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I. SUMMARY AND CONCLUSIONS

QUALITATIVE ASSESSMENT

(2,4,5-Trichlorophenoxy)Acetic Acid)(2,4,5-T)

{2,4,5-Trichl orophenoxy)acetic acid, widely known as 2,4,5-T is used as a
vegetation growth regulator and herbicide. "Agent Orange,” a defoliant used
extensively by the U.S. Army in Vietnam, is a mixture of %duai amounts of Lo
2,4,5-T and {2,4-dichlorophenoxylacetic acid. In 1970, amid growing concern ’)WJZIEEEQ
agodt.the teratogenic effects of 2,4,8-T, thE\EPA ancelled the registration of
the compound for uses "around the home, recreation areas, and similar sites" and
"in crops intended for human consumption.” Before some uses were suspended in
1979, it was used primarily to clear vegetation along power]ines, highways,
pipelines, and railroad rights-of-way, and on range, paéture, and forestlands.

The commercial preparation of 2,4,5-T contains
2,3,7,8-tetrachl orodibanzo-p~dioxin {TCOD) as an unavoidable impurity present at
a concentration of 0.05 and 0.1 ppm. TCOD is considered extremely toxic¢.

2,4,5-7 is readily absorbed by several mammalian species, including man, and
is excreted unchanged - mostly in urine. |

The available information about the mutagenic activity of 2,4,5-T is
considered to be Timited. 2,4,5-T is indicated to be a weak mutagen -in
Drosophila and, under acetic conditions, showed mutagenic effects in

Saccharomyces cerevisiae,

Tests for the chronic carcinogenicity of 2,4,5~T were performed by several
investigators. Two studies were carried ocut with Sprague-Dawley rats, one by
the Dow Chemical Company and one by F. Leuschner (Laboratorium fur Pharmakclogie
und Toxikoloegie, Hamburg, Germany}. The Dow study showed an increased incidence

of carcinoma of the tongue in male rats at 30 mg/kg/day. This incidence is



mérgina]ly statistically significant (P < 0.063) when compared to controls. In
addition, there was significant linear dose trend by the Cochran-Armitage test.
In a recently completed study by F. Leuschner, there was increased incidence of
interstitial cell tumors of testes. Further interpretation of these results
awaits information on historical controls.

In mice, two studies by Muranyi-Kovacs et al. and two studies by Innes et
al. have not provided positive evidence of oncogenic effects of 2,4,5-T,
However, sever;1 deficiencies in these studies maka them inadequate in assessing
the lack of ancogenicity of 2,4,3-T.

In summary, one rat study on 2,4,5-T provides suggestive evidence of
carcinogenicity, while another rat study showed only equivocal results. The
mouse studies on 2,4,5-T were toq insensitive to be considered valid negative
studies.

(2,4,5-Trichlorophenoxy)Propionic Acid (silvex)

Silvex, 1ike!io 2,4,5-T, contains the highly toxic TCDD. Uses of silvex are
similar to those of 2,4,5-T. Chronic carcinogenicity studies have been
performed on mice and rats and a 2-year study has been conducted on dogs: Innes
et al. (Bionetics) conducted two studies using mice, one oral and the other
subcutaneous. _These were found to be inadequate to assess tha carcinogenicify
af silvex.

Dow Chemical Company performed twa feeding studies, a two year feeding study
on rats and a two year feeding study on dogs. These have been found to be
inadequate to rule out the carcinogenicity of silvex.

2,3,7,8-Tetrachl arodibenzo-p-dioxin (TCDD)

Probabiy one of the most toxic chemicals known to man is
2,3,7,8-tetrachlorodibenzo-p-dioxin. The major source of its environmental

contamination is from the pesticidal uses of 2,4,5-T, 2,4,5-trichlorophenol, and



silvex.

In small amounts, TCDD is a potent inducer of arylhydrocarbon hydroxylase in
mammals. This is a complex enzyme system that consists of epoxidase,
eposidehydrase, and glutathione transferase. The enzyme epoxidase is known to
mediate the formation of epoxides, which are potentially active carcinogenic
_ metabolites. TCDD does not undergo any known metabolic tansformations in
mammalian spacies. Its persistent residues of TCOD were found in 1iver and fat
after 2-year feeding_studies in rats. |

Currently available studies on the mutagenicity of TCDD are inconclusive.

In two bacterial systems, E. coli and Salmonella typhimurium (without metabolic

———

activation), exhibited positive mutagenic activity. However, in another study

with Salmonella typhimurium (with and without metabolic activation), the results

were negative.

There are thrae cancer biocassay studies of TCOD: 1} a Dow Chemical Company
study which used male and female Sprague-Dawley (Spartan substfain} rats dosed
by dietary feeding; 2} the Van Miller et ai. study which used male
Sprague-Dawl ey dosad by dietary feeding; and 3) the Toth study which used Swiss
mice administered TCDD weekly by gavage.

The study by the Dow Chemical Company of male and female Sprague-Dawlay rats
fed TCDD in doses of 22 ppt, 210 ppt, and 2200 ppt reveal a highly statistically
‘significant excess incidence of hepatoceilular carcinomas in female rats at the
highest dose level and hepatoce11u&ar carcinomas and hepatocellular hyperplastic
noedules in the female rats at the middle dose level, as compared to the
controis. In addition, there was a significant increase in carcinomas of the
hard palate/nasal turbinates in both high-dose males and females; of the tongue
in males, and of the lung in females. The Van Miiler study also showed some

evidence of a carcinogenic respanse in the Tiver and lungs of male



Sprague-Dawl ey rats at dosages of 1000 and 5000 ppt, even though the study used
a relatively small number of animals. Toth's study provides suggestive evidence
that TCOD induced an increased incidence of 1iver tumors in male mice (females
were not tested) receiving 0.7 ug/kg/week by gavage.

In summary, carcinogenic responses have been induced in mice and rats at
very low doses of TCDD. These results constitute substantial.evidence that TCDD
- is 1ikely to te a human carcinogen. In addition, on the_basfs of the Dow study
on TCDD, it appears that TCDD is a more potent carcinogen than af1atoxiﬁ B1
which is cone of the most potent carcinogens known. The levels of TCDD
(contained as a contaminant of the 2,4,5-T) used in the 2,4,5-T studies
apparently were too small to produce an observable response in those
experiments., The lack of a statistically éignificant tumor incidence in most of
the studies on the 2,4,5-T product may be attributed both to the extremely low
Tevels of TCOD in the product relative to the ]eveis at which it produces
observable carcinogenic effects in rats and mice, as well as tolthe deficiencies

of those studies. However, since TCDD is a carcinogen, any product containing

TCDO can be considered to pose a human carcinogenic hazard.
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IT. INTRODUCTION

2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) is an extremely toxic¢c contaminant
that forms when tetrachiorobenzene is hydrolyzed in an alkaline ethylene glycol
solution to produce 2,4,5-trichlorophengl. The amount of TCOD produced
increases with an increase in the temperature of the reaction. The
2,4,5-trichlorophenol is used as an intermediary in the production of
{2,4,5-trichl urophenoxy)acetic acid (2,4,5-T) and
(2,4,5-trichlorophenoxy}propionic acid {silvex). Therefore, the TCDD
contaminates both products to the same extent (see Figure 1, below). TCDD can
also occur in other ch1or1natedbpheno1s and in the c¢hemicals synthesized from
them. TLDD does not occur naturally in the enviromment, but exists only as a

contaminant of other chemicals.

tetrachlorobenzene —» 2,4 ,5-trichlorophenol + 2,4,5-T
' {TCDD) (TCDD)

Figure 1. Formation of TCDD, 2,4,5-trichlorophencl and 2,4,5-T

[n the 1960s, the TCDD‘content in commercial 2,4,5-T and _
2,4 ,5~-trichtorophenol ranged from 5 to 50 ppm. By the early '70s, the

manufacturers had set a limit of G.1 ppm TCOD contamination in their products.



The structure of the four compounds is shown In Figure 2 below.
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Figure 2. Structure of TCDD and TCDO-containing compounds

2,4,5-T i5 used as a growth regulator and herbicide. The herbicide "Agent

Orange," used extensively by the U.S. Army as a defoliant in Vietnam, is a
mixture of equal amounts of 2,4,5-T and (2,4;dich1orophenoxy)acetic acid. In
1870, amid growing concern about the teratogenic effects of 2,4,5~T, the EPA
cancelled registfation of the compound for uses "around the home, recreation
araas, and similar sites” and "on ¢crops intended for human consumption.” Until
EPA suspended certain uses in 1979, it was used primarily to clear vegetation

along powerlines, highways, pipelines, and railroad rights-of-way, and on range,

pasture, and forestlands.



[11. METABOLISM

METABOLISM OF (2,4,5-TRICHLOROPHENGXY)ACETIC ACID (2,4,5-T)

The metabolic fate of 98% pure é,4,5-T was studied in beagle dogs and adult
Sprague-Dawley rats following a single oral dose of the chémical (Piper et al.
1973). The absorption of 2,4,5-T appeared to follow first order kinetics in

rats and dogs. The rate at which the compounds c¢leared from plasma was also of

the first order in rats, but in dogs, the ¢learance rate was much more complex
than first order. |

The £1/2 values for clearance of l4C-activity from £he plasma of rats
given doses of 5, 50, 100, or 200 mg/kg were 4.7, 4,2, 19.4, and 25.2 hours,
respectively, The volume of distribution also apparently increased with dose.
In dogs given 5 mg/kg, the t1/2 values for clearance from piaémé and ¢limination
from the body were 77.0 and 86.6 hours, respectively.

tssentially all of the 2,4,5-T7 excreted was unchanged in the rats' urine,
except for a small amount of one‘unidentified metabolite that was detectad only
in rats administered the two highest doses. Urinary excref10n accounted for
most of the 2,4,5-T eliminated from the body in rats; 1ittle was found in the
feces, '

In dogs, a greater percehtage of 2,4,5-T was excreted in the feces éhan in
the urine. Three unidentified metabolites of 2,4,5-T were detected in the urine
of dogs, but there may have been fecal contamination, so the source is
equivocal. The slower elimination of 2,4,5-T7 in the body of the dog may account
for its greater metabolic alteration. The authors suggest that the kidney
possessas a saturable active transport system for 2,4,5-T and that this
transport system has a greater capacity in adult rats than in dogs. The longer

half-1ife of elimination and the metabolic degradation of 2,4,5-T in dogs may



explain why 2,4,5-T is more toxic to dogs than to rats.

Five male human volunteers ingested a single 5 mg/kqg dose of 99% pure
2,4,5-T containing 0.05 ppm TCOD (Gehring et al. 1973). The plasma concentration
of 2,4,5-T increased rapidly and peaked at 57 ug/ml following 7 hours of
administration., The subsequent clearance rates from the plasma and body were of
first order, situataed numerically between the rates for dogs and for rats. The
2,4,5-T was actively secreted in the urine. It was ¢oncluded that 2,4,5-T is
eliminated fafrly unchanged from the human body.

The volume distribution in humans was smaller than for test animais. In

humans, 65% of the compound remaining after 24 hours was present in plasma, and ~

89% of this was reversibly bound to protein.

METABCLISM AND STORAGE OF 2,3,?,8~TETRACHLORODIBENZO-P~DIOXIN (TCOD)

In a 1976 study by Rose et al. Sprague-Dawlay fats were giQen aither a
single oral dose of 1.0 ug l4C-TCDD/kg (98% pure with 2%
trichlorodibenzo-p-dioxin) or repeated oral doses of ¢.01, 0.1, or 1.0 ug
l4c_TcoD/kg/day, 5 days per week, for 7 weeks, |

The authors monitored the fate of 14C-TCDD in rat;-after single oral
administration and found that, on the average, 83% of the dose was absorbed.
Twenty-two days after the single oral dose, concentrations of 14C-activfty
were retained mainly in the 1ivér {1.26% of dose) and fat {1.25% of dose). The
half-1ife of 1%C following a single oral dose was 31 + 6 days, which followed
first order kinetics. Most of the l4C-activity was detected in feces and not
in urine or expired air, which indicates that TCDD and/or its metébo]ites are
eliminated via the bile. |

The authors atsc monitored the fate of the 14C-TCDD ingested repeatedly.

