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2., SUMMARY AND CONCLUSIONS
2.1. SBMARY

Moat of the rale_}rant physical properties of the four polychlorinated
dloxins discussed in this document presently remain scientifically tmft.!etnr'mined.
The dolubility of 2,3,7,8-TCDD in water is 0.2 pe/2. This iscmer u:d-‘the three
6thez; polychlorinated dioxins are more scluble in arcmatic sclvents than in
aliphatic solvents., The polychlorinated dioxins are chemically very atable afd
decompose at temperatures >800°C.

J'rhe general method for the determination of these compounds in different
samples consists of salvent extraction, followed by sulfuric acid and base washes
to remove lipids and other impurities from the sclvent extract, The extract is
then subjected to two liquid chrematographic clean-up procedures. The cleaned up
extract is finally analyzed for the pelychlorinated dioxins by the gas chromatow
grapnlc-mass spectrometrio method. Despite the specialized methods ysed for the
determination of polychlorinated dioxins, the results of analysis at very low
levels (possibly <9 parts per trillion) atill remain questionable,

Nene of the polychlorinated dioxins are either commercially manufactured or
have any known use, They are produced as unwanted contaminants during the
manufacture of, primarily, chliorophenols and their derivatives. The primary
sources of the polychlorinated dioxins in the envirorment are industrial manue
facture of chlorophencls and their derivatives and the chemical disposal sites
containing the wastes from these industries. Although nunicipal incineration
may produce scme environmental emissicn of polychlorinated dioxins, the avail.
able data indicate that this source is far less s:l.sn\ﬁ’ioant than industrial

emissions and emission from certain chemical disposal sites.

2=1
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The wonitoring data to date indicate that the maximum level of poly-
chlorinated dioxins is likely to be found in scil and dr@inage sedigent samples
near chlorophenol sanufacturing industries and chemical waste disposal sites.
With the exception of alr near certain contaminated sites, none of the poly~-
chlorinated dioxins have been detected in U.S. air samples. smi mm:mta of
thes;‘ coppounds have been found in fish and wildlife in the U.S. in areas around
'chlot:'ophenol manufacturing industries and certain chemical waste disposal sites.

The environmental fates of the four polychlorinated dioxins are not known
with certainty. Most of the investigations in this field have been conducted
with 2,3,7,8-TCDD, and the conclusions regarding the eavircnmental fate of the
other three polychlorinated dioxins have been drawn by analogy. Few data exist
in the literature that would indicate a.ignirica'nt chexical and biological trans-
formation of these compounds in atmospheric, aquatic, or scil media. The role of
photochemical transformation in determining the fates of these chemicals in
various media is not known with certainty., In aquatis media, a aubstantial
propertion of the polychlorinated dioxins may be present in the sediment-sorbed
state or in the bdiota, In the atmosphere, the polychlorinated dloxins are
expected to be present in the particulate-sorbed state. The atmospheric trans-
port of these compounds can be predicted frop dispersion modeling equations. In
the case of the aocidental release of a toxic cloud containing 2,3,7,8-TCDD at
Sevesc, Italy, it has been experimentally demonstrated that 2,3,7,8-TCDD deposi=
tion from air to soil follows an exponential decay pattern along the do_gnmd
wind direction. The two most probable transport mechanisms of the polychlorin~
ated dioxins from acils are the transport to atmo__spherer via contaminated dust
particles and to surface water via eroded soil.

Both the calculated and the experizmental results show that the

© polychlorinated dioxins will bioconcentrate in sediments and biota oresent in
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aquatic media, It has been shown by static test procedures that, depending on

the species, the bioconcentration factor for 2,3,7,8-TCOD ranges from

22000230, 000. T el Ly

In mammals, 2,3,7,8-TCDD is readily absorbed through the gastrointestinal
trac?, and asborbtion‘ through intact skin has also been reported. Al'sj;:rpt.ion may
decrease dramatically if 2,3,7,8-TCDD is adsorbed to particulate matter such as
activated carbon or soil. After absorptiom, 2,3,7,8-1CID is distributed to
tissves high in lipid content; however, in many species, the liver is a major
storage site. Metabolism of 2,3,7,8-TCDD occurs slowly, with the polar meta-
bolites excreted in the urine. Ummetabolized 2,3,7,8-TCDD is eliminated in the
feces, although excretion in the milk of lactating rats has also been reported.

The PCODs discussed in this document are amcng scme of ths most toxic

compounds known, with the LD, level for guinea pigs being 0.6 pg/kg for 2,3,7,8-

50
TOOD. The other congeners are scmewhat less toxic; owever, the :I..l.':,._.,cJ values are
1 in the ug/ks range. aivhough 2,3,7,0-1Cow 1s mghly toxic in all species
tested, there are large differences in sensitivity, with the LDSO for hamsters
"being in the low mg/kg range. The cha.racteﬂ.atio synptoas of lethal poisconing
are severe weight loss and thymic atrophy. Death uswally occurs many days after
the exposure. In'rat.-. and mice, 2,3,7,8+TCDD produces severe liver injury which
is npot cbserved in either monkeys or guinea pigs, and in mice, the immune
response is suppressed. After subchronic or chronic exposure to 2,3,7,8-TCDD 4in
rats or mice, the liver appears to be the moat severely affected organ, although
hemorrhage, edema, and thymic activity are also observed. The limited data
avallable for the other PCDDs indicate that these chemicals produce the same
symptoms as 2,3,7,8.TCDD in a given apecies; however, the doses required are
hi gher,
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Hurans bave been exposed to herbicides and other chlorinated chemicals
containing 2,3,7,8-TCDD as a contaminant. The a§mpt.c|ns of toxicity in many cases
are similar to those observed in animals, with exposiure leading to altered liver

function, porphyria cutenea tarda, and pathologic changes in hematologic para-
meters. In additica, exposure of mmans to 2,3,7,8-TCDD produces aid.n_l-e.-.icns

aucﬁ;.u chleracne and hyperpligmentaticn, Although some symptcms such as
chloracne are attributed solely to the PCDDs, the other signs of toxicity may
me, at least in part, from the w@t chemical of which PCDDs are a minor
contaminant,

Animal studies have demonstrated that 2,3,7,8-TCDD is teratogenic in rats,
mice, and rabiits, and fetocidal in monkeys. Expesure to 2,3,7,8-TCDD in mice
produces cleft palates, while exposure in rats results in edema, hemorrhage, and
kidney ancmalies, and rabbits had a higher incidence of extra ribs, Human
epidemiclogy studies neither confirm nor refute the teratogenic potential of
2,3,7,8-TCDD. Scme studies have shown positive associations with expcsure and
birth defects and abortions, while others have ast.

