BENZO[bJFLUORANTHENE
GENERAL BACKGROUND INFORMATION

‘Benzo(b}fluoranthene (BbF) is a member of the class of compounds referred to as polycyclic
aromatic hydrocarbons (PAHs). PAHs contdin two or more aromatic rings. PAHs are
~ ubiquitous in nature and are both naturally occurring and man-made. Exposure to BbF can
come from air, water, or soil. As a PAH, BbF is present in the emissions from industrial
plants that produce coal tar, cooking plants, asphalt production plants, and home heating
with wood and coal. BbF is also present in charcoal-broxled foods and cxgarette smoke
(ATSDR; 1990).

PHARMACOKINETICS

'No-data on the abaorption, distribution or., excretion of BbF were identified. BbF is N
metabolized under in vitro incubation conditions to phenol and dihydrodiol métabolites
‘(Amin et al., 1982). The general metabolic pathways elucidated for benzo(a)pyrene are also
active on BbF (Cooper et al., 1983; Levin et al., 1982; Grover et al., 1986). The reactive
metabolites associated with the tumorigenic effects of BbF may not be the diol epoxides
'(Amin et al., 1982; Amin et al., 1985). As for the other PAHs, the material excreted is
expected to consist primarily of dihydrodiol and phenol conjugates (Grover et al., 1986).

'HUMAN TOXICOLOGICAL PROFILE

The database for human toxicity is very limited. There are no studies correlatmg exposure
to BbF and cancer or systemic toxmty The only data implicating BbF as a carcinogen come
from carcinogenicity studies using a mixture of PAHs.

MAMMALIAN TOXICOLOGICAL PROFILE

The database on the toncxty of BbF is limited. Intratracheal administration of BbF to rats
resulted in an increase in respiratory tract tumors (Deutsch-Wenzel et al., 1988). BbF has
“caused skin tumors in mice following dermal application (Wynder and Hoffman, 1959). The

skin tumor initiating ability of BbF has been demonstrated in mice using a standard
initiation/promotion protocol with either croton oil or phorbol myristate acetate as a tumor

promotor (Amin et al., 1985; LaVoie et al., 1979, 1982).
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GENOTOXICITY

The genotoxicity of BbF has been shown equivocally in three in vitro studies. BbF has been
shown to be mutagenic in Salmonella typhimurium in the presence of an exogenous rat-liver
preparation (LaVoie et al., 1979). Mutagenic activity has been reported in another similar
study (Hermann, 1981). Negative results were reported by Mossanda (1979). The results
cannot support an unequivocal determination regarding the genotoxicity of BbF at this time,

REFERENCES
Agency for Toxic Substance and Disease Registry (ATSDR) (1990) Toxicok
_ Public Health Service.

Amin, 8., LaVoie, EJ. and Hecht, 8.8. (1982) Identification of metabolites of benzo(a)fluoranthene. Clnhopanh
3:171-174. ' ‘

8, H Husssur, N., jo, J.E. and Hocht, 8.8. (1985) M)  and tumor
Auin, 8., Hule, K, .Goddn., 'é‘l&lm. umiau. initiating activity of

Cooper, C.8,, Grover, P.L. and Sizus, P. (1983) The metaboliam and activation of benzo(@pyrene. Ia: Bridges, J.W,
mu.ammmvm.JmmmmNnmhmmm

. DMWMR.P..BMH..M.O,D#MG.MWJ.(IMWMhMW‘
on the carcinogenicily and dose-response relationships ﬁmm.mmmvwwmuc
. hydrocarbons. J. Natfl.Cancer Inst. 71:539-544. f o

M,PL(IMWWM%WMW&&W#MWM&
Xenobiotica. 16:915-931.

muwmnw&mqmwMWMwmm#m
mixiures, Mutat. Res. 90:398-409.

LaVois, EJ,, Amin, 8, Hect, 85, Parays, K and Hoffuann, D, (1979) On the metabolic activation of the
mmumumwﬂmmwmmummmmmumsl

uVoi.,zJ;ms,nmss;mmxmnmn.mwwmmmw f dikydrodiols
memmmwmmwmwﬂmm.cwum b o

. Drug Metab. Rev. 13:555-580.

Mossanda, K., Poncelet, 7., Fouassin, A. and Mercier, M. (1979) Detection of mutagenic polycyclic aromatic hydrocarbons
in African smoked flsh, Pood Cosmet. ToxiooL 17:41-148. .

Wynder, E.L. and Hoffmann, D. (1958) The carcinagenicity of bensofluoranthenes. Cancer 12:1194-1199.

MW,WMA,CM@BL“&(I%WMMIM#MMWMbM
carcinogens

MA DEP, ORS & BWSC
mmwmmmtswmwnm
versions 1.6 2 & b - 10/92

B-22



BENZOI[KJFLUORANTHENE
' GENERAL BACKGROUND INFORMATION

Benzo[k]fluoranthene (BkF) is a member of the class of compounds referred to as polycyclic
aromatic hydrocarbons (PAHs). PAHs contain two or more aromatic rings. PAHs are
ubiquitous in nature and are both naturally occurring and man-made. Exposure to BKF can -
come from air, water, or soil. As a PAH, BkF is present in the emissions from industrial
plants that produce coal tar, cooking plants, asphalt production plants, and home heating
with wood and coal. BKF is also present in charcoal-broiled foods and cigarette smoke

(ATSDR, 1990). *

PHARMACOKINETICS

No data on the absorption, distribution or excretion of BKF were identified. BKF is believed
to be metabolized to phenol and dihydrodiol metabolites (ATSDR, 1990). The general
metabolic pathways elucidated for benzolalpyrene are believed to be active on BkF. As for
the other PAHs, the material excreted is expected to consist primarily of dihydrodiol and
phenol conjugates (Levin et al., 1982; Cooper et al., 1983; Grover et al., 1986). '

HUMAN TOXICOLOGICAL PROFILE

The database for human toxicity is very limited. There are no studies correlating exposure
to BkF and cancer or systemic toxicity. The only data implicating BKF as a carcinogen come
from carcinogenicity studies using a mixture of PAHs.