Following the administration of al} doses of 14C-TCDD, the average dose



absorbed was 86%. The rats were killed at 1, 3, or 7 weeis, and their 1iver,
fat, kidney, thymus, and spleen tissues were examined for la¢c_activity.
Activity was primarily localized in liver and fat, with radiocactivity in the
1iver being 5 times greater than in fat. The accumulation of the isbtope in
both types of tissue followed first order kinetics. With continuous
administration, the concentrations of l4C-radfoactivity in both tissues
approached p1atéau levels by 7 weeks (73.8% of steady state values). By 13
weeks, 93% of the steady state 1eve1xpad been reached; the rate of accumulation
of radioactiv1£y was independent of the dose level administered over the dose
range of 0.01 to 1.0 ug TCDD/kg/day. -

The half-1{fe of elimination of l4C.activity in rats was 23.7 days. The
L4C-TCDD radioactivity was excreted primarily in the feces, with some of it in
an altered chemical form, presumably having been excretad from the Tiver via
bile. Significant amounts of 14¢.TCOD were also found in urine, particularly
in female rats, FémaTe rats were given 0.001, 0.01, and Q.1 ug TCDOD/kg of body
weight for 2 years (Kociba et al. 19783). After being killed, the liver and
fat tissues were analyzed for TCDO. The chemical ana1ys{s of 1ivef and fat are

shown in the Table 1 below.

TABLE 1, CONCENTRATIONS OF TCDD IN RAT LIVER AND FAT
AFTER 2 YEARS OF FEEDING '

Cose Concentration Concentrations

in 1iverd in fatd
0.001 ug/kg 540 540
0.01 wug/kg 5,100 1,700
0.1  ug/kg 24,000 8,100

dparts per triliion



These results revealed the dose-dependent accumul ation of TCOD after long-term

axposure.

ARYL HYDROCARBON H?DROXYLASE {AHH) INDUCTION STUDIES WITH TCDO

TCDO causes toxic effects, which are discussed in Section V of this
document. The biochemical lesions underlying the observed toxicologic effects of
TCOD are not énown, but certaiﬁ enzyme systems have been shown to change when
animals are exﬁosed to non-lethal doses of TCDD {Hook 1975)., In particular,
hepatic microsomal mixed-function oxidases seem to be highly responsive to TCDOD.

AHH is one of the micrdsomal hixeﬂ-function oxidase enzyme systems
responsible for the oxidative metabolism of many exogenous and endogenous
coﬁpounds, including many polycyclic aromatic hydrocarbons {Poland and Glover
1973, Kouri 1976}, . The metabolic oxidation of these compounds proceeds via
transiant chemically reactive intermediates, including epoxides (Kouri 1976).

Hepatic aryl hydrocarbon hydfoxylase s a useful indicator of the inductive
potential of a particular biological system, because if AHH is induced into any
tissue (e.g., kidney, bowel, lung, or skin), AHH activity in Tiver will be
induced concomitantly (Kouri 1973},

The AH# enzyme system jis induced by a wide variety of drugs and polycyclic
aromatic hydrocarbens, including the steroid hdrmones, benzo{a)pyﬁene and
“3-methylcholanthrene, as well as TCDD and compounds %that structurally resemble
TCOOD, 1.e., pdlychlorinated Siphenyls, 2,3,7,8-tetrachlore~dibenzofuran,
3,4,3',4'-tetrachl orcazoxybenzene, and 3,4,3',4'-tetrachl oroazobenzene (Poland
and Glover 1976D, Goldstein et al. 1977, Xouri et al. 1973).

Kouri et al. (1973) correlated induction of AHH by 3-methylcholanthrene
(3-MC) in 14 mouse strains with a nigh carcinogenic index, a measufe of

sensitivity to chemical carcinogens which are metabolically activated to a

10



carcinogenic intermediate, and found that the AHH system plays a role in this
activation,

TCDD is reported to produce effects on microsomal mixed function oxidases
that are very similar to those produced by 3-MC (Poland and Glover 1974), Many
compounds have been shown to induce certain mixed function oxidases, but
enzyme-inductive plus enzyme-suppressive effects are peculiar to inducers like
3-MC and.TCDD: The mechanisms invalved in regul ation of the mixed function
oxidases vary with the organ and species (Hook 1975}, The potency of TCOD in
inducing hepatic AHH is 3 x 104 that of 3-MC (Poland and Glover 1974), and is
40 tb 60 times that of 3-MC in inducing AHH actfvity in cul tured human
1ymphocytes (Kouri et al. 19}4).

There are genetic differences in AHH inducibility in humans and in mice
(Poland et al. 19760, Kouri et al. 1974). Poland et al. {1876D) inferred
from mouse data that the hepatic cytosol species that binds TCDD is the recaptor
for the induction of hepatic AHH‘activity, and that the mutation in
non~-responsive mice results in an altered receptor with a diminished affinity
for inducing compounds.

in conclusion, 2,4,5-T7 is‘readily absorbed by several mammalian spegies,
including man, and excretad unchanged mostly in urine.

TCDD is a potent inducer of arylhydrocarbon hydroxylase in mammalian
species. This is a complex enzyme system which consists of epoxidase,
epoxidéhydrase, and glutathione transferase. The enzyme epoxf@age is known to
~mediate the formation of epoxides, which are potentially active ca}cinogenic ,
metabolites. TCDD does not undergo any known metabolic transformations in
mammal ian species. However, jts persistent residues were found in Tiver and fat

after 2-year feeding studies in rats.

11



IV. MUTAGENICITY

MUTAGENICITY OF 2,4,5-T
The mutagenicity of 2,4,5-T was evaluated by Ercegovich et al, (1877),

employing the procedure of Ames, using five strains of Salmonella typhimurijum

without activation. They concluded that 2,4,5-T is non-mutagenic.
Anderson and Styles (1978) reported that 2,4,5-T at concentration ranges
from 4 to 2500 ug per plate did not cause reversions in any of the four strains

of Salmonella typhimurium {TA 1535, TA 1538, TA 98, and TA 100} with or without

- microsomal activation. Several other investigators have reportaed negative
responses with 2,4,5-T 1h bacterial test systems which have been summarized in a
review by Grant {1979). Zetterberg (1978} found that 2,4,5-T increased the back

mutation frequency in the histidine defective strain of Saccharomyces cerevisiae

at pH values below 4.5, by approximately 300 fold at 40 mg/ml and 5000 fold at
60 mg/mi. However, the peréent of survivors at the lower concentraiion was 1ess
than 5% and at the higher concentration less than 0.1%. The author c¢oncluded
that 2,4,5-7 is unlikely o cause mutations in a near neutral enviromment but
oral administration may increase the risk of somatic mutation in the gastric
tract where pH values are as 1ow as 7.2. The 2,4,5-T used in these studies
contained Tess than 1 ppm dioxins.

Majumdar and Golia (1974) fed Orosophila melanogaster males 1000 ppm 2,4,5-T

for 15 days and found a small increase in the percentage of sex-linked recessive
Tethals by 0.61% over controls values of G.OS%. The herbicide was reported to
contain no detectable amount of dioxinf Similar findings by Magnusson et al,
(1977} alsa showed 2,4,5-T to be weakly mutagenic in Drosophila. In a parallel
experiment, the known mutagen ethylmethanesul fonate at 250 ppm increased the

incidence of sexfiinked recessive lethals by 13.65%.

12



Fujita et al. (1975) reportéd chromosomal abpormalities in in vitro
cytogenetics studies of human lymphocytes exposed to 10-7 to 10-%M 2,4,5-T.
Chromosome breaks, deleticns, and rings were cobserved. Chromatid breaks
increased with increasing concentrations of 2,4,5-T. It was not possible to
distinguish whether this was a toxic effect or a potential genetic effect.

Yefimenko (1974) reported on an acute and chronic expasure to butyl ether
2,4,5-T in in-vivo cytogenetics tests on gonadal and somatic tissue in male
albino rats. Twenty-four hours afﬁer a- single oral administration at doses of
1, 0.1, and 0.0 ug/kg,'structural damage to bone marrow cell chromosomes was
observed either as breaks or as true aberrations or rearrangements.

| Chronic-exposure effects to the gonads Qere observed after exposure for
'2-1/2 months to a dose of Q.1 ug/kg. The following effects were observed at the
termination of the experiment (7 months): testicular atrophy, decrsased sperm
count, desquamated tubules, and aberrant cells in the germinal epithelium,
These-effects persisfed after exposure was terminated. Chromosomal aberrations
were also observed during chronic dosing. The authors' methodology appears to
be inadequate, however, and thus no valid concluéions can be drawn from this
study.' Majumdar and Hall (1973) reported that intraperitoneal injections of
2,4,5-T {containing no measurable amount of TCDD) into gerbils at concentrations
of 350 mg/kg for 5 days produced 8,2, 4.6, and 1.8 percent incidences of
ﬁhfomatid gaps, chromatid breaks and fragments, respectively, in bone marrow
cells. Control values were given as 1.0% for gaps, 0.2% for breaks, and 0.2%
for fragments. When the animals were treated at lower doses, no significant
increases in chromosomal abnormalities were observed. Jenssen and Renberg
{1976) performed cytogenetic tests on mice injected with 2,4,5-T at 100 mg/kg.
They reported no increaée over control values in incidences of micronuclei in

polychromatic or normochromatic erythrocytes, or polychromatic cells 24 hours or
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7 days after the injection of the chemical. They were unable to confirm the
cytogenic effect reported by Majumdar and Hall (1973}, but pointed out that they
used extremely high doses which might cause toxic effects leading to cell death
and chromgsomal fractionation. |

Kilian et al. {1975) examined Tymphocytes for chromosomal aberrations in
industrial workers exposed to 2,4,5-T in a Midland Michigan p1ant.and compared -
them with a control group of workers prior to employment at the plant, They
reported that there was no significant differences in the aberration rates .ameng
the control group (84 people)} and those exposed for less than a year (16 peopla)
or more than a year (17 people). However, the study,did not indicate
concentrations of 2,4,5-T workers might have been exposed to, and for each

subject only about 20 cells were scored for chromosomal aberrations.

MUTAGENICITY OF TCDD
Hussain et al. {1972) reported positive results in three microbial test
systems using a 99% pure TCDD sample obtained from FDA. Reversion to

streptomycin independence in Escherichia coli Sd-4 occurred with high frequency

at a concentration of 2 ug TCDD/mi, Reversion at the histidine locus of

Salmonella tyohimurium TA-1532 occurred at concentrations between 2 to 3 ug/ml.

This indicates that TCDD produces framesbift mutations by Tntercalation between
~ base-pairs of DNA. A doubling in the frequency of prophage-induction was
observed in £. ¢0li K-39 exposed to TCDD. - These studies were not performed with
metabol ic activation,'indicating that TCDO is a direct-acting mutagen.

Seiler {1973) classified TCDOD as a st}ong mutagen (where the ratio of number of
revertants from treated plates per 108 bacteria divided by the number of
spontaneous revertants per 108 bacteria is greatar than 10) in the TA 1532

Salmenella strain which detects revertants through frameshift mutations.
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However, this report did not give the source or purity of TCDO, the
concentration used in the assay, the toxicity of the compound where mutagenic
activity occurs, or whether microsomal activation was necessary.

However, McCann (personal communicatiaon) tested TCDD to_ be negative in the
standard plate test with strain TA 1532, with and without microsomal activation,
and Nebert et al. (1976) also reported that TCDD was not mutagenic in the

Salmonella iﬁ vitro assay. The differences between these Taboratory results and

those discussed above could be due to several factor§ §uch as treatment
protocels, solubility problems of TCDO, and the high toxicity of this compound.
. {Because of the péucity of'gene mutation studies far TCDD and the
incenclusiveness of the curreﬁt available data, it is recommended that
additional tests for gene mutations be conducted in systems such as mammalian
cells in cul ture and sex-linked recessive tests in Orosophila).

FDA conducted somatic in vivo cytogeneticﬁ screening study on TCDOD in rats
and got negative results (Green 1975)., Separate experiments were performad with
five multiple intraperitoneal doses or a single oral dose regimen with sacrifice
at 1 or 29 days. Toxicity, as indicated by slight body weight loss, was
observed in the multiple dose study only at the highest dose used. This
indicates that the dose levels may have been too low. Xhera and Ruddick {1973}
dosed male rats orally with 4 or 8 mg/kgfday TCOD for 7 days. - These doses were
acutefy toxic and 26 survivors at thé lowar dose and 6 survivors at the high
dose were mated after treatment seven times at 5-day intervais. Reproductive
" values indicated no occurrance of dominant lethal mutations. Green et al.
(1977} studied the cytogenetic effects of TCDD on rat bone marrow cells. Male
and female animals received 0,25, 1.00, 2,00, and 4.00 mg/kg TCDD by gavage

twice a weak for 13 weeks. The authors examinad bone marrow cells at the end of

treatment (approximataly 50 cells per animal) for abnormalities. They concluded
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TCDD produces chromosomal aberrations in bone marrow ¢ells but the effect is not
one of great magnitude.