Although there is only limited and conflicting evidence that 2,3,7,3-TCDD
is a mutagen or produces chromcsmal damage, a number of chronic animal bloassays
show that the ocmpound is an animal carcinogen. In rats, oral exposure to
2,3,7,8-TCOD results in adencmas or carcinomas of the thyroid, hepatocellular
ocarcinamas, carcinamas of the tongue, carcincmas of the hard palate, and adencmas
©f the adrenal. 1In mice, increased incidence of liver tumors was observed. A
mixture of the two congeners of HCDD has also been tested for carcinogenicity and
shown to produce increased incidences of liver tumors in rats and mice. Also,
2,3,7,8<TCDD has produced papillamas after dermal administration, while there
was no significant increase ln dermal tumors when the mixture of HCDD was teated.

Since both carpounds produce increased incidences of tumors in two species of

r2]
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animals, there is sufficient evidence to indicate that these compounds are animal
carcinogens, Although scme evidence from Iuman studies associates exposure to

herbicides contaminated with 2,3,7,8-TCDD with human cancers, the exposures were
always mixed, making it difficult to assert that 2,3,7,8<TCDD was the sole active
agent, | :

2.2. ‘CONCLUSIONS

;l'he PCDDs discussed in this dooument, 2,3,7,8-T7CDD, 1,2,3,7,8-PeCDD, and
1+,2,3,7,8,9-, 1,2,3,6,7,8-HCID, are highly toxic following acute exposure. All
anjimal specles ﬁdministered high levels of these compounds developed severe
weight loss and thymic atrophy. In scﬁe species, liver damage, edepa, hair loss,
and immunosuppression were also observed, Chronic toxicity stuxdies have been
conducted only oo 2,3,7,8~TCDD and a mixture of the two congeners of HCDD., In
these studies, the primary non-neoplastic lesion was fatty and pecrotic change in
the liver, _

The fetus has been shown to be highly sensitive to the toxic effects of
2,3,7,8-TCDD. 1In rats, the malformations observed included hemorrhage, edema,
and kKddney ancmalies, while in mice, the predominant lesions were cleft palate
and kidney anmmalies., The lowest reported exposure, 0.001 pg/kg, produced a
significant effect on the fetus, was similar to the NCEL obtserved in chronic
studies.

Evidence from animal blomssays is sufficient to indicate that 2,3,7,B-TCDD
and a ﬁixture of the two congeners of HCDD are animal carcinogens. 2,3,7,8-TCDD
has increased the incidence of @ variety of tumors in rats and hepatocellular
tumors in mice, while the mixture of HCDD tested increased the incidence of
hepatocellular tumors in both rats and mice. There were no chronic studies to
determine ﬁhe carcinogenic potentisl of 1,2,3,7,8-PeCDD. Although epidemiclogy
studlies have associated exposwre to chemicals contaminated with PCDDs with




incereased tumor incidence in man, the mixed exposure makes this evidence insuffi.

cient to demonstrate that any of the PCDDs are human c;arcinogena.

2.3. NEEDS FOR FUTURE RESEARCH ‘

o The basic physical properties such as water sclubilities and Vapor prese-
_sures of the pentachloro- and hexachlorodibenzo-p-dioxins need _';:.o be deter
!.pimd. These parameters are important in predicting the environmental fate
:_ot these campounds,

e New analytical metbodologles pust be established to determine the low

levels of these compounds in envirommental matrices without ambiguity.

] | More monitoring data, particularly in air and agquatic media, should be
developed by a diversity of research groups. The predominant amount of
monitoring data in the U.S. originate from one source., These data need to
be independently confirmed.

o More research efforts should be directed to determining the environmental
fate of the pentachloro- and hexaohlorodibenzo-p-dioxins. The determins-
tion of the fate of these chemicals with respect to the possibility of
photochemical transformations in different enviromental matrices needs
special attenticn.

° Pharmacokinetic studies should be conducted to demonstrate more clearly the
degree of absorption of the PCDDs by all routes, In particular, studies are
needed on respiratory absorption and on PCODD adsorbed to environmental
mediz,

. Although a number of studies demcnstrate that 2,3,7,8-TCDD is a teratogen,
the other congeners should be tested for teratogenic potential.

. There i{s no informaticn on the effects of chronic exposure to 1,2,3,7,8-
.PCDD. and studies should be conducted to determine both the toxic effects of

this compound and its carcinogenic potential.
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Further epidemiclogy data on the effects in human populaticns exposed to

PCDDs would assist in determining which effects observed in animals are also ‘

present in humans, In these studies, careful quantitation of PCDD levels

would‘ provide dose-response data neceasary for health asiessment.

2=
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11.4  SUMMARY AND CONCLUSIONS

. Qualitative Assessment-TCDD.

‘Probably one of the most toxic chemicals known to man is 2,3,7,8-tetra-
chlorodibenzo-p-dioxin (TCDD). ' |

In small amounts, TCDD 1s a potent inducer of arylhydrocarbon hydroxylase
{n mammals. This is a2 complex enzyme system that consists of epoxidase, epoxi-
dehydratase, and glutathione transferase. _The enzym;.epoxidase is known to
- mediate the formation of epoxides, which are potentially active cqrc1nogen1c
metabol{tes. TCDD can be metabol{zed in mammalian species via the epoxide to
dihydrodiol and further conjugates with glutathione. Persistent residues of
TCOD were found in 1iver and fat in a 2.year fee&ing study in rats. Signifi-
cant covalent binding of TCDD to protein has been demonstrated by two investi-
gators. Covaient pinding of TCOD with GNA is nol aignificani in liver ceiis.

Currently available studies on the mutagenicity of TCDD.are inconclusive.

Two bacterial systems, Escherichia coli and Salmonella typhimurium (without

metabolic activation), exhibited positive mutagenic activity. However, in

another study of Salmonella typhimurium (with and without metabolic activation),

the reguIts were negative.

There were several cancer bioassay studies of TCDDO: 1) a Dow Chemical
Company {Kociba et al., 1978) study in male and female Sprague-Dawley (Spartan
substrain) rats; 2) ithe Van Miller et al. (1977) study f{n male Sprague-Dawley
rats; 3) the Toth et al. {1979) study in Swiss mice; 4) the National Cancer
Institute (1980a,b) studies in rats and mice; 5) the Pitot et al. (1980) pro-
motion study in rats; and 6) the Kourl et al. (1978) cocarcinogenicity study

in mice.
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The 1978 study by the Dow Chemical Company of male and female Sprague-
Dawley rats fed TCDO in doses of 22 ppt, 200 ppt, and 2200 ppt revealed a
highly statistically significant excess incidence of hepatocellular carcinomas
in female rats at the highest dose level and hepatoée11u1ar carcinomas
and hepatocellular hyperplastic nodules in female rats at the middle dose
level, as compared to the.controls. In addition, there was a significant in-
crease in carcinomas of the hard palate/nasal turbiniyes in both high dose
males and females, of the tongue in males, and of the lung in females. The
van Miller et al. (1977) study also showed some evidence of a carcinogenic
respoﬁse in the liver and lungs of male Sprague-Dawliey rats at dosages of 1000 and
5000 ppt in the diet, even though the study used a relatively small number of
animals, The Toth et al. (1979) study provides suggestive evidence that TCDD
induced an increased {ncidence of liver tumors in male mice (females were not
ested) recaiving 0.7 ug/kg/waek by gavage,

In the Natfonal Cancer Institute rat study (NTP, 1980a), male and female
Osborne-Mendel rats were administered TCDD by gavage at three dose levels:
0.01, 0.05, and 0.5 ug/kg/week. TCDD induced statistically significant increases
of hepatocellular carcinomas, subcutaneous fibrosarcomas, and adrenal cortical
adenomas in high-dose female rats, TCDD also induced significant increases of
thyroid tumors in low-, middle-, and high«dose male rats.

