% after exposure for 14 days to a measured
cancentration of 16 pg/litre HCB in a static-closed system {Calamari
et al, 1983). Significantly increased morality was observed in
amphipods, Gammarus lacustris, exposed to a measured concentration
of 3.3 ug HCB/litre for 28 days under flow-through conditions
(Nebecker et al., 1989). However, the results of this study indicated a
weak-dose response relationship. In two other flow-through studies,
there were no effects on survival, growth or reproduction of the
amphipod Hyallela azteca and the worm Lumbriculus variegarus ata
measured concentration of 4.7 ug HCB/litre (Nebecker et al., 1989).

In several studies, fathead minnows {Pimephales promelas) and
rainbow trout (Oncorhynchus mykiss) experienced no mortality or
effects on growth after exposure to levels of HCB approaching its
aqueous solubility {Ahmad et al., 1984; Carlson & Kosian, 1987; US
EPA, 1988; Nebecker et al., 1989). However, Laseter et al. (1976)
reported liver necrosis in large-mouth bass (Micropterus salmoides)
after an exposure for 10 days to 3.5 pg HCB/litre under flow-through
conditions.

Guidelines for the protection and management of aquatic
sediment quality in Ontario, Canada (Persaud et al., 1991) have given
a np-observed-effect level (NOEL), a lowest-observed-effect level and
a severe-effect level for a variety of contaminants. The values given
for HCB are 10 ng/g dry weight, 20 ng/g dry weight and 24 000 ng/g
organic carbon. The partitioning approach was used to determine the
lowest-observed-effect level, whereas the severe-effect level was mote
dependent on the screening level concentration approach. The
limitation of both approaches is that they are unable 1o separate the
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biological effects that are due to a combination of contaminants; thus
while ecotoxicological effecis can be established, these cannot be
attributed to any one chemical contaminant. This is a very sertous
limitation since virtually all sediments are contaminated with a wide
variety of poliutants, and there is no indication that HCB was the
dominant pollutant,

Quantifative structure-activity relationships (QSAR) were used to
estimate the narcotic toxicity for 19 species to predict NOELs (Van
Leeuwen et al., 1992), The NOELSs for water, sediment and residues
in biota were predicted only on the basis of the octancl/water partition
coefficient and relative molecular mass. The QSAR-derived level for
HCB in sediments was 5814 ng/g dry weight (20.4 nmol/g in the
reference) for sediments with 5% total organic carbon content. The
adjusted value for sediment with 1% total organic carbon content is
1163 ng/g. There is no experimental verification of these calculations.
Thus, ne firm evidence is available on the critical levels of HCB in
sediments.

Terrestrial biota

In adult Japanese quail (Corurnix japonica) fed diets containing
HCE for 90 days, mortality was increased at 100 pg FICB/g in diet,
and hatchability of eggs was significantly reduced at 20 pg/g (Vos et
al, 1971, 1972). At 5 pg/g, mcreased liver weight, slight liver damage
and increased faecal excretion of coproporphyrin were observed.
Eurasian kestrels (Fulco finnunculus) fed mice containing 200 pg
HCB/g fresh body weight for 65 days had significant weight loss,
ruffling of feathers, tremors, increased liver weight and decreased
heart weight (Vos et al,, 1972).

The available long-term toxicity data for mammals are discussed
in sectian 7.
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10.1.1

10.1.2

10. EVALUATION OF HUMAN HEALTH RISKS
AND EFFECTS ON THE ENVIRONMENT

Evaluation of human health risks
Expostre

Based on estimates of mean exposure from various media (section
5.2), the general population is exposed to HCB principally in food
{mean intakes for adults range from 0.0004 to 0.0028 pp/kg body
weight per day). Intakes are estimated to be considerably less for
ambient air (3.4 x 10°° to 2.1 x 10" pg/kg body weight per day) and
drinking-water (2.2 x 10° to 4.4 x 10 pg/kg body weight per day).
Based on these intakes, it is estimated that the total average daly
intake of HCB from food, air and drinking-water is between $.0004
and 0,003 ug/kg body weight per day.

Data on levels of occupational exposure to HCB are limited but
indicate that workers in some industries may be exposed to higher
levels of HCB than the general population, particnlarly in the
manufacture of chlorinated solvents, and in the manufacture and
application of chlorinated pesticides contaminated with HCB. In some
instances inapproptiate manufacturing and waste management
practices may expose nearby populations to higher levels of HCB than
the general population. Exposures may also be elevated in some
indigenous subsistence populations, particularly those that consume
large quantities of food species near the top of the food chain.

Owing to the elimination of HCB in breast milk, mean intakes by
nursing infants are estimated to range from < 0.018 to 5.1 pg/kg body
weight per day in various countries {see section 5.2.4 and Table 8).

Health effects

Available data on the effects of HCB in humans are limited
principally to those of people exposed in an accidental poisoning
incident that accurred in Turkey between 1955 and 1959. More than
600 cases of porphyria cutanea tarda (PCT} were observed, and infants
of exposed mothets experienced cutaneous lesions, clinical symptoms
and high mortality. It has been estimated that victims were exposed to
an estimated dose of 50-200 mg HCB/day for an undetermined, but
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extended, period of time, However, the basis of this estimate was not
provided, making exposure calculations unreliable for this population.
Studies of the carcinogenicity of HCB in humans are limited to two
small eptdemiological studies of cancer incidence in populations with
poorly characterized exposure to HCB as well as to numerous other
chemicals. No excesses of neoplasms have been reported in long-term
follow-up studies of the people with porphyria in the incident in
Turkey, but only a small fraction of the population was followed-up,.
and these studies were not designed specifically to assess neoplastic
end-points.

Hence, the available data on humans are inadequate to serve as a
basis for assessment of effects from exposure to HCB. The remainder
of this evaluation is, therefore, based on studies in animals.

Based on the studies reviewed in section 7, the critical effects
induced by HCB in experimental animals comprise both non-
necplastic and neoplastic effects.

With respect to non-neoplastic effects, repeated exposure to HCB
has been found to cause a wide range of non-neoplastic effects in
several species of animals, with similar lowest-observed-effect-levels
{LOELs) and no-observed-effect-levels (NQELs) for a number of end-
points {see Table 9). In these studies, effects reported have included
those on the liver in pigs and rats, on calcium metabolism in rats, on
ovarian histopathology in monkeys, on immune function in mice and
rats, on neurotransmitter levels in the hypothalamus of mink, on
postnatal survival in mink, and on neurobehavioural development in
rats. The range over which the various effects have been observed is
quite narrow; the lowest LOELs compiled in Table 9 range from 0.1
to 0.7 mg/kg body weight per day, while the lowest NOELs range
from 0.05 to 0.07 mg/kg body weight per day.

Based on the induction of a variety of tumours in hamsters, rats
and mice exposed by ingestion, there is sufficient evidence that HCB
is carcinogenic in animals. The available evidence indicates that HCB
has little or no genotoxic activity and is therefore unlikely to be a
direct-acting {genotoxic) carcinogen. However, the Task Group noted
that tumours, some of which were malignani, have been induced in
multiple species, at multiple sites, in some instances at doses that
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10.1.3

10.1.3.1

Evaluation of Human Heaith Risks and Effects on the Environment

were not overtly toxic in other respects and that are within an order of
magnitude of those that produce more subtle toxicological effects, or
following subchronic exposure. Although there is some evidence to
suggest that HCB may cause cancer by indirect mechanisms, the
evidence is not definitive at this time and does not address all tumour
sites.

Approaches to risk assessment

The following is provided as a potential basis for derivation of
guidance values. Since ingestion is by far the principal route of
exposure and since the toxicological data for other routes of
administration are insufficient for evaluation, only the oral route is
addressed here, though the ultimate objective should be reduction of
total exposure from all routes.

Based on the scientific evaluation of the data for the non-
neoplastic and neoplastic end-points, two possible approaches to
develop health-based guidance values were suggested.

Non-neoplasiic effects

The approach for non-neoplastic effects assumes a threshold for
these effects and is based on the use of the NOAEL or NQEL and an
uncertainty factor that takes account of interspecies and interindividual
variation in sensitivity to the substance, as well as the quality of the
available studies and the severity of effect,

The available data are sufficient to develop a Tolerable Daily
Intake {TDI) for HCB. The lowest reported NOELs and LOELs for
several different types of effects, such as those on the liver in rats and
pigs, calcium metabolism in rats, ovarian morphology in monkeys,
immune function in rats and mice, neurobehavioural development in
rats and perinatal survival in mink, fall within a very small range
{Table 9). Based on the lowest reported NOELs included in the table
{approximately 0.05 mg/kg body weight per day based primarily on
hepatic effects observed in a subchrenic study in pigs and in chronic
studies in rats), a TDI of 0.17 pg/kg body weight per day has been
derived for non-neoplastic effects, by incorporating an uncertainty
factor of 300 (x 10 for intraspecies variation; x 10 for interspecies
variation, x 3 for severity of effect). A factor of 3 for severity of
effects was chosen as HCB causes 1) multiple non-neoplastic effects
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in several species, and ii) LOELs for a number of end-points for which
NOELSs have not been determined are very close to the NOEL, from
the cntical studies, of (.05 mg/kg body weight per day. However, it is
fully realized that national authorities may choose other end-points or
uncertainty factors depending upon data evaluvation and future
scientific findings.

Neopiastic effects

The approach for neoplastic effects is based on the Tumorigenic
Dose,, or TD; i.e,, the intake or exposure associated with a 5% excess
incidence of tumours in experimental studies in animals (IPCS, 1994).
This is a benchmark approach in which the TD; is calculated directly
from the experimental data rather than using the upper or lower
confidence limits. Uncertainty factors are then applied to the TD; ko
obtain a guidance value. The choice of uncertainty factors is hased on
the level and nature of mechanistic data available, the quality of the
database, the tumour pattern, the dose-response relationship, and the
experimental model chosen. The final value will reflect the degree of
certainty one has with the available information.

For the purpose of indicating the magnitude of risk of HCB, the
two-generation study in rats has been selected, owing to its relevance
to the exposure of the general human population, as the design of this
study involved exposure to relatively low concentrations of HCB in
the diet (including in utero and lactational exposure). Moreover,
tumour pathology was inadequately reported in the available studies
in hamsters and mice, and there is some concern that in the other
adequate study in rats, there may also have been exposure by
inhalation to some HCB that was incorporated in the diet as a powder,

The TD, value was calculated from the results of the two-
generation study in rats using a multistage model (Cramp & Howe,
1982). The tumour incidences in the pups were analysed in the same
manner as data from a single-generation study, owing to the lack of
information on individual litters. On this basis, the TD; values range
from 0.81 mg/kg body weight per day for neoplastic liver nodules in
females to 2.01 mg/kg body weight per day for parathyroid adenomas
in males. The Task Group decided that the most sensitive end-point
(neoplastic nodules of the liver) would be used in its analysis. In
calculating the suggested guidance value, it was agreed to use an
uncertainty factor of 5000, based on consideration of the insufficient
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mechanistic data. The TD, was divided by this uncertainty factor to
arrive at the suggested guidance value of 0.16 pg/kg body weight per
day. However, it is fully realized that national authorities may choose
other end-points or uncertainty factors depending upon data evaluation
and future scientific findings.

Although infants may have a high intake of HCB via breast milk
for a short titne, the TD, and TDI were considered to be protective of
the health of this populatton (unless there are extreme exposures),
because one of the long-term studies used in deriving these values
included lactational exposure. However, it should be noted that the
TD, and TDI values detived above should not be compared directly
with intakes from breast milk by nursing infants, since the guidance
values are based on a lifetime intake, whereas the duration of breast-
feeding is relatively short.

Evaluation of effects on the environment

HCB is widely distributed in the environment, by virtue of its
mobility and resistance to degradation, although slow photodegra-
dation in air (half-life of approximately 8} days) and microbial
degradation {half-life of several years) do occur. It has been detected
in air, water, sediment, soil and btota from around the world, HCB is
a bicaccumulative substance (BCF values range from 373 to
> 15 000), and biomagnification of HCB through the food chain has
been reported.

In studies of the acute toxicity of HCB to aquatic organisms,
exposure ta concentrations in the range of | to 17 pg/litre reduced
production of chlorophyll in algae and reproduction in ciliate protozoa.
In longer-term studies, the growth of sensitive freshwater algae and
protozoa was affected by a concentration of | pg/litre, while a
concentration of approximately 3 pglitre caused mortality in
amphipods and liver necrosis in largemouth bass. The concentrations
of HCB in surface waters around the world are much lower than these
effect levels {3 to 5 orders of magnitude lower), except in a few
extremely contaminated localities.

Injection studies tn eggs have shown that tissue levels of 1500

ng/g wet weight reduce embryo weights in herring gulls (lowest dase
tested). No studies were available to establish a NOAEL. For many
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bird species, reduced embryo weights are associated with lower
survival of chicks. This effect level is within an order of magnitude of
the levels measured in the eggs of sea birds and raptors from a number
of locations from around the world, suggesting that present levels of
HCB in certain locations may harm embryos of bird species.

Experimental studies on mink indicate that they are sensitive to
the toxic effects of HCB; long-term ingestion of diets containing 1000
ng HCB/g (the lowest dose tested) increased montality, decreased birth
weights of offspring exposed in utere and via lactation, and altered
levels of neurotransmitters in the hypothalamus of dams and their
offspring. No studies were available to establish a NOAEL. This
dietary effect level is only a few times higher than the concentrations
of HCB measured in various species of fish from a number of
industrialized locations from around the world, suggesting that present
levels of HCB in fish species from certain locations may adversely
affect mink and perhaps other fish-eating mammals,
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b)

<)

d)

e)

11. RECOMMENDATION FOR PROTECTION OF

HUMAN HEALTH AND THE ENVIRONMENT

Alternatives should be found for any present uses of HCB,

It is important to reduce the environmental burden of HCB by:
(1) identifying remaining sources and quantities of release to the
environment from these sources, including point source
emissions, waste disposal sites and production facilities;
(i1) applying appropriate manufacturing and waste disposal
practices in order to decrease levels of HCB in the environment.

Human monitoring of HCB in blood and breast milk should be
undertaken to develop data representing exposure of the general
population, in order to identify highly exposed populations and
potential sources, and to enable interpretation of individual
results.

In order to gauge the efficacy of control measures it would be
valuable to monitor environmental levels and effects in locations
where levels are higher than the global average.

Neonatal effects in humans and other species have been
associated with ingestion of high doses of HCB through breast
milk. It is recommended that techniques be developed to assess
appropriately the risk to infant health from exposure to HCB and
related compounds in breast milk.
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12. FURTHER RESEARCH

12.1 Environment

a)

b)

To improve the database available for environmental risk
assessment, it is considered important to establish a NOEL for the
serious reproductive effects seen in mink at dietary levels
approaching these found in certain locations.

Since HCB is persistent in soif and sediment, it would be valuable
to perform biodiversity experiments with HCB-treated soil and
sediment.

12.2 Human health

a)

b)

106

Based on the effects of low doses of HCB on ovarian tissues in
primates, involving disorders of germ cells and the ovarian
surface epithelium, the following is recommended:

(i)  exposed populations should be studied for relevant
reproductive human outcomes of interest, particularly,
fetal loss and ovarian cancer;

(ii)  reproductive tissues such as ovarian follicular fluid should
be included in human monitoring studies on HCB levels
and/or effects.

In order to decrease uncertainty in the risk assessment of HCB
and related compounds, research into the primary mechanisms)
of action for tumorigenic, thyroid, reproductive, porphyrigenic,
neurotoxic and immunological effects of HCB should be
undertaken,

Preliminary evidence suggests that HCB acts, at least in pant,
through Ah receptor-linked mechanisms. This should be
evaluated more fully and compared to other polyhalogenated
aromatic chemicals for which a wealth of data are already
available.



Futther Research

d) Given the toxicity of HCB and the few data for humans,
multicentre longitudinal studies of highly exposed human
populations should be undentaken. End-poinits of interest should
cover toxicokinetics (e.g., half-life), thyroid function, porphyrin
metabolism, reproductive oufcomes (e.g., fetal losses), and
cancer. Nursing infants from these populations should be
followed to assess imwnunological and mneurobehavioural
development.
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13. PREVIOUS EVALUATIONS BY INTERNATIONAL
BODIES

The International Agency for Research on Cancer has classified
HCB as a Group 2B carcinogen (possibly carcinogenic to humans)
based on inadequate evidence for carcinegenicity to humans and
sufficient evidence for carcinogenicity to animals (IARC, 1987).

A drinking-water guideline of 1 pg/litre was developed for HCB
based on an evaluation of the production of liver tumours m female
rats and applying the linearized multistage model to calculate an
excess life-time cancer risk of 107 {WHO, 1993).

A conditional acceptable daily intake of 0.6 pg HCBrkg body
weight was developed by the Joint FAO/WHO Joint Meeting on
Pesticide Residues in Food (FAO/WHO, 1975). This recommendation
was withdrawn in 1978 (FAQ/WHO, 1978).

Regulatory standards established by national badies in different
countries and the European Union are summarized in the Legal File of
the International Register of Potentially Toxic Chemicals (TRPTC,
1993},

108



REFERENCES

Abbatt DC, Collins GB, & Goulding R {1972) Organochiorine pesticide residues in human fatin
the United Kingdom 1969-71. Br Med J, 2. §33-556.

Abbolt DC, Collins GB, Goulding R, & Hoodless RA (1981) Organochlorine pesticide residues
in human fai in the United Kingdom 1976-77. Br Med J, 283; 1428-1428.

Abbott DC, Goulding R, Holmes DC, & Hoodless RA (19585} Organcchlaring pesticide residuss
in human fat in the Upited Kingdom 1982-1883. Hum Toxicol, 4. 435-445.

Abraham K, Hille A, Ende M, & Belga H [1994) Inlake and fecal excretion of PCDDs, PCDFs,
HCB and PCBs (138, 153, 180) in a breast-fed and a formula-fed infant. Chemasphere, 2909-
11} 2279-2286.

Ahling B, Bjarseth A. & Lunde G (1978} Formation of chiotinaied hydrocarbons during
combustian of paty{vinyl chloride). Chemosphere, 10: 795-808.

Ahmad N, Benait D, Brooke L. Call D, Carlson &, Oefoe D, Huot J, Moriarity A, Richter J, Shubat
P, Veith G, & Wallbridge C (1984} Aquatic toxicity tests 1o characterize the hazard of volatie
arganic chemicais in waler: A toxicity data summary, Parls | and !I. Duluth, Minnesota, US
Environmental Fratection Agency, Environmental Research Laboratory (EPA 600/3-84-009).

Albert LA, Alpuche L. Barcenas C. & Rendon J (1980) A survey of organcchlorine pesticide
residues in cheess samplas from thrae Mexican regions. Environ Pollut, 85 119-126,

Albro PW & Thomas R(1974] Intestinal absorption of hexachlorobenzene and
hexachlarocyclohexane isomers in rats. Buii Environ Contam Toxicol, 12; 266-294.

Alves HHD & Chevalier M {1980) L'nexachlorabenzéne dans P'énvironnement québécois :
Produchon, utilisation et prasence. Montréal, Québec, Environnement Canada, Service de la
Protection de I'Environnement [Rappon No EPS-3 QR-80-1}.

Andrews JE & Courtriey KO (19883 Hexachlarobenzene-induced renal makdevelopment in CO-1
mice antd CD rats, In: Morris CR & Cabral JRP eg Hexachlorobenzene: Proceedings of an
Intemational Symposium. Lyon, Inlermational Agency for Research on Cancer, pp 381-381 (ARG
Scigntific Publications Na. 77)

Andrews JE, Couriney KO, Slead AG, & Donafdson WE {1989 Hexachiorobenzene induced
typerparathyroidism and asteosclerosis in rats. Fundam Appl Toxicel, 12: 242-251.

Andrews JE, Jacksen LD, Stead AG, & Donaldsen WE (19907 Morphometric analysis
of ostegsclerolic bone resuiting from hexachlorabenzene exposure. J Taxicol Envitan Health, 31,
193-209.

Angerer J, Heinzow B, Reimann 00, Knorz W, & Lehnert G (1992 Imternal exposure 1o organic
subsiances in a municipal waste incingralor, Int Asch Qecup Environ Health, §4: 265-273.

Arifia AA, Herrera A, Conchello MP, & Pérez C (1992) Hexachlorobenzene residues in Spanish
meat products afler cooking. curing, and long-term ripening. J Food Prot, $5{11): 920-923.

Arific A, Herrera A, Conchello P, & tazaro R (1993) Hexachlarobenzene aad

haxachlorocyclehexane residues in pork as alscied by weight and sex. Bull Environ Contam
Toxicol, 51: 647-850,

1G9



EHC 195: Hexachlorobenzene

Arnold DL & Krewski D (1988) Long-term taxicity of hexachlorobenzene. Foed Chem Toxicol, 28
169-174.

Arnoid DL. Moodie CA, Charbonneau SM, Grice HC, McGuire PF, Bryce FR. Collins BT.
Zwadizka ZZ, Krewski DR. Nera EA. & Munro IC {19B5) Lang-term toxicity of hexachlorobanzene
in the ral and the effect of dietary vitamin A. Food Chem Toxicol, 23 779-763.

Atlas E & Giam C5 (1981) Global transport of arganic pollutants: ambient canceniratiohs in the
remote marine atmosphere. Science, 211 163-185.

ATSDR {1990) Toxicological profile for hexachiorobenzene Atlanta, Georgia. Agency for Toxic
Supstances and Disease Registry {TP-80-17)

ATSDR {1994) Texicological profile for hexachlorobenzene - Update. Atlanta, Gsorgia, Agency
far Toxic Substances and Disease Regisiry,

Atuma 88, Andersson O, Linder C-E. & Hanssan L (1993} Levels of some organochlorine
compounds in sea trout (Safme truita) and whitefish (Caregonus lavaretus) fram the Gulf of
Bothnia. Aqua Fenn, 23: 221-226,

Avratiami M (1975) Hexachlorobenzene: 1V, Accumulation and elimination of HCB by pigs after
oral dosing. NZ J Exp Agric, 3; 285-287.