MAMMALIAN TOXICOLOGICAL PROFILE

The database on the toxicity of BkF is limited. The skin tumor initiating ability of BKF has
been demonstrated in mice using a standard initiation/promotion protocol with either croton
resin or phorbol myristate acetate as tumor promotors (Van Duuren et al., 1966; LaVoie et
al., 1982). Chronic dermal application of benzo[k}fluoranthene to mice resulted in no skin
tumors, suggesting that BkF alone is not a complete carcinogen (Wynder and Hoffman, 1959).

GENOTOXICITY

The genotoxicity of BKF ‘has not been documented in in vitro studies. In vivo, a single
topical application of BkF:was reported to bind to DNA in CD-1 mouse skin (Weyland et al.,
1987). Covalent binding of chemicals to DNA can result in strand breaks and DNA damage,
ultimately leading to mutations (ATSDR, 1990).
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CHRYSENE
GENERAL BACKGROUND INFORMATION

Chrysene is onie of the polycyclic aromatic hydrocarbon (PAH) compounds which are formed
during the combustion of organic material. Chrysene often exists in particulate form,
‘adsorbing to existing particulate material in air. Human exposure can occur in the workplace
(coal and asphalt production plants, cooking plants, smoke houses) or in the environment due
to chrysene contamination of air, food, soil and water (ATSDR, 1990).

PHARMACOKINETICS

Chrysene can be absorbed by all routes of exposure (see section on Relative Absorption
Factors). Its absorption is believed to be qualitatively similar to benzo[alpyrene (ATSDR,
'1990). Following absorption, chrysene distributes to all organs, reaching the highest
concentration in tissues with large fat content (adipose tissue, mammary tissue, brain)
(Modica et al., 1083). 'Chrysene undergoes metabolic biotransformation mediated by the
mixed functlon oxidase enzyme system to form reactive intermediates hypothesized to be
responsible for its toxicity. The major metabolites include trans-dihydrodiols, phenols, diol
-epoxides and triol epoxides (Thakker et al., 1985). The reactive metabolites are conjugated
and excreted primarily in feces (Schlede et al., 1970).

HUMAN TOXICOLOGICAL PROFILE

There is no information available on threshold toxic effects of chrysene in humans. Since

it is structurally similar to benzo[alpyrene, it wou.m be expected to produce effects similar
to B[a]P following acute or chronic exposure (see Toxicity Profile on Benzo[alpyrene).

MAMMALIAN TOXICOLOGICAL PROFILE
There is no information available on threshold toxic effects of chrysene in animals. Since

it is structurally similar to benzola]pyrene, it would be expected to produce effects similar
to Bla]P following acute or chronic exposure (see Toxicity Profile for Benzo[a]pyrene).
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GENOTOXICITY

The genotoxicity of chrysene has been evaluated in in vivo and in vitro cytogenetic tests.
Chrysene produced weak positive results in bacterial mutation assays, human epithelial
~mutation studies, cell transformation assays and in vivo cytogenetic studies (Waters et al.,
1987). Metabolism of chrysene is essential to. produce the observed positive responses.
Chrysene is not genotoxic in all test systems, however, it is believed to be a weak mutagen
(ATSDR, 1990). The carcinogenicity of chrysene has not been adequately studied. There
are no reports directly correlating human chrysene exposure and tumor development. There
is limited evidence that chryesene is a skin carcinogen in animals following long-term dermal

application (Wynder and Hoffmann, 1959; Hecht et al., 1974).
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ACENAPHTHYLENE

GENERAL BACKGROUND INFORMATION

Acenaphthylene is a member of the polycyclic aromatic hydrocarbons (PAH). PAHs are a |
class of non-polar compounds that contain two or more aromatic rings. They are ubiquitous
in nature and are both naturally occurring and man-made. The data on acenaphthylene are
PHARMACOKINETICS

No data were found regarding the pharmacokinetics of acenaphthylene.

HUMAN TOXICOLOGICAL PROFILE

No data were found regarding the human toxicity of acenaphthylene.

‘MAMMALIAN TOXICOLOGICAL PROFILE _

No data were found ;'egarding the mammalian toxicity of écenaphthylene.
GENOTOXICITY "

Data ‘from a gsingle mutagenicity assay using acenaphthylgné were positive (U.S. EPA, 1982).

REFERENCES

MA DEP, ORS & BWSC i
Documntation for the Risk Assessment ShortForm Residential Scenario -
versions 1.6 a & b - 10/92

: B-5



THIS PAGE HAS BEEN INTENTIONALLY LEFT BLANK

MA DEP, ORS & BWSC .
Documntation for the Risk Assessment ShortForm Residential Scenario
" wversions 1.6a & b - 10/92

B-6



ANTHRACENE
GENERAL BACKGROUND INFORMATION

Anthracene is a polycyclic aromatic hydrocarbon (PAH). PAHSs are a class of compounds
which are non-polar and contain two or more aromatic rings. They are ubiquitous in nature

~and are both naturally occwrring and man-made. As a PAH, anthracene is found in tobacco
smoke, certain foods, and the emissions from industrial or natural burning.

PHARMACOKINETICS

. Little data were found regarding the pharmacokinetics of anthracene. The intestinal
absorption of anthracene is less dependent on the presence of bile in the stomach than is
the absorption of larger PAHS such as benzo(a)pyrene (Rahman et al, 1988). <

HUMAN TOXICOLOGICAL PROFILE

Anthracene is a skin irritant and allergen (Sax, 1984). Humans exposed to anthracene in an -
occupational setting may demonstrate skin disorders (Clement, 1985). Anthracene has been
associated with gastrointestinal tract toxicity in humans (Badiali et al, 1985). However, the
usefulness of this study is limited due to confounding factors. Hematopoietic toxicity has
also been observed in cancer patients who have been treated with anthracene-containing
chemotherapeutics (Falkson et al, 1985). No control groups and concomitant exposure to
other ingredients in the therapeutic agents prevents any definitive conclusions.