In a companion mouse study by the National Cancer Institute (NTP, 1980a), male
and female B6C3F1 mice were given TCOD by gavage at dose levels of 0,01, 0.05,
and 0.5 ug/kg/week for males and 0.04, 0.2, and 2.0 ug/kg/week for females,
TCDO induced statistically significant increased incidences of hepatocellular

-

11- 102




as s 4 e i e ik eV e ] 804 ok, L. . e raemmiea .
C e A e el i b TR e s w8

carcinomas in the high-dose males and females, and thyroid tumors, subcutane-
ous fibrosarcomas, and histiocytic lymphomas {n females.

In the study by Pitot et al, {1980), TCDD has been showﬁ to be a potent
11veé cancer promoter after initiation with diethylnitrosamine, Several tests
of TCOD as a promoter on mouse skin were negative, but Poland et al. (1982)
showed that TCDD can promote in one mouSe strain and 1s negative in others,

In the study by Kouri et al. (1978), TCDD has been shown to be a potent co-
carcinogen with 3-methyl chloranthrene. -

Several epidemiological studies have been conducted which are relevant
to the assessment of the carcinogenicity of 2,4,5-T, silvex, and TCOD. Two
Swedish epidemiological case-control studies {Hardell and”Sandstrun. 1979;
Eriksson et al., 1979, 1981) reported a significant association between soft-
tissue sarcomgs and occupational exposure to phenoxyacetic acid herbicides and/
or chiorophenols, These studies indicated approximately five- to sevenfold
fncreases in the risk of developing soft;tissue sarcomas among people axposed
only to phenoxyacetic acids in comparison to people not exposed to these
chemicals, When an attempt was made to separate exposures into two categories
based on expected presence or absence of polychlorinated dibenzodioxin and
dibenzofuran impurities, the relative risks were 17 and 4.2, respectively. This
{ndicates that agents themselves without the dioxin impurities may be contributing
to the risk of soft-tissue sarcomas as well, Another Swedish case-control study

(Hardell et al., 1980, 1981) provides suggestive evidence of an increased risk

of developing lymphomas resulting from occupational exposure to phenoxyacetic acids.

Two cohort studies, one by Axelson et al., (1980) and the other by Thiess

and Frentzel -Beyme (1978) provide suggestive evidence that phenoxyacetic acids
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and/or TCDD increase the risk of stomach cancer in humans, Fouf other cohort
studies by Ott et al. (1980), Rithimaki et al. (1978}, Cook et al. (1980}

and Zack and Suskind (1980), did not indicate a significantly increased risk
of cancer in people exposed to phenoxyacetic acids and/or chlorophkenols, but
two of these studies were of relatively low statistical power, and the fourth

sthdy has certain inconsistencies requiring clarification.

Qualitative Assessment-HCDD .

Hexachlorodibenzo-p-dioxin has also been tested for carcinogenicity in

rats and mice treated by gavage and by dermal application to mice (NTP 1980c,d).

In these studies, a 1:2 mixture of 1,2,3,6,7,8- and 1,2,3,7,8,9-HCDD was
tested. In the oral study, animals received HCDD at dose; of 0.0, 1.25, 2.5,
or 5.0 ug/kg/week, except for female mice, which received 0.0, 2.5.’5.0, and
10.0 ug/kg/week. In both species and both sexes, only tumors of the liver
occurred at a significantly greater incidence than in controls. In male

rats and male and female mice, the liver tumor incidence was significantly
increased over control values only in the high-dose groups, while in female
rats the incidence was significantly greater at both the medium and high
dose levels. In the study of HCDD carcinogenicity in mouse skin conducted

by NTP (1980d)}, there were no treatment-related tumors in either the carcino-

genicity bloassay or the tumor promotion assay usfng DMBA as an initfator.

Quantitative Assessment

No epidemiological studies are suitable for estimating a TCDD inhalation
risk to humans. Several animal data sets are available for estimating an

fnhalation unit risk for TCDD, but they are all based on either gavage or
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feeding studies. The quantitative cancer unit risk estimate is based on

the Kociba ét al. (1978) TCDD feeding study in female rats (histopathologic
evaluation by Dr. Robert Squire) that induced a statistically significant
incidence of tumors fn the liver, lungs, and hard palate or nasal turbinates.
Based on continuous 1ifetime exposure to 1 pg/m3 2.3,7,8-tetrachlorodibenzo-
p-dioxin in ambient air, Ehe estimated upper-limit probability of individual
cancer risk 1s 9.1 x 10-5, .

An upper-1imit unit risk estimate for a mixture of HCDDs has also been
calculated from the NCI gavage study (NTP, 1980c). Based on combined liver
neoplastic nodules and hepatacellular carcinomas in female rats, a continuous
Jifetime exposure to 1 pg/m3 of HCDD {s est1mate& to yie1d'anrupper-11m1t unit
risk of 1.2 x 105,

The ootencv of TCDD using the linearized multistage model 1s also esti-
mated relative to 53 other chemicals which the CAG has evaluated as suspect
carcinogens. This relative potency index 1s 1 x 10+8 (mMol/kg/day)~1, making
TCOD the most potent animal carcinogen, by far, that the CAG has evaluated.

It is 100 times more potent than the next most potent chemical, benzidine,
and 100,000,000 times more potent than vinyl chloride. The relative potency for

HCOD is 2 x 10*7, making it the second most potent carcinogen.

Conclusion

Because of the induction of hepatocellular carcinoma in two strains of
female rats and both sexes of one mouse strain, along with the induction of
thyroid tumors, subcutaneous fibrosarcomas, and lung and tongue tumors in both

rats and mice, the evidence of carcinogenicity for TCOD in animals would be
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regarded as sufficient if the classification system of the International Agency
for Research on Cancer (JARC) were used. These effects occur at extremely low
doses. The demonstration of a promotion effect in rat 1iver after initiation
udth.diethy1 nitrosamine and a cocarcinogenic response when TCDD was injected
simultaneously with 3-methy! chloranthrene increases the level of evidence in
animals. i

The human evidence for the carcinogenicity of TLDD alone is regarded as
{nadequate using the IARC classification, because of the difficulty of attributing
the effects to TCDD, which occurred as an impurity in the phenoxyacetic acids
and chToropheno1s to which the people were exposed.