Chromosome analyses on 12 hospital patients exposed to TCDO in a July, 1976
Seveso, Italy factory accident (Department of Health, Education, and Welfare,
1976) were examined for chromosomal lesions {gaps, chromatid and chromosome
" breaks, and rearrangements). These ahalyses presented at the DHEW;Subcommittee
on Envircnmental Mutagqenesis meeting, October 12, 1976 were of somatic cells
from males and females ranging ~in age from 2 to 28. One patient had 19% cells
(ﬁresuméd blood cells) that were classified as having chromosomal lesions,
another had-10%. The remaining patients had values comparable to control levels
of 5 to 7%. Results from chromosome analyses of matarnal peripheral blood,
placenta, and fetal tissue in 17 women exposed to TCDD (amounts not given) who
underwent spontaneous abortions were jnconclusive., Reggiani (1977) reported
that the frequency of spontaneous abortions in the Seveso zone did nat
significantly change nor did the‘incidence of malfonﬁations as a result of
expasure to TCDD, even at the regions where the exposure was estimated through
soil analysis to be greater than 10 ug/kg. Simi1ar-conc1usions were reached by

Tuchmann-Duplests (1977), Reports by both Reggiani {1977} and Thchmann-Dup1esis
(1977) state no increase in abnormal cytological changes in tissues of aborted
fetuses or in maternai blood. in the Seveso zone durin§ the exposure incidence to
TCDB. However, these findings are poorly documented and complete experimental
procedures and design used to evaluate the data were not available.

Furthermore, it appears from these reports that only gross macroscopic

al terations were sought and not microscopic lesions which are more difficult to
assess. Such lesions are very dangercus in that they may survive and be carried
to future generations. |‘
COMCLUSICNS

There is some evidence that 2,4,5-T appears to be a weak mutagen

16



causing point mutations. The best evidence for this is in Drosophila and

Saccharomyces cerevisiae. However, evidence in Saccharomyces ceravisiae

indicate the potency of the mutagenic effect may be related to the ionization of
the carboxyl group of 2,4,5-T and is increased under more acidic conditions.
Epidemiol ogical evidence for mutagenicity concerning TCDD is, at the present
time, inconc1usfve.- Experimental evidence is equivocal, and until additional

tests for mutations are performed, no definitive conclusions can be made.
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V. TOXICOLOGY

ANIMAL TOXICETY
Toxicity of 2,4,5-T

Oral LDgg levels for 2,4,5-T7 as referenced by NIOSH (1976), are shown in
Table 2 bel ow.

TABLE 2. ORAL LD50 LEVELS FOR 2,4,5-T

Species LDsg

Dog 100 mg/kg
Rat " 300 mg/kg
Guinea Pig 381 mg/kq
Mouse 389 mg/kg

-

In a study cited by Rowe and Hymas {1954), no adverse effects were seen in
dogs given 2,4,5-T by oral administration five times a week for 90 days at doses
of 25 and 10 mg/kg. However, at a dose level of 20 mg/kg, af] four dogs died
and showad mild 1iver-and Kidney changes. A Dow Chemical Company intarnal
report (1371a) cited by €PA's 2,4,5-T Advisory Committee summarized a study
usiné 2,4,5-T contéining 0.5 ppm TCDD. The 2,4,5-T was fed to male and female
rats for 90 days at dose levels from O to 100 mg/kg/day. No toxic-effects were
observed at doses:of 30 mg/kg or 1owek. At a dosé Tevel of 100 mg/kg/day, some
hemato1og%ca1 effécts and weight 1oss were noted, but toxic effects were

described as minor and inconsistent.



Toxicity of TCDD

TCOD is one of the most toxic chemicals known tc man. Oral LDgg values,
shown in Table 3, range from 0.6 ug/kg oraily for the male guinea pig to 275
ug/kg dermaily for the rabbit. Deaths typically occur about a week or more
after treatment.

Paland et al., (1971) cite a study in which rapid deat; in guinea pigs
followed dermal applfcation of the tarry.residues from TCOD synthesis. When
rabbit ears were painted with soil extracts contaminated with TCDD,
Eyperkeratosis and )iver pathology were cbserved in the rabbits {Kimbrough
1973). |

Kociba et al. (19?95) conducted a 2-year chronic toxicity and oncogenicity
study of TCDD in rats. In this study, the animals were maintained for 2 years on
diets supplying 0.1, 0.01, and 0.00%1 ug TCDD/kg/day. Aside from ¢arcinogenic
effects, ihgestion of O.l_ug/kg/day caused increased mortality, decreased weight
gain, slight depression 6f-erythﬁp{d parameters, increased urinary axcretion of
porphyrins and deita-aminolevulinic acid, along with increased serum activities
of alkaline phosphatase. _ S

In chronic and acute oral TCDD toxicity studiés on several animal species,
“the liver, thymus, and spleen have consistently been the target organs. Liver
damage, including necrotjc and degenerative changes, 1ipiﬁ.éccumu1ation, and
increased liver weight, have been observed in mice, rats, and gﬁinea pigs
following TCDD treatment {Vos et al. 1974, Jones and;Greig 1975, Gﬁpta et al.
',19?3, Goldsteid et al. 1973, Kimmig and Schultz 1957}. Liver damage was
markedly greater in rats receiving a comparable dose {Gupta et”a1; 1973). It
nas been suggested that the fatty liver observed in mice may result from the
starvation and loss of body weight that occur following TCDD treatment, or may

be due to the induction of mixed function oxidases (Jones and Greig 1975}.
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TABLE 3. LETHALITY OF 2,3,7,8~TETRACHLORODIBENZO~P-DIOXINA,D

Number
Species Time of deaths/
and - Route of death, days LDgg Dose number
sex administration post administration  ug/kg ug/kg treated
Rat, male Oral 9-27 22 8 Q/8
16 Q/5
32 - 18/10
63 . 5/%
Rat, female Oral 13-43 45 '
Guinea pig,
mal e Oral : 5-34 0.6
Guinea pig,
mala € Or al §-42 2.1
Rabbit, mixed  Oral . 6-39 115
Skin 12-22 a5
Intraperitoneal §-23 -—— 2 Q/5
{al1, doses) _ 63 2/5
" 126 2/5
: - 252 2/5
L 500 3/5
Dogs, male Oral 9-15 s 300 - /2
- {al1} doses) o © 3000 | 2/2
Dogs, female Oral . -—- _ 30 0/2
_ 100 0/2
Mice, male Oral = 114 ——

3Responses to individual doses are given in those cases in whigh an LOsg
coul d not be calculated.

baTY va1ues are from Schwetz et al. (1973), except that for male m1ce,
which are from Vos et al., (1974).

CA sample that was more than 99% pure was used. All other tests éxcept
the mice study used TCDD that was 31% pure.
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Atrophy of the thymus and spleen has also consistently been found in
laboratory animals {Yos et al. 1974, Kociba et al. 1975, Gupta et al., 1973).
Yos et al. (1973) report that cel1~méd1ated immunity was suppressed in quinea
pigs and mice in TCDD-induced lymphoid depleted thymuses. Thigpen et al. (1975)
found that mice réceiving 1 ug/kg or more of TCDD by stomach tube once a week
for 4 weeks had increased susceptibility to Salmonella infection. Female
monkeys fed TCPD for 9 months showed hypocellularity of the bone marrow and
1ymph nodes as well as hypertrophy, hyperplasia, and metaplasia of the bronchial
tree, epithelium, bile ducts, pancreatic ducts, and salivary gland ducts (Allen
et al. 1977). |

Other effects of TCDD ingestion include suppression of reproductive function
in rats (Kociba et al. 1975) and disturbance of the hematopoietic system with
occasional hemorrhaging in monkeys, rats, and mice {Allen et al. 1977, Xociba et
al. 1975, Vos et al. 1974). 7CDD interferes with the biOsyhthetic pathway of
heme by inducing delta-aminolevul inic acid synthetase (d-ALA), which results in
hepatic porphyria in mice and raf% {Goldstein et al. 1978). Increasaed urinary
excretion of uroporphyrins has been observed in rat feeding studies (Koc¢iba et

al. 1975, Goldstein-et al. 1976). |

TOXICITY OF 2,4,5-T, 2,4,5-TRICHLOROP@ENOL, AND TCDD IN HUMANS

The most consistently reported to#ic effect of 2,4,5-T,
2,4,5-trichliorophenel, and TCDD to huﬁans is chloracne, a-disfiguring and
‘Jong~-term dermatitis. This has occurred in 2,4,5-T factory workers {(Bauer at
al. 1961, Poland et al, 1971), 2,4,5-trichlorophenol workers (Kimmig and Schulz
1957, Bauer et al. 1961, Bleiberg et a1.'1964, Gdldmann 1972), and Yaboratory
workers accidentally exposed to TCDD (Oliver 1975). It has also been observed

in exposed popul ations following the accidental production of TCDD in exothermic -
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reactions at chemical plants (Hay 13976, Kimmiqg and Schulz 1957, May 1973). In
the 2,4,5-trichlorophenol plant accident in Seveso, Italy {1976}, 300 to 500
grams of TCDD are believed to have been deposited in the most contaminated
areas, with Tesser amounts in surrounding areas (Hay 13976). In the other
fncidents, the 1e;e1 of TCOD present is not estimated.

There are scattered reports of hepatotoxic effects 1hc1uding abnormal 1iver
function tasts. and pathological cﬁanges in the liver (Kimmig and Schulz 1957,
Bauer et al. 1961, Bleiberg et al. 1964, Poland and Smith 1971). Eleven of 14
men exposed to TCOO during an exotherﬁic reaction at a 2,4,5-trichl orophenol
plant had abnormal liver function tests, but after 10 days without TCDO
exposure, most tests were normal. Bleiberg et al. (1964} reported that 11 of 29
workers at a 2,4,5-trichloropenol plant had porphyria, but in a study of the
same workers 6 vears later, Poland et al. (1971) found no overt clinical cases
of the disease. They suggested that the chaﬁge may have been due to increased
attention to workar safety or to a decrease in TCDO contam%nation.

Bauer et al. {1961) found one case of bloody urine in exposed workers.
Hemorrhagic cystitis was reportad (Kimbrough et al. 1975) iﬁ a E-yéar-old girl
who was playing in a horse area contaminated with 2,4,5-TCP (TCDD concentration
of 31 to 33 ppm). Other organ systam effects that have been reported are
gastrointestinal tract disturbances (Kimmig and Schulz 195?; Poland et al.
1971), neurological disturbances {Q1iver 1975}, and respiratory and cardiac
disorders (Bauer et al. 1961). Psychological changes, including emotional
dinstability, lethargy, diminishe& 1ibido, and high manic scores on psychological
tests, have also béen noted (Poland et al. 1971, Qliver 1975, Bauer et al.
1961).
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¥I. CARCINOGENICITY

CARCINOGENICITY OF 2,4,5-T IN MICE

Muranyi-Kovacs et al. {Oral) Mouse Study (1976)

Inbred C3Hf and XVII/G strains of mice were used. They were given 100
mg/Titer of (2,4,5-trichlorophenoxylacetic acid (2,4,5-T) in drinking water for
2 months, beginning at 6 weeks of age. The 2,4,5-T product contained Tess than
0.05 ppm of 2;3,7 8-tetrachliorodibenzo-p-dioxin., Thereafter, mice were given
2,4,5-T mixed with a sterile, commercial diet (UAR 1138) at concentrations of 80
ppm. It was not stated whether these lfvels represented maximum tolerated
values., However, the author indicated ihat this dose was 1/40 of the LOgq.

The mice were examined weekly for their general health and for the presence

of tumors. They were allowed to die or|were killed in extremis. Complete

necropsies were performed and grossly afl tered organs were examined
histologically. The urinary bladder wa% distanded with fixative in mice-
suspected of having lesions, ‘ ;

C3HF contro] male mice survived an %yerage af 630 déys; treated male mice,
511 days (P = 0.001l}; control females, %80 days; and treated females, 620 days.
Survival times for XVYI1I/G control male mice were 521 days; for treated male
mice, 583 days; control females, 569 days; and for treatéd females, 641 days
(P = 0.01).

Tumar presence in CIHF female mice ingesting 2,4,5-T is indicated in Table
4. The results show that 12 of 25 C3Hf female mice (48%) ingesting 2,4,5-T
developed tumors of all types, as cémpared to 9 of 44 control female mice (21%)

(P = 0,03). No other strain-sex combination yielded statistically significant

vaiues, as evidenced by the data in Tables 4 and 5. Benign and malignant tumors
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TABLE 4,

TUMORS IN C3Hf MALE AND FEMALE MICE INGESTING 2,4,5-T3

- Number of Tumors

No. of Mice
with Tumors

Dose {ppm) Sex Lung Liver Leukemia Other Total
0 M 2 19 0 1b 22 21/43 {49%)
80 ppm "M 0 10 2 1¢ 13 12/22 (55%)
0 F 5 3 1 0 9 9/44 (21%)
80 ppm F 0 4 3 6d 13 12/25 (48%)

dEffective number of mice surviving longer than 300 days or developing a

tumor before 300 days of age.