MAMMALIAN TOXICOLOGICAL PROFILE

A subchronic study where anthracene was administered to mice by gavage for at least 90
days found no treatment-related effects at doses up to 1000 mg/kg-day (USEPA, 1989).

The data on the carcinogenicity of anthracene are considered inadequate by EPA
(RIS, 1991).

GENOTOXICITY

Tests for DNA damage, mutation, chromosome effects and cell transformation in a variety
of eukaryotic cell preparations have shown negative results. The majority of tests using
anthracene in prokaryotes are negative, but positive results are reported in one or two tests
(ATSDR, 1990; IRIS, 1991). ' '
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BENZOIg,h,i]PERYLENE

GENERAL BACKGROUND INFORMATION

Benzo[g,h,i]perylene is a member of thé polyaromatic hydrocarbons (PAH). PAHSs constitute
- a class of non-polar compounds that contain two or more aromatic rings. They are

ubiquitous in nature and are both naturally occurring and man-made. The data regarding

benzo[g,h,iJperylene are limited. As a PAH, it is found in food (charcoal broiled meats),

vegetables, tobacco smoke and soot (U.S. EPA, 1980). Exposure occurs by inhalation,
ingestion and by dermal contact.

PHARMACOKINETICS

No data were found regarding the pharmaookinetics of benzolg,h,ilperylene.

HUMAN TOXICOLOGICAL PROFILE

No data were found regarding the human to:ticology of benzo[g,h,i]pgrylene. »

MAMMALIAN TOXICOLOGICAL PROFILE |

Nc;: data were found regarding the mammalian toxicity of benzo[g,h,iJperylene.
' GENOTOXICITY

No data were found regarding the genotoxicity of benzolg,h,ilperylene.
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FLUORENE
'GENERAL BACKGROUND INFORMATION

Fluorene is a member of the polyaromatic hydrocarbons (PAH). PAHs constitute a class of
non-polar compounds that contain two or more aromatic rings. They are ubiquitous in nature
and are both naturally occurring and man-made. The data on fluorene are very limited. Low
levels of (5 to 67 ug/kg) have been detected in smoked meats (U.S. EPA, 1982).

PHARMACOKINETICS
No data were found regardmg the pharmacokinetics of fluorene.
HUMAN TOXICOLOGICAL PROFILE

The database for the toxicological effects of fluoranthene on hixmans, separate from other
PAHs, is limited. Toxic effects attributable to mixtures of PAHs include a variety of skin
lesions and non-cancer lung diseases such as bronchitis (IARC, 1973).

MAMMALIAN TOXICOLOGICAL PROFILE

Limited information is available on. the threshold effects of fluorene. An EPA study.
(EPA,1989) indicated that CD-1 mice exposed by gavage to up to 500 mg/kg-day of fluorene
showed hypoactivity as well as a decrease in red blood cell count and packed cell volume and
. hemoglobin. Increases in absolute and relative liver, spleen and kidney weights was also
observed. Gershbein (1975) reported that partially hepatectomized rats fed a diet of 180
mg/kg-day of fluorene for 10 days showed a statistically significant increase in liver
regeneration, which is indicative of the ability to induce a proliferative response.

. Fluorene is ﬁot reported to be a complete skin carcinogen (ATSDR, 1990). It was inactive
as a tumor initiator when an estimated total dose of 1.0 mg was applied prior to the
application of {etradecanoyl phorbol acetate (LaVoie et al, 1980).

GENOTOXICITY

There is no evidence that fluorene is genotoxic, but genotoxicity has been studied only in
a few in vitro assays (ATSDR, 1990).

-~
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PHENANTHRENE
GENERAL BACKGROUND INFORMATION

Phenanthrene is a member of the polyaromatic hydrocarbons (PAH). PAHs constitute a class
of non-polar compounds that contain two or more aromatic rings. They are ubiquitous in
nature and are both naturally occurring and man-made. The database on the potentml
health effects of phenanthrene is limited.

PHARMACOKINETICS |

Little data are available regarding the pharmacokinetics of phenanthrene, The intestinal
absorption of phenanthrene is less dependent on the presence of bile in the stomach than
is the absorption of the larger PAHs (such as benzo(a)pyrene) (Rahman et al, 1986).
HUMAN TOXICOLOGICAL PROFILE | |
Phenanthrene has been shown to be a skin photosenéitizer in humans (Sax, 1984).
MAMMALIAN TOXICOLOGICAL PROFILE

Phenanthrene has a reported LD 50 of 700 mg/kg in mice (Simmon et al., 1979). Rats
injected mtrapentonea]ly evidenced liver effects (Yoshikawa et al, 1987). ‘

There is equivocal evidence for cancer from dermal application of phenanthrene in rats
(IARC, 1983). Phenanthrene is not a complete skin carcinogen (ATSDR, 1990). It is neither
an initiator (LaVoie et al, 1981; Roe, 1962) nor a promoter (Roe and Grant, 1964). Higgins
and Yang (1962) reported no tumor production within two months after the ingestion of
200 mg of phenanthrene by rats.

GENOTOXICITY

There are limited data that suggest that phenanthrene is mutagenic (Wood et al., 1979).‘
However, the majority of tests are negative (ATSDR, 1990).
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DIBENZO[a,h]JANTHRACENE
GENERAL BACKGROUND INFORMATION

Dibenzo[a,h]anthracene is a member of the polycyclic aromatic hydrocarbons (PAH). PAHs
are a class of compounds which are non-polar and contain two or more aromatic rings. They
are ubiquitous in nature and are both mnaturally occwrring and man-made. The data
regarding dibenzo{a,hlanthracene are very limited. As a PAH, it is found in tobacco smoke,
food, and the emissions from industrial or natural burning.

PHARMACOKINE'I‘ICS

leenzo[a,h]anthraoene is metabolized similarly to benzo(a)pyrene (ATSDR, 1990). However,
while the metabolic profiles of these two compounds (and other alternant PAHs) are
qualitatively similar, there are differences in the levels and rates of formation of specific
metabolites among tissues and cell preparations used. Sanders et al (1986) applied '*C -
dibenzofa,h]anthracene to the shaved backs of mice. After 24 hours, the majority of activity
was recovered from the application site, with the remainder from body tissues and excreta.
In comparison, benzo(a)pyrene similarly applied was found predommantly in the excreta and
body tissues, with the remainder at the apphcatxon site.