Hepatocellular carcinomas have been {nduced 1n mice ;nd.rats following
adninistration of a 1:2 mixture of 1,2,3,6,7,8- and 1,2,3,7,8,9-HCDD. This
level of carcinogenic evidence in animals would be regarded as “sufficient"
according to the IARC classification scheme. Thnerefore, based on animai evi-
dence, HCDD would be placed in Group 2B, which IARC characterizes as probably
carcinogenic in humans.

However, the human evidence for the carcinogenicity of chlorinated phenoxy
acetic herbicides and/or chlorophenols with chlorinated dibenzodioxin and |
dibenzofuran impurities is 1imited according to the IARC criteria. Therefore
the overall evidence of carcinogenicity, considering both animal and human
studies, would place TCDD alone in the 2B category of IARC, and TCDD in
association with the phenoxy herbicides and/or chlorophenols in the 2A category.
The IARC regards chemicals in both categories as probably carcinogenic in

humans ,
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*13. REGULATIONS AND STANDARDS
.13.1. WATER ‘
13.1.1, Asbient Water. Preiioua release of dioxin=-containing herbdicides has
allowed these agents to egter the environment. Their high envirommental
au?ility and low water solubility (0.2 ppb) make the 2,3,7,8-TCDD tend to settle
in t‘,he bo-ttom sludge of waterways. The major risk to hm comes from eating
bottom=-reeding fish in Hh_ich 2,3,7,8-TCDD has bicaccumulated, The U.S. EPA is

considering setting criteris of 2.1 x 1077, 2.1 x 10”10 or 2.1 x 101! 44

2,3,7,8-TCDD/L based on estimated human lifetime cancer risks of 10'5. 10"6 or
10"7, respectively. These criteria are based on the assumption of a daily
consumption of 6.5 gm oontaminated fish and shellfish with or without the
additional daily oonsumption of 2 2 of contaminated drinking water (U.S. EPA,
1981). No information is available regarding concentration limits of 1,2,3,7,8«
rcOD, 1,2,3,7,8,5-HCDD or 1,2,5,5,7,8-HCDD in ambient water.

© 13.1.2. Drinking Water. In the eriteria proposed by the U.S. EPA, the dally
oconsumption of drinking water containing these levels of 2,3,7,8-7CDD 4s
believed to be without consequence. Only 0.3% of the total 2,3,7,8-TCDD exposure
is assumed to'oocur from drinking water. No information is available regarding
ooncentration limits of other dibxin congeners in drinking water. '
13.2. AIR

Many normal combustion processes are suspected of releasing dioxins to the

atmosphere, However, the effect on human health from this source is unknown, and

ne eriteric exist regarding concentration limits.
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13.3. FOOD .

Aocording to the FDA (1981) and (41 CFR 321) fish with a 2,3,7,8-TCDD
content av?raging %25 ppt pose no serious health cconcern. PFederal legal limits
for Great Lakes fish distributed in interstate commerce are deemed unnecessary
because most of the samples analyzed by the FDA contained <25 ppt. Canada has
established a 20 ppt‘oonaentration 1imit for 2,3,7,8~TCDD in Lake Ontario
ocommercial fish inportéd into the United States to comply ﬁith the levels
believed by the FDA to be safe.

A tolerance for hexachlorophene methylenebis (2,3,6-trichlorophenol) in or
on feedstook ccttenseeds has been established at 0.05 ppm, with the condition
that it not contain >0.1 ppm of 2,3,7,8~-TCDD (U.S. EPA, 1982¢).

No information regarding concentration limits of other dioxin isomers is

i

available.
13:.8,. STMMARY

The regulation of dioxin by-products in substances such as hexachlorophene
and 2,4,5-trichlorophencxyacetic acid 1; apparently sxpeoted to eliminate dioxin
releases to the environment. The Canadian ooncentration limit for 2,3,7,8-TCDD
in fish is the only known criterion, and it agrees with levels regarded by the
FDA as being protective of human health. In the absence Ar specific gﬁidelines
‘and standards regarding conmocentration limits of 2,3,7,8~TCDD, the FDA examines
individual contamination situations separately, and gives only general guidance
regarding relative risk to humans (Delgado, 1983). Ko information is available
regarding ooncentration limits for other dioxin isomers.
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4. EFFECTS OF MAJOR CONCERN AND HEALTH BAZARD ASSESSMENT
Of the four congeners of PCDD discussed in this report (i.e., 2,3,7,8-TCDD,
1,2,3,7,8-PeCOD, 1,2,3,7,8,9~- and 1,2,3,6,7,8-ECDD), the majority of toxicelogic
data are on 2,3,7,8-TCDD. The limited data on the other congeners indicate that
they are.qualitatively similar in their toxic sotion to 2,3,7,8-TCDD when
- cwpariso;xs are made 1n a aingle species; however, they are less toxic than the
2,3,7,8-TCDD oongener, 'rhia is illustrated in mioe, in which 2,3,7,8-TCDD has an
LDSO value of 0.88 umol/kg and 1,2,3,7,8-PeCDD; 1,2,3,6,7,8~ and 1,2,3,7,8,9-
HCDD have, respectively, !..Dso values of 0.94, 3.19 and 3.67 umol/kg (MoConnell,
1¥78a)., This suggests that either the position or the number of chlorine effects
the toxicity of the PCDDs. | |
In wors recent studies using bdiochemical endpoints, P;:land et al. (9M),
Bradlaw and Casterline (1979) and Bradlaw et al, (1980) have asupported the
contention that the position and mumhar af ahlarines an TCDD  Da(DD angd HODD ome
eritical for the bdiologic activity of the compound. In this study, the ED5° for
the induction of AHH activity in hepatoma cells in eulture was used to establish
a range of potency for conéeners of.PCDD. Although acute toxioity and induction
of AHH activity have been used to quantify the difference in the biologle
activity of the congeners 2,3,7,8-TCDD, 1,2,3,7,8-PeCDD and 1,2,3,7,8,9-BCDD,
the extrapolation of this data to estimate quantitative dose-response relation-
ships for the chronlc toxicity of individual congeners are not sufficiently
supported at the present time. From the data described below, it i3 clear that
sufficient information for quantitative hazard assessment is available only for
2,3,7,8-TCOD and a mixture of the two HCDD ooﬁgener:.
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18.1,  PRINCIPLE EFFECTS ' .