DPleomorphic salivary gland tumor.

CFibrosarcoma; not included are one hyperplastic iesion of the urinary

bladder and one hyperplastic lesion of the forestomach.

dlosteogenic sarcoma, 2 sarcomas, Z cutaneous tumors, and 1 tumor of the

cervix.
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TABLE 5. TUMORS IN XVII/G MALE AND FEMALE MICE INGESTING 2,4,5-TA

: No. of Mice
Dose (ppm}  Sex Lung Liver Leukemia Other Total with Tumors

22 4 0 1b 27 25/32 (78%)

0 M

80 M 0 1 € 16 15/20 (75%)
0 o0 0 2 2d 24 “21/40 (53%)
80 F 15 0 1 0 16 16/19 (843)

AdEffective number of mice are mice surviving Tonger than 300 days or
developing a tumor before 300 days of age. In the XVII/G male mice, there was
no significant difference between the number of tumor-bearing mice among treated
animals as compared with controls, as shown in the table  above.

b1 forestomach tumor.

€1 urinary bladder papilloma; not included are 2 hyperplastic lesions of
the urinary bladders.

d2 hemangiomas.



were considered together in this study. The authors stated that the "hepatomas”
and lung tumors, which were carcinomas and alveologenic adenomas, occurred in
the same proportions in control and treated mice. Treated C3Hf females had
several tumors at sites not foupd'in the controls. The authors reported a
significant increase in total tumors in one strain and one sex of rats at one
dose level., In reaching this con¢lusion, they used the Peto method and
distinguished between incidental and nonincidental tumors.*

To c1ar1fy'questions concerning the design, execution, and interpretation of
this study, the CAG communicated with the principal author at the Curie
Foundation, Marseilles, France. From this discussion and from the published
account of this discussion it is concluded that: 1) the studies were very
insensitive because insufficient numbers of animals were used in the freatment
groups; 2) care of the animals was inadequate; 3} this study was insensitive_
because the dose used, 80 ppm, was only 1/40 of the LDsg, and appears to be
less than the maximum tolerated dose; 4} histologic examination of all animal
tissues as not performéd; 5) only macroscopically altered tissues were examined
histologically, In addition, the author recommended that more adequate studies
be conducted in a greater number of species. Because of the severe deficiencies
in the study, the CAG has concluded that this study does not provide
significant evidence for either the carcinogenicity or non-carcinogenicity of

2,4,5-T. '

Muranyi-Kovacs et al. (Subgutaneous} Mouse Study (1977)

In this study, the authors administered 2,4,5-T to two strains of mice, C3HF
and XVII/G. Subcutaneous injections were given at 10 mg/kg of body weight in an
aqueous solution on days 1, 3, 6, and 10 of the animals' Vife., The sex, strain,

number of animals, survival time, and animals with tumors are shown in Table 6.

*These results are not considered 1o be avidenca of a oncogenic response
because there is no valed basis for grouping tumors at all sitss or for
distinguishing between incidental and nonincidental tumors. The author did not
-report any increases in tumors for any specific target site,
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TABLE 6. SURVIVAL TIME AND TUMOR INCIDENCE IN 2,4,5-72
TREATED MICE

Strain Sex Bose Number of Survival time Percent of animals
mg/kg animals tumor-bearing with tumors
XVIL/G M 0 32 25/32 _ 78
M 4 x 10 15 _ 13/15 87
XVIl/G F 0 40 21/40 53
F 4 x 10 15 4/15 25
CaH/f M 0 43 21/43 49
M 4 x 10 11 4/11 36
C3H/f F 0 44 9/44 21
F 4 x 10 14 3/14 21

dTCDD content of 2,4,5-T was 1ess than 0.05 ppm.

As indicated, there is no observed increased incidence of tumor-bearing animals
as compared to the treated animals of both sexes and sfrains. However, this
study was so incompletely reported that the details of the methodology cannot be
discerned. In addition, this study was very insensitive because insufficient
numbers of animals were usad in the treatment groups, and onlty a few
subcutaneous doses were administered. Therefore, these studies do not provide
significant evidence of efther the carcinogenicity.or non-carcinogenicity of

2,4,5-T,



Innes et al. (Bionetics Laboratorfies) {Oral) Mouse Study (1968, 1369)

The maximum tolerated dose of 2,4,5-T* was given to two hybrid strains of
‘mfce {C57BL/6 x C3H/Anf)Fy, B6(C3F1 designated as "strain X," and (C578/6 x
AKRIF1, BEAKF1 designated as “strain Y." There were 18 treated mice and 18
untreated control mice of each strain and each sex. €ach day, beginning at 7
days of age, 21.5 mg/kg of 2,4,5-T in 0.5% gelatin was administered by stomach
tube. After weaning at 28 days of age, 60 bpm of 2,4,5-T was mixed directly in
the diet and provided ad libitum. Treatment was continued for approximately 18
months. _

At this time mice were killed and grossly examined both internally and
externally in the areas of the neck glands and the thoracic and abdominal
cavities. Histologic examination of major organs and all grqSSTy visible
Tesions was performed. Thyroid glands were not examined. The postmortem
results are given in Tables 7 and 8.

The results of the oral mouse study jndicate thatlthere was no significant
difference between the 2,4,5-T-treated and control grouﬁs'of mice with respect
to tumors at specific sites, or total number of tumor beafing animals. This
study, however, does not provide significant evidence for the
non-carcinogenicity of 2,4,5-T because of certain defects in its design. The
use of small numbers of animals and the duration of the study, which was only 18
months rather than the entire lifetime, made the study relatively insensitive

for detecting an oncogenic¢ effect.

* Tne Bionetics studies did not report the level of TCOD contamination in
the 2,4,5-T used in those studies. The 2,4,5-T used in a reproductive study
conducted at approximmately the same time as the Bionetics study was reported to
contain 30 ppm TCOD. It is possible that the contaminant of 2,4,5-T used in the
Bionetics study was the same as that of the 2,4,5-T used in the reproductive
study. However, this conclusion is far from certain without actual chemical
analysis of the 2,4,5-T used in the Bionetics studies.
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TABLE 7. NUMBERS QF MALE AND FEMALE MICE WITH TUMORS OF VARIGUS ORGANS

AMONG MICE INGESTING 2,4,5-T

TUMOR TYPE
Reticulum Pulmonary Hepatoma
Strain Dose {ppm) Cell Sarcoma Adenoma & Carcinoma
. Male Female Male Female Male Female
"X" matched 0 /15 1/18 . 2/15 1/18 3/15 0/18
“X" pooled 0 5/79  4/87 5/79 3/87 8/79 0/87
b & 60 /18 0/18 | . 1/18 1218 .~ -4/18 0/18
"Y" matched 0 0/18  1/15 3/18 0/15  .0/18 0/15
"Y* ool ed 0 1/90  3/82 10/90 3/82 §/90  1/82
"y 60 2/18  1/18 0/18 . 0/18 1/18 0/18
TABLE 8. NUMBERS OF MALE AND FEMALE MICE WITH TUMORS AT ALL SITES
AMONG TICE INGESTING 2,4,5-T
Mal e Female -
"X" matched 0 5/15 (33%) 2/18 (11%)
X" poolad 0 22779 (28%) 8/87 (9%)
"X 60 6/18 (332) 1/18 (&%)
"Y" matched 0 3/18 (17%) 1/15 {7%)
“Y" pooled 0 16/90 (18%) - 7/82 (9%)
"y 60 3/18 (17%) 2/18 (112)
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Innes et al. {Bionetics Laboratories) (Subcutaneous) mouse Study (1968)

2,4,5-T in dimethysulfoxide (DMSO} was given as a single subcutaneous
injection {215 mg/kg) to two strains of male and female mice (same strains as in
the oral study) at approximately 28 days of age. The mice were observed for
approximately 18 months. At that time mice were killed and examined grossly,
both internally and externally, in the areas of the neck, glands, and thoracic
and abdominal cavities. Histologic examinations of all major organs, as well as
all grossly visible Tesions, were made. Tﬁiroid glands were ﬁot gxamined. The
authors stated thét histopathologic data did not show a statistically
significant difference between the 2,4,5-T-treated and control groups either
with respect to tumors at specific sites, or total number of tumor-bearing
animals. However, this sfudy suffered from the same deficiencies as the Innes
et al. oral study. In addition, single subcutaneous dose studies are considered
to be highly insensitive for detehting an oncogenic response., Therefore, the
CAG does not consider this studyfto provide signfficant evidence of the

non-oncogenicity of 2,4,5-T,

30



CARCINOGENICITY OF 2,4,5-T IN RATS
Kociba et al. {Oral) Rat Study (1978, 1979)

The cancer biocassay study of 2,4,5:T ip.rats (TCDD content was not
detectable in 2,4,5-T with g detection 1imit of 0.33 ppb) was performed by
Kociba et al. In this study, one group of 86, and three grbups of 50
Sprague-Dawley (Spartan) rats of each sex were administered 0, 3, 10, and 30
mg/kg body weight/day, respectively, via the diet, for periods up to 2 years.

There is some question as to the actual dosage. Adequate information is
Tacking to show that the amount of 2,4,5-T7 found in the fbod'by chemical
analysis actually remained constant in a given feed 1ot during the entire period
of consumption of that given lot. Baséd on the analytical data, the actual
doses given were slightly lower than the nominal doses.

There are certain aspects of this study which reduced its sensitivity for
detecting a carcinogenic response. First, there was a very high early mortality
among all groups of males and females {Tables 9 and 10). The mortaiity data
show that at fhe termination of the study more than 50% of the females had died
in the control group as well as in each of the treated groups (the mortality was
76% in the 10 mg/kg female group). Among males, mortality was approximately 92%
in the controls and ranged from 78% to 922 in the treated groups. VYery nigh
mortal ity in both males and females was observed as early as 21 months. This
early mortality is important bec;use it reduces the number of animals at risk
for Tate developing tumérs.

The sacond factor which_reduced the sensitivity of this study was the
-‘re1at1ve1y high incidence of spontaneous tumors in some organ sites in the
controls. For example, among 86 cantrol males, three hepatocellular carcinomas
and four hepatocellular necoplastic nodules were found.

The data presented in Tabla 11, as a whole, indicates positive suggestive

avidence of the carcinogenicity of 2,4,5-T.
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TABLE 9.

CUMULATIVE MORTALITY DATA OF MALE RATS MAINTAINED QN DIETS
CONTAINING 2,4,5-T FOR 2 YEARS

Original no.
in group
Days on test

0-30
31-60
61-90
91-120

121-150
151-180
181-210
211-24Q
241-270
271-300
301-330
331-360
361-390
391-420
421-450
451-430
481-510
§11-510
§41-570
571-600
601-630
631-660
661-690
691-720
721-728

Total no. of
rats on study

Dose Level (mg/kg/day}
V] 30 10 3
Na, dead No. dead No. dead No. dead
(% dead) (% dead) {3 dead) (% dead)
86 50 - 50 50

Q Q Q0 o]

0 0 0 o]

1{1.2) 0 Q 0

1(1.2) 0 0 0

1(1.2) ] 0 Q

1{1.2) 4] 0 0

1(1.2) 0 0 Q
1(1.2) 0 0 0

1{1.2}) 0 , 1(2.0) 0

2(2.3) 0 : 1{2.0) g

202.3) 0 : 1(2.0) 0

2(2.3}) 0 1{2.0) 1{2.0}
2(2.3) 2(4.0) 2(4.0} 204.0)
5(5.8) 2{4.0) 2(4.0) 3{6.0)
6(7.0) *+  2(4.0) 4(8.0) 4{8.0}
9{(10.5) 4(8.0) 9(18.0) 6(12.0)
10{11.86) 6(12.0) 12(24.0)4 10(20.0)
16(18.6) 3(16.0) 22(44,0)4 12(24.0)
23{?26.7) 11(22.6) 24(48.0)a 14(28.0)
32(37.2) 16{32.,0) 29(s8.0)4 23(46.0)
47(54,6) "19(38.0) 37{74.0)2 30{50.0)
67(77.9) 24(48.0)4 38(76.0) 32(64.0)3
74(86.0) 27(54.0)4 42(84.0) 34(58,0})4
77(89.5) 32(64.0)8 45(90.0) 38{76.0)a
79{(91.7) 39(78.0)a 46(92.0) 40{80.0)3
86 50 50 50

d3tatistically significant difrerence from conirol values by Fisher's
Exact Probability Test, P < 0.0S,
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TABLE 10, CUMULATIVE MORTALITY DATA OF FEMALE RATS MAINTAINED ON DIETS
CONTAINING 2,4,5-T FOR 2 YEARS