HUMAN TOXICOLOGICAL PROFILE

The database for the‘toxicological ‘effects of dibenzola,hlarithracene on humans, separate
from other PAHS, is limited. Toxic effects attributable to mixtures of PAHs include a variety
of skin lesions and non-cancer lung diseases such as bronchitis (IARC, 1973).

MAMMALIAN TOXICOLOGICAL PROFILE

Dibenzola,hJanthracene has been shown to induce skin tumors in lab animals (i.e. it is a
complete carcinogen) following dermal exposure (Wyndner and Hoffman, 1959; Van Duuren
et al, 1967; and Lijingky et al, 1965). Dibenzo[a,h]anthracene ahs also demonstrated tumor
initiation activity (Slaga et al. 1980). ,

Carcinogenic .PAHs as a group has immunosupprssive effects, with the degree of
immunosuppression correlated with carcinogenic potency (ATSDR, 1990).
Dibenzo[a,h]anthracene was also tested for developmental effects via parenteral routes and
was found to produce fetolethal effects in rats (Wolfe and Bryan, 1939).
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GENOTOXICITY

Dibenzo[a,h]anthracene is mutagenic (Barfknecht et al, 1982; Rocchi et al, 1980) and
produces DNA damage (Martin et al, 1978) in cultured human cells. Test results in
nonhuman systems were also positve (ATSDR, 1990). ,
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INDENOI[1,2,3-cd]PYRENE
GENERAL BACKGROUND INFORMATION

Indéndtlﬂﬁ,-’cd]pyrene is a member .. of the polyaromatic hydrocarbons (PAH). PAHs
constitute a class of non-polar compounds that contain two or more aromatic rings. They are
ubiquitous in nature and are both naturally occurring and man-made. Indeno[1,2,3-cd]pyren_e

B -

is present in cigarette smoke (IARC, 1983) as well as emissions from industrial stacks,
PHARMACOKINETICS |

No data were found regarding the pharmacokinetics of indeno[1,2,3-cdlpyrene. However, its
metabolism should be similar to another non-alternant PAH, benzo(b)fluoranthene (ATSDR,
1990). | A - A

HUMAN TOXICOLOGICAL PROFILE
The database for the toxicological effects of indeno[1,2,3-cdlpyrene on humans, separate from

other PAHsS, is limited. Toxic effects attributable to mixtures of PAHs include a variety of
skin lesions and non-cancer lung diseases such as bronchitis IARC, 1973). -

MAMMALIAN TOXICOLOGICAL PROFILE
Studies on laboratoyr animals have demonstrated that indeno[1,2,3-cd]pyrene can induce skin
tumors (i.e. it is a complete carcinogen) following dermal exposure (ATSDR, 1990). ‘

It has tumor initiating activity, but is not as potent as benzo(b)fluoranthene (Rice et al,
1985). ‘

Carcinogenic PAHs as a group are immunosuppressant, with the degree of suppression
correlated with the degree of potency (ATSDR, 1990)

GENOTOXICITY

In test systems using non-human cells, indeno[1,2,3-cd]pyrene was found to be genotoxic
(ATSDR, 1990). '
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PYRENE

GENERAL BACKGROUND INFORMATION

Pyrene is a member of the polyaromatic hydrocarbons (PAH). PAHs constitute a class of
non-polar compounds that contain two or more aromatic rings. They are ubiquitous in
nature and are both naturally occurring and man-made. As with many of the other PAHs,

pyrene has been detected in charbroiled meats and shellfish (U.S. EPA, 1982). It is found
in tobacco smoke, industrial stack smoke, and smoke from forest fires. :

PHARMACOKINETICS

No data were found regarding the pharmacokinetics of pyrene.

HUMAN TOXICOLOGICAL PROFILE

Pyrene is reported to be a skin irritant (Sax, 1984).

MAMMALIAN TOXICOLOGICAL PROFILE

Rats given 150 mg/kg of pyréne had changes in blood chemistry, liver and kidney damage
(USEPA, 1982). A 1989 EPA study (EPA, 1989) reported nephropathy and decreased kidney
weights in mice exposed to 125 mg/kg-day of pyrene by gavage for 13 weeks.

Mouse skin pamtmg assays indicate that pyrene is neither a complete skin carcinogen, nor
an initiating agent (ATSDR, 1990, IRIS, 1991).

- GENOTOXICITY
The majority of génotoxic tests of pyrene are negative.

Positive results have been recorded in Salmonella typhimurium mutagenicity tests and in
in vitro mammalian cell systems (ATSDR, 1990). ' - ' .
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2-METHYINAPHTHALENE

GENERAL BACKGROUND INFORMATION

2-Methylnaphthalene is a member of the polycyclic aromatic hydrocarbons (PAH). PAHs are
a class of non-polar compounds that contain two or more aromatic rings. They are
ubiquitous in nature and are both naturally occurring and man-made. This compound is
used in the synthesis of organic chemicals and pesticides. The database for toxicological
information is very limited. ' '

PHARMACOKINETICS

No data were found regarding the pharmacokinetics of 2-methylnaphthalene.

HUMAN TOXICOLOGICAL PROFILE

No data were found regarding the human toxicity of 2-methylnaphthalene.
MAMMALIAN TOXICOLOGICAL PROFILE _

No data were found regarding the mammalian toxicology of 2-methylnaphthalene.
GENOTOXICITY

No data were found regarding the genotoxicity of 2-methy1naphthalene;

REFERENCES
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POLYCHLORINATED BIPHENYLS (PCBs)
GENERAL BACKGROUND INFORMATION

‘The thermal stability, nonflammability, and dielectric capabxhty of PCBs resulted in their use
in electrical capacitors and transformers (NIOSH, 1986). The manufacturing, processing,
distribution in commerce, and use of PCBs after January 1, 1978 was prohibited under
Section 6(e) of the Toxic Substances Control Act. PCBs can be released to the environment
during fires invelving electrical equipment containing these compounds. PCBs are strongly
- adsorbed on solid surfaces, including glass and metal surfaces in laboratory apparatus, and
onto soils, sediments, and particulates in the environment.