14,.1.1. Toxiocity. The principle effect obaerve& in all species after acute
exposure to 2,3,7,8-TCDD is weight loas.and thynic atrophy (see Table 8-1). The
decreasa in waight prooceeds over & protracted length of time even a;‘.‘t-er a single
exposure to a lethal dose. By the time of death, an almost complete absence of
. body fat stores often was observed. At death, severe deterioration of the nh.tmal
was observed; however, \there was no specific lesion to ﬁaaoeiate with the cause
of death. This was particularly evident in the guinea ﬁig. the most senaitive
species to 2,3,7,8-TCDD toxicity. Necropsy revealed no remarkable alteration in
any intermal organ except for thymic atrophy (Gupta et al., 1973). Although
liver damage was observed in rats, rabbits and mice (Schwetz et al., 1973), there
are fnsufficient data to indicate that this effeot is the underlying cause of
mortality after aoute exposure to 2.3;7,8-TCDD. Also, in the guinea pig and
monkey, which have the same general progression of gross signs of toxieity as do
rats, radbits, and mice, there is only mild liver damage (Seotion B.1). 1In
addition, 2,3,7,8-T7CDD is an immune suppressant in mice (Section 8.1.1.4);
however, again, it is not clear whether immunosuppression is a cause or an effect
of the gross symptoms of 2,3,7,8-TCDD toxicity.

As a result of the long time necessary for the development of toxic symptoms
in animals, sudbchronic and chronic studies are better able to define dose effect
| and responaé relationships than are acute atudies. Subohronioc and chronic animal
studies that define ROELs and LOELs are summarized in Table 14-1 for orally
administered 2,3.7.8-'1‘051). The NOEL for subchronic exposure is =10 times higher
than that observed for chronic expeosures, suggeating thai: the ocumulstive dose
night be an important factor in 2,3,7,8-TCDD toxicity. There are only limited
data on the NOEL and LOEL for HCDD (Table 14.2) and these were obtained from
studies using a 1:2 mixture of 1,2,3,6,7,8- and 1,2.3.7,8.9-HCDD._ -3 Observed
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No Obeerved Effect Lavels and Low Observed LfTeot Levels Obtained from Subchronio and

Chronie Orei Toxiocity Studies of 2,3,7,8-TCDD

o

aloe/BECIFY

doisle

Spectos/Strain Duration of Exposure Durstion of Study’ Reported Effsot Reference
rat/Sprague-Dawley 0.01 0.1 13 weaks 26 weeks docr.ll..d body weight Roolba et al., 1976
rat /Osborne--Mendsl oot 0.8 13 weeks 13 weake toxia hepatitia nte, 1500a
rat/3prague-Danley 0.001% 0.0 16 weeks N0 weoks elevated porphyrin OGoldstein et ai.,
Llevels _ 1982»
rat/Sprague-Danley [ ] 0.01% 20 weeks " MO weeks fatty ochanges in the Ring and
diver, deareased foesler, 1978
body weight
~ mloea/B6CIF m 0.01% 13 weeks 13 mhr toxio hepatitis TP, 1980a
monkey/rhesus | ] 2 36 weeks 52 woeks - panogtopenia Alten st al., 1977
rat/Spresue-davley 0.00% 0.01 100 woeke 100 weeks degenerative and Kcoiba et al.,
necrotic changes In 1978a, 19719
the liver
rat/Csborne-Mendel 0.0018  0.007 0% weeks 107 weeks toxio hepatitis NTP, 15308
] 0.001 100 weoks 107 weaks dermatitls and amylol= NTP, 1980a

WD = Kot determined
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AR 1.2

Bo Gbesrved Effect Lavels and Low Observed Erfect WIUWMMQ-:G
Chronio Oral Toxloity Studies of RCDD

'da;
Species/Stratn E&M‘ﬁm Duration of Expooure Duration of Stwdy Reported Effects Retsrences
rat/Osborne-MNendel .33 0.7 : 13 weeks 13 voehs hepatotoxioity RTP, 19800
nlce/BSCIPY 0. 1A 13 veeks 13 wooks ' hepetotoxtoity NTP, 900>
rat/Osborne-Sendel » 0.18 109 waoks 107 woeks toxia bepatitis nT?, 1980b
* mioa/BSCIFY w 0.18 108 wooks 107 wooks tonio hepatitie TP, 19800

®It wae oot alear whether this doss represented a NOEL or a WOAEL.

ND = Not detersined



with 2,3,7,8-TCDD, there i3 a suggestion that the cumulative dose of this mixture
is an important oonsideration in dérinins a NOEL. PFor both 2,3,7,8-TCDD and the
mixture 6: HCDD, the liver appeared to be the most sensitive target organ.
2,3,7,8-TCDD has been shown to produce fetal ancmalies in rafs, mice, and
rabbits (see Table 9-2). In mice fetuses, 2,3,7,8-TCDD induces cleft palate and
kidhey maiformations, while in rat fetuses, hemorrhage, edema and a number of
ano;alies.uere observed. There was only one study avallable assessing the
teratogenicity of 2,3,7,8-TCDD in rabbits reported by Giavini et al. (1982d) in
which increases in extra ribs and total soft tissue anomalies were observed., In
mice, 1 vg/kg given for 9=-10 days during the middle of gestation was the minimum
dose necessary to elicit a teratogenic response (Smith et al., 1976; Moore et
al., 1973), while dilated renal pelvis and decreased fetal weight were observed
in the rat fetuses of Qnms receiving doses of 5.3,7.8-TCDD as lov as 0;001 vE/KE
throughout gestation. The statistioal significanoce of effects at this later
dose, however, is argued (Murray et al., 1979; Nisbet and Paxton, 1982). The
fetuses of rats appear to be very sensitive to the effects of 2,3,7,85-TCDD, Qith
adverse effects ovourring at maternal exposurss that were similar to the NOEL
cbserved in chronic studies (see Table 18-1). Also, Schwetz et al. (1973)
Gemonstrated that HCDD (isomers not specified) was both fetotoxic and terato-
genio when adminisﬁered to pregnant rats at 100 yg/kg on days 6=15 of gestaticn.
Some epidemiology studies have shown a poaitive association between expo-
" sure to 2,4,5-T, of which 2,3,T,8-TCDD is a known contaminant, and birth defeots
or abortions. Other studies have failed to demonstrate an association (Section
9.2), ;hile no substantial association with reproduotive difficulties has been
‘reported in human populations exposed to 2,3,7,8-TCDD as a ocontaminant of ICP.

These atudies in humans can neither support por refute the animal teratogenicity
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data, siﬁoe axposures ﬁn always mixed, and there were insdequate data
conceraning the levels of 2,3,7,8-TCDD to vizich the populations were exposed.