Dose Level {mg/kg/day)
10

Q 30 3 _
No. dead No. dead - No. dead No. dead
(%2 dead) (% dead) (% dead) {% dead)
Original no.
in group 86 50 50 50
Days on test '
0-30 0 ¢ 0 0
31-60 0 0 0 0
£1-90 0 0 0 0
91-120 0 0 0 1(2.0)
121-150 0 0 0 1{2.0)
151-180 Q : 0 1(2.0) 1(2.0)
181-210 1(1.2) 0 1{(2.0) 1(2.0)
211240 1{1.2) 0 1{2.0) 1(2.0)
271-300 1{(1.2) 1(2.0) 1(2.0) 1(2.0)
301-330 2(2.3) 1(2.0} 3(6.0) 2(4.0)
331-360 2(2.3} 2{4.0) 3(6.0) 2{4.0)
361-390 2(2.3) 3{6.0} 3(6.0) 3{6.0)
391-420Q 4(4.6} -3(6.0}) 4(8.0} 3(6.0)
421-450 5(5.8) 3(6.0} 5{10.0} 3{(6.0)
451-4380 9(10.5) « 7(14.0) 8(16.0) 5(10.0})
481-510 12(14.0) 3(18.0) 13(26.0)2 7(14.0)
511-540 18(21.0) 11{22.8) 14(28.0) - 10(20.0)}
541-570 20(23.2) 12(24.0) 15(30.0) 12{24.0)
571-600 25(29.1) 15{30.0) 16(32.0) 16(32.0)
601-630 29(33.7) 18{36.0) 21(42.0) 20(40.0)
631-660 34{39.5) 24(48.0) 25(50.0) 23(46.0)
661-690 41{47.7) 26(52.0) 33(66.0)4 26{52.0)
691-720 46(53.5) 27(54.0) 35(70.0038 7 29{58.0}
721-732 46(53.5) 28({56.0) 38{76.0)4 29{58.0)
Total no. of
rats on study 36 50 . 50 50

aStatistically significant difference from control values by Fisher's
£xact Probability Test, P < 0.05. '

33



TASLE 11. STRATIFIED SQUAMOUS CELL CARCINOMA QF THE TONGUE OF SPRAGUE-DAWLEY
RATS FED WITH PURIFIED 2,4,5-T

Kociba 2,4,5-T dosage in mg/kg/day

2,4,5.T
Controls 30 10 3
{P-value)d Test for TrendP
Males 1/83 4/49 0/46 1/50 < (.03
. (P = 0.063)
Females 0/83 1/49 /48 0/48 N.S.
. (P = 0.371)
Total 1/166 5/98 Q/94 1/98 < 0.0
) (P = 0.028)
% g.60 5.1 1.0

ap values determined by Fisher's Exact Test {one-tailed).

BCochran's test for trend, one-tailed, scoping = 0, 1, 2, 3.

The incrgase in squamous cell carcinoma of the tongue in males at the 30
mg/kg/day dose level is marginally statfsticaf]y significant {P = 0.063). Also,
the dose-related trend for the i;pidence of tongue tumors fn males is
statistically significant in the Cochran-Armitage Test kP < 0.03), 1In additidn,
when both sexes are combined, the observed incidence of tongue tumors in the 30
mg/kg group is significantly increésed {P = 0.028). The sexes are not
ordinarily combined for the purposes of ana]yzingltuﬁor incidences because the
spontaneous tumor incidence may differ in the sexes due to different -hormonal or
metabolic influences. However, combining the sexes in this study for the
purpose of analyzing tongde tumors does not appear ihappropriate because the
tongue tumor incidences showed very Iittie difference between the sexes in the
controls and in the two lower dose groups.

Based on the above analysis, it is concluded that this study provides

suggestive evidence of a carcineogenic effect. However, examination of the

incidence of squamous cell carcinomas of the tongue in historical conirols may

shed further Yight on the biological significance of the results of this study.
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Leuschner et al. {Oral) Rat Study (1979)

Leuschner et al, (1979) investigated the chronic effects of commercial grade
2,4,5-T {(containing 0.05 ppm TCDO) on Sprague~0aw1eyl(SIV50} rats. The study
used four groups of 60 male and 60 female rats from the Fy generation of a
three-generation reproduction study in which the dams received 2,4,5-T at 0, 3,
10, and 30 mg/kg body weight/day in the dfet. From 6 weeks {42 days) of age,
rats in the four groups were placed on the same feeding regime as their mothers.
.The-treatment’continﬁed-for the duration (130 weeks) of the experiment. Three
groups réceived 2,4,5-T dissolved in acetone, which was poured over a small
quantity of fead and then mixed after_the evaporation of the acetone. One
group, identified in the reﬁort as the pre-mix controls, was given only aﬁetone
in the diet. A fresh diet was prepared every 7 days. ¥
Additional groups of 60 male and 60 female Sprague-GawTéy'rats served as

untreated controls. Rats in this group were supplied at 6{wesks of age by the

same source that had suppl fed the Fq generation of the three-generation study.

During the experiment, ¢linical signs, body weights, and consumption of food and

watar, were mognitored at regular intervals. Urinalyses wefe performed and

hematoiogical and ¢linical chemistry parametars were deter?ined for 10 rats from

each group at regular intervals. The same rats were used ¥or measurements

throughout the experiments; the authors found no effects attributable to 2,4,5-T

in any of these observations. At 13 weeks, 10 rdts yere sacrificed from each
group and examined teaving Tong-term exposure of groups of 50 animals each.
Rats that died, were moribund, or killed during the experiment, and all
surviving rats killed after 130 weeks, were pecropsied. A1l major tissues of
all animals, except for tissues of the survivors dosed at 3 mg/kg/day, were
examined histopathologically.

The authors reported that they found no evidence that the test compound had
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a toxic or carcinogenic effect on either male or female rats. The type and
incidence of lesions observed were considered normal in old~-age breeding rats of
the test strain. However, a statistically significant increase in interstitial
~cell tumors of the testes in the high-dose group of males (P = 0.014), as well
as a significant dose-related trend (P < 0.01l) for these tumors were observed
when comparison 1s made to the incidence of these tumors in the pre-mix control
animals (Table 12). The significance of these resu?té disappeared when
comparison wa; made t0 the untreated control group, which had an incidence of
testicular tumors higher than that in the high dose group. ~The incidence of
testicular tumors in the untreated controls (22/50 or 44%) is very significantly
higher {P < 0.01, used a one-tailed Eiscﬁer Exact Test) than fhat in the pre-mix
controls (12%). Because of this difference, the two control groups cannot be
pooled for comparision with the treated groups. Clearly, a CCmpoynd-re]ated
increase can be shown only if the pre-mix control group alone is used as a point
of comparison with the treated groups.

Because of the experimentai aesign, the pre-mix controls are the appropriate
comparision group, Herver‘, in this situation there is a question of whether the
pre-mix or untreated controls manifest an atypical spontanecus rata for
testicular tumors. Only more detaiIed information on historical controls from
the same substrain, with comparabie lifespans, and preferably from the same
1aboratory, can resalve this issue. Moreover, in the low dosage-grodp, whije 14
testicular masses were observed macroscopically, only & of those masses were
examined microscopically. All six masses examined microscopically were
testicﬁlar tumors. 1f the remaining eight masses were examineﬂ mfcroscopica]ly
and were also proven tﬁ be testfcu]ar tumors, the dosa-re2latad trend would no

fonger be significant.
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TABLE 12. INTERSTITIAL-CELL TUMORS QF TESTES IN MALE RATS

Dase | Rats with Percent animals
tumors P-VYalue with tumors

untreated

contrals 22/50 44%
pre-mix

controls 6/50 . 12%
10/mg/kg/day -

group 12/50 N.S. 24%
30 mg/kg/day . -

group 16/50 0.014 32%

This study suffers from the following limitations: 1) the maximum tolerated
dose was apparently not used; 2} the obdbserved testicular tumors are often
associated with old-age with variable incidences; 3} testicular massas were
reported in 14/28 of the animals exposed at the 16w dose (3 mg/kg/day), but only
six of these masses were diagnoséd microscopically; 4) the tongue, which was &
site of increase in tumor incidence in the Kociba studies, was not examined
microscopically as would seem appropriate; and 5) the difference in the
incidences of testicular tumors in the two contol groups makes interpretation of
the significance of the testicular tumor incideﬁce in treatég groups uncertain.

In conclusion, the significance of the resﬁ1ts concerning the incidence of
testicul ar tumors is uncertain. In addition, this test cannot be considered a
valid negative study of 2,4,5-T because the highast dose used was less than the
maximum tolerated dose. This reduced tﬁe sensitivity of the test for detecting

the possible oncogenic effects of 2,4,5-T.
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STUDIES ON (2,4,5-TRICHLOROPHENOXY)PROPRIONIC ACTD (SILVEX)

Innes at al. {Bionetics Laboratories) (QOral) Mouse Study {1968, 1969)

Innes et al., under the sponsorship of the National Cancer Institute,
investigated the carcinogenicity of silvex in two studies with mice, one oral
and the gther subcutaneocus. In the oral study, groups of 18 B6C3Fl and 18
BOAKF1 mice of each sex were given the test substance daily in 0.5% gelatin by
oral gavage at 46.4 mg/kg body weight beginning at 7 days of age and continuing
until they reached 28 days of age. At that time, 121 ppm of silvex was
administered daily in the diet. This study was carried out";br approximately 18
months.. Mice were housed by §ex, up to-six 1n-a cage, and were‘given food and
water ad 1ibitum. A1l animals were observed daily for cTiniﬁal signs and
weighed weekly. The.doses administered were the maximum tolerated doses, which
had been selected from pre-;hronic toxicity studies performed before the
fnftiatioa of chronic study. The moribund mice were killed, necropsied, and
selectively examined microscopicaily, whife surviving animals were killed at
approximately 18 months and necropsied. Heart, lungs, ]iver,lsp1een, kidneys,
adrenals, stomach, intestines, genital organs, and tissue masses were pldced in
formalin. They weres later sectioned, stained with hematoxylin and =esin, and
axamined microscopically. All but five mice, three B6C3F1 male and two BGAKF1
male or femalg, survived ‘18 months. Table 13 identifies the types of tumors and

the groups in which they were found.
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TABLE 13, TUMORS IN MICE EXPOSED ORALLY TQ SILVEX

Type of Tumor B6CIF1 Mice B6AKF1 Mice
M F M F
Reticulum-cell sarcoma, type A 1 1 ' 0 0
Puimonary adenoma 1 0 1 0
hepatoma 5 Q 0 .0
Mammary adenocarcinoma 0 1 0 0
Angioma . ** 1 0 0 0
Gastric papilloma - - 0 2 0 0
Adrenal cortical adenoma 0 0 Q 1

There was no significant increase in the incidence of neoplasms in B&C3F1 or
86AKF1 male or female mice administerad silvex orally. However, by current
National Cancer Institute guidei4nes, there are a number of deficiencies in
these studies: 1) only a single dose 1éve1 was administered, 2] the number of
animals in the treatment group {18) was too ;ma11,'and 3) the experiment was
terminated aftar only about 18 months. Because of these deficiencies, the test
was relatively insensitive for detecting a possible oncogenic effect of silvex
and therefore cannot be considered as significant evidence of the

non-carcinogenicity of silvex.

Innes et al. {Bionetics Laborataries) {Subcutaneous) Mouse Study (1968)

In this study, groups of 18 B6C3F1 and 18 B6AKF1 mice of each sex, .
approximately 28 days of age, were given a single subcutaneous injection of 215
mg/kg body weight of 2-{2,4,5-trichlorophenoxy)propionic acid (silvex, supplied

by M-C-B)} suspended in demethysul foxide {OMSO)}, and observed for 18 months.



Prbcedures similar to those described ébove for the Bionetics oral study were
foilowed for animal housing, care, observation, necropsies, selection of
tissues, and preparation of histologic slides, All animals, except two BSC3F1
male mice, survived 18 months. Seven tumors were diagnosed in the 18 male
B6C3F1 mice examined. The tumors were: two reticulum-cell sarcomas, type A;
two pulmonary adenomas; one hepatoma; and two hemangiomas. Only one tumor, 4
gastric papilToma, was diagnosed in the 18 female B6CIF1 mice examined. A
hepatoma wag found in one of the male B6AKF1 mice examined. These incidences
were comparab1e‘;; those seen in the control animals. There was no significanf
increase in the incfdence of neoplasms in BEC3Fl or BGAKFL male or female mice
by subcutaneous injection. However, there were a number of deficiencies in this
study: 1) only one subcutaneous injection was given, 2) the number of animals
in the treatment group (18) was too small, and 3) the experiment was terminated
after only 18 months. B3ecause of these deficiencies, the tast was relatively

insensitive for detécting an oncegenic effect of silvex,
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Dow Chemical Company (Oral) Rat Study (1965), summarized in Mullison {1966) and
Gehring and 8Betso (1378}.