Avrahami M & Staela RT (1972} Hexachlorahenzene: |. Accumulation and elimination of HCR
in sheap afler oral dosing. NZ J Agric Res, 15: 476-481.

Ayolla P, Dewailly E, Bruneau S, Careau H. & Vézina A (1995) Arciic gir pollution and human
health: what effects should be expected? Sci Total Environ, 160/161: 525537,

Babineau KA, Singh A, Jarmreli JF, & Villeneuve DC (1981} Surface epithslium of the ovary
following oral administration of hexachiorobanzene to the mankey. J Submicrosc Cytol Pathol,
23 457464

Bailey J, Knauf v, Mueller W, & Habson W (1980} Transfer of hexachlorobenzene znd
polychloninated biphenyls to nursing infant rhesus monkeys; enhanced toxicily, Environ Res, 2.
180-196,

Ballschmiter K, & Wittiinger R {1991} Interhemisphere exchange of hexachlorocyclghexanes,
hexachlarobenzens, polychlorobiphenyls, and 1,1,1-trichloro-2,2-bis-(p-chlorophenyliethane in
the lower Iroposphere. Environ Sci Technol, 25 1103-1111.

Barnelt JB, Barfield L, Walis R, Joyner R, Owens R, & Soderberg LSF (1887) The eifect of in
ulera exposure to hexachlorobenzena on the developing immune response of BALB/C mige.
Toxical Lelt, 38: 263-274.

Barguet A, Morgade C, & Plaffenberger CD (1981) Determinalion of organochlonne pesticides
and mefabaliles in drinking water, human blood serum, and adipase tissue J Toxical Environ
Health, 7: 469-470.

Bates MN, Hannah DJ, Buckland 5., Taucher JA, & Yan Maanen T [1994) Chlorinated organic
contaminants in breast milk of New Zealand women, Environ Health Perspect, 102 (Suppl 1);
211-217.

Bauer |, Weigeil S, & Erst W (1889) Biotransformation of hexachiorobenzene in the blue
mussel (Mytifus edulis). Chemosphere, 19{10/11). 1701-1707

10



References

Beck J & Hansen KE (1874} The degradation of quintazene, pentachlorobenzene, hexachiore-
benzene and penfachloroaniline in soil. Pestic Sci, 5; 41-48

Beland P, Deguise 5, & Plante R (1991) Toxicology and pathoiogy of St Lawrence marine
marmmals - Final report. Rimouski, Québec, Canada, Wildlife Toxicalogy Fund Research Grant,
St. Lawrence Nalianal Inslitute of Ecotoxicology. B5 pp.

Belfrod A, Van Wezel A, Sikkenk M, Van Gestsl K, Seinen W, & Hermens J (1983) The
toxicokinelic behaviour of chiorobenzenes in sarthworms (Eisenia andref): Experiments in water
Ecotoxicol Environ Saf, 25 154-165.

Belfroid A, Mailing J, Sijm D, Hermens J. Seinen W, & Van Gestel K {1984a) Uptake of
hydrophobic halegenated aromatic hydrecarbons from food by eanthworms (Eisenia andref}. Arch
Environ Cantam Toxicol, 27 260-265,

Belfroid A, Sikkenk M, Seingn W, Van Gestel K, & Hermans J (1994b) The toxicakinelic behavior
of chlorobenzenes in earthworm (Eisenia andren: Experiments in soil. Environ Taxical Chem, 13;
93-99.

Eeratla M & Dick T {1994} Organochlorine compaunds in human milk, Porlo Alegre, Brazil. Bull
Enviran Cantam Toxicol, 53: 357-360.

Biddleman TF, Bilings WN. & Foreman WT (1986} Vapor-particle partitioning of semivolatile
arganic compounds: Estimates from field collection. Enyiron Sci Techno!, 20: 1038-1043,

Bidleman TF. Widegvist U, Jansson B, & Soderlund R {1887) Organochlorine peslicides and
polychlerinated biphenyls in the aimasphera of sauthern Sweden. a&tmos Environ, 21; 641.654.

Bidleman TF. Walla MD. Roura R, Carr E. & Schmidt S {1893} Organgehlorine pesticides in the
atmosphere of the Southern Ocean and Antarclica, January-March, 1950, Mar Pollut Bull, 26(5):
258-262

Billings WM & Bidleman TF {(1380) Field comparison of palyurethane foam and Teax-GC resin
lor high-vafume air sampling of ¢hisrinated hydracarbons. Enviren Sci Technol, 14(6):679-683.

Bishop CA, Lean BRS, Brooks RJ, Carey JH. & Ng P (1995) Chlorinated hydrocarbons in early
life stages of the comman snapping lurtle (Chelydra serpentina serpentina) from a coaslal
wetland on Lake Onlario. Canada. Environ Toxicol Chem, 14(3). 421.426.

Bjerk JE & Bravik EM (1880} Organochlarina compaunds in aguatic environmenls, Arch Environ
Cantam Toxicol. 9: 743-750.

Bleavins MR, Breslin WJ, Aulerich RJ. & Ringer RK {1982) Excrelion and placental and
mammary transfer of hexachlorobenzens in the European ferret {Mustela putanus fura). ) Toxical
Environ Health, 14: 929-840.

Bleavins MR. Bursian $J, Brewster JS, & Aulerich RJ {19343} Effects of distary
hexachlorobenzene exposure on ragional brain biogenic amine goncentrations in mink and
European ferrets. J Toxicol Enviran Health, 14 363-377.

Bleavins MR, Aulerich RJ, & Ringer RK {1984b) Eflecis of chronic dietary hexachlorobanzane

exposure on the reproductive performance and survivability of mink and European ferrets. Arch
Environ Cenlam Taxicol, 13: 357-385.

111



EHC 195: Hexachlorobenzene

Boersma DC, Ellenton JL, & Yagminas A (1986) Invesligation of the hepatic mixed-function
oxidase system in herring gull embryas in relation to envirenmental contaminants, Enviren
Toxicol Cham, 5: 309-318.

Boese BL, Winsar M, Lee H Il, Spechl DT, & Rukavina LC (1990) Dapuration kinetics of
texachlorobenzene in the clam, Macoma nasula. Comp Biochem Physiol, C968: 327-331.

Bordet F, Mallet J, Maurice L, Borral 5, & Venan A (1993) Organochloring pesticide and PC8
congener content of French human milk. Buil Environ Confam Toxicol, 50; 425-432.

Bourbonniare RA, Van Sickls BL, & Mayer T (18886) The Great Lakes sedimenl bank-l [inctuding
catalogs of lakes Huron and Ontaric samples). Burlingtan, Ontario, Environmant Canada,
Mational Water Research Instilute (NWRI Contribution Mo 86-151).

Baulhillier L., Greselin E, Brodeur J, Viaw C, & Charbonneau M (1991) Male rat specific
nephrotoxicity resulling from subchronic administration of hexachlorobenzene. Toxico: Appl
Pharmacel, 110; 315-326

Braune BM & Morstrom RJ {1869) Dynamics of organochlarine compeounds in harring gulls: LI,
Tissue disiribytion and bioaccumulation in Lake Ontario guils. Environ Toxicol Chem, 8- 957-968.

Breslin WJ, Bleavins MR. & Ringer RK (1853) Distribution and excretion of hexachlorobenzene
in bowhite. J Toxical Environ Health, 11: 885-856.

Brooks GW & Hunl GE {1984} Source assessment for hexachlorabenzene, Research Triangle
Park. Morth Caroling, Radian Corpeoration (Prepared for the US Enviranmental Prolection
Agency, Research Triangle Park} (EPA BB-02-3818).

Bro-Rasmussen F {1086} Hexachlorobenzene An ecotoxicological prolile of an grganochlorine
compound. In: Morris CR & Cabral JRP ed. Hexachiorobenzene: Proceedings of an international
Sympogwum, Lyon, International Agency for Research on Cancer, pp 231-239 (ARG Scignt fic
Publications No, 77},

Brown EA, Biddle K, & Spaulding JE (1986) Residue levels of hexachlgrobenzene in meat ang
poultry in the food supply of the U.S.A In. Marris CR & Cabral JRPed. Hexachlarobenzene:
Proceedings of an Internatonal Symposium. Lyon, International Agency for Research on Cancer,
pp 99-108 {IARC Scientific Publications No, 77}

Bruckmann P, Kersten W. Funcke W, Balfanz E. Komg J, Theisen J, Ball M, & Papke O (1988}
The occurrence of chilorinated and olher organic trace compounds in urban air. Chemasphere,
17 2363-1380.

Brunn H & Manz D (1982) Cantamination of native fish slock by hexachiorobenzene and
palychiorinated hiphenyl residues. Bull Environ Contam Toxicol, 28. 599-604,

Brusick DJ {1986) Ganolaxicily of hexachlorobenzene and other chlorinated benzenes In Momis
CR & Cabral JRP ed. Hexachlorobenzene: Praceedings of an international Symposium. Lyon,
International Agency for Research on Cancer, pp 393-337 (IARC Scientific Publicalions Ha, 77).

BUA (German Chemical Sociely-Advisory Committee on Exisling Chemicals of Environmenlal
Relevance] {1994) Hexachlorohenzene Stuttgart, & Hirzel WissenschaRtiche
Verlagsgesellschaft, 257 pp (BUA Report 119}

Buhler DR & Carpenler HM (1986} Japanese quail a5 2 madel tor the study of hewa-
chlgrobenzena-induced porphyria. ln Maorris CR & Cabrat JRP ed. Hexachlorobenzene

112



References

Proceedings of an Inlemational Symposium. Lyon, Internatianal Agency for Research on Cancer,
pp 477-480 (JARC Scientific Publications No. 77).

Burns JE & Miller FM (1975) Hexachlorobenzene contaminalion: its effects in a Louisiana
population. Arch Environ Health, 30 44-45,

Burns JE, Miller FM, Gomes ED. & Albert RA {1974) Hexachlorobenzene exposure from
contaminated DCPA in vegetable spraymen Arch Environ Heallh, 29; 192-194.

Burtan MA & Benneti BG (1887) Exposure of man to environmental hexachlorobenzene (HCA):
an axposure cammitmen! assessment. Sci Tolal Enviran, 66: 137-146,

Bush B, Snow [, Connor &, & Koblintz R (1985) Polychiorinated biphenyl congeners {PCBs),
p.p -D0e and hexachlorgbenzene in buman milk in three areas of upstats New York, Arch
Environ Contam Toxicol, 14: 443-450,

Cabral JRP & Shubik P (1986) Carcinogaenic activity of hexachlarabenzena in mice and
hamsters. In: Morris CR & Cabra! JRP ed. Hexachlorobenzene: Proceedings af an International
Sympasium. Lyon, International Agency for Research on Cancer, pp $11-418 {IARC Scientific
Publications Na, 77).

Cabral JRP, Shubik P, Moliner T, & Railano F {1977) Carcinogenic activity of hexachlarobanzene
in hamsters. Nalure (Lond}, 269; 510-511.

Cabral JRP, Moliner T, Raitang F, & Shubik P (1979) Carcinogenesis of hexachigrobenzene in
mice. Int J Cancer, 23: 47-51.

Calamari D, Galassi 5, Setti F, & Vighi M {1983) Toxigity of selected chlorobenzenes to aquatic
organisms. Chemospbere, 12; 253-262.

Cail DU, Brooke LT, Ahmaa M, & Richter JE {1983) Taxicity and metabalism studies with EPA
priority pollulants and related chemicals in freshwater arganisms. Center for Lake Superior
Environmental Sldies, Univarsity of Wiscansin-Superior, Environmental Research Laboratory.
Duluth, Minnesota, U.S. Environmental Protection Agency (EPA B00/3-83-095).

Calilahan M, Slimak M, Gabel I, May |. Fowler C, Freed R, Jennings P, Durfee R, Whilmore F.
Maestri B, Matiey W, Halt B, & Gould € {1979) Water-related environmental fate of 129 priarity
poliutants, Yolume |1, Washington, OC, US Environmantal Protection Agency, Office of Water
Planning and Slandards/Office of Water and Wasle Managemenl (EPA 440/4-79-028b)

Cam € {1980) Une nouvelle dermatose épiddmique des enfants. Ann Dermatel, 87: 393-397.

Cam C & Nigogosyan G (1963) Acquired toxic porphyria cutanea tarda due to hexachlpro-
benzene. J Am Med Assoc, 183 90-83

Camps M, Planas J. Gémez-Catalan J. Sabroso M. To-Figueras J. & Corbella J {1939)
Organochlorine residuas in human adipose tissue in Spain’ sledy of an-agrarian area. Bull
Environ Cantam Toxicol, 42: 195-201,

Carey AE. Gowen JA, Tai H. Mitchell WG. & Wiersma GB (1979 Pesticide residue levels in soils
and crops from 37 states. 1972 - National Sails Moniloring Program {IV), Pest. Monit. J, 12: 209-
229

Carey AE, Dixon TE, & Yang HSC (1985) Enviranmental exposure to hexachlorobenzene in the

United Slales. Washington. DC. US Environmental Prolection Agency. Cflice of Pesticides and
Toxic Substances.

113



EHC 185; Hexachlorobenzene

Carlson AR & Kosian PA (1987} Toxicity of chlarinated benzenes to fathead minnows
{Pimephales promelas). Arch Enviren Contam Toxicol, 16: 129-135,

Carthew P & Smith AG (1984) Palhological mechanisms of hepalic tumaur farmalian «n rals
expased chronically 10 dietary hexachlorobenzene. J Appl Toxical, 14: 447432,

Carthew P. Edwards RE, & Smith AG {(1920] Immunotoxic effects of hexachlorobenzena on the
pathogenesis of syslemic, pnaumonic and hepatic virus infections in the mouse. Hum Exp
Toxicol, & 403-411.

Clark TP, Norstram RJ, Fox GA, & Won HT (1987) Dynamics af arganochlarine compounds in
herring gulls (Larus argentstusy 1. A two-compartment medel and data far ten compaunds.
Environ Taxicol Chem, &: 547-558.

Conchello P, Herera A, Arific A, Lazaro R, & Péraz-Arquillué C (1993) Effect of grilling, roasting.
and coaking on the natural hexachlorobenzene conteni of aving meat. Bull Environ Contam
Taxicol, 50; 828-833.

Conde C, Naluenda C, & Arrapal C {1993] Hexachlarobernzene (HCB) in human milk in Spain
from 1984 to 1991, Bull Environ Contam Toxicol, 51; 827-831.

Courtney KD (1979) Hexachlarobenzene (HCB): a review. Enviran Res, 20: 225-266.

Courtney KD & Andrews IE (1979} Mabilization of hexachlorobenzene {HCB} during gestation.
Taxico! Letl, 3. 357-361.

Couriney KD & Andrews JE {1385) Neonatal and maternal bady burdens of hexachlorobenzene
{HCE} in mice: gestational axposure and lactalianal fransfer. Fundam Appl Taxicol, §: 265-277

Courtney KD, Copeland MF, & Robbing A (1976) The effecis of pentachioranilrobenzens,
hexachlorobanzena, and related compounds on fetal development. Toxicol Appl Fharmacol, 35
239-256.,

Couriney KD, Andrews JE. & Svendsgaard DJ (1978) Hexachlerobenzens (HCB} depasition in
matemal and fetal tissues of rat and mouse: | Chemical guantification of HCB in tissues. Environ
Res, 19: 1-13.

Cripps DJ. Pelers HA, Gocmen A, & Dogramaci | (1984) Porphyria turcica due o
hexachlorobenzene: a 20 ta 30 year lolow-op study an 204 patients, Br J Dermatol, 111: 413-
422

Cross JN, Hardy JT, Hose JE, Hershelman GP, Antrim LD. Gosseit RW, & Crecelius EA 11987}
Cantaminant cancentrations and toxicily of sea-surface micralayer near Los Angeles, Califarnia.
Mar Environ Res, 23: 307-323.

Crump K & Howe N {1982) Global '82' a computer program to extrapolate quantal animal 1oxicity
dala to low doses (Contract #41USC252C3). Washinglan, DC, US Cecupatwnal Safely and
Health Administration, Cffice of Carcinogen Slandards.

Currier MF. McClimans CD. & Barna-Lloyd G {1980) Hexachlprabenzene blood levels and the
health status of men employed in the manufacture of chlorinated sotvents. J Toxicol Environ
Health, B: 367-377.

D'ampur M & Charbonneau M (1992) Sex-relatad differences in hepatic giulathiene conjugation
of hexachiorcbenzene in the rat Toxicol Appl Pharmacal, 112 229-334.

114



Roferences

Davies K (1988) Concenlrations and dietary intake of selected organochlorines, including PCBs,
PCODs and PCOFs in frash tood composites grown in Ontario, Canada. Chemosphere, 17, 263-
278,

Davis BD & Morgan RC (1986) Hexachlorobenzene in hazardous waste sites. In: Marris CR &
Cabral JRP ed. Hexachlorobenzene: Proceedings of an International Symposium  Lyan,
International Agency for Research on Cancer, pp 23-30 (JARC Scientific Publications No. 77).

Debals FMH & Strik JJTWA {1279) An approach to elucidate the mechanism of
hexachlorobenzene-induced hepatic parphyria, as a model for lhe hepatotoxicity of
polyhalogenated aromatic compaunds (PHA's). In: Strik JJTWA & Koeman JH ed Chemical
porphyria in man Amsterdam, Oxford, New York, Elsevier/North Halland Biomedical Press. pp
181-208.

Delean IR, Maberry MA, Qvertcn EB, Raschke CK, Remegle PG, Sleele, CF, Warren VL, &
Laseter JL {1980) Rapid gas chromatographic method for the determination of volatile and
samivolatle organochiorine compounds in s0il and chemical waste disposal site samples. J
Chromalogr Sci, 18: 85-88.

Dallinger B, Taylor PH, & Tirey DA {1891) Minimization and control of hazardous combustion by-
products. Cincinnali, Chig, US Environmental Protection Agency. Risk Reduclion Laberatory
(EPA 600/52-90/038).

De Matleis F, Frior BE, & Rimington C {1961} Nervous and biochemical disturhances fallowing
hexachlorobenzene intaxication. Nature {Lond], 194 (4786) 363-365.

Den Besten C, Bannik MM, Van lersel M, Peters MA, Teunis C, & Van Bladeran PJ (1994)
Comparison of the urinary metatolile profiles of hexachiorobenzene and pentachlarobenzens
in the rat. Chem-Biol Interact, 890; 121-137,

Den Desten ©, Bennik MHJ, Bruggeman i, Schieien P, Kuper F, Brouwer A, Koeman JH, Vos
G, & Van Bladeren PJ {1683} The role of oxidative metaholism in hexachlorobenzene-induced
porphyria and thyroid hormone hoemecoslasis: 8 comparison with pentachlorgbegnzene in a 13-
weaek feeding study. Tosxicol Appl Pharmacol, 119; 181.194,

Denomme MA, Leece B, Gyorkos J, Homonka K. & Safe S {1983) Palychlorinated henzene and
phenol congeners as inducers of rat hepatic drug-metabalizing enzymes inimmalure male Wistar
rats. Can J Physiol Pharmacol. §1- 10631070

Den Tenkelaar EM & Yan Esch GJ {1874) Na-effect levels of organochiorine pesticides hased
on mguction of microsomal liver enzymes in short-term toxicity expenments, Taxicology, 2: 371-
280

Den Tonkelaar EM, Verschyeren HG. Bankovska ), De vries T Kroes R, & Van Esch G (1975}
Hexachlorobenzene toxicity in pigs. Toxicol Appl Pharmacol. 43, 137-145,

Devault DS {1585} Contaminants in fish fram Great Lakes harbors and tiibutary mouths, Arcn
Environ Contam Toxicol, 14, 587-594

Oewallly E, Nantel A. Laliberté C. Weber J-P. Gingras 5. & Meyer F (1991) Organochlarings in
the breast milk in Québec a provincial survey, Foster presentation at the Canference on
Measunng, Undersianding. and Predichng Exposures in tha 215t Cenlury. Atlanta, Georgia, 18-
22 November 1991,

115



EHEC 195: Hexachiorobenzene

Ding W-H, Aldous KM, Briggs RG. Valente H. Hilker DR, Connor 5, & Eadon GA {1392}
Application of multivariale statistical analysis 1o evaluate local sources of chlorobeazene
congeners in s0il samples, Chemaospbere, 25{5) 675-690

Dogramaci | {1964) Porphyrnas and parphyrin metabplism with special reference to parphyria in
childhood. Ady Pediatr, 13; 11-83.

Dagramaci |, Wray JO, Ergene T, Sezer v, & Mafti Y (1862) Porphyria turcica: a survay of 592
cases of cutaneous porphyria seen in southeastern Turkey. Turk J Pediatr, 4: 138-148,

Eisenberg M & Topping JJ (1984) Organochlarine residues in shellifish from Maryland waters. J
Environ Sci Health, B19: 673-638,

Eisenreich 5J & Strachan WM {1992) Estimating atmospheric depositian of toxic substances
to the Great Lakes - An update: Proceedings of a workshop, Burlingien.
31 January-2 February 1992 Burlington, Gntario. Canada Centre for infand Waters

El-Dib MA & Badawy MI {1885) Organochlarine insecticides and PCBs in waste, sediment, and
fish from the Medilerranean Sea. Bull Environ Conlam Toxicol, 34: 216-227.

Elissalde MH & Clark DE (1979) Testosterone metabohsm by haxachlorabenzene-induced
hepaltic microsamal enzymes. Am ! Vet Res, 40; 1762.1766.

Elkin BT & Bethke RW (1995) Envirunmental conlaminanis in caribou in the Northwest
Territaries, Canada. Sci Total Environ, 160/161- 307-321.

Enriguez D& Salamanca R, Lopez-Miras A, Munaz 14, To-Figueras J, & Conde C (183Q) Is
hexachigrabenzene human overload related to parphyria cutanea larda? A speculative
hypathesis. Med Hypotheses, 33 63-71.