Animal studies also demonstrate that 2,3,7,8-TCDD is a carcinogen (see
Tadle 11-1), The limited studies by Van Miller et al. (1977a,d,) and Toth et al.
( 1§78, 1979) indicated that 2,3,7,8-TCDD caused a variety of tumors in rats and
mio€, and: the more intensive studies by Kociba et al. (1978) and RTP (1980s)
support these early findings .‘ Alsc, papillomas have been reported in female mice
after dermal application of 2,3,7,8-TCDD (NTP, 1980b), and using the akin
tumorigenesis model, it bas been shown that 2,3,7,8-TCDD may affect the
carcinogenic potential of other chemical wcilnosens (see Section 11.1.3).
B@n sxposure to 2,3,7,8-TCDD has resulted from oontamination of other
polychlorinated compounds with 2,3,7,8-TCDD (see Séction 11.2). Although
populations exposed to 2,3,7,8-TCDD bhave been shown to have a higher riak of
developing cancer, these studies are only suggestive because 2,3,7,8-TCDD
exposure always occurs simultaneously with exposure to other oompounds. Also,
the human epidemiology studies do not provide surticieng axposurs data to define
a dose-response relationship.

4 1:2 mixture of 1,2,3,5,7,8- and 1,2,3,7,8,9-HCDD also has been tested for
carcinogenioity in rats and mice treated by gavage and by dermal application in
mnios (NTP, 1980g,d). In‘both species, this mixture produced liver tumors when

‘administered by gavage, while in the dermal atudy there was no increase in the

inoidence of skin tumors.

18.1.2. Mutagenicity. There have been many studies of the mutagenic potential
of 2,3,7,8-TCDD (see Section 10). In yitro assays using bacteria and yeast have
generally indicated that 2,3,7,8-TCDD is not a mutagen. These negative results
were obtained both in the presence and absence of a mammalian metabolic activa-

tion aystem. A few studies have reported positive results (Hussain et al., 1972;
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Seiler, 1973; Bronzetti et al., 1980); hbwiver, these positive studies had
deficiencies in either experimental design, or were reported only Qualitatively
with inadequate description of experimental detail for ouluat.iot?. With the
available data, it is impossible to assert whether or not 2.3.7.8—1‘@3 is devold
of ‘putagenic potential. There are also some oonflicting data from humans and
animal stydies that indicate that 2,3,7,8-TCDD causes chromosomal aberrations.
‘Because the human data are derived from populations in which exposure to other
biologiocally active oompounds is possible, and because the increases observed in
animal studies were small, it is still not substantiated that 2,3,7,8-TCDD
produces clastogenic ohanges. .

‘There is no information available on the mutagenic potential of 1,2,3,7,8-
PeCDD or 1,2,3,7,8,9~, 1,2,3,6,7,8-HCDD. |
18.2. SENSITIVE POPULATIONS

Although there are no data fron'!.:man studies to indicate the presence of
sensitive populations, the data from arixal studiss suggest that the fetus and
newborn may be at greater risk, Studiea-in rats, mice, rabbits and monkeys have |
sboﬁn that in utero exposure to 2,3,7,8-TCDD can result in malformations, fetal
toxicity and abortions ‘(aee Table 9-2). The lowest dose reported to adversely
sffeot the fetus in utero was 0.001 yg/kg/day administered to the dams throughout
gestation (from Murray et al., 1979, aocording to Nisbet and Paxton, 1580); this
dose 1s similar to the NOEL reported for chronic exposure of adult rats (see
Table 13-1). Moore et al, (1973) have observed that the nursing of pups on
mothers expossd to 2,3,7,8-TCDD could also result in kidney anomalies detected at ~
the time of weaning. These data suggest that both the fetus and the newborn may
be more sensitive than the adult to the adverse effects of exposure to 2,3,7,8
. -
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In addition, 2,3,7,3-TCDD is known to be a powerful inducer of the MFO
system. There is information to indicate that MFO induection by 2,3,7,8-TCDD can
affect the biologic activity of other xencbiotics that r.qui;o' zmetabolic
activation (see Section 12). Scarpelli et al. (1980), for example, demonstrated
that pretreastment of hamsters with 2,3,7,8-TCDD resulted in greater activation
of butagénic nitrosamines when assayed in vitro with isolated microsomes.
Individuals exposed to];hemicala that are activated by the MFO may experience a
synergistic effect and be at greater risk.

14.3. PACTORS INFLUENCING HEALTH HAZARD ASSESSMENT
| It is expected that the PCDDs discussed here would be highly persistent
oompounds in the eavironmesnt, and that human exposure may ocour through ingestion
of contaminated food and water, by inhalation of the compound absorbed to
‘ respirable particulates, or through dermal contact. Although potential exposure
may ooour by all routes, most of the toxicolosic infopmation is fnom studies 2f
oral exposure. The limited observation of toxic effects in humans and animals
after dermal contact with 2,3,7,8-TCDD in organio solvents indicates that dermal
abserption eccurs. Poiger and Sohlatter (1980) have shown in rats that both
dermal and gastrointestinsl abaorptibn is dependent on the vehisle., Greatest
absorption after oral exposure ocourred when 2,3,7,8-TCDD was administered in
organic solvent followed by squeocus suspension, with little absorption goourring
if the 2,3,7,8-TCDD was adsorbed onto activated carbon. In a similar manner,
dermal absorption was poor if the 2,3,7,8-TCDD was applied in a soil and water
paste. Since inhalation exposefpﬁ%? likely to occur through airborn particulate
mtter ocontaining absorbed 2.5.7.8—TCDD, it is not possible with the available
data to predict how efficiently absorption will occur through the respiratory
iraot. Tﬁe use of standard respiratory absorption assumptions in risk assessment

are most likely to provide conservative criteria levels,
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15,4, QUALITATIVE HEALTH HAZARD ASSESSMENT

The data available from human and animals studies are sufficient to provide
some assessment of the health hazards assocciated with exposure to 2,3,7,8-TCDD
and s mixture of 1,2,3,7,8,9- and 1,2,3,6,7,8-ECDD. The only data available on
142,3,7,8=-PeCDD are an acute LD50 value and studies of induction of AHH activity.
lltﬁough ?oth types of data indicate that 1,2,3,7,8-PeCDD might bave slightly
-less biological activity than 2,3,7,0-TCDD, the data are insufficient to
sdequately predict the risk aaQoeiated with a particular dose of 1,2,3,7,8-
PeCDD. 7This would be_the case if attempts were made to use this data from aoute
exposure to extrapolate to effects of chronio exposure whether theas effects are
_to:ic or carcinogenio. For the other PCDDs discussed, the hazard assessaent can
be based on toxicity, teratogenicity or carcinogenioity.

Although there have been human epldemiology atudiéﬁ investigating the
toxio, reproductive, and carcinogenic‘erfect of exposure to 2,3,7,8-TCDD, these
studies have major deficiencies for use in health assessment. 2,3,7,8-TCDD is a
contamipant of the chemicals 2,4,5-T and TCP, and all human data are derived from
populations exposed to mixtures, In these studies, it is not possidble to
attribute with certainty any observed effect to exposure to 2,3,7,8-TCDD. Also,
exposure data of sufficient Quality data are not av;ilabla to define dose
response relationship in human population. Without adequate exposure data,
' health assesspents cannot be made.