Groups of Dow-Wistar rats (30 males and 30 females in each group} were fed
diets containing 0.0, 0.03, 0.003, and 0.001% Kurosol SL (potassium salt of
silvex) for up to 24 months. Administration of the test compound began at 50
days of age. Animals were sacrificed at 12 and 18 months so that the group
sizes at the end of the é-year study could not have beenlmore than 21 or 22 per -
sex; they may have been even smaller. However, the size of the groups at the
end of tﬁe study cannot be exactlg_determined since no data were provided'on the
extent to which animals, other than the ones sacrificed, died before the end of
the study.

There was no evidence of a toxic effect or reduced survival in female rats
administersd any dose compared to controls. Therefore, it does not appear that
the females were administered the maximum tolerated dose. Since high-doss males
exhibited a significant decrease,in average body weights, it appears that they
were administered an maximum tolerated dose.

No significant increase in tumors was reported, However, because small
groups of animals were used-and the maximum tolerated dose was apparently not
used in high-dose females, this study cannot be censidered as significant

evidence of the non-carcinogenicity of silvex in rats.

Dow Chemical Company {Qral) ﬁog Study (1965), summarized in Mullison (1968) and

Gehring and Betsg (1978).

Groups of beagle dogs {four males and four females in each group) wers fed
diets containing 0.0, 0.056, 0.019, and 0.0056%. Kurosal SL (potassuim salt of
silvex). OUne male and one female of each group were killed at 12 months. The

remaining animals were killed at the end of the 2-year period.
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No incidence of tumors was observed. However, this study does not
constitute a valid cancer study because its duration was far less than life
expectancy of a beagle dog and the sizes of the animal groups were exceedingly
éma11. Therefore, this -study provides no evidence of the lack of

carcinogenicity of silvex 1n dogs.

42



CARCINOGENICITY OFITCDD IN RATS AND MICE
Kociba et a), (Oral) Rat Study (1977, 1978)

Al though this study was reported in published form in Toxicolology and
Applied Pharmacology (1978), a fuller version was submitted in an unpubiished
report {Kociba et al., Dow Chemical Company, September 28, 1977}.

In this study, groups of 50 Sprague-Dawley rats {Spartan) of each sex were
maintained for up to 2 years on diets providing 0.1, 0.01, or 0.001 ug/kqg/day
TCDO. Vehicle control groups comprised 86 anfimals ofleach sex. The test was
appropriately conducted with the high dose group at a level which induced signs
of tissue toxicity, reduced weight increments in both sekes, and shortened
lifespan in female rats. Clinical tests performed at intervals during the study
monitored organ specific toxicity, particularly of the Tiver..‘Pathologic
examinations included histopathologic evaluation of all major tissues in
high-dese control anima]s, but omly of selected tissués jdentified as possibla
target organs and suspect tumors ?n lower dosa groups.h This approach is
suitable for the identification of a carcinogenic effect, but does not détermine
actual tumor incidences in all groups except in those organs identified as
target organs. It, therefore, is adequate to define dose-response relationships
only in thése target organs. Tissues examined fromvmost animals in alil dose
groups included 1iver, lungs, kidneys, urinary Biaddar, tongue, brain,
testes/avaries, and prostate/uterus. For these tissues, a quantitative analysis
can be performed using the actual numbers of tissues examined
histopathologically for animals at risk. For other tissues (excluding skin,
mammary glands, and nasal turbinates/hard palate), actual tumor incidence cannot
be evaluated for the two lower doses. For skin, mammary glands, and nasal
turbinates/hard palate, the number of animals necropsied is the apﬁropriate
denominator to determine incidence, because detaction of these tumors is basad

on observation of the tumor at necropsy.
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A Taboratory audit of this study by Spencer and Woodrow, Hazard Evaluation
Division, Office of Pesticide Prbgrams, did ﬁot reveal significant new
information. Reviewers concluded that the study was properly conducted,
adhering to the accepted procedures (memorandum from Spencer and Woodrow to
Diana Reisa, and Warnick Project Manager for 2,4,5-T).

Based on data reported for food consumption, body weight, and dietary level
of TCOD, the daily doses were reasonably constant for most of the study,
although somewhat below the value expected in most groups during the third
manth. | |

High early mortality was observed in all groups in this study. The survival
curves show progressive mortal ity beginning as early as the 12th month and
leading to 50% mortality by 21 months.” The effects of this early mortality
are a reduction in expected tumor incidence because of a truncated latency
period, and a reduction in sensitivity of the study because of a reduction in
number of animals at risk during*the.time of expected tumor manifestation.
Cumulative mortality and interval mortality rates are given in Tables IlI-7-10
of the appendix (Clement Associates 1979).

The results of this study provide substantial evidence that TCDD is
carcinogenic in rats. TCDD induced highly statistically sigﬁif?cant increases
of hepatocellular carcinomas and hepatocellular neoplastic nodules combined in
female rats at doses of O.i and 0.01 ug/kg/day (2200 and 220 ppt in the diet,
respectively). The increase of hepatocellular carcinomas, alone, in the
high-dose females was also highly significant. 1In addition, at the highest dose

level, TCDD induced a statistically significant increase in stratified

“In the 0.001 group of males, 44% mortality was as early as 18 months,
The mortality patterns were analyzad by the Whitney-Wilcoxon test and
Kolmogorov-Simonoy test. These tests show that mortality was significantiy
higher in the high-dose females than in contreols, and while indications of
increased mortality were found in other groups, they were not part of a
consistent pattern.
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squamous cell carcinomas of the hard palate and/or nasal turbinates in both
males and females, squamous cell carcinomas of the tongue in males, and

keratinizing squamgus ¢ell carcinomas of the lungs (highly significant} in

females (Tables 14-16).
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TABLE 14, HEPATOCELLULAR CARCINOMAS AND HEPATOCELLULAR
HYPERPLASTIC NODULES IN FEMALE SPRAGUE-DAWLEY RATS MAINTAINED ON
DIETS CONTAINIFG TCOD

Dose level Rats with Rats with Total number

ug/kg/day hepatocellular hepatocellular of rats with
hyperplastic carcinomas both types
nodul es | of tumors

0 " 8/86 (9%) 1/86 (1%) © 9/86 (10%)

0.001 3/50 (6%) 0/50 (0%) 3/50 {6%)

(22 ppt)

0.01 18/50 (36%) 2/50 (4%) 20/5Q (40%)

(210 ppt) (P = 7.6 x 10-5)2

0.1 23749 (47%) 11/49 (22%) 34/50 {68%)

(2200 ppt) - (P = 5.6 x 10-5)2 (P = 4.56 x 10~12)a

3P-values calculatad according to the Fisher Exact Test (one-tailed).

TABLE 15. TUMOR.INCIDENCE IN FEMALE RATS FED DIET
CONTAINING TCDD

Dose Tevel Stratified squamous cell Keratinizing squamous
ug/kq/day carcinomas of hard palate cell carcinomas of
or nasal turbinate lungs
0 1/54 (2%) _ 0/86 (0%)
0.001  0/30 (0%) 0/50 (0%)
(22 ppt)
0.01 ' 1/27 (4%) 0/50 (0%)
{210 ppt)
0.1 5724 (21%) 7/49 {14%)
(2200 ppt) (P = 0.01)a . {P = 0.0008)3

dP-values calculated according to the Fisher Exact Test {one-tailed)}.
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TABLE 16. TUMOR INCIDENCE IN MALE RATS FED DIET CONTAINING TCDOD
AL). COMPARISONS vS. CONTROLS
Stratified squamous Hard palata/nasal turbinates
Dose Yavel cell carcinomas of stratified squamous cell
ug/kg/day the tongue carcinomad '
0 0/85 0/51
0.001 1/50 N.S.D 1/34 N.S.
(22 ppt) -
0.01 1/50 N.S. 0/27 N.S.
(210 ppt)
0.1 3/50 (P = 0,048) 4/30 (P = 0.016)
{2200 ppt)

dTncTude examinations

BNot significant at P = 0.05.
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Yan Miller et al. {Oral) Rat Study {1977)

Male Sprague-Dawley rats weighing approximately 60 grams each were used.
There were 2 rats in each cage and 10 rats in each group. Rats ingested ground
chow for only 2 weeks. They were then given 2,3,7,8-tetrachlorodibenzo-p-dioxin
(TCDD) in the following concentrations: 0, 1, 5, 50, 500 parts per trillion
{ppt, 10-12 gram TCOD/gram food); 1, 5, 50, 500, and 1000 parts per billion
(ppb, 10-9 gram TCDD/gram-food).

Laparotomies were performed on all surviving rats at the 65th week,

Biopsies were taken from all tumors observed. Rats ingested the diets with TCDD
for 78 weeks, and were kept on a control diet. Surviving rats were kilied at 95
weeks.

Food intake was significantiy lower in rats ingesting 50, 500, or 1000 ppb
TCOD than in the controls, and they lost weight. A1l of the rats in the dose
groups died between the second and fourth weeks of treatment. The food intake
for rats receiving the other dose levels was similar to that of the controls.
Weight gain was significantly 1e;s for rats given 5 ppb TCDD. TCDD intake and

mortality of rats are shown in Table 17.

TABLE 17. TCDD INTAKE AND MORTALITY IN RATS

Weekly dose per rat Week of . Number of rats

Dosed (ug/kg body weight) first death dead at 95th week
0 ppt T e ' 68 , 6/10 (60%)
1 ppt 0.0003 86 ' 2/10  (20%)
5 ppt 0.001 33 - 4/10  (40%)
50 ppt 0.01 £9 4/10 {40%)
500 ppt 0.1 17 5/10 {50%)
1 ppb 0.4 31 10/10 (100%)
5 opb 2.0 31 10/10 {100%)

3 Rats at 50, 500, and 1000 ppb dose Jevels were all dead within four weeks.
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Compl ete necropsies were done and samples of tissues were taken for
microscopic examiﬁation in controls and each treatment group {Laboratory audit
and personal communication with author). Special staining methods were used as
an aid in the diagnosis of neoplasms. VYarious benign and mal ignant tumors were
found in each treatment group. No tumors were observed in the controls {Table
18).

Etatistica11y significant increases of squamous cell tumors of the lungs and
neoplastic nodules of the 1iver were observed in rats ingesting 5 ppb TCDD {See
Table 19). In addition, two animals in the 5 ppb dose group and one énima1 in
the 1 ppb dose group had liver cholangiocarcinomas, which are rare in
Sprague-Dawlay rats. These tumors were not found in any of the Tower dose
groups or in the controls. These results provide evidence of a Eércinogenic
effect.”

The obsarvation of no tumors of any kind in the controls is unusual for
Sprague~0awley rats. In addition, the reporting of the stddy was not extensive.
These factors may tend to lessen the reliance which can be placed on the
positive results of this study. However, this study does pronde independant
confirmation of the findings of the Kociba study that TCDD causes obsarvable

carcinogenic effects in rats at very low doses.

“The audit of this study brought out the fact that it was intended oniy to
be a rangefinding study. Therefore, only a small number of animals was used.
This may have made the study reTat1ve1y insensitive for detect1ng carcinogenic
effacts at doses lower than 1 ppb. .



TABLE 18, BENIGN AND MALIGNANT TUMORS IN RATS INGESTING TCDD

Number of Number of rats

Dosed Benign Mal ignant tumors with tumors

0 0 0 0 0/10 (0%)b

1 ppt 0 0 0 0/10 (0%)

5 ppt 1 5 6C 5/10 {50%)d
40 ppt 2 1 3e 3/10 (30%)
400 ppt 2 2 4f 4710 (40%)9

l ppb 0 4 5h 4/10 (40%)

5 ppb 8 2 101‘ 7/10 (70%)

dRats at dose Yevels 50, 500, and 1000 ppb were all dead within four
weeks.