Environmert Canada (1989) Allantic region federal pravincial toxic chemical survey af muricipal
dnnking water sources 1983-1289 - Interpretative Repart. Mancton, New Brunswick, Enviranment
Canada. Conservatian and Prateclion, Waler Quality Branch, Inland Waters Directorate.

Environment Canada {1492} Cetroit incinerater manitoring program: Data reporl No. & Ottawa,
Onlaric, Environment Canada. Conservatian and Proleclian, River Road Environmenlal
Technology Centre (Repon No. PMO-82-1).

Enwironment Canada/Deparimant of Fisheries & Oceans/Healih & Welfare Canada (1691) Toxic
chemicals in the Great Lakes and associated effects - Volume 1; Contaminani levels and trends.
Ottawa, Ontaric, Ministar af Supply and Services.

Environmeni Canada/COniario Minisiry of the Environment (1986} St Clair River pollution invesli-
gaticn {Sarnia area). Toronto, Canada-Ontario Agreemenl Respecting Great Lakes Water
Quality.

Ernst W {1986) Hexachlorobenzene in the maring environmenl distribution. fate and
acotoxicological aspects. In: Morris CR & Cabral JRP ed. Hexachiorobenzene' Proceedirgs of
an International Symposium Lyon, Inlernational Agency for Research an Cancer, pp 211-222
{IARC Scientific Publications Ng. 77).

Eturk E, Lambrecht RW, Grunden EE, Headley DB, Peters HA, Marris CR. & 2ryan GT {1982}

Leukemogenicity of hexachlorobenzene {(HCB} in Swiss mice (SM) after subchronic feeding. Proc
Am Assac Cancer Res, 23 55 {Abstract).

116



References

Ertark E, Lambrecht RW, Peters HA, Cripps DJ, Geemen A, Morris CR, & Bryan GT {1986)
Oncogenicity of hexachlorobenzene In: Morris CR & Cabral JRP ed. Hexachlorobenzene:
Proceedings of an International Symposium. Lyon, International Agency for Research on Cancer,
pp 417-423 (IARC Scientific Publications Na 77)

Falandysz J & Szefer P (1862) Chlorinated hydrocarbons in diving ducks wintering in Gdansk
Bay, Daltic Sea. Sci Total Envirgn, 24: 119127

Falandysz J, Kannan K, Tanabe 3, & Tatukawa R {1993} Persistent crganachlorine residues in
canned cad-livers of the southern Baltic origin, Bull Enviran Contam Taxicol, 50: 929-934,

FAQMWHO (1975) Report of the Joint Meeling of FAO Working Party of Experts an Pesticide
Residues and the WHO Expert Committee on Pesticide Residues. Geneva, World Health
Organizalion, 37 pp (WHD Technical Report Series 574)

FACQIWHO {1878) Peslicide residues in food - 1978, Report of the Joint Mesting of the FAQ
Panel of Experts on Pesticide Residues and Environmeni and the WHO Expert Group on
Peslicide Residues Rome, Food and Agricullure Organization of the Uniled Mations, pp 19-20
(FAD Piant Production and Protection Faper 15).

Ferrer A, Bana MA, Castellano M, To-Figueras J, & Brunet M {1992} Organochlorine residues
in human adipose tissue of the population of Zaragoza (Spain). Bull Eaviron Contam Toxicnl, 48
561-566.

Fingler S, Drevenkar V, Tkalgevié B, & Smil 2 (1992} Levels aof polychlarinated biphanyls,
organochlorine pesticides, and chlarophensls in the Kupa River water and in drinking waters from
differgnt areas in Croatia. Bull Environ Contam Toxicol, 49: B05-812.

Foley RE & Batcheller GR (1988) Organochlarine centaminants in cemmon goldeneye winlering
cn the Miagara River. J Wikdl Manage. 52: 441-445

Faster WG, McMahon A, Jarrell JF, & Villeneuve OC (1892a) Hexachlorobenzene (HCR)
suppresses circulaling pragesierone concentrations during the tutsal phase in the cynomoigus
mankey. . Appl Toxicol, 12: 13-17.

Foster WG, Penlick JA, McMahon A, & Lacavalier PR {1992b) Ovarian toxicity of hexachlgro-
benzene (HCB) in the superpvulated female rat. J Biochem Toxical, 7 1-4.

Foster WG, Pentick JA, McMahon A, & Lecavalier PR (1993) Body disiribution and endocrine
laxicity of hexachlorobenzene {HCB) in the fernale rat J Appl Toxicol, 13: 79-83.

Foster WG, Menineil C, Yagminas A, McMahon A, & Lecavalier P {1993]) The effects of
hexachlarobenzene an circulating levels of adrenal stercids in the ovariectomized rat J Biochem
Toxicol, 10{3% 129-135.

Fox ME, Carey JH. & Qlivier BG (1983) Compartmental distribution of ocrganochlorine
contaminanls in the Niagara River and ihe Weslern Basin of Lake Ontario. J Great Lakes Res,
@ 287-294.

Franchi E & Facardi $ {1991) Polychlorinated biphenyl congeners, hexachlorobenzene and DDT
in human mikk in central Haly. Sci Total Environ, 102, 223-228

Frank R & Ripley BD {1990) Focd residues from pesticides and environmental peliytants in

Ontario. In: Nriagu J& & Simmons MS ed Food conlaminalion from environmental sources. New
York, Wiley-Interscience, pp 473-524,

17



EHC 185: Hexachlorobenzene

Frank R, Braun HE, & Fleming G {1983) Organochlarine and organophospharus residuesin fat
of bovine and porcine carcasses marketed in Ontarin. Canada from 1969 to 1981, J Fooa Prot,
46: BA3-900.

Frank R, Braun HE, Sirons GH, Rasper J. & Ward GG {1985a) Crganochlorine and
organophuospharus insecticides and induslrial pollutants in the milk supplies of Ontatio - 1993,
J Food Prot, 48° 459-504.

Frank R, Rasper ., Braun HE, & Ashlon G (1985b) Disappearance cof organochloring residues
from abdominal and egg fats of chickens, Ontario. Canada, 1969-1982. J Asscc Off Anal Chem,
68: 124-129.

Frank R. Rasper J, Smout MS, & Braun HE (1988) Organochlorine residues in adipose tissues,
bleod and milk fram Ontario residents, 1976-1985, Can J Public Health, 78. 150-158.

Fujita M & Morikawa K {1992) Regional difterences in dietary inlake of environmenial polluiants
in Japan. J Expo Anal Environ Epidemigl, 2(2)177-193

Furat P, Farst CHR, & Wilmers K (1992) Survey of dairy products far PCDD's, PCO's, PCR's
and HCB. Chemosphere, 25(7-10): 1039-1048.

Furst P, Fiirst C, & Wilmers K (1894) Human milk as a bisindicator for body burden of PCDDs,
PCDFs, organochlorine pesticides, and PCBs. Environ Health Perspect, 102 (Suppl 1} 187-153,

Galassi S & Pravini A {1981) Chicrinated pesticides and PCE contenls of the two main tributaries
into the Adriatic Sea Sci Tolal Enviren, 17 51-57,

Gartrell MJ, Craun JC, Podrebarac D5, & Gunderson EL (1886) Pesticides, selected elements,
and other chemicals in adull total disl samples. QOctober 1980-March 1882, 1 Assoc Off Anal
Chemn, §8{1} 146161,

Geike F & Parasher CD {(1976a} Effact of hexachlarcbenzene on same grawth paramelers ol
Chioreifa pyrencidesa. Bull Environ Contam Toxical, 15 670-677.

Geike F & Parasher CD {1976b) Effect of hexachicrobenzene (HCB) on growth of Telrahymens
pyriformis. Bull Environ Contam Toxical, 16: 347-354,

Gilbertson M {1979} Hexachlorobenzene (HCB} in Canada. Oftawa, Ontario, Environmant
Canada, Environmental Pratection Service (Unpublished raport).

Gobas FAPC, Bedard DC, Cibarowski JJH. & Haffner GD (1989) Binaccumulation of chlorinated
hydrocarbons by mayfly (Hexagenia limbata} in Lake S1. Clair J Great Lakes Res, 15 581-388.

Gobas FAPC, McNel EJ, Lovett-Doust L, & Haflner GD (1%91) Binconcentration of chlornated
aromatic hydrocarbons in aguatic macrophyles. Environ Sci Technol, 25: 924-929.

Gocmen A, Peters HA. Cripps OJ, Bryan GT, & Morris CR (1988) Hexachlorabenzene episode
in Turkey. Bromed Environ Sci. 2: 36-43.

Goerz 3. Bolsen K, Kalofouhs A, & Tsambaas D (1994} Influence of oral isotrenton on hepatic
ard cutanaous P-450-dependent isozyme activitins. Arch Dermato! Res, 286: 104-106

Goldey ES & Taylor DH (1992} Developmantal neurotoxicity following premating malernal
exposure o hexachlorobenzene in rats. Neuratoxico! Teralol, 14 15-21.

18



References

Goldey ES, Fisher JW, & Taylor OH {1990 Maternal transfer of hexachlorcbenzene in the rat.
Neouratexicol Teratol, 12: 5862-563

Goldstein JA, Friesen M, Scotti TM, Hickman P, Hass JR, & Bergman H (1878) Assessment of
the contribulion of chlorinated dibenza-p-dioxing and dibenzofurans io hexachlorshenzene-
induced toxicity, parphyria, changes in mixed function axygenases. and histopathological
changes. Toxical Appl Pharmacol. 46; 633-649

Gomez-Catalan J, Planas J, To-Figueras J, Camps M, & Corbella J {1993} Organachlorine
pesticide residues in the population of Calalonia [Spain). Bull Enviren Contam Toxical, 51 160-
164.

Sémez-Catalan J, Lezaun M. To-Figuaras J. & Corbella J {19595} Organochlorine residues in Llhe
adipose tissue of lhe population of Navarra {Spain]. Bull Environ Contam Texicol, 54: 534-540.

Gopalaswamy UV & Aiyar AS (1886) Bigtransformation and taxacity of lindane and its metabolile
hexachigrobgnzene in mammals In- Morns CR & Cabral JEP ed. Hexachlorobenzene:
Proceedings of an Intemational Sympasum. Lyon. Infernational Agency for Research on Cancer,
pp 267-278 (LARC Scienlific Publications No. 77).

Gopalaswamy UV & Mair CKK {1992} DNA binding and mutagenicily of hndane and its
metabolites. Bull Enviren Conlam Toxicol. 49; 300-305.

Gorski T, Garska E, Gorecka D, & Sikera M {1986} Hexachlorobenzene s non-genoloxic n
short-term tests. In: Morris CR & Cabral JRP ed. Hexachlorabenzene: Proceedings of an
Intemnational Symposium, Lyon, [nternational Agency for Research an Cancer, pp 399-401 (1ARC
Scientific Publications No. 77}

Government of Canada (1993) Canadian Environmantal Pratection Act priarity substances list
assessment raport: Hexachiorebenzene. Oltawa. Onlario. Environment Canada, Heaalth and
Wellare Canada. 52 pp.

Gralla EJ, Fleschman RW . Luthra YK, Hagopian M, Baker JR. Esber H, & Marcus W {1977)
Toxic effects of hexachiarabenzenea aftar daly administraton to beagie dogs for one year.
Toxicol Appl Fharmacel, 40 227-23%.

Grant DL, [versan F, Hauna GV, & Villeneuve DC {1974) Effects of hexachlorabanzena on tiver
porphyrin levels and micrasomal enzymes in the rat. Enviran Physiol Bicchem, 4: 159-165.

Crant DL, Shields JB, & Villanauve OC {1975) Chemical (HCB) porphyria: effact of removal of
sex organs in the rat. Bull Environ Contam Toxicol, 14: 422-425,

Granl DL, Philips WEJ, & Hatina GV (1977} Effect of hexachlorabenzene on repradustion in ihe
ral. Arch Environ Cantam Taxicol, 5. 207-216.

Green Ja, Francis JE. Woll CR. Manscn MM, & Smith AG [1989) Sexual dimarphism of
cytochrame P-45Q induction by hexachlorobenzene in rats Biachem Soc Trans, 17: 1016-1017,

Greve PA & Van Zoonen P (15990} Organcchlorine pesticides and PCB's in tissues frgm Dutch
citizerns (1963-1936} Int J Environ Anal Chem, 38: Z659-277

Griffin RA & Chou SFJ {1231} Movement of PCB's and ather persisient compounds thraugh soil,
Water Sci Techneol, 13 1153-1163

119



EHC 195: Hexachlorobenzene

Grimalt JO, Gomez-Belinchon JI, Llop R, & Albaiges J (1988) Waler-phase distnbution of
hexachlorabenzene in 8 delldic enviroamenl {(Ebre Delta, Western Meditarransan).
Chemosphere, 17: 1883-1903.

Grimalt JO, Sunyer J, Moreno V, Amaral OC, Sala M. Rasell A, Anto JM. & Albaiges J {1994)
Risk excess of soft-lissue and thyroid cancers in a community exposed to airborne
organachlorinated compound mixtures with a high hexachlorobenzene content. int J Cancer, 56:
200-203.

Guerzoni ME, Del Cupala L, & Ponti | (1976) [Mutagenic aclivity af pesticides.] Riv Sci Tech Alim
Mutr Um, 6. 161-165 (in 1talian, with English summary].

Hagenmaier H, She J, & Lindig C {1992} Persistence of polychlarinated dibenzo-p-dioxing and
polychlorinaled dibenzofurans in contaminated soil at Maulach and Rasiatt in southwest
Germany, Chemosphere, 25{7/10); 1443-1456.

Hahn ME, Gasiewicz TA. Linko P. & Goldstein JA (1988) The role of the Ah locus in
hexachlorobenzene-induced porphyria Biochem J, 254: 245-264

Hahn ME, Goldstein JA. Linko P, & Gasiewicz TA (1988} Interaction of hexachlarobenzens with
the receplor Tor 2,3,7 B-tetrachlorodibenzo-p-digxin i vilre and in vive. Arch Bigchem Biophys,
270(1); 344-355

Hansen LG, Dorn SB. Sundlof SM, & Vogel RS (1978) Toxicily, accumulation and depletion of
hexachlorobenzene in laying chickens ) Agric Food Chem, 26: 1369-1374

Hansen LG, Teske RH, Sundlo! SM. & Simon J {1979} Hexachlorobenzene and feline
repraduction: effects of ground pork contaminated by dietary exposure of spiked with purified
HCB. Vet Hum Toxicol, 21: 248-253.

Hansaen PD. Von Westernhagen H, & Rasenthal H {1985} Chlorinaled hydrocarbons and
hatching success n Baltic herring spring spawnars. Mar Environ Res, 15: 55.76.

Hargrave BT, Wass WP, Encksan PE, & Fowler BR {1989) Distnbution of chlarinaled hydrocarbon
pesiicides and PCBs in the Arctic Ocean. Dartmouth, NS, Department of Fisheries anc Qceans,
224 pp (Canadian Technical Report of Fisheries and Aquatic Sciences No. 1644),

Harper DJ, Ridgaway IM. & Leatherland Th (1992} Concentrations of hexachlorobenzene,
trichlorobenzenes and chloraform in the waters of the Forlh Estoary, Scotland Mar Follo Bull,
24(5). 244-242.

Haworth S, Lawlor T, Morlelmans ¥, Speck W, & Zeiger E {1983) Salmonelz mulagenicity lest
results for 250 chemicals. Enviran Mulagen, 1(Supply 3-142.

Health Canada {1994) Canadian Environmentat Protection Act: Human health risk assessment
for privrily substances. Otlawa, Ontario, Minister of Supply and Services.

Heidmann Wa (1886) Hexachlorobenzene residues in selected species of lanc and sea birds in
northern Germany in: Morris CR & Cabral JRP ed. Hexachlorobenzene. Progeedings of an
International Sympesivm. Lyon, Infernational Agency tor Research on Cancer, pp 223-229 (|ARC
Scienlific Pubhcations No. 77}

Heikes DL (1980) Residues of pentachlaronitrobenzene and relaled compounds in peanul butter,
Bull Environ Contam Toxicol, 24: 338-343.

120



References

Heldaas 55, Langard 5, & Andersen A (1989) Incidence of cancer in a cohort of magnesium
produciion workers. BrJ Ind Med, 46: 617623,

Hendriks AJ, Ma W-C. Brouns JJ. De Ruiter-Dijkman EM. & Gast R {1995) Modelling and
menitoring organechlorine and heavy metal accumulation in sails. earthworms, and shrews in
Rhine-Delia floadplains Arch Environ Contam Toxicol, 29: 115-127.

HerrenFreund SL & Pereira MA (1986} Carcinogenicity of by-preducts of disinfection in mouse
and rat livar. Environ Health Perspect, 89; 58-65.

Hill EF, Heath RG, Spann JW, & Williams JD (1975) Lethai dietary toxicilies of environmentai
poliutants to birds. Washingten, DC, US Depariment of Interior, Fish and Wildlife Service (Special
Scientific Repart — Wildlife No. 191).

Hippelein M, Kaupp H, Do G, & Mclachfan MS {1993} Testing of a sampling system and
analytical method for determination of semivelalile organic compounds in ambient air
Chemosphere, 28: 2255-2263.

Hoff RM, Muir DCIG, & Grift NP {1982} Annval cycle of polychlannated hiphenyls and
organohalogen pesticides in air tn southern Ontario® 1. Air concentration data. Environ Sci
Technol, 26(2) 266-275.

Holoubek I, Caslavsky J, Vancura R, Kocan A, Chovancova J. Petrik J. Drobna B, Cudlin P, &
Triska J (1894) Project Tocoen: The fale of selecled organic pollutanls in the environment - Part
XXIV. The contant of PCBs and PCDDs/Fs in high-mountain soils. Toxicol Environ Chem, 45:
188-197.

Howard PH, Boethling RS, Jarvis WF, Meylan WM, & Michalenko EM (1981) In: Taup Hed.
Handbook of envirenmental degradation rates. Chelsea, Michigan, Lewis Publishers,

IARC (1979} Haxachlorobenzene. In: Some halogenated hydrocarbons. Lyon, Internaticnal
Agency for Ressarch on Cancer, pp 155-178 (IARC Monogragphs on ihe Evalualion of the
Carcinogenfc Risk of Chemigals to Human, VYolume 20).

JARC {1887) Hexachlorobenzene. In: Overall evalialions of carcinogenicity. An updating of IARC
monographs, volumes 1 to 42 Lyon, Imternalional Agenci for Research on Cancer, pp 218-220
{{ARC Monograph on the Evaluation of the Carcinogenic Risk of Chemicals 10 Humans,
Supplement 7).

latropaulos MJ, Hobsan W, Knauf ¥, & Adams HP (1976) Morphological effects of
hexachlorobenzene foxicity in female rhesus monkeys. Toxicol Appl Pharmacol, 37 433-444

1JC (Internationat Joint Commission} {1988) In: Rathke DR & McRae G ed. Great Lakes
surveillance: 1987 report an Great Lakes water quality. Report to the International Joint
Commissian, Windsor, Ontario,

tkemota Y, Motaba K. Suzuki T, & Uchida M {19982} Quantitative struclure-activity relationships
of nonspecific and specific toxicants in several organism species Environ Toxicol Chem, 11;
631-939.

ingebritsen K (1986) Comparative studies an the distribution and excretion of “C-
hexachlorabhenzene by whole-bady autoradiagraphy. in Mords CR & Cabral JRP ed
Hexachlorobanzens: Proceedings of an International Symposium. Lyon, Inlernational Agenoy
far Research on Cancer, pp 277-285 (lARC Scientific Publications Na. 77}

121



EHC 195: Hexachlorabenzene

Ingebritsen K, Skaare JU. Nafstad I. & Forde M (1881) Studies on the bikiary excretion and
matabolites of hexachinrabenzena in Lhe rat. Xenabiotica, 14: 785-800

Innes D, Muncaster B, Lazar R, Haffner D, & Hebert P {1988) Moniloring of organic contamiranis
using freshwater mussels. Proceedings of the Environmenial Research Technology Transfer
Conference. 30 Navember-1 December 1987 - Part B: Water quality research. Toronto, Cntario,
Environment Ontario.

IPCS (1994) Enviranmentai health crileria 170. Assessing human health risks of chemicals' The
derivalion of guidance values far health-based exposure limits. Geneva, World Health
Organization, International Programme on Chemical Safety.

IRPTC {1993 IRPTC lepal file. Geneva, United Malions Environment Programme, Internationat
Register of Fotentially Toxic Chemicals.

Ishidate M Jr {1988) Data book of chromosomal aberration lest /1 vitre. Amsterdam, New Yark,
Oxford, Elsavier Science Publishers.

lacoff FS, Scarberry R, & Rosa D [1936) Source assessment of hexachlorobanzene from the
organic chemical manufacturing industry. In: Morris CR & Cabral JRP ed. Haxachlorobenzene:
Proceedings of an International Symposium, Lyon, International Agency for Research on Cancer,
pp 31-37 (IARC Scientific Publications Ne 77). 31-37.

Jaffe R & Hites RA (1986} Anthropogenic, poly halogenated. organic compounds in non-migraiory
fish from the Niagara River area and tributaries to Lake Qntario. J Great Lakes Res, 12: 63-71,

Jansson B & Bergman A (1978) Sulfur-conlaining derivatives of hexachlorobenzene (HCB) -
metabolites in the rat. Chemosphere, 3: 257-268,

Jansson B, Andarsson R, Asplund L, Litzen K, Mylund K, Seilstram U, Uvemo U-B, Wahlberg €.
Widagvist LI, Odsjé T, & Olsson M (1993) Chlorinaled and brominaled persisient organic
compounds in biological samples from the environment. Environ Toxical Chem, 12° 1163-1174

Jarrell JF, McMahon &, Villeneuve D, Franklin G, Singh A, Valli VE, & Bartiett § {1993a)
Hexachlorobanzene loxicity in the monkey primartdial germn cell without induced porphyria.
Raprod Toxicol, T 41-47.