18.8.1, Animal Toxicity Data. Animal studies that are useful for hazard
assessment are studies with adequate experimental design to define the levels of
2upusure that produce threshold effects. Tables 1l-1 gnd 18.2 summarize these
studies, providing data on ROEL (or NOAEL) and LOEL (or LOAEL). Since there is
suggestive evidence that the ocumulative dose is important to the toxieity of

2,3,7,8-TCDD and the mixture of HCDD tested, the ohronic toxicity studies would

149



be more appropriately used for hazard assessment. The NOEL from the two studies
in rats (Kocidba et al., 1978, 1979; KTP, 1980a) are 0.001 and 0.0014 pg/kg/day;
however, in the smouse (NTP, 1980a), the dose of 0.001 ug/kg/day was a FEL, as
indicated by fatty changes in the liver. It would be inappropriate to use a NOEL
from' rats for bazard assessment when there are data rm. ancther aspecies
indiu_tins that this dose produces adverse effects.

fn tdd.luon, it may be inappropriate to derive a toxicity-based hazard
assesment for 2,3,7,8-TCDD from these chronic studies, since a three generation
astudy by Murray et al. (1979) indicates that exposure of preghant rats to this
deae of 2,3,7,8-TCOD (0.001 pg/kg/day) throughout gestatiocn resulted in the
observation of dilated renal pelvis in the fetuses., Murray et al. (1979)
consider this effect not to be treatment-related because it ocourred in only one
generation at thia dose and not at higher do_us. geneo, 0.001 ug/kg/day
represented a NOAEL. However, a reevaluation of this data by different
siatistical methoas (NisDet and Paxton, 1980) indicated a statistically signif-
dcant inorease of dilated renal pelvis at higher doses, as well as the lowest
one, and lower fetal weight in the 0.001 pg/kg group. With these data, 0_.001
pg/kg could be considered a LOAEL. No other studies are availlable that studied
the effects of 2,3,7,8.TCDD at even lower doses,

A toxicity-based hazard assessuent i3 alsao poassible for the mixture of HCDD
tested by.m (1980b). As is shown in Table 14-2, however, the description of
the histologic cbservaticns was not aufficiently detailed to determine whether
the low dose represented a KOAEL or a LOAEL. These data could be used for hazard
assessment in either case with an additional uncertainty factor for a LOAEL
(85FR79353, 1980).

18.8,2. Animal Carcinogenicity. In addition to the inadequate data base for a

toxicity-based hazard assessment, the atrong evidence of carcinogenicity in
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animals for 2,3,7,8-TCDD would justify a carcinogenicity-based .aasessment.. That
two adequate cancer biocassays used sufficiently large groups of animals exposed
for an appreciable portion of their lifespan, indicates that 2,3,7,8-TCDD is an
animal carcinogen (NTP, 1980a; Kociba et al., 1978) (Table 1“—3}.' In the NTP
(1980a) study, male rats developed follicularw-cell adenomas or carcinomas of the
thy;‘oid. * Pemale rats and mice of both sexes had increased incidences of
follicular=oell adencmas of the thyroid. In the study by Kociba et al. (1978),
rats maintained on diets that provided doses of 0.0, 0.001, 0.01 and 0.1
vg/kg/day had elevated incidences of carcinomas of the hard palate and tongue,
andrndenoma of the adrenal cortex in males of the high dose group, and carcinomas
of the liver, tongue, lungs in females of the high dose group. The evidence'is
. sufficient to indicate that 2,3,7,8-TCDD is an‘animal oarcinogan.' 7

A single biocassay tested a mixture of the two congeners of HCDD for
carcinogenicity (NTP, 1980b). The results summarized in Table 1l=l showed that
male and female rats and mice exposed to this mixture of ECDD had increased
incidences of neoplastic nodules or carcinomas of the liver. Increased incidence
.or tumors in two species is sufficient to indicate that this mixture was
oarcinogenic to animals; however, ocaution 1s required in interpreting this data
for hazard evaluation since the KTP (1980a) study used a mixture containing two
isomers, 1,2,3,6,7,8- an& 1,2,3,7,8,9%, of HCDD. There is insufficient evidence
 to oonfirm whether both isomers are independently carcinogenic or vhethér only
one isomer or this specific mixture is needed to elicit a carcinogenic response.
Sinoe the position of the chlorines may be extremely dimportant for the
toxio/carcinogenic properties of BCDD,-inrornation obtained from this combined

exposure may not be applicable to the individual congeners.

-
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TABLY: 103
Caroinogenicity Btosisays of 2,3,7,8-TCDD

Dose ) Purstion Durttion
Sxposure Speoiw/ or : of ol Twmor
Rote Straln Btposwure Treatamt tdy Vehicle Twor Type Inoldenoce flef erence
savage rats/ 0.0 pg/kg/veek 108 weeln 103 weckn oorn olls folllgular-call ad;!m- 149 e, 1900a
Osborne- aostone or carcinoma of the
Hendel {911) thyrold
0.0t pg/kg/week 108 weeks 107 wesks oors oll- folliocular-oall adenonss 9YAS
acstone or csroinoms of tim
(9:1) thyrold
0.03 ga/kg/voek 108 wesks 107 weeks gora oll-~ folllcular-oell sdencess 8/50
aocstone or osrainome of the
(9:1) thyrold
0.9 pg/kg/wvoek 100 weeke 107 wesln oora oll- follioul er-cell sdenomas ilm
aostons or caroinoss of the
| (9:1) thyrold
;e rate/ . 0.0 pa/ig/wveek 100 wesks 105 stk corn oll- nsoplastic nodule or 373
Ostorng- ! aostone hapatooellulae carcinoma .
Mandel (911} of the liver
. 0.1 pa/ig/wesk 10N weeks 07 1reeke corn olle nsoplastic nodule or 119
aostone hepatoocellular carcinoms
. (911} of the lver
0.05 pg/kg/wveek 108 weeks 107 teekn ocorn oll. paoplastios nodule or 350
sostons bepatoosiiuler carolnoms
(911) of tha liver
0.3 pa/ig/week 108 weuln 0T veske oorn olle neoplaatic nodule or 1tAY
_ . aostone hapatoosliuler carclnoma

(9:1}

of tim liver




TABLE 13-3 (comt.)