D40 male rats used as controls for another study, received at the same
time and kept under identical conditions, did not have neoplasms when killed at
18 months. . _

€1 rat had ear duct carcinoma and Yymphocytic leukemia
1 adenocarcinoma {kidnay)
1 malignant nistiocytoma (retroperitoneal)
1 angiosarcoma (skin)
1 Leydig cell adenoma {testis)

dThree rats died with aplastic anemia.
fibrosarcoma {muscie)

squamous cell tumor (skin)
astrocytoma (brain)

1
— =

fibroma {striated muscle)
carcinoma (skin)
adenocarcinoma (kidney)
sclerosing seminoma (testis)

[ e

90ne rat had a severe liver infarction.

h1 rat cholangiocarcinoma and ma11gnant histwocytomas (retroperitoneal)
1 angiosarcoma {skin}

1 glioblastoma (brain)

1 malignant histiocytoma (retroperitoneal)

L rat had squamous cell tumor {lung) and neoplastic nodule (1liver)
2 rats cholangiocarcinoma and neoplastic nodule (1iver)

3 squamous cell tumors {lung)
1 neoplastic nodule
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TABLE 19. LIVER TUMORS IN RATS INGESTING TCDOD

Neoplastic Cholangio- Squamous csall
Dosa({ppb) nodules’ carcinomas tumors of the lungs
0 0/10 (0%) 0/10 (0%) 0/10
1 0/10 (0%) 1710 (10%) . 0/10
5 4710 (20%) 2/10 (20%)a 4/10 (40%)
P = 0.043 P = 0.043

4 The two animals had both neoplastic nodules of the liver and
chol angiocarcinomas.



Toth et al. (Oral} Mouse Study (1979)

This study fnvestigated the carcinogenicity of TCDD in Swiss mice.
Ten-week-01d outbred Swiss /H/Riop mice were used, TCDD was administered in a
sunfl ower 0il vehicle by gavage to groups of 45 male mice once a week at doses
of 7.0, 0.7, and 0.007 ug/kg body weight for a year {groups 9, 10, and 11,
respectively, in Table 20}, Matched male vehicle controls were administered
sunflower oil once a week. Matched controls to a companion study investigating
the carcinoge&icity of (2,4,5-tr1ch1orophenoiy)ethano1 (TCPE) contaminated with
Tow Tevels of TCDD, were administered carboxymethyicellulose (the vehicle used
in that study) once a week. .Two untreatad controls were also maintained.

This study appears to be generally well-conducted. However, the
administration of TCDD over a period of only one year, which is far short of the
1ife expectancy of the mice used, made the study relatively insensitive.

Animals were followed for the entire period of their 1ifespans. Autopsies were
performed aftar spontaneous death or when the mice were moribund, and all organs
were examined histologically. Sections were stained with hématnxy]in and eosin
for 1light microscopy. Patholegical findings were eva1uéted and analyzed
statistically. The findings of the TCDD study and the comparison study on TCPE
ére given in Table 20 reproduced fromlthe journal in which this study is
reported., '

Analysis of the results of this study focused on the fncidence of Tiver

tumors in the groups treated with TCOD and the incidence of thesa tumors in the

-y matched controls {group 12) and in the males in the three other control groups.

Males in groups 3 and 8, the two untreataed conirol groups, had 26% and 33% Tiver
tumors, respectively (P > 0.20), The carboxymethyicellulose male controls

(group 7) had 33% (32/96) liver tumors. No significant differences in liver



tumors were observed when males in all four control groups were compared to each
ather by P > 0.05. Nevertheless, there was evidence that the incidence of 1iver
tunors in the control groups was associated with the average 1ifespan in the
respective groups. The two groups that had less than 600 days average survival
(groups 3 and 12} had the fewest liver tumors (26% and 18%, respectively}. On
the othér hand, the two groups that had an average survival of greater than 5600
days (qroups 7 and 8), had 33% liver tumors each. The test for ]inear trend

{ tumors vs..déys of average sﬁrviva1) was not quite significant (P = 0.065).-.

Aﬁong the three treatment groups (groups 9, 10, and 11), the middle dose
(0.7 ug/kg) showed the highestjincidence of 1iver tumors (21/48 = 48%)} This
incidence was significantly higher than tha incidence of liver tumors in either
the sunflower 0il controls (P < 0.01) or the pooled controls (al)l four control
groups combined} (P < 0,025).

The highest dose group (7.0 ug/kg) had an increased incidence of liver
tumors compared to the matched synflower oil controls (13/43 = 3b%) but this
increase was ﬁot statistically significant (P = 0.11). The incidence of liver
tumors in the high-dose group was compafab]e to that of the pooled controls,
The highest dose group, however, had-a much reduced average survival in
comparison to any of the control groups (anly 424 days compared to 577, 588,
615, and 651 days in the four control groups). This poor survival may have
accounted for the lack of a statistically significant increase in liver tumors
in the high dose group. Fﬁrthermore, if time-to-tumor data had been available,
it is highly 1ikely that the high-dosé group would have shown a significant

decreasa in time-to-tumor compared to the controls. Therefore, the increase in



1iver tumors that was observed in the high-dose group in comparison to the
matched control group, although not statistically significant, is considered to

be consistent with an oncogenic effect.

In conclusion, the results of this study provide suggestive evidence of an

oncogenic effect.
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"TABLE 20. CUMULATIVE DATA ON TUMOUR INCIDENCE
{Taken from Toth et al}. 1979)

Group Treatment . No. of Animals with tumours of
-Effactive tumour ' other Average
TCPE TCDD Vehic) ed no. of bearing Yiver lung  Yymphomas organs life-span
(mg/kg) {ug/kg) (mg/kg) Sex mice mice no. {%). no, no. no. {d)
1 67.0 0.112 50 M 88 69 42b({18) 50 7 16 595
_ {1.6 ppa} F B3 ol 7 (8} 52 15 25 652
2 70.0 0.007 50 M 58 18 57C{58) 18 11 16 571
{0.1 ppm) F 96 b9 g (9} 39 15 23 © 582
3 ‘ control M 93 63 24 {26) 44 8 17 577
F 84 67 4 (5) 41 23 13 639
4 7.0 0.07 50 M 93 79 26 (27) 38 18 22 641
(10 ppm) F 96 6G 10 (10} 38 19 19 589
5 7.0 0.0007 50 M- 94 17 - 23 (24) 5 . 23 17 660
(0.1 ppm) F 09 . N 8 (9} A2 36 21 590
] 0.7 0.00007 50 M g7 78 24 (25) 51 20 17 643
(0.1 ppm) Fo94 64 5 {58} 38 22 21 566
7 -- ' -- 50 M 96 74 32 {33} 44 14 22 615
. ) : F B4 55 -4 {5}» 38 18 17 565
8 control M 96 18 32 (33) 38 22 15 651
' F 91 - 57 4 (4) 31 24 19 549
9 7.0 10 M 43 27 13 (30} 11 6 7 424
10 0.7 10 M a4 36 21 (48) 18 12 4 633
11 0.007 10 M 44 39 . 13 {29) 27 10 6 649
12 -- -- 10 M 38 - 21 7 {18) 15 6 7 588

aCarboxymethyl celiul ase in groups 1-8, sunflower oil in groups 9-12
bp < 1%

Cp < 0.1%
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ESTIMATION QF TCDD LEVELS IN 2,4,5-T STUDIES

As discussed above, all of the 2,4,5-T studies which either did not
denons trate an oncogenic effect or had ambiguous results (i.e., all 2,4,57T
studies except the one conducted by Kociba), Faj1ed to provide significant
evidence of either the oncogenicity or lack of oncogenicity of 2,4,5-T because
of deficiencies in their design. Nevertheless, it is useful to calculate the
highest dosas of TCDO which were administered in these studies as a contaminant
of 2,4,5-T an; compare these doses to the doses of TCDD which induced an
oncogenic response in the TCOD studies. The 6a1cu1ated doées are based on the
reparted contamination levels of the 2,4,5-T used in the studies and the dose of
2,4,5-T administered. Tables 21 and 22 show that the doses of TCDD administered
as a contaminant in each of the 2,4,5-T studies, with the possible exception of
the Bionetics oral mouse study, were Delow those doses which produced an
observable oncogenic response in the TCOD studies on the same species. Thus,
especially in view of the deficiencies and insensitivity of the. 2,4,5-T studies,
it 1s not surprising that the TCﬁD contaminatibn did not induce an observable
oncogenic effect. In the Bionetics oral mouse study, if it is assumed that the
2,4,5-T administered was contaminataed with 30 ppm TCDD, then the TCDD doses was
0.27 ug/kg/day. This is higher than the dose which induced an oncogenic
résponse in the Toth mouse study (0.07 ug}kgfday} and whiﬁh apparently induced
an oncogenic effect according to the preliminary results of the on-going NCI -
oral mouse study {0.19 ug/kg/day, or possibly Tower)., The absence of an
oncogenic effect in the Bionetics study may be explained by several factors.
First, the study was much more insensitive than either the Toth or NCI studies
because the group sizes were much smaller., Second, different strains or
substrains of mice were used., Third, as explained earlier, the TCOD

contamination may not have been as high as 30 ppm.



TABLE 21.

INCIDENCE WAS OBSERVED

COMPARISON OF DOSE LEVELS OF TCOD IN 2,4,5-T2 STUDIES
WITH RESPECT TO THE 7COO STUDY IN MICE WHERE POSITIVE TUMOR

Study - Strain of Mouse Route Dose~1evel Tumors observed
2,4,5-T TCDD
mg/kg/day ug/kg/day
Bionetics F1 hybrid of diet 9 0.27 -, -
(Innes) .C57b1/6 and
C3H/AWF {Strain
IlAll) Or Ilel
F1 hybrid of diet 9 0.27 -
C5781/6 and
AKR [Strain “Y"
or. “B"]
Muranyi-
Kovacs XVIIG diet 12 6.0 x 10-4 -
C3HF diet 12 6.0 x 10-4 -
NCI B6C3F gavage -~ 9.6 x 10-4
(in progress) Maled .
4.8 x 10-3
4.8 x 10-2 ¥
B6C3F1 gavage - 3.8 x 10-3
Femai el 1.9 x 1072
1.9 x 10-1 +
Toth Swiss male gavage -~ 1.0 +
0.1 +
.001
Bionetics "Aor Y" subcutaneous 215 mg/kg 6.4 -
{Innes) (one dose only) (one dose only)
IIY or‘ Bll —— -—— -
Muranyi-
Kovacs XV11G] subcutaneous 10(4 doses only) 5 x 10-4 (4 doses only)

C3Hf

10{4 doses only) § x 10-4

(4 doses only) -

aTCDD contaminant in 2,4,5-T
30 ppm-~Innes et al. Study (

0.05 ppm--Muranyi-Kovacs et al. Study
0.05 ppm--Leuschner et al. (German Study)
0.33 ppb--Dow Chemical Company Study

bCarcinognic in male and/or female.
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TABLE 22.

COMPARISON OF DOSE LEVELS OF TCDOD IN 2,4,5-T STUDIES
WITH RESPECT TO THE TCDD STUDY IN RATS WHERE POSITIVE TUMOR
INCIDENCE WAS OBSERVED

-

Study Strain Route Losa-1evel Tumor Observed
2,4,5-T TCOO
mg/kg/day  ug/kg/day
Kociba 2,4,5,7T3 Sprague-Dawley diet 3 1.0 x 1079
(Spartan)
10 3.3 x 10-6 -
30 9.9 x 10-6 . +
Leuschner
2-4-5-Tb Sprague-Dawl ey " 3 1.5 x 10-4
{SIVSQ) :
10 5 x 10-4 -
2,4,5-T 30 1.5 x 10-3
Kociba TCOD Sprague-Dawl ey " -- 1 x :10-3
{Spartan)
-- 1 x 10-2
-- 1 x 10-1
NCI_TCDD Osborne-Mendel  gavage -- 8.0 x 10-4
| -- 4.0 x 10-3
- 4.1 x 10-2 .
Yan Miller TCDDC Sprague-Dawley diet - 5.0 x 102 + ()
-- "2.50 x 101 + ()

dMarginally positive response (P = 0.063) for carcinoma of tongue at the 30
Al though no detectable TCDD was present, it is assumed forr this

mg/kg/day group.
analysis that TCDD is present at the level of detection (0.33 ppb).

bSignificance of increase of interstitial cell tumors of testes at the 30
mg/kg/day group is unclear because of great disparity in incidences in two different

control groups.

CCertain aspects of this study tend to lessen the reliance which may be placed

on its results.
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Potency of TCDD

The carcinogenic potency of TCDD is greater than that of aflatoxin By,
which is one of the most potent carcinogens known. This conclusion comes from a
comparison of the tumor incidence in male Fischer rats (Wogan et al. 1974),
which were fed 1 ppb of aflatoxin By, with the incidence of the same tumor
type in female Sprague-Dawley rats (Kociba et al., 1977) fed 0.01 ug/kg/day {0.21
ppb). The potency of each of these compoundi was estimated by célcu1at1ng the
stope of the 1inear one-hit model for these compounds. The slope (B) s
calcul ated according to the following formula:

B= 1 1n1-'Pc
S W

d = dose inducing carcinogenic effect in the respective studies on TCDD and
aflatoxin. _

Pe = tumor incidence in control animals in the respective studies.
P+ = tumor incidence in treated animals in-the respective studies at dose d.
The specific type of tumor whose incidence provides the greatest "B" value was
selected for calculating B. On this basis, in both the TCDD and aflatoxin
studies, hepatocellular carcinomas and hepatocellular neoplastic nodules
{combined) were selected for calculating 8.