Jarrell JF. Villensuve D, Franklin €. Barllett 5. Wnxon W, Kohul J. & Zouves CG  (1993b}
Contamination of human ovanan follicular tluid and serum by chlorinated erganic compounds in
three Canadian cities. Can Med Assoc J, 148(8) 1321-1327.

Jemaa Z, Sabbah S, Driss MR, & Bouguerra ML {1986) Hexachlorobenzene n Tunisian mothers'
milk, cord blood and foodstuffs, In; Moris CR & Cabral JRP ed Hexachlorobenzane:
Proceadings of an International Sympasium. Lyon. Internationat Agency for Research on
Cancer, pp 139-142 (1ARC Scientific Publications No. 77}

Johansen HR, Bacher G, Polder A, & Skaare JU {1994) Congener-specific determination of
polychlorinaled biphenyls and organcchloring pesticides in human milk fram Norwegian mothers
living in Oslo, J Toxicol Enviren Health, 42 157171

Kaminsky R. Kaiser KLE, & Hiles RA (1983) Fales ol organic compounds from Niagara Fais
dumpsites in Lake Onlario. J Greal Lakes Res, 8 183-184.

Kan CA & Tuinstra LGM {1976) Accumulation and excretion of certain organochlonde
inseclicides in brailer breeder hens. ! Agric Food Chem, 24: 775-778.

122



References

Kan-Do Qffice & Paslicides Team (1985) Accumulated pesticide and industrial chemical findings
from a ten-year sludy of ready-lo-eal foods. } Assac Off Anal Chem, 78(3). 614-631.

Kannan ¥, Tanaba 5. Rameash A Subramanian A, & Tatsukawa R [(1992a) Persistend
prganachlorine residues in foadstuffs from India and their implications on human dietary
exposure, J Agne Food Chem, 40 S18-524.

Kannan K. Tanabe 5, Hoang Trang Quynb, Nguyen Duc Hue, & Tatsukawa R (1992b) Residue
patlern and dielary intake of persistent organochlorine compaunds in foodstulfs from Vietnam.
Arch Environ Contarn Toxicol, 22: 367-374

Kannan K. Falandysz J, Tanabe S. & Tatsukawa R {19383) Persistent arganochiorines in Harbour
Porpoises from Puck Bay. Paland. Mar Poliut Bull, 26(3): 162-165.

Kannan K, Tanabe S, Williarms RJ, & Talsukawa R {1994} Parsislant organachlionne residues
in foadstuffs from Australia, Papua New Guinea and the Soloman Islands: conlamination levels
and human dietary exposure. Sci Total Environ. 153 29-49

Kashimolo T, Takayama K, Mimura M, Miyata H, Murakami v, & Matsumato H {1989) PCDDs,
FCDFs, PCBs, coplanar PCBs and orpanachlorinated peslicides in human adipose tissue in
Japan. Chemosphere, 18{1/6): 821-826.

Kasokat T, Magel R, & Urich K (1989) Metabolism of cnlarobenzene and hexachloraobenzene ty
tha zebra figsh, Brachydario rerm. Bull Enviran Contam Toxicol, 42 254-261.

Kauss PB & Hamdy ¥5 {1955) Biological monitering of erganochlerine contaminants in the 5t
Clair and Detroit Rivars using inlroduced clams, Eiipie complanalus. J Great Lakes Res, 11.
247-263.

Kelly 85 & Campbell A (1994] Organochlorine cordaminants in liver of cod {Gadus marhua} and
miuscle of herring (Clugea harengus) from Scottish waters Mar Pollut Bull, 28(2). 102-1048.

Kemper FH {1993) Human organ specimen banking-15 years of experience. Sci Tatal Enviran,
138140, 13-25

Kennedy SW & Wiglield DC {1990} Dose-response relalionships in hexachlorobenzene-induced
parphyria. Biocham Pharmacol. 40: 1381-1388

Kennedy SW, Wwfisld DC, & Fox GA (1986) The delay in polyhalbgenated aromatic
hydrecarbon-induced porphyria: mechanisks realily or methadolagical artefact™ Toxicol Lett, 34
235-241

kessabi M, Elnraiki A, & Wader B {1988) Contamination of urban, ndustnal and contingntal
waters by chlorinated hydrocarben peslicides aiong Ihe Mediterranean coast of Morgcce Sci
Total Environ, 71 208-214

Kessabi M, Abdennety E. Largje R, & Lhafi A (1390) Contaminalion of egys, poultry hver and
bavine liver and kidney by chlonnaled pesticides in Marocco Scoi Total Environ. 80 233-237

Knera KS (1974) Teralogenicity and dominant lethal studies on hexachlorobenzene in rals. Food
Cosmet Toxicol. 12: 471-477

Killkichs S0, ¥amarianos AP, & Karamanlis XN {1992) Seasonal flucluations of organochiorine

compounds in the water of 1he Strimon River (N, Greece} Bull Environ Contam Taoxicol, 48 375-
380.

123



EHC 185: Hexachlorobenzene

Kilzer L, Scheunerl |, Geyer H, Klein W, & Korle F [1979) Laberatary screening of the
volatilizalion rales of organic chemicals from water and sgil. Chemospbere, $0 751-761.

Kimbrgugh RD & Linder RE (1974) The toxicily of technical hexachlorobenzene in the Sherman
rat sirain. A praliminary study. Res Commun Chem Pathol Pharmacal, 8. 653-664.

King L & Sherbin G {19886) Point sources of toxic vrganics to Ihe upper St. Clair River. Water
Polll Res J Can, 21: 433-444,

Kitchin KT & Brown JL (1989} Binchemical studies of promoters of carginogenesis in ral livers.
Teralog Carcinog Mutagen, 9: 273-285.

Kitchin KT, Linder RE, Scotti TM, Walsh D, Curlay AQ, & Svendsgaard D (1982) Offspring
mortality and maternal lung pathology in female rats fad hexachlgrabenzene. Toxicology. 23. 33-
38,

Kleiman de Pisarev DL, Sancovich HA, & Ferramela de Sancovich AM (1989) Enhanced
lhyraxine metabolism in hexachlorabenzene-intoxicated rats. J Endocringl Invest, 12: 767-772.

Klgiman de Pisarev DL, Del Carmen Rios de Mohna M, & San Marlin de Viale LC (1980} Thyroid
fungtion and thyroxine metabolism in bexachlorobenzene-induced porphyria. Biochem
Pharmacol,, 39: 817-825.

Knezovich JP & Harrison FL {1938) The bhioavailability of sediment-sorbed chlorobenzenas lo
larvae of the midge, Chironomus decorus Ecotoxicot Environ Saf, 15; 226-241

Kocan A, Petrik J, Drabna G, & Chovancova J {1994) Levels of PCBs and soma organochlaring
pesticides in lhe human population of selected areas cof the Slovak Repubiic | Blaod,
Chemosphere, 29(3/11). 2315-2325.

Kodric-Smit M. Emi Z. & Clie K (1880} Organachlonne conlaminants in human milk from
Slaveonia Province, Yugoslavia, 1978 Pestic Monit J, 14; 1-2.

Koeman JH, Ten Noever de Brauw MC & De Vas RH (196%) Chlorinated biphenyls in fish,
mussels and birds from the river Rhing and the Matherlands coaslal area. Nature {Lond}, 221
1126-1124.

Kohler A, Harms U, & Lukas B {19B6) Agcumulalion af erganochlarines and mercury in floundar -
an approach to pollution assessmenls. Helgol Mearesunlers 40 431-440

Koizumi A {1891} Experimenial evidence for the possible exposure of warkers to
hexachlgrobenzene by skin contamination, BrJ Ind Mad, 48: 622-628

Kasian P, Lemke A, Studders K, & Veith G [1951) The precision of lhe ASTM bioconcentration
test. Culuth, Minnesola, US Environmental Protection Agency, Environmental Besearch
Lakboratory & Superior, Wisconsin, Unjversity of Wisconsin-Superior, Center for Lake Superior
Enviranmenial Studies, 24 pp [EPA 600/3-81/022).

Koss G & Koransky W (1975) Studies on the toxicology of hexachlorobenzane: |
FPharmacokinelics. Arch Toxicol, 34 203-212

Koss G & Koransky W {1878) Siudies on the tloxicology of hexachlorobenzene. 11, Identification
and determinalion of metabolites Arch Toxicol, 35 107-114.

124



References

Koss G & Koransky W {1378) Pentachlorophenol in different species of verlebrates afler
administration of hexachlorobenzene and pentachlorobenzene. In: Ranga Rao K ed.
Pentachlorophanal. New York, London, Plenum Press, pp 131137,

Koss G & Manz D {1976) Residues of hexachlorobenzene in wild mammals of Gemany. Bull
Environ Contam Texicol, 15; 188-191.

Koss G, Stk JJTWA, & Kan CA {1978) Melabolites of hexachlorobenzene in the excrata of
different animal species. Excerpta Med int Congress, 440: 211-212,

Krauthacker 8 (1993} Organochioring pesticides and polychlorinated biphenyls {(PCBs) in human
serum collected from the general population from Zagreb (1985-1990}). Bull Environ Contam
Taxicol, 500 B-11.

«rishnan K, Bredeur J. & Charhonneau M (1991} Dsvelopiment af an experimental madel for the
study of hexachlorabenzene-induced hepalic parphyria in the rat, Toxicol Appl Pharmaco, 17
433-441.

Krishnan K, Brodeur J, Piaa GL, & Charbonneau M {1952) Modulation of hexachlorobenzsne-
inducad hepatic porphyria by methyl isobutyl ketone in the rat. Toxicol Lell, 61: 167-174,

Kuehi OW & Bulterworth B (1894} A nalicnal study of chemical residues in fish: lil. Sludy results.
Chemasphere, 29{3). 523-535.

Kuehl DW, Lecnard EN, Butlerworih BC, & Johnson KL [1983) Polychlorinated chemical residues
in fish from major watersheds near the Great Lakes, 1979. Environ Int, 9 293-299

Kuhnlein HY, Receveur O, Muir DCG, Chan HM. & Soueida R {1995} Arclic indigenous women
consume greater than acceptabls levels of organochlorines. J Nulr, 125: 2501-2510.

Kuiper-Goodman T, Grant DL. Moodle CA, Korsrud GO, & Munro 1S {1977) Subacute taxicity of
hexachlorobenzene in the ral. Taxicol Appl Pharmaco), 40: 525-540

Kuroda Y (1986) Genetic and chemical factors affecting chemical mutagenesis in cultured
mammalian cells. In: Antimutagenesis and anticarcinogenasis mechanisms. New York, Londan,
Flenum Press, pp 359-375.

Lambrecht RW, Erturk E, Grunden EE, Haadley DB, Peters HA, Morris CR, & Bryan GT {1932a)
Renal tgxicity and tumarigenicity of haxachlorobenzene (HCE) in rats {R]. Proc Am Assoc
Cancer Res, 23: 54 {Abstraci).

Lambrechl RW, Erturk €. Grunden E, Headiey DB. Morris CR, Peters HA, & Bryan GT {1932b)
Hepatotoxicity and tumarigenicily of hexachlorobenzene (HCB}) in Syran golden hamsters (H)
after subchronic administration. Fed Prog, 41: 329 (Absiracl).

Lambrecht RW, Ertiirk E, Grunden EE. Pelers HA. Morris CR, & Bryan GT (1983a)
Hepatacarcinogenicity of chronically adminisiered hexachlorobenzene in rats. Fed Prac, 42: 786
(Absiract).

Lambrecht RW. Ertirk E, Grunden EE. Peters HA, Moris CR, & Bryan GT (1983b) Renal tumors
in rats chronically exposed ta hexachlorohenzene (HCB). Proc Am Assoc Cancer Res, 24 59
(Absiract).

Lambrecht RW, Sinclair PR, Bement WJ, Sinclair JF, Carpenter HM, Buhler DR, tlrquhart A,
& Elder GH {1988) Hepatic urpporphyrin accumulalion and uraporphyrinogen decarboxylase

125



EHC 195: Hexachlorobenzene

aclivity in cultured chick-embryo hepatacytes and in Japanese quail {Colurnix columix japonica)
and mice treatad with polyhalogenated aromalic hydrocarbens. Biochem J, 253: 131-138

Lamparski LL, Langhorst ML, Nestrick TJ, & Cutie § (1980} Gas-liquid chromatagraphic
determination of chinrinated benzenes and phenols in selecled biolagical matrices. J Assac OHf
Anal Chem, B3(1): 27-32.

Landium PF (1989) Bioavailability and 1oxicokinetics of polycyclic aromatic hydrosarbons sarbed
to sediment for the amphipod Panioperefa hoyi. Environ Sci Technol 23: 588-595.

Lane DA, Schreedar WH, & Johnson ND (1992a) On the spatial and tempaoral variations in
atmaspheric concentrations of hexachicrobenzene and hexachlorocyclobexane isomers at
several locafions in the province of Cntario, Canada. Almos Environ, 26A: 31-42.

Lane DA, Jahnson ND, Hantey MJJ, Schroeder WH, & Crd DT (1992b) Gas- and panicle-phase
concentrations of a-hexachlorocyclohexane, y-hexachlorocyclohexane, and hexachlorobenzens
in Ontario air. Enviran Sci Technol, 26° 126-1233.

Langharsi ML & Nestrick TJ (1879) Determination of chiorobenzenes in air and bicloyical
samples by gas chromatography with photoionizatian detectian. Apal Chem, $1(12). 2018-202%.

Larsen BR, Turric-Baldassarri L, Nilsson T, lacovella N, Di Domenico A, Mantagna M, &
Facchetti 5 {1994} Toxic PCB congeners and organochlarine peslicides in Italian human ik,
Ecoloxicel Environ Saf, 28 1-13.

Laseter JL, Bartel! CK, Laska AL, Holmguist DG, Condie DB, Brown JW, & Evans RL (1976) An
ecological sludy of hexachlorohenzene (HCB). New Qrleans, University of New Crleans,
Dapartment of Biclogical Sciences (Prepared for the US Environmental Pratection Agency. Office
of Toxic Substances, Washinglon} (EPA S60/6-76-002}

Laska AL, Barell €, & Lasater JL (1876) Distribution of hexachlorobenzens and
hexachiorobuladiene in water, so1l, and selcted aquatic organisms along the lower Mississippi
River, Louisiana. Bull Envirgn Contam Toxicol, 15; 535-542,

Leger DA {1991) Envircnmental concenlralions af hexachlorobenzene in Atlariic Canadz,
Mancion, New Brunswick, Envirenment Canada. Inland Waters Directorala,

Laoni ¥ & D'Arca SU {1976) Experimental data and crtical review of the occurrence of
hexachlorobenzene in the ltalian environment. 5¢i Total Environ, 5: 253-272.

Lewis RJ (1882} Sax's dangerous properties of industrial materials, 8th ed. New Yerk, Van
Nostrand Reinhold Company,

Lewis RG & Macleod KE {1882) Portable sampler for pesticides and semivalatite industrial
organic chemicals in 3ir. Anal Chem, 54: 310-315

Ligocki MP. Leuenberger C, & Pankow JF {1985) Trace organic campaunds in rain: 1. Gas
scavenging ot neutral organic compounds. Atmos Environ, 18; 1609-1617.

Lilenttal H. Benthe C, Heinzow B, & Winneke G {1996) Impairmant of schedule-contralled
behavior by pre- and paslnatal exposure io hexachlorobenzene in rats. Arch Taxicol, 70: 174-
181,

Linko P, Yeowell HN, Gasiewicz TA. & Goldstein JA (1986) Induction of cytochrome P-450

isozymes by hexachlorobenzene n rais and aromatic hydrocarbon (Ah)-responsive mice. |
Biochem Toxicol, 1: 95-107.

126



References

Leose LD (1862} Macrophage induction of T-suppressor cells in pesticide-exposed ard
protozoan-infected mice. Environ Health Perspect, 43, 89-97.

Loose LD, Silkwerth JEB, Charbonneau T, & Blumenslock F {1981) Environmenial chemical-
induced macrophage dyslunction. Environ Health Perspecl, 3%, 79-92.

Lopez-Avila V, Norhcult R, Onslol J, Wickham M, & Billets S {1982) Determination of 51 priority
grganic compounds after extraction from standard reference materials Anal Chem, 55(8). BS1.
859.

Lu P & Metcalf RL (1975} Environmental fate and biodegradability of benzene danvativas as
studied in a model ecosystem. Environ Health Perspect, 10: 269-284,

Ludwicki JK & Goéraluzyk K (1994} Organcchlorine pesticides and PCBs in human adipose
tissues in Paland. Bull Enviran Cantam Toxicol, 52: 400-403.

Lunde G & Bjarseih A& (1977) Human bload samples as indicators of accupational exposure lo
persistent chlorinated hydrocarbons. Sci Total Enviran, 8(3); 241-246.

Lunde G & Ofstad EB (1976} Delermination of fal-soluble chorinated compounds in fish. Z Anal
Chem, 282: 385-3990.

MoCarty LS, MACKAY D, Smith AD, Czburn GW, & Dixon DG (1992a) Residue-based
interpratation of toxicity and biocongentration d5ARs from aqualic bioassays Meutral narcolic
arganics. Environ Toxicol Chem, 11: $17-330

McCary LS. Ozburn GW, Smith AD. & Dixon DG (1852h) Toxicokinelic modealing of mixtures of
arganic chemicals, Environ Toxicol Chem, 11: 1037-1047.

Mack GA & Stanley J {1985) The national human adipose hssue survey. Washington, DC. US
Ervironmental Prolection Agency, Qffice of Pesticides and Toxic Subsiances (Reporl No.
NHATS-ST-01)

Mackay O, Shio WY, & Ma KC (1952) lllustrated handbook of physical-chemical properties and
envirenmental fate for crganic chemicals - “Volume |- Moncaromalic hydrocarbons,
chlgrobenzenes, and PGCBs. Chelsea, Michigan, Lewis Publishers.

MclLeese OW & Metcalfe CD (19503 Toxicities of gight organochlorine compounds in sedimant
and seawater to Crangon septemspinasa. Bull Enviren Conlam Toxicol, 25: 921-928

MAFF (Ministry of Agriculture. Fisheries and Food) (1892) Report of the warking party on
pesticide residues: 1988-1990. London, Her Majesty's Stationery Office (Food Surveillance Paper
No. 34).

MAFF/HSE {Minislry of Agriculiure. Fisheries and Food/Health and Safety Exacutive) (1894)
Report of the warking party on pesticide residues, 1993 - Supplement to the pesticides register,
London, Her Majesty's Stationery Cffice.

Mansour M. Scheunert |, Viswanalhan R, & Korle F (1286) Assessment of the persistence of
hexachlgrobenzeng in the ecosphere. In: Morris CR & Cabral JRF ed, Hexachlorobenzene:
Praceedings of an Internatonal Sympesium. Lyon.  Inlernalional Agency for Research on
Cancar, pp 53-59 {1ARC Scentific Publcations No. 773,

Marlow DA {1986} Hexachlorobenzens exposure in lhe sroduction of chlarophenols. In: Morris

CR & Cabral JRP ed. Hexachlorobenzene: Proceedings of an International Symposium, Lyon,
International Agency for Research an Cancer. pp 161-169 [|ARC Scientific Publications No, 771

127



EHC 195: Hexachlorobenzene

Mehendale HM, Fields M, & Matthews HB (1975) Matabolism and effects of hexachiorobenzane
on hapatic microsomal enzymes in ihe rat. J Agric Food Chem, 23: 261-265.

Mendoza CE. Grant OL, & Shiglds JB {1975) Body burden of hexachlorabenzene in suckling rals
and its effects on varous crgans and on liver porphyrin accumulation. Environ Physial Biochem,
§: 460-464

Mendoza GE. Collins B, Shields JB, & Laver GW {1977) Hexachlorabenzene residues and
effects on esterase achvities in pre-weanling rats after a reciprocal transfer between HCB-1reated
and control dams. Arch Toxicol, 38: 181-199.

Mendoza CE. Collins BT, Shields JB, & Laver GW (1978) Effects of hexachlorobanzene ar
hexabromobenzene on body and organ weights of preweanling rats after a rec:procal transfer
netween the treated and ¢onirol dams. J Agric Food Chem, 26: 941-045,

Mendoza CE, Shields JB, & Laver GW (1979) Comparisan of the porphyrinogenic activily of
hexabromobenzene and hexachlorabenzene in primiparous Wistar rats Bull Envirgn Cortam
Toxicol, 21: 358-364.

Mes J {19903 Trends in the lavels of some chlonnated hydrocarbon residues in adipose tissue
of Canadians. Environ Pollut, 65: 269-278.

Mes J (1992) Organochlorine residues in human blood and biopsy fat and their ralationship. Bull
Environ Contam Toxicol, 48; 815-820.

Mes J & Davies DJ (1979) Fresance of polychiprinated bipheny!l and argancchlorine pesticide
residues and the absence of polychlorinated terphenyls in Canadian human mik samples. Buli
Environ Contam Toxicol, 21: 381-347,

Mes J & Malcolm § {1982} Companson of chlorinated hydrocarbon residues in human
populations from the Great Lakes and other regions of Canada. Chemosphere, 25(3): 417424,

Mes J, Campbell DS, Robinsgn RN. & Davies DJA {1877} Polychlorinated biphenyl and
organochlorine pesticide residues in adipose tissue of Canadians - 1977. Bull Enviran Conlam
Toxicol, 17: 196-203.

Mes J. Davies DJ, & Turlon [ {1882) Polychlorinated biphenyl and other chlorinated hydrocarbon
residues in adipose tissue of Canadians. Bull Environ Contam Toxigol 28 97-104,

Mes J. Davies DJ, Turton D, & Sun W-F (1986} Levels and trends of chlgrinated hydracarbon
conlaminants i the breast milk of Ganadian women Food Addit Conlam, 3 313-322

Mes J. Macchand L, & Davies DJ {1950} Qrganochlorine residues n acipcse tissue of
Canadians. Bull Environ Gontam Toxical, 45: 681-688.