Doge Duration burrtion .
Bposure Specien/ or of <f ceae S — _
floute Strain Exrposure " Trestaent Study Yehiole Tomor Trpe Inoidence Relerenoe
gavage aioe/ 0.0 pg/Xg/week 100 waeks 105 veokn corn oll- impatoosllular carbihona T nmr, 1950
picars acetons
(911)
0.01 pg/kg/wesk 100 veakn 107 weokn corn oll- lepatocelluler carolmoms 99
. acetone :
{911)
0.05 pg/ka/week 100 weaks 107 wesks corn olle bepatooelivlar carcircms 0A9
. - mostone
(9:1)
0.9 pa/kg/uesk 100 weths 10T waeks oorn ofl- tepatoosliuier caroinoma - 17/50
. acetone
. (911)
sawmpge uioce/ 0.0 pg/kg/wesk 108 weaks 105 nesks oorn oll= hepatoosiluler carolnoms, /13 nmr, 1980
picars ; scetone folllcular-cell adencass 049
(911) of the thyrold
P~ -
T 0.00 pg/kg/wesk 100 wesks 107 weskn oorn oll- iwpatooelliviar carcinoma, 2/50
- acetons follicul ar-ocell adenceas 350
w {9:1) of the thyrold
_ 0.2 pa/xg/ueekt 100 weoks 107 weokn corn oil- hopatocalluler caroinoms, 2A8
acetone folllouler-oall sdencass int
{9:1) of the thyrold
2.0 pg/kg/veek 100 weaks 10T wosks .  corn olle hepatoosllular caralposa, SAT
: aocetone Tolifoular-cell adencass sNné
(9:1) of ths thyrold
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TABLE 183 (dont.)

Dose Duration Duration _ e . i
Exposire Spacies/ . or of of Tumor . [
Route Strein Bex Sxposure Treataant Study VYehicle Tuaor Trpe Inoldenos  Reference
. [ ] )
oral rat/ r 0.0 pg/ig/day 105 weeks 105 wmke in dlet hepatocelluter caroimoma, 0/88 -
rage- sqssouws osll carcimme .
Dawley of the tongue, 086
squsacus osll oarcinoms F
of the lung 086 :
0.001 pg/hg/day 105 wevim 105 w ke in dtet bepatoosiiuler csroinows, 0/50
squuaous oell carcinoms
of the tongue, - 0r0
squssous oell carcinoms
of the lung 0/50
0.0V pg/kg/ay 103 waaln 105 woekn in alat bepatocelliviar carcinoms, 2/50
’ : squazous oel] caroilncoa
\ of the tongue, 150 b
squmoue oell caroinoma '
. of the lung 050 .
oral rt/ r 0.1 pg/kg/day 103 weakn 103 weke is sk tepatoceljuier carolroma, 1149 Rooita :
Sprage- - squasous osll carcincaa ot al,,
Daeley of the tongue, NAY 1978
. sguxsoum oall oaratnoms
of the lung e




St-nt

Pose Puration Durel.fon . ’
Sipoewre Spacies/ . or of of e Tasor
Rowte Strain Sex Exposure Treatamt Stuly Yehlole Twmor Type Taci dence heference
. &
oral ., 1Y ] 0.0 pg/kg/day 103 woela 103 vesks in diet squasoww 08ll caroinoma 0/49 Koalta
Mpragie- of the tard palates, ot al,,
Dmiley squasous cell cercincma 0/85 1978
of tha tongue,
adenocaa of the adranal 0/s
vorten
0.001 pg/ig/day 1035 wesia 105 vaekn in diet squasous oell caroinoma 0550
of the herd palste,
squasous oell carcinomsa /50
of the tongus,
R adonoas of the adrensl 0/50
oortex
orsl it/ ] 0.0 pg/xg/day 105 weehs 105 wrels in diat squasous osll aroinowas 050 Roctia
Sprege- of the hard palaste, ot al,,
Dwiley : squascus osll caroinoma 150 1978
/ of the toague,
adenoms of the adranal 250
cortex
0.1 pg/ig/day 103 weokn 103 waeke in diet squsacus osll carcimams N/50
’ of the hard palate,
squascus ooll arclnome 3550
of the tongus,
adencma of the adrenal /50

cortex
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TABL: 1NN
Carcinogenioity Blosssays of a 112 Nixture of

'. 2.3.‘.1.'— “ '.2‘ 3"9 '.QM

) Dose Duration Puration
Exposors Spocies/ or of of Twmar :
Route Strain Sex Bxposure Treatamt Study Yehiocle Tumor Typa Inoidencs  Reference
]
gavege rats/ " 0.0 pg/tg/woek 104 weeln 105 waekn oorn oll 1iver peoplastie nodules 0/74 NP, 19800
Osborne- scatone {911) or tepatoosllular
Mandel carolnoms
s rate/ ] 1.25 pg/ig/week 108 waeks 107 weeks oorn oll- 1iver nsoplastie nodules 049 ure, 195804
Osborne- ) acetone (911) or hepatoosliular
Handel onrolnona
2.5 pp/tm/week 1N weeks 107 weeke oorn oll- 1iver neoplestic notules 1530
acetone (911} or bapatoosllular
carolnama
8.0 pg/kg/veek 108 weeks 107 veskn corn oile 1lver nsoplastic nodules NAS
acstons {911} or hepatooslluler
oarolncas
!
mveg rate/ L 4 0.0 pg/ig/ ek 108 waeks 195 waeks cora oll- Ilver oesoplmtic nmodules %/19 e, 19804
Osborne- sostone {9$11) or bepatooellular
. Hendel : omroinoma
|
| 1.29 pa/kg/wek 108 wesks 107 vesks cora ofl- 1iver necplestic nodules 1050
' : acetone {9:11) or hapatgosliular
oarolnoma
2.9 pa/ig/week 100 woeks 107 voeks corn oll- 1ivwr neoplestie nodules 12550
scetoms {911) or hepatoceiluler
carclname
5.0 pg/ihg/uosk 100 wesks 107 wooks corh oll-~ 1iver neoplestio noduies 30/50

acstons {911)

or lepatoceliular
oarainoma
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TAME 13- {oont,)

' Duration Durstton ]
Exposure Specles/ or of of Tusor
Route Strain Eposure Treatamt Study Yehiole - Tumor Type .. Inoidence  Reference
gavage/ rata/ 0.0 pa/ig/meen 108 weskn 105 weoks ocorn oll- hepatocelluler sdencuse  15/79 wre, 19804
Osborne- : acetons (9:1) or carcinowes ’
Hendel .
1,25 pg/kg/weok 100 werkn 108 wuskn oorn oll- hepatoosllviar adenomas  13/50
. acetone (911) or carcinowsa
2.9 pa/ig/wesk 100 wedka 107 meka corn oll- hapatooellular sdenomas A9
acstone {911) or caroinomas
5.0 pa/xg/week 100 werks 108 woeks oorn oil. hepatooelluler adencmas 200
acetone {9:1) or carcloomes
|y, slos/ 0.0 pg/xy/week 100 weeks 108 wieln corn oll. Mmpatooslluler adencmss /T8 me, 19804
e acetone (9:1) or caroclnouss
2.9 pa/xg/week 100 wesks 108 wieke corn ofl- hapatocslluler sdencass A8
acetons {931) or carcimomss
5.0 pg/ky/veek 108 woeks 108 wks oorn oll- bepatoceliuler adenomas AT
sostone (9t1) or carcinocass
10.0 pa/kg/week 100 weoks 107 wieks ocorn oll- bepatocslivler adencuss  10AY

aocatone (911)

or caroclovass
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