PHARMACOKINETICS

Gastrointestinal absorption of most PCB isomers is large. PCBs can also be absorbed by the
inhalation and dermal routes but limited data are available (see section on Relative
Absorption Factors). Distribution of PCBs follows a biphasic pattern.  Initially, PCBs
distribute to liver and muscle tissne. They are then redistributed to the fat, skin, and other
fat-containing organs (ATSDR, 1989). PCBs are poorly metabolized in humans with major
‘metabolites being 3- or 4-hydroxy compounds. Metabolism may proceed through formation
of arene oxide intermediates (U.S. EPA, 1988). The slow metabolism of PCB congeners to
more polar compounds is responsible for long biological half- lives of PCBs. Excretion occurs
primarily through the feces (Goto et al., 1974).

HUMAN TOXICOIDGICAL PROFILE

Dermatologic signs are the most persistent indicator of PCB toxicity. Skin manifestations
" have been observed also in newborn infants of mothers exposed to high levels of PCBs and
related compounds. Cases of severe chloracne were reported in a work environment in which -
PCB air levels were found to be between 5.2 and 6.8 mg/m The workers developing
chlordcne had been exposed for 2 to 4 years. Other analyses revealed worker complaints of
dry sore throat, skin rash, gastrointestinal dxsturbgnces, eye irritation, and headache at work
area concentrations of 0.013 to 0.156 mg PCB/m Higher blood PCB levels are associated
with higher serum triglyceride and/or cholesterol levels, as well as high blood pressure. Air
PCB concentrations as low as 0.1 mg/m’ can produce toxic effects, and exposure to levels
producing no overt toxicity can affect liver function. Recovery after termination of exposure
occurs but is slow and depends upon the amount of PCBs stored in adipose tissue (Clayton
and Clayton, 1981). Human exposures to PCBs resulting in toxic effects have almost all
resulted from the ingestion of rice ofl contaminated with "Kanechlor 400" in Japan (reeultmg ,
in Yusho or rice oil dxsease) or from industrial exposure Clinical symptoms of poisoning'
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included acne-like skin eruptions (chloracne), eyelid edema, conjunctival discharge, skin and
nail pigmentation, and hyperkeratosis. Yusho patients are estimated to have ingested
approximately 0.07 mg/kg/day for at least 50 days. The rice oil was found to be
contaminated with polychlorinated dibenzofuran, which is believed to have played a
significant role in the observed toxicity (Bandiera et al., 1984; Kashimoto et al., 1981). As
suggested by laboratory experiments with Rhesus monkeys, fetal and newborn primates,
including humans, may be particularly susceptible to PCBs. Fein et al. (1984) studied the
effects of low-level chronic exposure to PCBs in pregnant women and their newborn offspring
from consumption of Lake Michigan fish. Low levels of PCBs were reported to cause
decreases in birth weight, head circumference, and gestational age of the newborn. PCBs
were apparently transmitted to the fetus across the placenta and to the newborn through
breast milk. Behavioral deficiencies, including immaturity of reflexes and depressed
responsiveness, were reportedly observed in infants exposed to PCBs. Jacobson et al. (1984)
correlated maternal consumption of PCB-contaminated fish with behavioral abnormalities in
newborns, including autonomic immaturity and depressed responsiveness. The authors
likened these responses to similar effects in laboratory animals,

MAMMALIAN TOXICOLOGICAL PROFILE

PCBs are only slightly toxic in acute exposures to laboratory animals, LD,, values for rats,
rabbits, and mice are generally in the range of 1 to 10 g/kg body weight (U.S. EPA, 1980).

Nonhuman primates seem to be particularly sensitive to PCB-induced reproductive effects
(US. EPA, 1980). Dietary exposures of cynomolgus and Rhesus monkeys to 200 ug of
Aroclor 1254 /kg-day, 5 days per week for 28 months, resulted in symptoms of enlarged tarsal
glands, conjunctivitis, loss of eyelashes, progressive detachment of fingernails, exuberant nail
beds, hyperplasia of biliary ducts, hepatocellular enlargement and necrosis, and normocytic
anemia (Tryphonos et al., 1986a; Tryphonos et al., 1986b). Effects were less pPronounced in
cynomolgus monkeys. |

Monkeys that were fed diets containing 1.0 ppm of Aroclor 1016 for approximately 7 months
prior to mating and during pregnancy delivered infants with reduced birth weights (Barsotti
and Van Miller, 1984). Fetal mortality occurred at >2.5 ppm (0.1 mg/kg/day) of Aroclor
1248 in the diet in other studies with monkeys (Allen and Barsotti, 1976; Barsotti et al.,
1976; Allen et al.,, 1980). In rats, a dose of 269 ppm of Aroclor 1254 given continuously in
the food over thre duration of pregnancy caused a decrease in the number of impregnated
rats that delivered litters. Pups that were born were underweight, and most died within
7 days of birth. Two lower doses (26 and 2.5 Ppm) caused altered neurobehavioral and
‘somatic ontogeny (Overmann et al., 1987). PCBs have been shown to be teratogenic in mice.
Cleft palate, dilated kidney pelvis, and thymus hypoplasia were observed. The ED50
(effective dose for 50% of the animals) for formation of cleft palate was a single 100 mg/kg
dose, with peak sensitivity occurring on the twelfth day of gestation (d’Argy et al., 1987).
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Immunologxcal effects (decreased IgM, IgG induction) were noted in monkeys following a 27
month exposure at a dose of 0.005 mg/kg/day ('l‘ryphonos et al., 1989). v

' GENOTOXICITY

Most genotoxicity essays of PCBs have been negative. The majority of microbial assays of
PCB mixtures and various congeners show no evidence of mutagenic effects (U.S. EPA,