Mes J. Davies DJ, Doucel J, Weber D, & McMullen E (1993) Levels of chlorinated hydrocarbon
residues in Canadian human breast milk and their relationship 1o some charactenstcs af the
donors. Food Addil Contam, 19(4): 428-441.

Mill T & Haag W {1986) The envircnmental fate of hexachlorobenzene. In: Morris CR & Cabral
JRP ed Hexachlorobenzens: Proceadings of an International Sympasium. Lyan, International
Agency for Research on Cancer. pp 81-66 (JARC Sciantific Publications No. 77).

Moksnes MT & Morheim G (1586) Levels of chiorinated hydrocarbons and compaosition ol FCB

in herring gull Larus argentatus eggs collected in Norway in 1969 compared to 1878-21, Environ
Pollut, 11: 108-116.

128



References

Mollenhauer HH. Johnson JH, Younger RL, & Clark DE (1875) Uitrastructural changes in liver
af lhe rat fed hexachlorobenzene, Am J Vet Res, 36: 1777-17B1.

Mallenhauer HH, Johnstan JH, Younger RL, & Clark DE {1976) A unique intrageliular aberration
related to hexachlorobenzenea ingestion. Am J Vel Res, 37: 847.850.

Morita M. Mimura 5, & Yagyu H {1975} A systematic determination of chlorinated benzenes in
human adipose tissue. Environ Pollot, 9: 175-1785.

Morley A, Geary D. & Harben F {1973) Hexachlorcbenzenas pesticides and parphyria. Med J
Aust, 1: 565,

Morosini M, Schrettmiller J, Reuter U, & Ballschmilgr K {1993) Correlation between C-6/C-14
chlornated hydrocarbons levels in the vegetation and in the boundary layer of the troposphere.
Environ Sci Technol, 27: 1517-1623,

Muir DCG, Wagemann R, Grill NP, Narsirom RJ, Simon M, & Lien J (1988) Organochloring
chemical and heavy mefal centaminants in white-beaked dolphins (Lagenorfiynchus aibirostris)
and pilol whales (Globicephala mefaena} from the coast of Newfoundland, Canada. Arch Enviran
GContam Toxioal, 17: 613-629.

Muir DCG, Grift NP, Lockhart WL, Wilkinson P, Bilieck BN, & Brunskill GJ (1995) Spatial trands
and histerical profiles of organochloring pesticides in Arctic lake sediments. Sci Total Enviran,
160/161; 447-457,

Miller MD (1982) [Hexachlarpbenzene in Switzerland: Measurement and background of
environmental contamination.] Chimia, 36{11): 437-445 {in German).

Mumma CF & Lawless EW (1975) Survey of industrial processing dala. Task L
Hexachlorobenzene and hexachlerobutadiens pollution from chlorocarbon  processes.
Washingtan, OC, LS Environmental Pralection Agency, QHice of Toxic Substances (EFA 560/3-
75-003).

mMuncaster BW, Innes DJ, Hebert PON, & Haffner GD (1989} Pailterns of organic conlaminant
accumulation by frashwater mussels in the S1. Clair River, Ontario. J Greal Lakes Res. 15 645-
653,

Murray HE, Neff G5, Mrung Y, & Giam CS {1980) Determinalion of benzo(a)pyrene,
hexachlorabenzene and pentachlorophenol in oyslers from Galveston Bay, Texas. Bull Environ
Conlam Toxicol, 25(4); 6B3-66G7.

Mussalo-Rauhamaa H, Pyysalo H, & Antervo K (1988) Relation between the content of
grganochlaring compounds in Finnish human milk and characteristios of the mothers. J Toxicol
Enviran Health, 25; 1-19,

Nair A & Pillai MX¥ {1989) Monitaring of hexachlarobenzene residues in Delhi and Faridabac,
India. Bull Environ Contam Toxicol, 42 632-686.

Mash RG & Gish TJ {1989) Halogenated peslicide volatilization and dissipation from soil under
cantralled conditions. Chemasphere, 18; 2363-2362.

Nebecker AV, Griffis WL, Wise CM, Hopkins E, & Barbilta JA {1989} Survival. reproduction and

biaconcentraltion in inveriebrales and fish exposed lo hexachlorabenzene. Enviran Texicol Chem,
B: BQ1-611.

129



EHC 195: Hexachlorobenzene

Needham LL. Burse VW, Head 5L, Korver MP, McClure PC, Andrews JS Jr, Rowley DL, Sung
J, & Kahn SE {199Q) Adipose tissuefserum partitioning of chlorinated hydrocarhan pesticides in
humans. Chemosphere, 20; 975-980.

Newton KG & Greene NC (1972) Qrpanochlarine pesticide residue fevels in human milk -Vigloria,
Rustralia - 1870. Pestic Manit J, 6{1): 4-8.

NHW (Maticnal Health and Welfare} (1887) Nulrient value of soma comman foods. Ottawa,
Ontario, Health Services and Fromotion Branch/Health Froteclion Branch.

Niimi AJ & Cho CY (1981) Elimination of hexachlorobenzene (HCB) by rainbow trout {Salmo
gairdnery), and an examination of its kingtics in Lake Ontario salmonids. Can J Fish Aquat Sci,
38: 1350-1356.

Niimi AJ & Oliver BG (19859} Distribulian of polychlorinated bipheny! congeners and other
halocarbans in whole fish and muscle among Lake Onlario salmanids. Enviren Sci Technol, 23
83-88.

NIOSH (1985) Registry of toxic effects of chemical substances, 1083-1984 - Cumulative
supplement o the 1981-1932 edition. Cincinnati, Ohig, National Institute for Cccupational Safety
and Health.

Noble DG & Elliott JE (1%8E) Environmenial contaminants in Canadian seabirds, 1968-1264-
Trends ard effects. Otlawa, Ontario, Canadian Wildlife Service {Technical Report Series No. 13).

Moble G, Elliott JE, & Shutt L {1992} Contaminanls in Canadian raptors, 1965-1988. Ollawa,
Cntario, Canadian Wildiife Service {Technical Raport Series Na 91).

Maorén K (1983a) Levels of organochlorine contaminanis in human milk in relalion to Ihe dietary
habits of the maothers. Acta Paediatr Seand, 72: B11-318.

Narén K (1983b) Some aspects of the determination of arganochlorine comtaminanis in human
milk. Arch Environ Contam Toxicol, 12: 277-283.

Norén K {1488) Changes in the levels of organochlarine pesticides, polychlarinaled biphenyls,
dibenzo-p-dioxins and dibenzofurans in human milk from Steckhelm, 1972-1985, Chemasphere,
17{1}. 3949,

Norén K (1893) Contemporary and retrospective investigations of human milk in the trend studies
of arganochlorineg contaminants in Sweden. Sc¢i Tolal Environ, 139/144; 347-355,

Narstrom RJ, Siman M, & Muir DCG (1890) Polychiorinated dibenzo-p-diaxins and dibenzofurans
in marine mammals in the Canadian north. Environ Pallut, 66- 1-19,

NTP (1994) Seventh annual report on carcinogens, Summary, 1994 Research Triangle Park
North Carolina. US Departmeni of Health and Human Services, National Toxicology Frogram,

Ockner RK & Schmid R (1961} Acquired porphyria in man and rat due to hexachlorobenzene
intoxication. Nature (Lond), 188: 49§.

Cabme M & Siray H {1982) Quantitative determination of ultra-traces of ghlorinated compounds
in high-velums air samples from the Arclic using polyurethang foam as collection medium.
Fresenius Z Anal Chem, 311. BES-673

Qliver BG {1984a) Distribution and pathways of some chiorinated benzenas in the Niagara River
and Lake Ontario. Water Pollut Res J Can, 19: 47-59.

130



Referéences

Cliver BG (1934b) Uptake of chlorinated organics fram anthropogenically conlamingted
sediments by aligochaete worms. Can J Fish Aquat Sci. 41: 874-883

Oliver BG (1987) Partitioning relationships for chlarinated organics between water and
particulates in the 5t Clair. Detroit and Niagara Rivers. In: Kaiser LLE ed. QSAR in
environmental taxicology - 11, Boston, Massachussetts, D. Reidal Publishing Co . pp 251-260.

Oliver BG & Bourbonnisre RA {1985) Chlorinated conlaminants in surficial sediments of Lakes
Huren, 5t. Clair, and Erie: Implications regarding socurces alang the St Clair and Detroit rivars.
J Great Lakes Res, 11: 366-372

Oliver BG & Carey JH {1996) Pholodegradalion of wastes and poliutants in aquatic environment.
In: Pelizzelli E & Serpe N ed. Homogenous and helercgsnous photacatalysis. Boslon,
Massachusselts, 0. Reide! Publishing Co., pp 82%-650

Oliver BG & Charlton MN {1984) Chlgrinated organic conlaminanis on settling particulales in the
Niagara River wiginity of Lake Onlaric. Environ Sci Technal, 18: 903-904.

Oliver BG & Kaiser KLE (1988) Chlorinated crganics in nearshare walers and tributaries of the
5t. Clair River. Waler Pollut Res J Can, 21: 344-350.

Cliver BG & Nicol KD {1982) Chlorobenzenes in sedimants, waler, and selected fish from Lakes
Superier, Huron, Erig, and Ontario Environ Sci Technol, 18; 5§32-536.

Oliver BG & Niimi AJ {1988) Trophodynamic analysis of polychiorinated biphenyl congeners and
olher chlorinated hydrocarbons in the Lake Qntario ecosystem, Environ Sci Technol, 22: 338-
397,

Oliver BG & Pugsley CW (1986) Chlorinaled contaminants in St Clair Rjver sedimants. Water
Poliut Res J Can. 21: 368-379.

Vliver 8G. Charilon MN, & Durham RW [1989) Distribution, redistribution, and geochronclagy
af poiychlarinated biphenyl congeners and other chlorinated hydrocarbons in Lake Qntang
sedimenis. Environ Sci Technol, 23- 200-208.

OMAFIOME {Ontaria Mimsiry of Agriculture and Food/Ontario Ministry of the Environment)
(1988) Polychlorinated dibenzo-p-dioxins and polychlorinated dibenzofurans and olher
organochloring cantaminants in food. Toronlo, Ontario Minisiry of Agriculture and Food and
Ministry of the Environment {Report prepared by the Joint OMAF/OME Toxics in Food Steedng
Committee).

Ostfeldt P. Guslavson K, Jansson B, Jonssan P, Misttinen v, Ringstad O, & Wesén C (1994)
Halogenated organic compounds in the marine environment 1989-1290. Copenhagen, Nordic
Council of Ministers, 124 pp (TemaNord 1994:501)

Parrish PR, Cook GH, & Patrick JM Jr {1974) Effects on several estuarine animais. In: Rogers
WA ed. Proceedings of the 28th Annual Canference, While Sulphur Springs, West Virgiria,
17-20 Novemnber 1974, Sulphur Springs, West Virginia. Scutheaslern Association of Game and
Fish Commissioners.

Patton GW. Hinckley DA, Walla MD, & Bidleman TF (1988} Airbarne organochionnes in the
Canadian High Arctic. Tellus, 418: 243-255.

Peakall DB, Moble DG, Elliotl JE, Somers JU. & Enckson G (1990} Environmental contaminaals

in Canadian peregrine falcons, Falca peregrinus. A toxicological assessmert Can Field-Nal,
104 244.254

731



EHC 195: Hexachforohenzene

Paarce PA, Eliglt JE, Peswall DB, & Morslrom RJ {19286) Organcchlaring contaminanis in eggs
of seabirds in the Norihwest Allanlic, 19653-1984, Enviran Pollut, 56: 217-235.

Pareira MA, Herren SL, Britt AL, & Khoury MM (1982) Sex difference n enhancement of
GGTase-positive foci by hexachiorobenzene and lindane in rat liver. Cancer Lett, 15: 95-101.

Perscone G & Uyttersprol G {1975} The influence of inerganic and prganic pollutanis an ihe rate
of repraduction of 3 marine hypotrichous ciliate: Euplotes vannus Muller. Rey Int Océanogr med,
37-38: 125-151.

Pelers HA (1976) Hexachlorobenzane poisoning in Turkey. Fed Proc. 35: 2400-2403.

Peters HA, Johnson SAM, Cam &, Qral §, MUt Y, & Ergene T {1866} Hexachlorobenzena-
induced parphyria: effect of chelation on the disease, porphyrin and metal metabolism. Am J Med
Soi, 251: 3149-322.

Peters HA, Gocmen A, Cripps DJ, Bryan GT, & Dogramaci | {1982) Epidemiology of
nexzchlorobenzens-induced porphyria in Turkey: clinical and laboratory Iollow-up after 25 years.
Arch Meurol, 39; 744.749,

Peters HA, Cripps DJ, Gocmen A, Enirk E. Bryan GT, & Mornis CR {1988) Naurotoxicily of
haxachlorobenzene-induced porphyria  turcica. In. Merris CR & Cabral JR? ed
Hexachlarcbenzene: Proceedings of an International Symposium. Lyon. International Agency
for Research on Cancer, pp 575-579 {IARC Scientific Publications Na, 77).

Pelerson R & Ray S (1987) Organochlorine residues in brook trout and yellow perch from New
Brunswick and Nova Scotia {Canada) fakes. Water Pollut Res J Can, 22: 352-364.

Phelps DK, Prusll RJ, & Lake JL (1986) Hexachiombenzene n selected marine samples an
environmental perspective. 'n: Morris CR & Cabral JRP ed. Hexachlorobenzene: Progeadings
of an Intemational Symposium Lyon, International £gency for Research an Cancer, pp 121130
{IARC Scientific Publications No. 77).

Prouix G. Weselah DV, Ellion JE, Teepls S, Anghern PAM, & Mineau P {1987} Qrganachlarine
and PCB residues in Lake Efie mink populations. Bull Environ Contam Toxical, 39: 939-044.

Cuintivan §, Ghassemi M, & Santy M (1875) Survey of methods used 1o cenirol wastes
containing hexachlorabenzene. Washington, DC, US Envirpnmental Proleclion Agency, Office
of Solid Waste Management Programs (EPA 330/SW-120c).

Qunsey PM, Danohue DC, & Ahokas JT {1995) Parsistence of organachlorines in breast milk
of women in Vigtoria, Australia. Food Chem Toxicol, 33{1) 49-56

Ray LE. Murray HR. & Giam CS (1883a) Analysis of water and sediment from the Nusces
Esiuary/Corpus Chnsti Bay {Texas) for selecled organic polivlants. Chemosphere, 12, 1039-
1045,

Ray LE. Murray HE, & Giam C8 (1983%) Crganic pollutants in marine samples from Portfand.
Maine. Chemosphere, 12 1031-1038.

Renner G (1988) Hexachlarcbenzene and ks melabolism. Toicaol Environ Chem, 18 51-76.

Richter E & Schafer $G (1981) Inlestinal excretion of hexachiarabenzene, Arch Toxicol. 47 233-
239

132



Referenceas

Rins de Molina MC, Wainstok de Calmanovici R, & San Martin de Viale LC (1980) Investigations
on the presence of porphyrinogen carboxy-lyase inhibitor in the liver of rals intoxicated with
hexachfarobenzane. Int J Biachem, 12: 1027-1032.

Rippen G & Frank R {188&) Estimalion of haxachlarobenzene pathways from the tachnosphe-e
into the envircnmenl. (n: Marris CR & Cabral JRP ed. Hexachlorobenzene: Praceedings of an
International Symposium. Lyon, International Agency for Resaarch on Cancer, pp 45-52 (IARC
Scientific Publications No. 77},

RIWA {1993} Rappecrt annuel 1993 de I'dssociation des Services d'Eau du Rhin et de la Meusa,
Annex 11, Amsterdam, Secrélariat de 'Association das Services d'Eau du Rhin el'de la Meuse.

Rizzardini M & Smith AG {1982) Sex differences in the metabolism of hexachiorcbenzene by rats
and the developmant of porphyria in females. Binchem Pharmacot, 31; 3543-3548.

Rizzardini M, Graziani A, Carugo C. & Cantoni L (1988) Investigations on the role of free radical
processes in hexachlerobenzene-induced porphyria in mice. J Biochem Toxicol, 31 33-46.

Rizzardini M, Cantoni L, Villa P. & Ubezio P {1990) Bischemical, marphological and How-
cylomelric evaluation of the effects of haxachlorobenzene on ral liver. Cell Biol Toxicol, 6. 185-
203.

Robinson PE, Mack GA, Rammers J, Levy R, & Mohadjer L (1990} Trends of PCB,
hexachlorobenzene, and (-benzene haxachioride levels in the adipoase tissue of lthe U.S.
population. Environ Res, 53: 175-192.

Rogers HR, Crathprne B, & Leatherland TM {1939} Occurrenca of chlorabenzens isomers in the
water column of 2 UK estuary. Mar Pollut Bull, 20: 278-281,

Rozman K, Rgzman T, & Graim H (1981) Enhanced fecal elimination of stored
hexachlorobenzene from rats and rhesus monkeys by hexadecane or mineral oil. Toxicology, 22:
33.44.

Rozman K, Gorski JR, Rozman P, & Parkinson A (1986) Reduced serum thyroid hermone levels
in hexachlorobenzene-induced porphyria. Toxicol Lelt. 30: 71-78.

Rumsby PC, Evans JG, Phillimare HE, Carlhew P, & Smith AG (1992} Search for Ha-ras codon
51 mulations in liver tumours caused by hexachlorobenzene and Arcclor 1254 in C57BL/108¢5n
mice wilh iron overload Carcincgenesis, 13: 1917-1820,

Rush GF, Smith JH, Maita K, Bleavins M, Aulerich RJ, Ringer RK, & Hoak JB (1283) Perinatal
hexachlorobenzaene taxicity in the mink. Environ Res, 31: 116-124.

Russell RW & Gobas FAPC (1988} Calibration of the freshwaler mussel, Efiptio complanala, for
quantitative biemonitoring of hexachlorobenzene and pctachlorestyrena n aguatic systems, Bull
Enviran Conlam Toxicol, 43: 576-582.

Salishury CDC, Fesser ACE. MacNeil 1D, & Patlerson JR (1982} Trace metal and pesticide
levels in muskoxen from Vicioria Island, Narthwest Territeries, Canada. Intern. J Environ Chem,
48: 208-215.

Sanborn JR. Childers WF, & Hansen LG (1977) Uptake and elimination of ['C]

haxachlorobenzene {(HCB) by the green sunfish. Lepomis cyanefus Raf. after feeding
conlaminaled food. J Agric Food Chem, 25 551-553.

133



EHC 195: Hexachiorobenzene

Schechter A, First P, Kriger C, Meemken H-A, Groebel W, & Constable JO {1939a) Levels of
polychiorinated dibenzofurans, dibenzodioxins, PCBs, DDT and DDE, hexachiorobenzens,
dieldrin, hexachlorocyclohexanes and oxychlordane in human breast milk from ihe United States.
Thailand, Vietnam, and Garmany. Chemosphere, 18 445-454.

Schechter A, Mes J, & Davies O (1984b) Polychlerinated biphenyl (PCB), DDT, DCGE and
hexachlorobenzene (HCBY and PCDDYPCDF isomer levels in various organs in autopsy lissue
from North American patients. Chemosphere, 18: 511-818,

Scheufler € & Rozman KK (1984) Comparative decontamination of hexachlorobenzene-exposed
rats and rabbits by hexadecane. J Toxicol Environ Health, 14: 353-362.

Scheunert |, Marra C, Viswanatha R, Klein WK, & Korte F (1983} Fate of hexachlorabenzene-'*C
in wheat plants and soil under outdoor conditions. Chemasphere, 12: 8438568,

Scheunert I. Topp E. Schmitzer 4, Klsin W. & Korta F (1985} Formation and fate of bound
residues of ['C] benzene and [*C] chlorabenzene in soil and plants. Ecotoxicol Enviren Saf, 9
159-170.

Schiglen P, Schoo W, Tekstra J, Qoslarmeijer HHA, Seinen W, & Bloksma N (1983)
Autcimmmune effects of hexachiorcbenzens in the rat. Toxicol Appl Pharmacol, 1227 233-243.

Schielen P, Den Besten C, Vos J3, Van Bladeren PJ, Seinen W, & Bluoksma M (1995) Immune
effects of hexachlarobenzene in the rat role of matabolism in a 13-week feeding study Toxicol
Appl Pharmacol, 131: 37-43.

Schmid R (1960) Cutareous porphyria in Turkey. N Engl J Med, 283 397-388.

Schmitl CJ. Zaijcek JL, & Peterman PH (1290) Naticnal Contaminant Biomaonitoring Program:
residues of prganochioring chemicals in U 5. freshwater fish, 1976-1984. Arch. Environ Toxigol,
19: 745-781.

Schuler W, Brunn H, & Manz D (1985) Pesticides and polychlerinated biphanyls in fish fom Lhe
Lahn River. Bull Envirgn Cantam Toxicol, 34; 608-616.

Schuytema G, Krawczyk DF, Griffis WL, Nebeker AV, & Robideaux ML (1990)
Hexachlorobenzene uptake by fathead minnows and macroinvertebrates in recirculating
sedimantiwater systems. Arch Environ Contarn Toxical, 19: 1-9,

Schwarzenbach RP, Giger W, Hoehn E, & Schneider JK {19683) Benhaviour of organic compounds
during infiltration of river waler to groundwaler. Field studies. Environ Sci Technol, 17 472479

Seiden A, Jacobson G, Berg P, & Axelsan O (1989} Hepatocetlular carcinema and exposure to
hexachlorobenzene: a case report. Br J Ind Med, 46: 138-140.

Shirai T, Miyala ¥, Nakanishi K. Murasaki G, & 1to N (1978) Hepalocarcinogenicily of
polychlorinated terphenyl (PCT) in ICR mice and its enhancement by hexachlorobenzene.
Cancer Lett, 4 271-275.

Siekel P, Chalupa I, Beno J. Blaska M, Novatny 4, & Burian J (1991) A genuloxjcologizal study
ol hexachlorobenzene and pentachloroaniscle Teralog Carcinog Mutagen, 11 S5-60.