Table 25 shows that TCDD is more potent than aflatoxin by‘a factor of
1.906/0.394 = 4.84. On this basis, it is estimated that TCDD is a more potent

carcinogen than aflatoxin By roughly by a factor of five.
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TABLE 23. COMPARISON OF CARCINOGENIC POTENCY
OF TCDD WITH AFLATOXIN

TCOD. Aflatoxin
Author Kociba et al. Wogan et al.
Species Sprague-Dawl ey rats Fischer rats
Sex Female Male
Tumor incidence in contropls (Pc) 9/86 1/18
Dose (d} Tumor incidence in
treated animals (Pt) _ 0.21 ppb, 20/50 1 ppb, 8/22
Carcinogenic 1.906 {ppb)-i 0.394 (ppb)-i

Potency (8)

SUMMARY OF LABORATORY ANIMAL STUDIES ON 2,4,5-T, SILVEX, AND TDODD

There is suggestive evidence that 2,4,5-T is carcinogenic in rats. The
chronic mouse studies on 2,4,5-T suffered from deficiencies in design or conduct
which made them insensitive for detecting an oncogenic response. Therefore,
these studies do not provide sigpificant evidence of either the carcinogenicity
or ncﬁ-carcinogenicity of 2,4,5-T in mice.

A1l the chronic animal studies on silvex suffered from deficiencies in
design or conduct which made them insensitive for the purpose of detecting-an
oncogenic effect. Therefore, these studies ‘do not provide significant evidence
of either the carcinogenicity or non-carcincgenicity of silvex.

Studies on'rats provide substantial evidence that TCOD is carcinogenic in
rats. In addition, thére is highly suggestive svidence that TCDD js oncogenic
in mice. On the basis of the best conducted rat study (Kociba, et al. 19??,

1978), it appears that TCDD is of the most potent carcinogen known.
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TABLE III-7. CUMULATIVE MORTALITY OF MALE RATS IN STUDY OF KOCIBA ET AL.

(1977a)
ug/kg/day TCOD
Caontrols 0.1 0.01 0.001
Time {end of 30-day period) N= {86) {50) {50} (50)
1-7 0.0 0.0 0.0 2.0
8 _ _ 0.0 © 2.0 0.0 2.0
9 0.0 4.0 0.0 2.0
0 - 0.0 4.0 0.0 2.0
11 2.3 4.0 0.0 2.0
12 | 5.8 3.0 0.0 2.0
13 | 7.0 12.0 0.0 2.0
14 10.5 18,0 4.0 4.0
15 . 12.8 18.0 14.0 14.0
16 16.3 20,0 . 22.0 14.0
17 18.6 28.0 28.0 24.0
18 24.4 34,0 34,0 44,0%
19 31.4 44,0 46.0 50.0
20 41.9 46.0 5.0 56.0
21 48.8 62.0 68.0 60.0
22 | 58.1 74.0% 76.0% 68.0
23 - 69.8 78.0 84.0 74.0
24 77.9 84.0 88.0 - 76.0
25 82.6 90.0 92.0 78.0

*Interval of greatest difference, B, in cummulative mortal ity curves af
controls and treatment group. WNone of the differences were statistically
significnt (Kolmogorov-Smirnov test, P > 0.05).



TABLE I1I-8. CUMULATIVE MORTALITY QOF FEMALE RATS IN STUDY OF KOCIBA £T AL.

{1977a)
ug/kg/day TCOD

Controls 0.1 .01 0.001

Time {end of 30-day period) N= (86) {50) (50) (50)
0-5 : 0.0 0.0 0.0 0.0
6-8 1.2 0.0 0.0 0.0
9 1.2 2.0 0.0 0.0
10 1.2 4.0 2.0 0.0
11 1.2 8.0 2.0 0.0
12 1.2 16.0 4.0 4.0
13 3.5 20.0 4.0 4.0
14 ' 3.5 26.0 8.0 5.0
15 T 7.0 28.0 12.0 10.0
16 12.8 32,0 18.0 12.0
17 15.1 38.0 18.0 18.0
18 18.6 44.0 20.0 22.0
19 25.6  56.0¢ 300 34.0%
20 34,9 60.0 6.0  36.0
21 . 40,7 §6.0 46.0% 44.0
22 . 58.1 82.0 60.0 52.0
23 | 64.0 . 86.0 66.0 58.0
24 70.9 58.0 72.0 66.0
25 70.9 92.0 72.0 68.0

*Interval of greatast difference, D, in cumuiative mortality curves of
controls and treatment group. The mortality curve for the rats fed 0.1
ug/kg/day differed significantly frem that for controls {0 = 30.4, 7 < 0.0[,
Kolmogorov-Smirnov test). The other two groups did not differ significantly
from controls (P > 0.05),
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TABLE I111-9. MALES: INTERVAL MORTALITY RATES

Days Contro} 0.1 ug/kg/day ' 0.01 ug/kg/day 0.001 ug/kg/day
daf1l rate d/1 _ rate d/1 rate ' d/f1 . rate
40-30 0/86 0.000 0/50 0.000 0/50 0.000 1/50 0.020
31?2i0 0/86 0.000 0/50 0.000 0/50 0.000 0/49 0.000
211-240 0/86 | 0.000 _ 1/50 0.020 0/50 0.000 0/49, 0.000
241-270 0/86 0.000‘ 1/4% « 0,020 0/50 0.000 0/49 0.000
271-300 0/86 O.Ubﬂ - 0/48 G.000 0/50 0.000 0/49 0.000
301-330 2/86 0.023 0/48 0.000 0/50 . 0.000 0/49 6.000
-331-360 3/84 _ 0.0386 2/48 0.042 0/50 0.000 0/49 0.000
591—420 3/80 0.038" 3/44 0.068 2/50 0.040 1/49 0.020
421-450 2/77 0.026 6/41 0.000 I5/48 0.104 5/48 0.104
451-480 3/15 0.040 1/41 0.024 4/43  0.093 0/43 0.000
481-510 2/12 0.028 | 4 /40 0.100 - 3/39 0.077 5/43 0.116

(Continued on following page)

]

69



TABLE III;Q {continuecd)

Days Control 0.1 ug/kg/day 0.01 ug/kg/day 0.001 ug/kg/day

d/1 rate o d/1 rate d/1 rate d/1 rate

511-540 5/70 0.071 3/36 0.083 3/36 0.083 1038  0.263
541-670 6/65 0.092 5/33 0.152 6/33 - 0.182 3/28 0. 107
571-600 9/59 0.153 1/28 0.036 4/27 0.148 3/25 0.120
601-630 6/50 0.120 8/27 - 0.296 7/23 0.304 2/22 0.091
631-660 8/44 0.182 6/19 . 0.316 4/16 0.250 4/20 0.200
661-690 10/36 0.278 2/13 0.154 . a12 0.333 3/16 0.188
691-720 7/26 0.269 - 311 - 0.273 2/8 0.250 1/13 0.077
721-726 419 0.2 | 3/8 0.375 2/6 0.333 1/12 0.083
Terminal Kill 15 © 5 4 11

X*corrected for continuity for combined interval:

421-510 7/77 vs 5/41(X* = 0.04, n.s.) 12/48( *= 4.63, p<0.05) 10/48( L = 2.54, n.s.)
451-540 10/72 Vs 8/41(X* = 0.37, n.s.) 10/43( X*= 1.27, n.s.) 15/43{ L= 6.37, p<0.,025)
481-570 13/72 Vs 12/40(X" = 1.48, n.s.) 12/39( X*= 1.67, n.s.) 18/43( X7 6.59, p<0.025)
511-600 20/70 Vs 9/36{X*= 0.03, n.s.) 13/36( X*= 0.32, n.s.) 16/38( = 1/47, n.s.)
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TABLE T11I-10. FEMALES: [INTERVAL MORTALITY R%TES

Days Control 0.1 ug/kg/day 0.01 ug/kg/day - 0.001 ug/kg/day

d/1 rate d/1 rate df1  rate _an rate
0-150 0/86 0.000  0/50 0.000 0/50  0.000, 0/50 0.000
151-180 1/86 © 0,012 0/50 0.000 0/50 0.000" 0/50  0.000
181-240 0/85 0.000 0/50 0.000 0/50 0.000 0/50 0.000
241-270 . 0/85 0.000  1/50 6,020 0/56 6.000 0/50 0.000
271-300 0/85 0.000 1/49 0.020 - 1/50 0.020 0/50 0.000
1301-330 0/85  0.000 3 2/48 0.042 0/49 0.000 0/50 0.000
331-360 0/85 0.000 - 4/46 0.087 1/49 0.020 2/50 0.040
361-300 2/85 . 0.024 2/42 0.048 0/48 0.000 0/48 0.000
391-420 0/83 0.000 3/40 0.075 2/48 0.042 1/48 0.021
421-450 3/83 0.036 137 . 0.021 2/46 0.044 2/47 0.043
451-480 5/80  0.063 | 2/3 -~ 0.056 . 3/44 0.068 1/45 0.022
481-510  2/15 0.027 3/34 0.088 /41 0.00? 3/44 0.068

511-540 3/73 0.041 3/31 10.097 /41 0.024 2/41 0.049

Caontinued on following page
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TABLE 111-10. {continued)

LJ

Days Control 0.1 ug/kg/day 0.01 ug/kq/day Q.0G1 ug/kg/day
d/1 rate d/1 rate d/1 rate Id/l rate
541-5?0 &1 0.086 b/28 0.214 5/40 0.125 . 6/39 0.154
571-600 | 8/64 0.125 . 2/22 . 0.091 3/35 0,086 1/33 0.030
601-630 5/56 0.089 = 3/20 0.150 b/32 0.156 4732 0.125
631-660 15/51 | 0.294 8/17 0.471 1/27 0.259 4/28 0.143
661-690 5/36 0.139 2/9 , 0.222 3/20 0.150 3/24 0.125
691-720 6/31 0.;94 | 177 0.143 3/17 0.177 4721 0.191
?él—?Zﬁ 0/25 | 0.000 - 2/6 10.333 0/14 0.006 1/17 0.059
—— ' :
Terminal Kill 25 | 4 14 - 16

A*correéted for continuity for cbmbinned_interval:

421-510 10/83 vs 6/37(X*= 0,11, n.s.} 5/46{*= 0.0, a.s.) 6/47(X*= 0.0, n.s.)
451-540 10/80 vs 8/36(X*= 1.13, n.s.) 4/48(%*= 0.8. n.s.) 6/45(7* 0.01, n.s.)
481-570 11/75 vs  12/34{X*='4.80, p<0.05)} 6/41(X"= 0.0, n.s.) 11/44{X*= 1.34, n.s.)
510-600 17/73 v$ 11/31(X*= 1.08, n.s.) 9/41({X?= 0.0, n.s.) 9/41{Z*= 0.0, n.s.)
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ERp——

08/02/78

08/04/78

08/06/78

08/08/78

08/08/78

0K

NM

" CA

QR

- - ——

1 hum an received
m edical attention

1 human zffectad

1 hum an 2ffectad

2 hum ans recaived
m edical attantion

Sofl contamination

2,4=-0

In a hame incident, an adult @male developed
symptaoms of chest pain, vomiting and gizzi-
ness after oral and dermal exposurs to an
undetarmined amount of 2,4-0.

2,4-0 (estar)
2,4,5-TP (estar)
;wm:ﬂ butoxida
yrathrins
Petroleum distillata
N-Jctyl bicycloheptane dicarboximide

A 12-year-oid boy sprayed pesticide onto ivis
fingers; the skin Decame white, He washed his
hands saveral times. The subject remained
symptom atic. -

2,40

Ninetaen hours Ifter a neighbor sprayed his
yard, an individual over 65 years of ige devel-
oped nausea, The subject had been undergoing
radiation therapy for cancer,

2,4-0

A male and famale, 24 %0 3Q years of age,
developed diarhes, burning throat, abdominal
swajling, cramps, muscle tenderness and stiff-
ness of thelr backs and extramities after eat-
ing bdlackberries that had besn sprayed with
the chamical. Thay visited a physictan,

2,4-0
2,4=0 {amine)
MCPP (amine)

A 2.5-ton truck overturned at thes junction of
an interstata expressway and a road, demclish-
ing the tractor and spilling 10 gallons of a 300-
gallen mixture of water containing 9 pints of
MCPP and 6 pints of 2,4=0 - 2,40 {aminae). An
EPA agency supervisad decontamination by
spreading cament over the contaminatad ares.