1980). The carcinogenic effects of PCBs have been studied in rats and mice. In a study

conducted by Kimbrough et al. (1975) rats were exposed via the diet to 100 ppm Aroclor 1260
for 21 months. Hepatocellular carcinomas were observed in 26 of the 184 treated rats but

only in one of the 173 controls. ‘Neoplastic nodules'were not found in controls but occurred

in 144/184 of treated rats. The National Cancer Institute (NCI, 1978) reported a high

incidence of hepatocellular proliferative lesions in ifiale and female Fischer 344 rats fed three

dose levels of Aroclor 1254 for 104-105 weeks, but, in part due to the small number of

animals. tested, carcinogenicity was not- Wy demonstrable. ‘Norback and Weltman

(1985) fed a diet containing relatively high concentrations Aroclor 1260 (100 ppm for

16 months followed by 50 ppm for an additional 8 months) to Sprague-Dawley rats. In the

PCB»exposed group, neoplastic'nodules were observed at 12 months followed by trabecular

carcinoma at 15 months and adenocarcinoma at 24 months (52/93). In the control rats, the

incidence of hepatoeeﬂular neoplasms was low (1/81). Metastases to distant organs was not

observed and mortality in the PCB exposed animals was not increased. The incidence of

these slow-growing hepatocellular neoplasms was strikingly higher in female rats than in

male rats.

PCBs (Clophen C) have also been shown to be cocarcinogenic, When PCBs were mixed with
diethylnitrosamine (DENA), twice as many tumors were observed as were observed in
animals treated with DENA alone (Brunn, 1987). '

Based on the positive evidence for carcinogenicity of Aroclor 1254, Aroclor 1260, Kaneclor
500, and Clophen A-30 and A-60 in animals, along with adequate evidence in humans, the
U.S. EPA has placed these PCBs in categroy B2 - probable human carcinogen (U.S. EPA,
1988).
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ARSENIC
GENERAL BACKGROUND INFORMATION

The toxicity of arsenic depends upon its chemical form along with the route, dose, and
duration of exposure. In general, arsenites (As"®) aré potentially more toxic than arsenates,
 soluble arsenic compounds are potentially more toxic than insoluble compounds, and
inorganic arsenic compounds are potentially more toxic than organic derivatives (U.S, EPA,
1985). | | |

PHARMACOKINETICS

Absorption from the gastrointestinal tract is dependent upon the solubility of the specific
arsenic compound and the dose. Absorption from the respiratory tract is also dependent
upon the specific arsenic compound, along with pﬁfﬁcle size (see section on Relative
Absorption Pactors). | | '

HUMAN TOXICOLOGICAL PROFILE

Depending upon dose and exposure route, arsenic i$ an irritant of the skin, mucous
membranes, and the gastrointestinal tract. Acute toxicity from the ingestion of higher doses
of arsenic may result in vomiting, diarrhea, convulsions, a severe drop in blood pressure, and .
cardiovascular effects. The lethal dose for humans is reported to be 1.0 to 2.6 mg/kg-bw.
(Vallee et al., 1960). Acute toxicity from inhalation exposure to arsenic adsorbed to
particulate matter may result in conjunctivitis and pharyngitis. Subchronic effects included
hyperpigmentation (melanosis), multiple arsenical keratoses, sensory-motor polyneuropathy,
persistent -chronic headache, lethargy, gastroenteritis, and mild iron deficiency anemia.
Inhaled arsenic compounds have been reported to be associated with skin lesions,
cardiovascular and respiratory effects, and peripheral neuropathy (Stokinger, 1981;
IARC, 1980). Chronic oral exposure of humans to inorganic arsenic compounds has been
reported to cause skin lesions, peripheral vascular disease, and peripheral neuropathy (Silver
_ and Wainman, 1962). The incidence of blackfoot disease, a peripheral circulatory disease
characterized by gangrene of the extremities, has reportedly been related to the presence
of arsenic in the drinking water of residents of the southwest of Taiwan (Tseng, 1977). The
symptoms of chronic inhalation exposure to arsenic compounds are similar to those -
associated with chronic oral toxicity. " . .

-
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MAMMALIAN TOXICOLOGICAL PROFILE

Oral LD,, values. for trivalent arsenic vary from, 15 to 293 mg/kg in rats and from
10-150 mg/kg in other test species (U.S. EPA, 1984). Chronic toxicity data from arsenic
exposure to rats cannot be extrapolated to man as the rat is able to store this compound
bound to hemoglobin in red blood cells (Lanz et al., 1950). This binding results in '
slow excretion by rats compared to other species (Mealey et al., 1959). For this reason, dogs
have been used to obtain experimental toxicity information. Studies of the subchronic oral
toxicity of diets containing sodium arsenite or sodium arsenate in dogs report that arsenite
is potentially more toxic than arsenate. The NOEL (no observed effect level) was reported
to be 50 mg/kg-diet for both substances (Byron et al., 1967). Schroeder and Balassa (1967)
studied the chronic oral toxicity of arsenic on growth and survival in mice, Ingestion of
water containing As’’ at § mg/L over two years is reported to have resulted in decreased
survival and reduced median life span in male and female mice. No information regarding
chronic inhalation exposure of experimental animals to arsenic could be located in the
available literature. Animal studies to test the teratogenic potential of arsenic have been
performed. Matsumoto et al. (1973) reported decreased fetal weight in oral doses of up to
40 mg-arsenate/kg-bw/day administered to pregnant mice for three consecutive days. Diets
containing up to 100 mg-arsenite/kg-diet, however, were reported to have had no effect on
offspring (Kojima, 1974). No data regarding the. teratogenicity of inhaled arsenic could be
found in the literature. .