Simon 38, Tardil RG, & Borzelleca JF {(1979) Failure of hexachlorobenzene o induce dominant
fathal mutations n the ral, Taxcol Appl Pharmacal, 47 415-319,

134



References

Sims DE. Singh A, Donald A, Jarrell J, & Villeneuve DC (1991} Alieration of primate ovary
surface epithelium by exposure 10 hexachlorobenzene: a quanlitative study. Histol Histopatho:,
8: 525-529.

Singh A, Friesen D, Jarrel J, & Vileneuve D (1990a) Hexachlorcbenzene toxicity in the monkey
ovary: I, Ultrastructure induced by law (0.1 mg/kg) dose expesure. In: Praceedings of tha Xilth
International Congress for Electran Microscopy, Seattle, Washinglon - Volume 2: Analytical
sciences, San Francisco, California, San Francisco Press, Inc., pp 282-263.

Singh A, Sims DE, Jarrell J, & Villsneuve DC {1980b) Hexachlorobenzene toxicity in the monkey
ovary. I). Ullrastruzture induced by medium (1.0 mgfkg) dose exposure. Anat Environ Toxicants,
13 435-438.

Singh A. Dykeman A. Jarrell A, & Vilieneuve DC (1991) Hexachlorobenzene toxicily in the
mankey ovary: [li. URrasinicture induced by high (10 mgikg) dose exposure. In: Proceedings of
the 49th Annual Meeting of the Electron Microscopy Society af America. San Francisco,
California, San Francisco Press, Inc.

Skare JU. Slenersen J, Kveseth N, & Polder A (1985) Time trends af arganochiaring chemical
residues in seven sedentary marine fish species from a Norwegian fjord during the periad 1972-
1882, Arch Environ Contam Toxicol, 14 33-41,

Skaare JU, Mackussen NH. Norheim G, Haugen 8, & Holt G (1990) Levels of palychlorinated
biphenyls, organochioring pesticides, mercury. cadmium, copper. selanium, arsenic, and zing in
the harbour geal. Phoca vituling, in Norwegian waters Environ Pollut, 66 309-324.

Smith AG & Cabral JR {1880} Liver-cell tumours in rats fed hexachlorobenzene, Cancer Lstt, 11;
189-172,

Smith AG & De Matteis F {1990) Oxidative injury mediated by the hepatic cytochrome P-450
syslam in conjunclion with cellular von. Effects on the palhway af hasm hiosynibesis.
Xenobiotica, 29(9): 865-877

Smith AG & Francis JE (1883) Synargism af iron and hexaghlorobenzene inhibits hepalic
uraporphynnogen decarboxylase in inbred mice. Biocchem J, 214 909-813

Smilh VE. Spurr JM, Filkins JC. & Jones JJ (1985a) Organochloring cantaminants of wintering
ducks faraging an Detroit Rivar sediments J Grear Lakes Res, 11(3) 231-246.

Smith AG, Francis JE. Dinsdale D, Manson MM, & Cabral JRP (1985h) Hepatocarcinogenicity
of hexachlorobenzene in rals and the sex difference in hepatic iron siatus and development o'
porphyria, Carcinogeness, 6: 631-636,

Smith AG, Dinsdale O, Cabral JRP, & Wright AL (1987} Goitre and wasting induced in hamsters
by hexachlorobenzeneg, Arch Toxicol, 0. 343-349

Smith AG. Cabral JRP, Carthew P, Francis JE. & Kanson MM (1489) Carcinogenicity of iron ir
conunchion with a chicrinated environmental chemical, hexachlorobenzene, in C57BLA10ScSn
mice, Int J Cancer, 43' 432-496.

Smith AG, Francis JE, Grean JA. Greig JB, Wolf CR, & Manson MM {1990} Sex-linked hepatic
uroporphyria and Ihe induction of cytoechromes P4S0IA in rats caused by hexachlorobenzene and
palyhalegenaled biphenyls. Biochem Pharmacol, 40 2055-2068.

Smith AG, Carthew P, Francis JE. Cabral IRP. & Manson MM (1992) Enhancament by iron of
hepalic neoplasia in rats caused by hexachlorobenzeng. Carcinggenesis, 14 1381-1387

135



EHC 195; Hexachlorobenzene

Smiih AG, Carthew P, Francis JE, & Ingebritsen K {1994} Influence of iron on the induction of
hepetic tumors and porphyria by octaghlorostyrena in C57BL/10SeSn mice. Cancer Letl, 81,145
150,

Solé M, Porte C, Pasior D, & Alhaigés J (1994} Lang-lerm trends of polychlorinated biphenyls
and organocnlorinated peslicides in mussels from the Weslern Medilerranean coast.
Chemosphere, 28(6) BIT-B03.

Somers JD, Goski BC, & Barrett MW (1987) Organochioring residues in Northeaslern Alberla
otters. Bull Envircn Contam Toxicol, 38: 783-790,

Sopena de Kracoff YE, Ferramola de Sancovich AM, Sancovich HA, & Kleiman de Pisarev DL
(1994) Effect of thyroideciomy and ihyroxing an hexachlorgbenzene induced porphyria J
Endocrinol Invest, 17 301-305,

Spigarelli L. Going JE. & Li R (1986} Hexachlorobenzene levels in multmadia enviranmental
samples from selected chamical production plants. In: Morris CR & Cabral JRP ed.
Hexachiorobanzene: Proceadings of an Internatianal Symposium. Lyon, Inlermational Agency
far Research on Cancer, pp 155-160 (JARC Scieniific Publicalions No 77).

Stacey Cl Perriman WS, & Whilney S (1985) Organechloring pesticide residua levals wr human
milk. Weslern Australia, 1979-1930. Arch Environ Health, 40{2). 102-108.

Stanley JS (1986) Broad scan analysis of the FY32 nalional human adipose lissue survey
specimens - Volume 1° Executive summary. Kansas City, Missoun., Midwest Research Institule
{Prepared for ihe US Environmental Protection Agency, Office of Toxic Susstences, Field
Studies Branch) (EPA 560/5-86/035).

Slevens RJJ & Neilson tA {1989) Inter- and inlralake distribution af racs contammanls in
surface waters of tha Great Lakes, J Great Lakes Ras, 15- 377-393.

Stevens MF, Ebell GF. & Psaila-Savona P {19%3) Organochlonne pesticides in VWestarn
Auystralian nursing mothars. Med J Aust, 1587 238-241

Stewarl FP & Smith AG (1987) Metabohsm and covalent binding of hexachlorahenzene by
isolated male and lemale ra hepalacytes, Biochem Pharmacol, 36 2232-2234.

Stewart FP, Manson MM, Cabral JRP, & Smilh AG (1989) Hexachlorabenzene as 3 promoter
of diethylnilrosamine-initiated hepalocarcinagenesis in rals and comparison with induction of
parphyria. Carcinogenasis, 10{7). 1225-1230.

Strik JJTWA {1986) Subacute toxicity of hexachigrobenzene. In: Morris CR & Cabral JRP ed.
Hexachlorobenzene: Proceedings of an International Symposium. Lyon, International Agency
for Research on Cancer, pp 335-342 (IARC Scientific Publications Ng. 77).

Stronkhorst J. Ysebaert TJ. Smedes ¥, Meininger PL, Dirksen S, & Boudewijn TJ (1993}
Cantaminants in eqgs of some walerbird species from the Scheidt Estuary, SW Netherands. Mar
Poliut Bull, 26{10): 572-578.

Sundlof SF, Hansen LG, Korlz GD, & Sundlof 3M {1922} The pharmacgakinetics of
hexachiorobenzene in mala beagles. Distribution, excrelion and pharmacokinstic madel. Drug
Metab Dispos, 19- 371-381

Suns ¥, Craig GR, Crawford G, Rees GA, Tosine H. & Osbore J (1983) Organschlaring

conlaminant residues in spoltail shiner (Nofrapis hudseniis) from the MNiagara River. ) Greal
Lakes Res, B: 335-340.

136



References

Suns K, Crawford GE, Russell DD, & Clement RE (1985) Tempaoral trends and spatial distribution
of organcchlorine and mercury residues in Great Lakes spoltail shiners (1975-1983), Rexdale,
Ontario. Dntario Ministry of the Environment, Water Resources Branch.

Swindoll CM & Applehans FM (1887) Factars influencing the accumulation of sediment-sorbed
hexachlarobipbeny! by midge larvae. Bull Environ Contarm Toxicol, 48: 1055-1062,
Szymezyriski GA, Waliszewski SM, Tuszewski M, & Pyda P {1986) Chlorinaled pesticides levels
in human adipose tissue in the district of Poznad. J Enviren Sci Healih, A21{1). 5-14.

Tanabe S, Subramanian AN, Ramesh A, Kumaran PL, Miyazaki N, & Tatsukawa R {1993)
Persistent arganochloring residues in dolphins fram the Bay af Bengai, South India. Mar Pollut
Buil, 26(6) 311-318.

Tehseen WM, Hansen LG, Woad SG, & Hanif M {1994} Assessment of chemical conlaminants
in waler and sedimant samplas from Degh Mala in the province of Punjah, Pakistan. Arch Environ
Conlam Toxicot, 26: 79-89.

Teschke R, Baolsen K, Landmann H, & Goerz G (1983) Effect of hexachlorobenzene on the
activilies af hepatic alcohal metabolizing enzymes. Biochem Pharmacol, 32: 1745-1751.

Tetra Tech Ing. {1928} Development of sadiment quality values lor Puget Sgund: Volume 1
(Frepared for Fuget Sound Dredged Disposal Analysis and Puget Sound Estuary Program,
Eellevue, Washington).

Theiss JC, Stoner GD. Shimkin MB, & Weisburger EK (1877} Test for carcinogenicily of arganic
contaminanls of United States drinking waters by pulmonary tumor response in Strain A mice.
Cancer Res, 37: 2717-2720.

Thomas W, Simon H, & Riling A (1985} Classificalion of plant species by their organic (PAH,
PCB, BHC} and inorganic (heavy metafs) trace pollufant cancentrations. Sei Total Environ, 46
83-94.

Themson BA, Davidson WR, & Lavelt AM {1980} Applicalions of a versatlle technique for trase
analysis: Almospheric pressure negative chemical ionization. Environ Health Perspect, 38: 77-
24,

Tobin P (1986} Known and potential sources of hexachlorobanzene. In° Morris CR & Cabral JRP
ed. Hexachlorobenzene: Pracsedings of an international Symposium. Lyon, International Agency
far Resgarch on Canger, pp 3-11 (IARC Scienlific Publications Mo, 77).

To-Figueras J, Rodamilans M, Gomez-Calalan J, & Corbella J {1088} Hexachlgrabenzens
residues in ihe general population of Barcelona, Spain. In: Morris CR & Cabrat JRP ed.
Hexachiorobenzene: Proceedings of an International Sympasium. Lyon, Intemnational Agency
for Resaarch on Cancer, p 147 (IARC Scientific Publications Ma. 77).

To-Figueras J, Gomez-Catalan J, Rodamilans M, & Carbella J (1892) Sulphur derivative of
hexachlorobenzeng in hurman viine. Hum Exp Toxicol, 11: 271-273.

To-Figueras J, Barrot €. Rodamilans M, Gomez-Catalan J, Torra M, Brunet M. Sabater F, &
Corbella J (1995} Accumulation of hexachlorobenzene in humans: 2 long standing risk. Hum Exp
Toxicol, 14; 20-23.

Taopp E. Scheunert 1, & Korle K {1889) Kinelics of the uptake af 14C-labelled chlerinated
benzenes from soill by plants. Ecoioxicol Enviran Saf, 1T 157-166,

137



EHC 195: Hexachlorobenzene

Trapp M, Baukloh ¥, Bohnet H-G., & Heeschen W (1984) Poliutanis in human follicular flud. Ferti)
Staril, 42{1): 146-148,

US EPA (1980) Analysis of pesticide residues in buman and environmental samples: A
compilation of methods selected for use in pesticide monitoring programs. Research Tnangle
Park, North Carolina, US Environmental Proleclion Agency, Environmental Toxicology Division,
Health Effecis Resaarch Laboratory {EPA 600/8-80-038).

US EPA (1982) Tesl methods: Melhods of organic chemical analysis of munigipal and industnial
wasiewater. Cincinnati, Ohio, US Environmental Protection Agency, Office of Research and
Development, Envirgnmental Manitoring and Support Laboratory (EPA 600/4-82-057).

US EPA (1985a) Health assessment dacument for chigrinated benzenes. Washington, DC, US
Enviranmental Protection Agency. Office of Health and Environmental Assessmant {EPA 600/8-
84-015F).

US EPA (1985b) Drinking waler critaria document for hexachlorobenzena. Cincinnati, Chio, US
Enviranmental Protection Agency, Environmeniat Crileria and Assessment Office (EFPA B00/X-
84-179-1).

US EPA (19B5a) Exposure assessment for hexachlorobenzene, Washinglon, DG, JS
Environmental Prolection Agency, Office of Pesticides and Toxic Substances (EPA 560/5-86-
o(19).

US EPA {1986h) Test methods for evaluating salid waste, 2rd ed. Washinglon, DC, US
Environmenial Protection Agency, Offica of Solid Waste and Emergency Response (SW 848

US EPA (1838) Ambienl aqualic life water quality criteria for hexachlorobenzene [Duluin,
Minnesota, US Environmental Protection Agency, Office of Resaarch and Development,

US FDA {US Food and Drug Adminisiralion) (1990) Residues in foods - 1988, J Assac Cff Anal
Chem, T3; 133A-152A.

US FDA {US Foad and Drug Adminislration) {1991) Residues in foads - 1880, J Assac Off Anal
Chem, T4 127 A-146A.

US FDA {US Food and Drug Adminigtration) (1992) Residues in foods - 1980. J Assac Off Anal
Chem, 75, 121A-141A,

Ustiinbas HB, Oziurk MA, Hasanoglu E, & Dogan M {1994} Qrgancchlarine pesticide residuas
in human milk in Kayseri. Hum Exp Toxiccl, 13: 299-302.

van der Ven K, Van der Ven H, Thibold A, Bauer Q, Kaisi M, Mbura J, Mhaya HM, Waver N,
Diedrich K, & Krehs D {1992) Chorinated hydrocarbon conlent of feta) and maternal bady tissues
and fiuids in full term pregnani women: a camparison of Germany versus Tanzania, Hum Reprod,
7{1) 95-100.

Van Leeuwen CJ, Van der Zandl PTJ, Aldenberg T, Verhaar HJM, & Hermans JLM (1892}
Applicalion of QSARs, extrapolation and equilibrium partitioning in aquatic effects assessment:
I. Hareotic industrial pollulants. Environ Toxicol Chem, 11: 267-282,

Van Loveren H. Kranjc E!, Rambout PJA, Blommaert FA, & vos JG (1330) Effects of ozone,

hexachlorobenzene, and bis(iri-n-butyltinjoxide on natural killer activity in the rat lung. Toxcol
Appl Pharmaco!, 102 24-33.

138



References

van Ommen B. Hendriks W, Bessems JGM, Geesink G, Miller F. & Van Bladeren PJ (1983) The
relation between the oxidative biotransformation of hexachlorobanzene and its porphyrinagenic
activity. Toxicol Appl Pharmacol, 100. 517-528.

Van Raai] JAGM, Van den Berg KJ, & Motlen WRF (1891a) Hexachiorobenzene and its
metabolites pentachlorophennl and tetrachlarohydroquinone: interaction with thyraxine binding
siles of rat thyroid hormone carriers ex vivo and i vitrg, Toxicol Lett, 58; 101-107.

Van Raaij JAGM. van den Berg KJ, Engel R, Bragt PC, & Natlen WRF (18910} Effects of
hexachlorobenzene and its metabolites pentachlarophenol and tetrachlorahydroquinone on
serum thyroid hormaonae levels in rats. Toxicology, 67: 107-116.

Van Razaij JAGM, Friflers CMG, & Van den Berg KJ (1993a) Hexachlorobenzene-induced
hypothyroidism: involvement of different mechanisms by parenl compound and metabolite,
Biochem Pharmacoi, 48. 1385-1391.

van Raaij JAGM, Kaptein E, Visser TJ, & Van den Berg KJ (1983h) Increased glucoronidation
of thyroid hormone in hexachlorobenzene-treated rats. Biochem Pharmacol, 45: 627 631, -

Vaz R, Slorach §A, & Hofvander Y (1953) Organochlarine contaminanis in Swedish human mik;
studies conducted at the Natonal Food Adminisiration 1881-1980. Food Addil Cantam, 10(4):
407-418.

Villanueva EC. Jennings RW, Burse VW, & Kimbraugh RD {1974) Evidence of chlarodibenzo-o-
digxin and chloredibenzofuran in hexachlorobanzena J Agric Food Chem, 22; 916-817.

Villeneuve DC, Panopio LG. & Grant DL {1974) Placental transfer of hexachlgrobenzena in the
rabbit Environ Physiol Biochem, 4. 112-115.

Vincent SH, Smith AG. & Muller-Eberhard U (1989} Modulation of hapatic hema-binding Z protein
inmee by the purphyrogenic carvinegens griseoifulvin and haxachlorobenzene, Cancer Latt, 45;
109-114.

Vos JG (1986) Immunctoxicity of hexachlorobenzene. In: Merris CR & Cabral JRP ed.
Hexachlorobenzene: Proceedings of an International Symposium. Lyon, Internatonal Agency
far Research an Cancer, pp 347-35€ (1ARC Scientific Publications No. 77},

Vos JG, Breeman HA, & Benschop H (1968) The occurrence of the fungicide bexachlorobenzene
in wild birds and its toxicological importance; a preliminary communication. Meded Faz
Landbouwwet Rijksuniv Genl, 33: 1263-1269.

Vos JG, Van der Maas HL Musch A, & Ram E (1971} Toxicity of hexachlorobenzene in Japanese
quail with specia! reference to porphyria. iver damage. reproduction and hssue residues. Toxicol
&ppl Pharmacaol, 18: 944-857,

ves JG, Botterweg PF, Strik JJTWA. & Koeman JH {1972) Experimenial sludies with HCB n
birds THO-Niguws, 27 589-603.

vas JG. Van Logten MJ, Kreeftenberg JG, & Kruizinga W (1979a) Hexachlorobenzena-induced
slimulatian of the humoral immune respanse in rats. Ann NY Acad Sci, 320. 535-550

vos JG. Van Logten MJ, Kreeftenberg JG. Steerenberg PA, & Kruizinga W (1979b) Effect of

hexachlerobenzene on the immune system ot rats following combined pre- and postnatal
exposure. Drug Chem Taxicol, 2: 61-76

139



EHC 195: Hexachlorobenzene

Ves JG, Brouwsr GMJ, Van Leeuwen FXR, & Wagenaar SJ (1983) Toxicity of hexa-
chicrabenzene in the ral feilowing combined pre- and post-nalal exposure: comparison of effects
gn the immune system, liver and lung. In: Parke DV, Gibson GG, & Hubhard R ed.
Immunatoxicalogy. New Yark, Londan, Academic Press, pp 219-235.

Vog RME, Snoek MC, Van Berkel WJH, Miller F, & van Bladeren PJ [1288) Differential induclicn
of rat hapalic glutathione S-lransferase isoenzymes by hexachlorohenzene and benzy!isothio-
cyanale: comparison with induction by phenobarbital and 3-mathylcholanthrene. Biochem
Pharmaga, 37: 1077-1082,

Wada O, Yano ¥, Urata G, & Nakao K {1968} Eehavior of hepatic microsomal cytochromes afler
treatment of mice with drugs knawn to disturb porphyrin metabolism in liver. Bioghem Pharmacol,
17 595-603.

Wang M-J & Jones KC (1994) Occurrence of chlarobenzenes in ning United Kingdom retail
vegetables. J Agrnc Food Chemn, 42 2322-2328.

Washington State Department of Ecalogy (1990} Proposed sedimen! management siandards
rule (Septamber 18, 1890) Washington Siate Reagister, issue 90-19

Walts RR, Hodgson ODW, Christl HL, & Moseman RF (1980) Improved method for
hexachigrobenzens and mirex determination with hexachlorobenzena confirmatian in adipose
tissue: Callabarative study. J Assoc Off Anal Chem, 83(5); 1128.1134,

Waisenberg E. Arad |, Grauer F. & Sahm Z (1985) Polychlorinated biphenyls and organachlorine
insecticides in human milk in Israel Arch Environ Contam Toxicol, 14 S17-521.

Wells DE, Campbeli LA, Ross HM, Thompson PM, & Leckyer CH (19894) Organachiorine
residues in harbour porpoise and botllgnase dalphins stranded an the coast of Scotland, 1988-
1991 Sci Total Environ, 151: 77-99.

WHO (1983) Guidelines for drinking-water quaity - Velume 1. Recommendations. 2nd ed.
Geneva, YWorld Health Organizaton, p 84,

Wickslrom K, Pyysalg H, & Simes MA (1983) Levels of chiordane. hexachlorebenzene. FCE and
ODT compoungs in Finnish human milk in 1882, Bull Enviran Cantam Toxicol, 31: 251-256.

Witliams DT, Lebel GL, & Junkins E {1984} & comparison of organochlaring residues in human
adipose lissue aulopsy samples from two Ontario Mmunicipalities. J Toxicol Environ Health, 13-
19-28.

Wiiams DT, Lebel GL. & Junkins E {1588) Grganchalagen residues in human adipose autopsy
samples from six Ontario mupicipalites. J Assoc OF Anal Chem, 71: 410-414.