GENOTOXICITY

Nearly all results of gene mutation studies for arsenic (II) and arsenic (V) compounds have
been negative. Arsenite and arsenate also bave been inactive in gene-specific mutation
assays in yeast and in cultured mammalian cells. In contrast, arsenic (III), arsenic ),
arsenite and arsenate have been found to result in chromosome aberrations and sister
chromatid exchanges in cultured animal and human cells tested in vitro (ATSDR, 1987).
There is limited evidence that occupational exposure to arsenic may cause chromosome
changes in humans (Beckman et al., 1977). Beckman et al. (1977) reported an increase in

gaps, chromatid aberrations and chromosome aberrations from mine workers at a smelter in
northern Sweden. ’ '

arsenic compounds produced negative results regarding carcinogenicity (Hueper and Payne,
1962; Byron et al., 1967). A few studies have, however, reported tumorigenic effects of

arsenic treatment (Schrauzer et al., 1978). Mixed results were reported in arsenic inhalation -
studies (Ishinishi et al., 1977; Ivankovic et al., 1979). Epidemiological studies conducted in
the U.S. have failed to correlate the incidence of skin cancer with arsenic in drinking water
(Morton et al., 1976; Goldsmith et al., 1972). A dose-response relationship between the

The majority of tests in which experimental animals were exposed orally to a variety of
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‘occurrence of skin cancer and arsenic consymption in the drinking water of Taiwanese,
however, was reported by Tseng et al. (1977). Arsenic exposure at certain doses may produce
a pattern of skin disorders, hyperpigmentation, and keratosis that may develop into basal or
squamous cell carcinoma (U.S. EPA, 1985). Several epidemiological studies of workers
occupationally exposed to arsenic have reported a correlation between this exposure and
mortality due to respiratory cancer (Higgins et al., 1982; Enterline and Marsh, 1982; Brown
and Chu, 1983). Based upon epidemiological dita, the EPA has classified arsenic as Group
A -Human Carcinogen. ‘ \ : k
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CADMIUM
GENERAL BACKGROUND INFORMATION

Cadmium typically exists in the environment as a salt of the +2 valence state or as a metal,
It forms no stable organic compounds. Cadmium releases are generally associated with
mining, smelting, manufacturing operations, and from the disposal of alkaline batteries
containing cadmium (Doull, 1980; U.S. EPA, 1981). : '

PHARMACOKINETICS

Cadmium is absorbed by all routes of exposure (see section on Relative Absorption Factors).
Absorption through the gastrointestinal tract is low, respiratory absorption more efficient and
dermal absorption relatively insignificant (ATSDR; 1989). Absorbed cadmium is widely
distributed throughout the body, with the major portion of the body burden located in liver
and kidney (Sumino et al., 1975). The distribution of cadmium is linked to the distribution
of metallothionein, a low-moleculer-weight protein, rich in cadmium-binding sites. Cadmium
is not known to undergo any direct metabolic conversions in vivo. The principle excretory -
route for absorbed cadmium is urinary. Excretion is slow, acéounting for the long half-life
 of cadmium in the body (17-38 years) (ATSDR; 1989).

HUMAN TOXICOLOGICAL PROFILE

Cadmium is a local respiratory tract irritant. Systemic symptoms occur in a few hours after
an acute exposure to cadmium dust or fumes. Upper respiratory tract irritation is followed

by coughing, chest pain, sweating, and chills. These symptoms resemble nonspecific upper
respiratory infection (Sittig, 1985). Within 24 hours severe pulmonary irritation may .
develop, with progressively increasing pain in the chest, dyspnea, pulmonary edema, cough,
and generalized weakness. Chronic exposure to cadmium fumes may result in emphysema-
like lung damage (Sittig, 1984). Renal dysfunction may ensue (Friberg, 1950). Bernard and
Lauwerys (1984) observed that the gastrointestinal tract is adversely affected by acute oral
exposure with.such symptoms as nausea, vomiting, salivation, abdominal pain, cramps, and
diarrhea. The principal effects of chronic cadmium exposure are osteomalacia and
osteoporosis (Itai Itai disease) secondary to glomerular and tubular necrosis in the kidney.
The Itai Itai (Couch-ouch”) disease is endemic areas in Japan, which have been contaminated
with mining wastes containing cadmium. Victims display the osteomalacia and osteoporosis
as primary symptoms, as well as protein, sugar and amino acids not normally found in the
urine. Other chronic effects include immunosuppression and decreases in measures of
respiratory fitness (ventilation capacity, vital capacity, forced expiratory volume, etc.) (U.S.
EPA, 1981). :
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MAMMALIAN TOXICOLOGICAL PROFILE

Several subchronic and chronic oral toxicity studies have been conducted in animals. Koller
et al. (1975) and Fitzhugh and Meiller (1941) conducted feeding studies using mice and rats,
respectively. The first group of researchers reported immunological impact manifested by
a decrease in the number of lymphocytes secreting antibodies (to sheep red blood cells) as
well as some renal effects. The second set of suthors observed hematological symptoms
expressed as marked anemia. Yuhas et al. (1979) conducted & drinking water study using
Sprague-Dawley male rats. Decreased weight gain was observed at the highest dose level.
In addition, the authors identified increases in cadmium content and decreases in the zinc
content of the bone. Renal dysfunction or otherwise generalized adverse effects on the
kidney have been reported in a number of long-term cadmium ingestion studies (Friberg et
al,, 1974; Kijikawa et al,, 1981; Schroeder et al., 1964; Kanisawa and Schroder, 1969). In
addition, the latter two research groups have observed renal and cardiac arteriosclerosis,

GENOTOXICITY

Results of mutagenicity tests in bacteria and yeasts have been inconclusive. Positive results
have been obtained in mutation assays in Chinese hamster cells and in mouse lymphoma
‘cells, Conflicting results have been obtained.in assays of chromosomal aberrations in human
lymphocytes treated in vitro or obtained from exposed workers. Cadmium treatment in vitro
or in vivo appears to result in aneuploidy in germ cells of mice or hamsters (ATSDR, 1989).
. Reports of elevated prostate cancer in cadmium workers have been evaluated as insufficient
evidence of the carcinogenic action of the compoynd (U.S. EPA, 1985), but the elevated risk
of lung cancer observed by Thun et al. (1985) is more convincing. Thus, the carcinogenic
potential of inhaled cadmium should be viewed as limited, but suggestive. Although
ingestion of cadmium may result in kidney effects, no carcinogenic response has been
demonstrated for this route. ‘ ‘
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CHROMIUM
'GENERAL BACKGROUND INFORMATION

Chromium is used in plating for corrosion resistance and decoratlve purposes (appliances,
tools, automobiles, etc.), in the manufacture of alloys (including stainless steel and heat
resistant alloys), and in pnnting, dyeing, photography, tanning, and numerous other
mdustnal applicatxons (ATSDR, 1989)

PHARMACOKINETICS

Absorption studies of chromium compounds indicate that it is absorbed by all routes of
exposure (see section on Relative Absorption Factors) with chromium (VI) compounds being
more readily absorbed than chromium () cornpounds. Once absorbed, chromium is rapidly
distributed to all organs, mcludmg the developing fetus. Chromium VI is readily reduced

to Cr M in v1vo Excretion occnrs primarily thrdugh the kiﬂneya via urine (ATSDR, 1989).