Wilson DM & Wan MTK (1862) Hexachlorobenzene: Indushial and agricullural sources in British
Columbia. Vancouer, Environment Canada, Enviranmenlal Protection Service {Regional Program
Report Mo, 82-07).

witte H. Langenohl T, & Offenbacher SAG (1988a) Invesligation of the sntry af organi noliutants
inta soils and plants through 1he use of sewage sludge in agriculture. Part A Organc pollutant
|ead in sewage sludge Korresp Abwasser, 13 118125,

Witte H, Langenohl T, & Offenbacher SAG (1988} Investigation of the eniry of organic poliuants
into soils and plants through the use of sewage siudge in agriculture. Part B: Impact of the
application of sewage sludge an grganic malter content in soil and plants, Korresp Abwasser.
13 126-136

140



References

Yamaguchi ¥, Hawanc M, & Tatsukawz R [1986) Tissue distribution and excretion of
hexabromobenzeng {HBB) and hexachlorobenzene (HCB) administered to rats. Chemaosphera,
15 453-4539,

Yang RSH, Pittman KA. Rourke DR, & Stein VB (1978} Pharmacokinetics and metabolism of
hexachlorobenzene in the rat and Lhe rhesus monkey. J Agric Food Chem, 26: 1076-1083.



RESUME ET CONCLUSIONS

Identité, propriétés chimiques et physiques et
méthodes d’analyse

L hexachlorobenzéne (HCB) est un composé organique chloré
modérément volatil, Il est pratiquement insoluble dans I’eau, mais
extrémement soluble dans les lipides et présente une tendance 4 la
bioaccumulation. L hexachlorobenzéne de qualité technique contient
Jusqu’a 2% d’impuretés, dont la principale est le pentachlorobenzéne.
Les autres consistent en dibenzo-p-dioxines, dibenzofuranes et
biphényles fortement substitués par le chlore. L’analyse des
échantillons biologiques ou prélevés dans 'environnement comporte
généralement une extraction préliminaire de la prise d’essai, souvent
suivie d'une purification, aprés quoi les extraits organiques sont
soumis soif 4 une chromatographie en phase gazeuse couplée § la
spectrométrie de masse (GC/MS), soit a une chromatographie en phase
gazeuse avec détection par capture d’électrons (GC/ECD).

Sources d’exposition humaine et environnementale

L’hexachlorobenzéne a été utilisé un temps comme fongicide
pour traiter les semences, mais il n’est plus actuellement utilisé 4 cet
effet dans la plupart des pays. [1 continue néanmoins a étre libéré dans
"environnement a partir d*un certain nombre de sources, notamment
lors de P’épandage de pesticides organochlorés, ou encore lorsque les
sous-produits de la préparation des solvants, composés aromatiques ou
pesticides chlorés sont rejetés sans précautions, incomplétement briilés
ou s échappent de décharges anciennes.

Transport, distribution et transformation dans
I'environnement

L'hexachlorobenzeéne est réparti dans tout I'environnement du fait
de sa mobilité et de sa persistance, méme 571l se décompose lentement
dans [’air sous ["action de la lumiére et dans le sol sous {"action des
microorganismes. Nans Ja tropospheére, il est transporté sur de grandes
distances et s’élimiue de I'air en se déposant sur le sol et sur ’eau. On
a fait état d’unc bicamplification notable le leng de la chaine
alimentaire.
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Concentrations dans I’environnement et exposition
humaine

Un peu partout dans le monde, I’hexachlorobenzéne est présent,
4 distance de ses sources, sous faible concentration dans 1air ambiant
{quelques ng/m’ ou moins) ainsi que dans I'eau de boisson et les eaux
de surface (quelques ng/litre tout au plus). Cependant, au voisinage des
points d’énussion, on a pu mesuter des concentrations plus élevées. Ce
composé s"accumule dans les milieux biologiques et on en a décelé la
présence chez des invertébrés, des poissons, des reptiles, des oiseaux
et des mammiferes {y compris I'Homme) & distance des points
d’émission, en particulier dans les tissus adipeux des organismes situés
aux niveaux trophiques supérieurs. Chez la population humaine de
divers pays, on en a mesuré dans les tissus adipeux des quantités qui
vont, en moyenne, de quelques dizaines a quelques centaines de ng/g
de poids humide. En se fondant sur les quantités représentatives
d’hexachlorobenzéne présentes dans 'air, 1'ean et les denrées
alimentaires, on peut estimer 2 une valeur comprise entre 0,0004 et
0,003 pgikg de poids corporel, la dose absorbée journaligrement par
un adulte de la populatien genérale. Cet apport se fait principalement
par la voie alimentaire. Du fait de la présence d’hexachlorobenzéne
dans le lait maternel, on estime que dans les différents pays les enfants
NouITis au sein en reqoivent quotidiennement une quantité comprise
entre < 0,018 et 5,1 pg/kg de poids corporel. Les études consacrées 4
I'évolution de la quantité d'hexachlorobenzéne présente dans
["organisme hurnain montrent, pour la plupart, que I’exposition de la
population générale a baissé dans de nombreux endroits, entre les
annees 70 et le milieu de la décennie actuelle.

Cinétique et métabolisme chez I'Homme et les
animaux de labaoratoire

On manque de données toxicocinétiques chez I'Homme.
L’hexachlorobenzéne est facilement résorbé par la voie orale chez
'animal d’expérience, mais il franchit mal la barriére cutanée (on ne
posséde pas de données concernant 'inhalation). Chez I"'Homme et
I"animal, il s'accumule dans les tissus riches en lipides, comme les
tissus adipeux. le cortex surrénalien, la moelle asseuse, la peau ¢t
certains tissus endocriniens. En outre, il peut étre transmis a la
progeniture par 1'intermédiaire du lait maternel cu en traversant la
barriére placentaire. La métabolisation de I'hexachlorobenzéne est
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limitée et ses principaux métabolites urinaires sont le pentachloro-
phénol, la tétrachlorhydrequinone et Je pentachlorothiophénol. La
demi-vie d*élimination de I"hexachlorobenzéne va d’environ un mois
chez les rats et les lapins 4 2 ou 3 ans chez le singe.

Effets sur las animaux de laboratoire et dans les
épreuves in vitro

L "hexachlorobenzéne présente une faible foxicité aigné pour les
animaux de Iaboratoire (L000 4 10 000 mg/kg de poids corporel).
L’expérimentation animale montre en outre gue ce compose n'est pas
jrritant pour la peau ou les yeux et ne provoque pas de sensibilisation
chez le cobaye.

Les données dont on dispose au sujet de la toxicité générale de
|"hexachlorobenzéne indiquent que celle-ci s’exerce notamment au
niveau de la voie de biosynthése de 'heme. Chez plusieurs espéces de
mammiferes de laboratoire exposés a de I'hexachlorobenzéne, on a
constaté une €1évation des concentrations de porphyrines ou de leurs
précurseurs dans les excréta ainsi que dans divers tissus, notamment
le tissu hépatique. De nombreuses études ont relevé des cas de
porphyrie chez des rats exposés de maniére chronique ou subchronique
4 de I'hcxachlorobenzéne administré par voie orale a4 des doses
quotidiennes comprises entre 2,5 et 15 mg par kg de poids corporel,
Chez des porcs 4 aui on faisait ingérer ce composé en doses
quotidiennes égales ou supéricures 4 0,5 mg par kg de poids corporel,
on 2 observé une augmentation de I'excrétion des coproporphyrines
(aucun effet n'a été observé dans cette ¢tude & la dose de 0,05 mg/kg).
On a également montré gque Uexposition a I’hexachlorobenzéne
affectait de nombreux organes ou systemes (comme le foie, les
poumons, les reins, 1a thyroide, la peau ainsi que le systéme nerveux
¢t le systtme immunitaire) mais ces effets nont pas ét€ aussi souvent
signalés que la porphytie.

L'hexachlorobenzéne est un inducteur du cytochrome P-450 de
type mixte. 1) possede des propriétés phénobarbital-inductbles et 3-
méthylcholantrene-inductibles. 1 se fixe sur le récepteur Ah.

Lors d'études longitudinales sur des rats, on a observé a plusieurs

reprises des effets benins (modifications histopathologiques, induction
d’enzymes) chez les animavx recevant des doses quotidiennes
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comprises entre 0,25 et 0,6 mg de composé par kg de poids corporel.
La dose sans effet observable obtenue dans ces études se situait entre
0,05 et 0,07 mg d’hexachlorobenzéne par kg de poids corporel et par
Jjour. Chez des visons femelles, on a observé une modification de la
concentration de neurotransmetteurs dans ’hypothalamus aprés
administration prolongée du composé par la voie alimentaire 3 la dose
quotidienne de (,16 mg par kg de poids corporel. Les mémes
constatations ont été faites dans la progéniture de ces animaux, qui
avait été exposée pendant les périodes gestationnelle et périnatale.
Lors d'études subchroniques sur des rats on a constaté une
modification de ’homéostase calcique et des paramétres ostéomorpho-
metriques a la dose quotidienne de 0,7 mg/kg de poids corporel, mais
pas a celle de 0,07 mg/kg.

Un certain nombre d’études in vivo ont été effectuées sur des
rongeurs afin de mettre en évidence la cancérogénicité éventuelle de
I’hexachlorobenzene. Chez des hamsters qui avaient requ une
nourriture contenant de I’hexachlorobenzéne 4 la dose moyenne de 4,
8 ou 16 mg/kg de potds corporel, on a observé chez les deux sexes et
a toutes les doses un accroissement de 1’incidence des carcinomes
hépatocellulaires. Aux doses de § et 16 mg/kg, on constatait la
présence d'hémangioendothéliomes et 4 la dose la plus forte,
d’adénomes de la thyroide chez les males. En exposant pendant 120
semaines des souris 4 ce composé par la voie alimentaire aux doses
quotidiennes respectives de 6, 12 et 24 mg/kg de poids corporel, on a
provoqué un accroissement de Pincidence des carcinomes hépato-
cellulaires chez les deux sexes aux deux doses les plus élevées, mais
cet accroissement n’était pas significatif, sauf chez les femelles
exposées a la dose la plus forte. /» utero, I’exposition de rats par la
voie orale ou lactationnelle a des doses alimentaires quotidiennes
d’hexachlorobenzene allant de 0,01 a 1,5 mg/kg de poids corporel
(mailes) ou de 1,9 mg/kg (femelles) pendant des périodes pouvant
durer jusqu'a 130 semaines post urero, ¢’est-d-dire la durée de vie
moyenne, a eniraine a la dose la plus forte un accroissement de
I'incidence des nodules hépatiques néoplasiques et des
phéochromocytomes surrénaliens chez les femelles et un excés
d’adénomes parathyroidiens chez les males. Lors d’une autre étude
chronique effectuce sur des rats, on a exposé les animaux, par la voie
alimentaire €t pendant des durées allant jusqu’a 2 ans, a des doses
Jjournaliéres moyenncs de 4-5 et 8-9 mp/ke de poids corporel. Les
effets constatés consistaient en une augmentation de I'incidence des
hépatomes et des adénomes rénaux aux deux doses et chez les deux
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sexes. Chez les femelles, on observait en outre une augmentation de
I'incidence des carcinomes hépatocellulaires, des adénomes et des
carcinomes des voies biliaires, des phéochromocytomes et des
adénomes du cortex surrénalien. On a également signalé une incidence
élevée des tumeurs du foie dans un certain nombre d’études plus
limitées au cours desquelles on avait administré une seule dose
d’hexachlorobenzéne par la voie alimentaire 4 de petits groupes de
rates. Par ailleurs, on a observé qu’aprés exposition subchronique par
voie alimentaire 4 ce composé, des souris, des hamsters et des rats
avaient présenté des tumeurs du foie, des voies biliaires, du rein, du
thymus, de la rate et des ganglions lymphatiques. Le méme type
d’exposition favorise I'apparition de tumeurs hépatiques chez des
souris sous I'action de terphényles polychlorés et chez des rats, sous
I'action de la diéthylnitrosamine.

Sauf dans le cas des tumeurs rénales chez les rats miles {qui, du
moins en partie, semblent résulter d'une dégénérescence hyaline) et
des hépatomes chez les rats des deux sexes {qui pourraient résulter de
réactions hyperplasiques a la nécrose hépatocellulaire), on n’a pas pu
trouver d’études mécanistiques concernant les divers fypes de tumeurs
provoquées par I"hexachiorobenzéne et le risque encouru a cet égard
par I’'Homme.

L’hexachlorobenzéne n’a guére d’aptitude a provoquer directe-
ment des mutations géniques, des Iésions chromosomiques ou la
réparation de I"ADN, 1l s’est révélé faiblement mutagene lors de
quelques-unes des érudes portant sur des bactéries et des levures, mais
il convient de noter que chacune de ces études comportait des
limitations, 11 y a également des signes d'un faible taux de liaison i
I’ADN in vifro et in vivo, mais dans une proportion trés inférieure 2
celle que |"on attendrait d’une substance cancérogéne génotoxique,

Lors d’études sur la reproduction, des doses d’hexachlorobenzene
ne dépassant pas (,1 mg par kg de poids corporel qu'on avait fait
inpérer quotidiennement pendant 90 jours a des singes, ont provoqueé
des anomalies dans la structure microscopique et F'ultrastructure de
1’épithélinm germinatif superficiel, structures qui constituent une cible
inhabitmelie pour des toxines ovariennes. Cette dose a également
endommagé Uultrastructure des cellules germinales primordiales.
Alors méme que ces sites étaient spécifiquement aftaqués et
présentatent des Jésions d'autant plus importantes que la dose ctait plus
forte, le développement folliculaire, ovocytaire et embryonnaire restait
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normal, ce qui semble indiquer que I"hexachlorobenzéne a un site
d’action a localisation spécifiquement ovarienne, Chez les miles, la
fonetion de reproduction n’est affectée qu’a des doses beaucoup plus
élevées {entre 30 et 221 mg/keg p.c. par jour), comune ['ont montré un
certain nombre d’études effectuées sur plusieurs espéces n’appartenant
pas a ["ordre des primates,

Des rats et des chats exposés par la voie transplacentaire ou
lactationnelle a des doses quotidiennes d’hexachlorobenzéne
comprises entre 3 et 4 mg/kg p.c. om présemé des signes
d’hépatotoxicité et on a également constaté des effets délétéres sur la
survie et la croissance de leur progéniture. Dans certains cas, il y avait
a ces doses - ou a des doses plus elevées - une réduction de I"effectif
des portées et un nombre accru de mortinaissances. (En général, les
ratons et les chatons i la mamelle étaient plus souvent affectés - et a
des doses plus faibles - que les embryans et les foetus). Chez la
progéniture de visens qui recevalent une alimentation ne contenant pas
plus de 1 mg d’hexachlorobenzéne par kg de nourriture (soit environ
0,16 mg/kg p.c. par jour), on a constaté une réduction du poids de
naissance et un accroissement de la mortalité au sevrage. Quelques
études ont mis en évidence des anomalies squelettiques ou rénales
chez les foetus de rats et de souris exposés i de ["hexachlorobenzéne
pendant la gestation, mais les doses qui produisaient ces anomalies
n’étaient pas toxiques pour les méres. Par ailleurs, le lien de ces
anomalies avec la prise d’hexachlorobenzéne n'a pas été formellement
etabli. Dans deux études, dont 'une comportait une exposition
transplacentaire et postnatale, on a observé des anomalies du
développement neurocomportemental des ratons aprés exposition i»
ulero, les méres ayant regu par voie orale des doses quotidiennes
d’hexachlorobenzene allant de 0,64 4 2,5 mg/kg de poids corporel,

Selon un certain nombre d'études, I"hexachlorobenzéne aurait des
effets delétéres sur le systéme immunitaire. Chez des rats et des singes
exposés a des doses quotidiennes comprises entre 3 et 120 mg
d’hexachlorobenzéne par kg de poids corporel, on a constaté des
modifications histopathologiques au niveau du thymus, de la rate, des
ganglions lymphatiques et des tissus lymphoides pulmanaires, Chez
des chiens beagle exposés de fagon chronique a des doses quotidiennes
correspondant 4 0.12 mg de composé par kg p.c.. on a observé une
hyperplasie nodulaire du tissu lymphoide gastrique. Un certain nombre
d’é¢tudes menées sur des rats ont montré qu aprés plusieurs semaines
d’exposition 4 de I'hexachlorobenzéne par la voie alimentaire, 1l y
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avait stimulation de 1"immunité humorale, et dans une moindre
mesure, de I'immunité & médiation cellulaire, sans modification de Ja
fonction des macrophages. A des doses quotidiennies ne dépassant pas
4 mg de composé par kg de nourriture (environ 0,2 mg par kg p.c.}.
adminjstrées pendant la gestation, pendant le matermage et jusqu’a
’age de 5 semnaines, il y a eu augmentation de la réponse immunitaire
A médiation cellulaire et de la réponse immunitaire humorale ainsi
qu'utie accumulation de macrophages dans le tissu pulmonaire des
ratons. Par contre, la plupart des études effectuées sur des souris ent
fait ressortir les propriétés immunosuppressives de 1’hexachloro-
benzéne; des doses ne dépassant pas 0,5 a 0,6 mpg/kg de poids corporel
administrées quotidiennement pendant plusieurs semaines ont eu les
effets suivants: diminution de la résistance a une infection leishman-
ienne ou 3 une épreuve cancérogéne par exposition a des cellules
tumorales, réduction de ['activité cytotoxique des macrophages
spléniques et de I'hypersensibilité retardée chez la progéniture aprés
exposition in utero ou pendant la périede de maternage. Lors d’un
certain nombre d'études portant sur diverses souches de rats. on a
constaté qu’unme exposition de bréve durée ou une exposition
subchronique a de I’hexachlorobenzéne modifiait la fonction
thyroidienne, comme on pouvait en juger d*aprés la réduction de ja
thyroxine sérique libre ou totale (T,} et souvent, mais dans une
moindre mesure, de la tritodothyronine (T,).

Effets sur ’lHomme

La plupart des données que I’on posséde au sujet des effets de
I'hexachlorobenzéne sur 1'Homme, proviennent d’intoxications
accidentelles qui se sont produites en Turquie en 1955-59, avec plus
de 600 cas réperioriés de porphyrie cutanée tardive. Lors de cet
accident, on a observé des troubles du métabolisme des porphyrimes,
des ¥ésions cutanées, des hyperpigmentations, des hypertrichoses, des
hépatomégalies, des hypertrophies de la thyroide et des ganglions
lymphatiques, avec, dans environ la moitié des cas, une ostéoporose
et une arthrite, principalement d’ailleurs, chez les enfants, Les enfants
nourris au sein dont Ja mére avait été exposée, présentaient des lésions
appelées pembe yara, ¢'est-a-dire “lésions roses”, et la plupart d’entre
eux sont décédés dans l'année. On dispose de quelques données
concernant des cas de porphyrie cutanée tardive chez des personnes
ayant subi une exposition relativement intense a I’hexachlorobenzene
sur leur lieu de travail ou dans leur environnement générak.
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Résumé et Conclusions

Les quelques ¢tudes épidémiologiques disponibles concernant le
cancer souffrent d’un certain nombre & insuffisances: effectif réduit,
exposition 4 I'hexachlorobenzéne mal caractérisée ou exposition
simultanée a de nombreux autres agents, et ne permettent pas
d’évaluer la cancérogénicité de ce composé pour I"Homume.

Effets sur les autres étres vivants au laboratoire et
dans leur milieu naturel

Lors d’¢tudes sur la toxicité aigué de ["hexachlorobenzéne pour
les organismes aquatiques, on a constaté que ['exposition a des
concentrations de I'ordre de 1 & 17 pg/litre réduisait la production de
chlorophylie chez les algues ainsi que la reproduction chez les ciliés,
et qu’en outre, elle provoquait la mort des creveties roses et des
crevettes amencaines du genre Hippolyte, mais elle n'a pas provoque
la mort de poissons d’eau douce ou de mer. Lors d’études 3 plus long
terme, on a constaté que la croissance de certaines algues et proto-
zoaires dulgaquicoles sensibles ¢taient affectée 4 une concentration
d’hexachlorobenzeéne de 1 pg/litre et que des concentrations d’environ
3 pgflire provoquaient la mort d’amphipodes et de perches
appartenant a I'espéce Microprerus salmoides.

Evaluation des risques pour la santé humaine et des
effets sur I'environnement

Effets sur la santé

Le Groupe de travail a conclu que les données dispenibles sont
suffisantes pour que |'on puisse formuler des valenrs-guides relatives
aux elfets cancérogénes et non cancérogénes de 'hexachlorobenzéne.

En ce qui conceme les effets non cancérogénes constatés sur le
foie a dose élevée chez des porcs et des rats exposés par la voie orale
et en se basant sur la dose sans effet observable [a plus faible (0,03
mg'kg de poids corporel par jour), on arrive, compte teno d’un facteur
d’incertitude de 300 (10x pour les variations interspécifiques, 10x pour
les variations intraspécifiques et 3x pour la gravité de I’effet), 4 une
TDI de 0,17 pgikg de poids corporel.

La méthode utilisée pour déterminer fa valeur-guide relative aux
cffets cancérogénes repose sur la dose umorigéne TD,, ¢'est-d-dire la
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dose ingérée qui provoque une augmentation de 5% de I'incidence
tumorale chez les animaux de laboratoire. D*aprés les résultats d’une
étude de cancérogénicité portant sur deux générations de rats et en
faisant appel 4 un modéle multiphasique, on obtient une TD; de 0,81
mg/kg de poids corporel par jour, I’effet retenu étant la formation de
nodules cancéreux hépatiques chez les femelles. Compte tenu de
Pinsuffisance des données mécanistiques, on a appliqué un facteur
d'incertitude de 5000 pour calculer la valeur-guide chiffrée a 0,16
pg'kg de poids corporel par jour.

Effets sur I'anvironnement

Le Groupe de travail a remarqué qu'il existe meés peu d’émdes
expérimentales a partir desquelles on puisse procéder a une évaluation
du risque écologique, La concentration d hexachlorobenzéne dans les
eaux de surface est généralement inférieure de plusieurs ordres de
grandeur 3 celle qui pourrait étre dangereuse pour les organismes
aquatiques, sauf dans certains endroits fortement pollués. Toutefois,
les concentrations d'hexachlorobenzéne rtelevées dans les oeufs
d’oiseaux de mer et de rapaces en différents lieux du globe sont
proches de celles qui provoquent une diminution du poids des
embryons chez la mouette argentée (1500 pg/kg), ce qui incite a
penser que le composé pourrait étre embryotoxique pour certaines
espéces sensibles d’oiseaux. De méme, les concentrations
d’hexachlorobenzene dans les poissons de divers endroits du monde
sont du méme ordre de grandeur que la dose de 1000 pg/keg qui
entraine une réduction du poids de naissance et une augmentation de
la mortalité chez la progéniture de visons. Cela incite 4 penser que ce
composé pourrait avoir des effets indésirables chez les visons et
éventuellement chez d’autres manuniféres piscivores.