HUMAN TOX[COLOGICA’L PROFILE

In humans, the respiratory tract is the primary system of concern for chromium toxicity
Renal damage has also been cbserved. m%lentchronﬁumhasbeenshmtobehighly
toxic, causing ulceration of nasal mucosa and wchmma of the lung following long-term
occupational exposure. Cases of acute pomonmg in man “have been reported from the
“medical use of chromic acid.’ ‘
‘Chronic exposures of workers in chrothiim-related industries have be!m observed to result
in gkin and nasopharyngeal irritations. Bo’ﬁﬁr(m)mCrM)can&useallergxccontact
' dermatitis and irritation (Samitz and Shrager, 1066). Chromiuni was shown to be an allergen
in recurrent contact dermatitis of the feet (Cérrexa and Bramihb, 1986). Hexavalent forms
are responsible for effects ‘on the upper respiratory system, including ulceration and
perforation of the nasal septum, chronic rhinitis, and pharyngitis. Lindberg and
Hedenstierna (1983) reported that subjective and objechve evidence of adverse nasal effects
were found at exposure levels of 2 to 20 ug Cr(VI)/m’ but not at less than 1 ug/m’. They
also reported that workers exposed to 2 to 20 ug Cr(VI)/m’ had slight transient decreases
in measures of pulmonary mechanics (e.g., forced vital capacity, FVC) with recovery (no
changes) seen by two (non-exposed) days later.

MAMMALIAN TOXICOLOGICAL PROFILE

In laboratory animals, Cr compounds are of low oral acute toxicity. Hexavalent chromium
is more acutely toxic than Cr(III), with kidney failure being the primary symptom. The LC,,
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in rats for inhalation of sodium chromate(VI) was reported as 33 mg Cr/m’/4H, and the
LD,’s for oral and dermal exposures were given as 16.7 mg Cr/kg and 514 mg Cr/kg,
respectively (Gad et al.,, 1986). Chromium was found to localize in the proximal renal tubules
- when intraperitoneal doses of potassium dichromate were administered to rats 5 times
weekly for 8 months (Berry et al., 1978).. Low level hexavalent chromium exposure increases
respiratory defense mechanisms while they are inhibited by long-term, high level exposure
(Glaser et al.,, 1985). Chromium salts have been shown to be teratogenic and embryotoxic
in mice and hamsters following intravenous or intraperitoneal injection. However, these are
unnatural routes of administration for assessing effects of environmental exposures, and
further research is needed (U.S. EPA, 1984).

‘GENOTOXICITY

Both Cr(Ill) and Cr(VI) have been shown to interact with DNA in bacterial systems. Cr(IlI)
is generally considered to be a relatively inactive genotoxic agent since it is unable to cross
cell membranes. It was recently shown, however, to cause chromosomal aberrations in
human lymphocytes (Friedman et al., 1987). Hexavalent chromium has consistently caused
transformations and mutations in a wide variety of in vitro assays (Bianchi and Lewis, 1985).
Chromosomal damage has been observed in lymphocytes cultured from workers exposed to
chromium. The epidemiologic studies of respiratory cancer in chromate production workers
provide the bulk of the evidence for chromium carcinogenicity. Studies of chromate
production facilities in the United States, Great Britain, and Japan have all found an
association between occupatipnal exposure to chromium and lung cancer (U.S. EPA, 1984).
Workers were exposed to both Cr(VI) and Cr(IIl}, and it is unclear whether Cr(VI) alone is
the etiologic agent or whether Cr(Ill) is implicated as well. The U.S, EPA (1984) concluded
that in rats, only calcium chromate had consistently produced lung tumors by several routes
of administration, and that other Cr(VI) compounds produced local sarcomas or lung tumrs
in rets at_the site of administration (subcutaneous, intraperitonesl, intermuscular,
intrabroncheal, and intratracheal). Trivalent chromium compounds have not been found to
be carcinogenic by any route of administration, but these compounds have not been studied
as extensively. - e
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CAS No.: 7440-50-8
Synonyms: bronze powder, gold bronze
A. Physical and Chemical Properties
Chemical Formuila: Cu , L " '

- Form: Reddish, lustrous; ductile, malleable
metal; face-centered cubic structure;
available as ingots, sheets, wire, or
powder

" Chemical Class: Metal
Atomic Weight: 63.55
Boiling Point: 2595°C -
Melting Point: 1083°C
Specific Gravity: 8.94

Solubility in Water:

Solubility in Organics:
Organic Carbon
Partition Coefficient:
Log Octanol/Water
Partition Coefficient:
Vapor Pressure:
Vapor Density:
Henry's Law Constant:

Bioconcentration Factor:

Most copper salts are insoluble except
copper sulfate, copper nitrate and cupric
chloride -

None

NA
1 mm at 1,628°C

NA
NA

B. ilations and Stand.

Safe Drinking Water Act

Maximum Contaminant Level Goal
(MCLG for Drinking Water (mg/L): 1.3

Maximum Contaminant Level (MCL)
for Drinking Water (mg/L): :

‘Clean Water Act .

NA

Ambient Water Quality Criteria (mg/L)

Human Health

Water and Fish Consumption: NA
Fish Consumption Only: NA

Aquatic Organisms (mg/L)

Fresh Water
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