Conclusions

a} L’hexachlorobenzéne est un composé chimique persistant qui
subit une bicaccumulation du fait de sa liposolubilité et de sa
résistance a la décomposition.

b) L'expérimentation animale montre que 1'hexachlorobenzéne
provoque des cancers et affecte de nombreux organes, tissus et
systémes comme le foie, les poumons, les reins, la thyroide, les tissus
des gonades, le systéme nerveux et le systéme immunitaire.
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¢) En ce qui conceme I'Homme, on a pu abserver, a |’occasion
d’une forte exposition d’origine accidentelle, les manifestations
cliniques d'une intoxication par I’hexachlorobenzéne qui se
traduisaient par une porphyrie cutanée tardive chez les enfants et les
adultes et par la mort chez des nourrissons alimentés au sein.

d) Ilest justifié de prendre diverses mesures pour réduire la quantité
d'hexachlorobenzéne présente dans I'environnement.

€) On a proposé les valeurs-guides & visée sanitaire suivantes pour
la dose totale ingérée quotidiennement (TDI): en ce qui concermne les
effets non cancérogenes, 0,17 pg/kg de poids corporel par jour ; en ce
qui concerne les effets cancérogénes, 0,16 pg/kg de poids corparel par
jour.
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1. RESUMEN Y CONCLUSIONES

Identidad, propiedades fisicas y quimicas y métodos
analiticos

El hexaclorobenceno (HCB) €5 un compuesto organice clorado
de volatilidad moderada. Es practicamente insoluble en ¢l agua, pero
¢s muy liposcluble y bicacumulative. El HCB de calidad técmica
contiene hasta un 2% de impurezas, en su mayor parle pentacloro-
benceno; el resto incluye dibenzo-p-dioxinas, dibenzofuranos y
bifenilos altamente clorados. Para determinar €l HCB en el medso
ambiente y en material bioldgico se procede por lo general a extraer
la muestra mediante disolventes organicos, a lo que sipue con
frecuencia un paso de limpieza, a fin de obtener extractos organicos
analizables mediante cromatografia de gases/espectrometria de masas
{GC/MS) o cromatografia de gases con deteccidn de captura de
¢lectrones (GC/ECD).

Fuentes de exposicion humana y ambiental

Hubo un tiempao en que €l HCB se utslizd mucho en la limpieza
de semillas para prevenir las enfermedades micoticas de los cercales,
pero ese uso se abandoné en la mayor parte de los paises en los afios
setenta, El HCB se sigue liberando en el medio ambiente a partir de
diversas fuentes, gue inchuyen el uso de algunos plaguicidas clorados,
procesos de combustion incompleta y viejos vertederos, asi como los
métodes inapropiados de produccion y de eliminacidén de desechos en
Ja fabricacion de disolventes clorados, compuestos aromaticos
clorados y plaguicidas clorados.

Transporte, distribucion y transformacion en el medic
ambiente

El HCB se distribuye por todo el medio ambiente porgue s mévil
y persistente, aunque se produce una lenta fotodepradacidn en el aire
y una degradacitn microbiana en el suelo. En la troposfera el HCB es
transpertado a grandes distancias y es eliminado de Ia fase aérea por
su deposito en el agua y el suelo. Se ha informado de que se produce
una importante bicamplificacion de} HCB a través de la cadena trofica.
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Niveles ambientales y exposicién humana

3¢ encuentran concentraciones bajas de HCB en el aire ambiental
(a lo sumo unos pocos ng/m’), en el agua de bebida y en las aguas
superficiales (a lo sumo unos pocos ng/litro) de zonas alejadas del
punto emisor en todo el mundo. No obstante, se han hallado
concentraciones mas altas cerca de los puntos emisores. El HCB es
bicacumulativo y se ha detectado en invertebrados, peces, reptiles,
aves y mamiferos (incluido €l hombre} lejos de los puntos emisores,
particularmente en el tejide adiposo de organismos de los niveles
troficos mds altos. Los niveles medios en el tejida adiposo de la
poblacién humana genetal en diversos paises van de decenas a
centenas de ng/g de peso en fresco. Considerando los niveles
representativos de HCB en el aire, el agua y los alimentos, se estima
que la ingesta total de HCB por los adulios de la poblacidn general esta
comprendida entre 0,0004 y 0,003 ng/kg de peso corporal al dia. Esa
ingesta se realiza principalmente a través de los alimentos. Debido a
Iz presencia de HCB en la leche materna, se ha estimado que la ingesta
media por los lactantes alimentados al pecho en diversos paises va de
< 0,018 a 5,1 pg/kg de peso corporal al dia. Los resultados de la
mayorta de los estudios realizados acerca de las concentraciones de
HCB en los alimentos y en los tejidos humanos a lo fargo del tiempo
indican que la exposicion dc la poblacidn general al 11CB disminuyé
desde los afios setenta hasta mediados dc los noventa en muchos
lugares. Sin embargo, esa tendencia no se ha confirmado con claridad
durante el altimo decenio en otros lugares.

Cinética y metabolismo en animales de laboratorio y
en el ser humano

No hay suficientes datos sobre la toxicocinética en el hombre, El
HCP es absorbido rapidamente por via oral por los animales de
experimentacion, y escasamente a través de la piel {no existen datos
sobre la inhalacidn), En los animales y en los seres humanos, el lICB
se acumula en los tejidos ricos en lipidos, como el tejido adiposo, la
corteza suprarrenal, la médula dsea, la piel y algunos tejidos
endocrinos, y puede transmitirse a la descendencia a través tanto de [a
placenta como de la leche materna. E1 HCB sufte un metabolismo
limitado, generando pentaclorofenol, tetraclorohidroquinona  y
pentaclorotiofenal como principales metabolitos en la orina. Tas
semividas de climinacion del HCB estan comprendidas entre
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aproximadamente un mes en la rata y el conejo y 2 6 3 afios en el
mMonoe,

Efectos en animales de laboratorio y en las pruebas
in vitro

La toxicidad aguda del HCB en los animales de experimentacion
es baja (1000 x 10 000 mg/kg de peso corporal). En los estudios con
animales, el HCB no causa irritacién cutinea ni ocular y no tiene
efectos de sensibilizacién en el cobayo.

Los datos disponibles acerca de la toxicidad sistémica del HCB
indican que las vias de la biosintesis del grupo hemo son una
importante diana de la toxicidad del hexaclorobenceno. Se han hallado
niveles elevados de porfirinas o de precursores de la porfirina, o de
ambas cosas, en el higado, en otros tejidos y en las excretas de varias
especies de mamiferos de laboratorie expuestos al HCB. Se ba
informado de la aparicion de porfiria en varios estudios realizados con
ratas expuestas por via oral cronica o subcronica a dosis entre 2,5y 13
mg de HCB/kg de peso corporal al dia. La excrecién de
coproporfirinas aumenté en cerdos que ingirieron 0,5 mg de HCB/kg
de peso corporal al dia o més (en ¢] Ultimo estudic no se observd
ningun efecto con 0,03 mg de HCB/kg de peso corporal al dia). Se ha
visto también que la exposicién repetida al HCB afecta a una amplia
gama de sistemas organicos (entre ellos el higado, los pulmones, los
rifiones, la tiroides, la piel y los sistemas nervioso e inmunitario),
aunque las referencias a estos efectos son menos frecuentes que las
relacionadas con la porfina,

El HCB es un inductor de tipo mixto del ¢itocromo P-450, con
propiedades inducibles por el fenobarbital y por el 3-metilcolantreno.
Se sabe que se une al recepter Ah.

Por lo que se refiere a los estudios crdnicos, en ratas expuestas a
dosis de 0,25 a 0,6 mg de HCB/kg peso corporal al dia se observaron
efectos leves en el higade (cambios histopatolégicos, induccién
enzimatica); en dichos estudios los NOEL estaban comprendidos entre
0,05 y 0,07 mg de HCB/kg de peso corporal al dia. Las
concentraciones de neurotranstnisores en el hipotilamo se vieron
alteradas en visones hembra sometidos a través de los alimentos a una
exposicitén cronica de 0,16 mg de HCB/kg de peso corporal al dia. ¥
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en su descendencia expuesta a lo largo de la gestacion y la lactancia.
En estudios subcronicos realizados en ratas la homeostasis del calcio
¥ la morfometria dsea se vieron afectadas con 0,7 mg de HCB/kg de
peso corperal al dia, pero no con 0,07 mg/kg de peso corporal al dia.

La carcinogenicidad del HCB ha sido evaluada mediante varios
bioensayos realizados con roedores. En hamsters mantenidos con
alimentos con los que ingerian unas dosis medias de 4, § 6 16 mg/kg
de peso corporal al dia durante toda la vida, se produjeron aumentos
en la incidencia de tumores de las células del higado (hepatomas) en
los dos sexos y a todas las dosis, hemangioendeteliomas hepaticos a
dosis de 8-16 mg/kg de peso corporal al dia, y adenomas tiroideos de
los machos a la dosis mayor. La exposicidn alimentaria de ratones a
dosis de 6, 12 y 24 mg/kg de peso corporal al dia durante 120 semanas
dio lugar a un aumento de la incidencia de tumores de las células del
higado (hepatomas) en ambos sexos a las dos dosis mayares (no
significativo, excepto para las hembras a la dosis mayor), En ratas, la
exposicion in fitero, durante la lactancia y por via oral al HCB a través
de alimentos que proporcionaban a lo largo de su vida dosis medias
comprendidas entre 0,01 y 1,5 mg/kg de peso corporal al dia (machos)
o 1,9 mg’kg de peso corporal al dia (hembras) por espacio de hasta
130 semanas post ttere produjo a la mayor de las dosis un aumento de
la incidencia de nédulos hepaticos neoplasicos y de feocromocitomas
suprarrenales en las hembras y de adenormas paratiroideos en los
machos. En otro estudio crénico realizado en la rata, [a exposicién por
un periodo de hasta dos aiios a alimentos que proporcionaban dosis
medias de HCB de 4-5 y de 8-9 mg/kg de peso corporal al dia indujo
aumentos de la incidencia de hepatomas y de adenomas de las células
renales a ambas dosis en los dos sexos, y de carcinomas
hepatocelulares, adenomas y carcinomas de las vias biliares, y
feocromocitomas suprarrenales y adenomas de la corteza suprarrenal
en las hembras. Se ha informado también de incidencias elevadas de
tumores hepaticos en algunos estudios mas limitados en los que se
administraron concentraciones alimentarias unicas a grupos reducidos
de ratas hembra, Ademads, se ha informado de que, después de una
exposicion alimentaria suberdnica al HCB, ratones, hamsters y ratas
desarrollaron umores en el higado, las vias biliares, el rifidn, el ttmo,
el bazo v los ganglios linfaticos. La exposicién alimentaria al HCB
favorecié la induccion de tumores hepaticos por el terfenilo
policlorado en el ratén ¥ por la dietilnitrosamina en 1a rata,
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Con excepcidn de los tumores renales en la rata macho
{aparentemente debidos, al menos en parte, a una nefropatia por
acumulacitn de gotas hialinas) y de los hepatomas en la rata (posible
resultado de 1a respuesta hiperplasica a una necrosis hepatocelular), no
se conocen estudios mecanisticos que hayan determinado el
significado del tipo de tumores inducidos por el HCB ¢n el caso del
hombre.

El HCB tiene una escasa capacidad de induccion directa de
mutaciones de las genes, lesiones cromosomiicas v reparaciones del
ADN. Mostrd una leve actividad mutagena en un reducido nimero de
los estudios realizados en bacterias y levaduras, aungue hay que
sefialar que todos esos estudios presentan limitaciones. Existen
tambi¢n algunos indicios de un cierto grado de unién al ADN i vitro
e in vive, aunque a niveles muy inferiores a los habituales en los
carcindgenos genotdxicos.

En estudios sobre la reproduccion, la exposicién oral de monos
a tan sblo 0,1 mg de HCB/kg de peso corporal al dia durante 90 dias
afecté a la estructura revelada por microscopia optica y a la
ultraestructura del epitelio germinal superficial, una diana poce usual
para las toxinas que afectan al ovario. Dicha dosis causé también
dafios ultraestmucturales en Yas células germinales primordiales. Estos
cambios especificos en tejidos-diana, para los que dosis mayores son
atn mas lesivas, se asocian par lo demis a un desarrollo normal del
foliculo, el ovocito v el embrién, lo que indica que el HCB tiene una
accién especifica en el avarie. La reproduccidn masculina sélo se vio
afectada a dosis mucho mayores (entre 30 y 221 mg/kg de peso
corporal al dia) en estudjos realizados en varias especics distintas de
los primates.

La exposicidn de ratas y gatos, a través de la placenta o durante
1a Jactancia, a dosis maternas comprendidas entre 3 y 4 mg/kg de peso
corporal a) dia tuve efectos hepatotéxicos o afectd a la supervivencia
o ¢l crecimiento de la descendencia en periodo de lactancia. En
algunos casos, dosis iguales o superiores a €sas redujeron el tamafio de
las camadas o aumentaron el numero de abortos. (Los efectos nocivos
en los cachorros sin destetar han sido observades mas frecuentemente,
y a dosis menores, que los efectos embriotéxicos o fetotdxicos,) La
descendencta de visones expuoestos crénicamente a solo 1 my de
HCB/kg de alimento {(aproximadamente ¢,16 mg/kg de peseo corporal
al dia) tuvo un peso reducido al nacer y presentd una mayor
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mortatidad hasta el destete. A pesar de que se han observado trastornos
esqueléticos y renales de los fetos en algunos estudios realizados en
ratas y ratones expuestos al HCB durante la gestacién, dichas
alteraciones o bien no estaban claramente relacionadas con el
tratarniento o bien ocurrieron a dosis que eran también tGxicas para las
madres. En dos estudios, uno de los cuales incluia exposicién posnatal
y durante la lactancia, el desarrollo neurocomportamental de las crias
de rata se vio afectado por Ia exposicion in tifere a dosis maternas
orales de 0,64 a 2,5 mg de HCB/kg de peso corporal al dia.

Los resultados de varios estudios indican que el HCB afecta al
sistema inmunitario. Ratas y monos expuestos a dosis entre 3 y 120
mg de HCB/kg de pesa corporal al dia sufrieron alteraciones
histopatoldgicas en el tino, en el bazo y en los ganglios linfaticos o los
tejidos linfoides del pulmoén, La exposicion cronica de perros sabuesos
a 0,12 mg/kg de peso cerporal al dia produjo una hiperplasia nodular
del tejido linfoide gastrico. En varios estudios realizados en la rata, la
mmunidad humoral y, en menor grado, la celular se vieron potenciadas
tras varias semanas de exposicion alitmentaria al HCB, mientras que la
funcidn de los macrofagos no se alterd. Una cantidad tan pequeha
como 4 mg de HCB/kg de alimento (aproximadamente 0,2 mg/kg de
peso corporal al dia) durante la gestacién, a lo largo de la lactancia y
hasta las 5 semanas de edad incremento las respuestas fnmunitarias
humoral y celular y provocd la acumulacion de macréfages en el tejido
pulmeanar de crias de rata. Por el contrario, sc¢ ha observado un efecto
inmunodepresor del HCB en la mayor parte de los estudios llevados
a cabo con ratones; dosis de sélo 0,5-0,6 mg/kg de peso corporal al dia
durante varias semanas redujeron la resistencia a la infeccion por
Leishmania o a una provocacion con células tumorales, disminuyeron
la actividad citotoxica de los macrofagos del bazo, y redujeron la
respuesta de hipersensibilidad de tipo retardade en la descendencia
expuesta in ttero y durante la lactancia. En varios estudios realizados
con diversas cepas de ratas, la exposicidn de breve duracion o
subcrénica al HCB afecté a la funcidn tiroidea, a juzgar por los
reducidos miveles séricos de tiroxina total y tiroxina libre (T,) v a
menudo, en mener grado, de triyodotironina (T,).

Efectos en el ser humano

I.a mayor parte de los datos acerca de los efectos del HCB cn el
ser humano provienen de intoxicaciones accidentales que tuvieron
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lugar en Turquia en los afios 1955-1939, entre las que se identificaron
mads de 600 casos de porfiria cutanea tardia (PCT). En esa ocasién se
observaron alteraciones en ¢l metabolismo de la porfirina, lesiones
dermatoldgicas, hiperpigmentacion, hipertricosis, aumento del tamafio
del higado, de la glandula tiroides y de los ganglios linfaticos; se
observaron también (aproximadamente en la mitad de los casos)
osteoporosis o artritis, sobre todo en los nifios. Los nifios amamantados
por madres expuestas al HCB comoe consecuencia de ese accidente
desarrollaron un trastorno conocido como pembe yara (ukeracidn
rosada), vy la mayor parte murieron antes de un afio. Existen también
alpunos indicios de que la PCT afecta a personas sometidas a una
exposicién relativamente alta al FICB en el fugar de trabajo o en el
medio ambiente general,

Los pocos estudios epidemioldogicos disponibles acerca de la
incidencia de cancer tienen un valor limitado, ya sea por lo reducido
de la muestra, por la deficiente caracterizacion de la exposicién al
CHB o por la exposicion a otros muchos agentes, y son insuficientes
para evaluar la carcinogenicidad del HCB para €l ser humano.

Efectos en otros organismos en el laboratorio y sobre
el terreno

En los estudios realizados sobre la toxicidad aguda del HCB para
los organismos acuiticos, la exposicion a concentraciones
comprendidas entre 1 y 17 ug/litro redujo la produccion de clorofila
en algas y la reproduccion de protozoos ciliados, y causé mortalidad
en el camarén rosado y en las quisquillas, pero no aumento la
mortalidad de peces de agua dulce o de mar, En estudios a largo plazo,
el crecimiento de algas y protozoos vulnerables de agua dulce se vio
afectado por una concentracién de 1 pgilitro, mientras que
concentraciones de aproximadamente 3 pg/litro provecaron mottalidad
en anfipodos y necrosis hepética en la perca americana.
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9.1

9.2

Reésumen y Conclusiones

Evaluacion de los riesgos para la salud humana y de
los efectos en el medio ambiente

Efectos en la salud

El Grupo Especial llegd a la conclusion de que los datos
disponibles son suficientes para establecer valores indicativos respecto
a los efectos neopldsicos y no neoplisicos del HCB.

En cuanto a los efectos no neoplisicos, considerando el NOEL
mas bajo notificado (0,05 mg de HCB/kg de peso corporal al dia),
referido sobre todo a los efectos hepéticos observados a dosis mayores
en estudios realizados en cerdos y ratas expuestos por via oral, e
incorporande un factor de incertidumbre de 300 {x 10 en concepto de
variacion interespecies, X 10 en concepto de variacion intracspecie, ¥
x 3 en concepto de gravedad del efecto), se ha calculado una IDT de
0,17 pg/kg de peso corporal al dia.

El criterio segnido en cuanto a los efectos neapldsicos se basa en
{a dosis tumorigénica TD,, es decir, la ingesta asoctada a un exceso del
3% en la incidencta de tumores detectada en los experimentos con
animales. Considerando los resultados del bicensayo de
carcinogenicidad en dos peneraciones de ratas, y empleando el modelo
polietapico, 1a TD, es de 0,81 mgkg de peso corporal al dia para los
nodulos neoplasicos del higado en las hembras. Habida cuenta de la
insuficiencia de los datos mecanisticos, se utilizé un factor de
incertidumbre de 5000 para establecer un valor indicativo, basado en
criterios de salud, de 0,16 pg'kg de peso corporal al dia,

Efectos en el medio ambiente

El Grupo Especial sefiald que existen muy pocos estudios
experimentales con los que llevar a cabo una evaluacion de los riesgos
para el medio ambiente. Los niveles de HCB en las aguas
superficiales. excepto en unos pocos lugares extremadamente
cantaminados. son en general varios drdenes de magnitud inferiores
a los que se supone que entrafian riesgos para los organismos
acuaticos. No abstante, las concentraciones de HCB en los huevos de
las aves marinas v las rapaces de algunos lugares en distintas zonas del
munde se aproXiman a niveles que en Ia gaviota argéntea se asocian
a una disminucién del peso del embrion (1300 pgkg). lo que parece
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indicar que el HCB puede dafiar los embriones de especies de aves
vulnerables. Del mismo modo, los niveles de HCB observados en
peces de diversos lugares del mundo se encuentran a un orden de
magnid del nivel alimentario de 1000 pg’kg, asociado a una
reduccion del peso al nacer y a un aumento de la mortahdad de la
descendencia en los visones. Esto parece indicar que el HCB puede
tener efectos nocivos en los visones y, tal vez, en otros mamiferes que
se alimentan de peces.

Conclusiones

a) E1 HCB es un producto quimico persistente que se bicacumula
debido a su liposelubilidad y a su resistencia a la degradacién.

b) Los estudios realizados con ammales han demostrada que el HCB
produce cancer y afecta a una amplia gama de sistemas de 6rganos,
con inclusidn del higado, los pulmones, los rifiones, la tircides, los
tejidos reproductivos y los sistemas nervioso € inmunitario.

¢) Enseres humanos sometidos a una alta exposicion accidental se
ha observado toxicidad sintomatica, en particular porfiria cutinea
tardia en nifios y ¢n adultos ¥ mortalidad en lactantes.

d) Es nccesario adoptar diversas medidas para reducir la carga
ambiental de HCB.

e) Se han propuesto los siguientes valores indicativos basados en
criterios de salud para la ingesta diaria total {1DT) de HCB por el ser
humane: efectos no cancerigenos, 0,17 pg/kg de peso corporal/dia;
efectos neoplasicos, 0,16 p/kg de peso corporal/dia.
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