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FOREWORD

Section 304 (a)(l) of the Clean Water Act of 1977 (P.l. 95-217).
requires the Administrator of the Environmental Protection Agency to publish
criteria for water quality accurately reflecting the latest scientific
knowledge on the kind and extent of all identifiable effects on health and
welfare which may be expected from the presence of pollutants in any body of
water. including groundwater. Proposed water quality criteria for the 65
toxic pollutants listed under section 307 (a)(l) of the Clean Water Act were
developed and a notice of their availability was published for pub11c
comment on March 15. 1979 (44 FR 15926). July 25. 1979 (44 FR 43660). and
October 1. 1979 (44 FR 56628). Th1s document 1s a rev1s10n of those
proposed criteria based upon a consideration of comments received from other
Federal K'gencies. State agencies. spedal interest groups. and indiv1dual
scientists. The criteria conta1ned in this document replace any previously
published EPA criteria for the 65 pollutants. Th1s criterion document is
also published 1n satisfaction of paragraph 11 of the Settlement Agreement
in Natural Resources Defense Coundl. et al. vs. Train. 8 ERC 2120 (D.D.C.
1976). modified. 12 ERC 1833 (D.D.C. 1979).

The term "water quality criteria" is used in two sections of the Clean
Water Act. section 304 (a)(l) and section 303 (c)(2). The term has a
dHferent program impact in each section. In section 304. the term repre­
sents a non-regulatory. scientHic assessment of ecological effects. The
criteria presented 1n this pub11cat10n are such scientific assessments.
Such water quality cr1teria associated with specific stream uses when adopt­
ed as State water quality standards under section 303 become enforceable
maximum acceptable levels of a pollutant in ambient waters. The water
quality criteria adopted in the State water quality standards could have the
same numerical limits as the cr1teria developed under section 304. However.
in many situations States may want to adjust water quality criter1a
developed under section 304 to reflect local environmental conditions and
human exposure patterns before incorporation into water quality standards.
It is not until their adoption as part of the State water quality standards
that the criteria become regulatory.

Guidelines to assist the States in the modification of criter1a present­
ed in this document. in the development of water quality standards. and in
other water-related programs of this Agency. have been developed by EPA.

STEVEN SCHATZOW
Director
Off1ce of Water Regulations and Standards
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Therefore, the levels that may result 1n an 'ncrease of cancer r1sk over the

l'fet'me are est'mated at 10- 5 , 10-6 and 10- 7 • The correspond1ng

recommended cr1ter'a are 1.3xlO- 7 , 1.3xlO- s and 1.3xlO-g
~g/l,

respecUvely. If the above esUmates are made for consumpUon of aquaUc

organ1sms only, exclud'ng consumpUon of water, the levels are 1.4xlO- 7 ,

1.4xlO-s and 1.4xlO-g ~g/l, respect'vely. If these est1mates are made

for consumpt10n of water only, the levels are 2.2xlO-6 , 2.2xlO- 7 and

2.2xlO-s ~g/l, respect'vely.



CRITERIA DOCUMENT

2,3,7,8-TETRACHLOROOIBENlO-P-DIOXIN

CRITERIA

Aquatic LHe

Not enough data are available concerning the effects of 2,3,7,8-TCOO on

aquatic life and its uses to allow derivation of national criteria. The

available information indicates that acute values for some freshwater animal

species are >1.0 ~g/1; some chronic values are <0.01 ~g/l, and the

chronic value for rainbow trout is <0.001 ~g/l. Because exposures of

some species of fishes to 0.01 ~g/!l. for <6 days resulted in substantial

mortality several weeks later, derivation of aquatic life criteria for

2,3,7,8-TCOO may require special consideration. Predicted bioconcentration

factors (BCFs) for 2,3,7,8-TCOO range from 3000-900,000, but the available

measured BCFs range from 390-13,000. If the BCF is 5000, concentrations

>0.00001 ~g/!l. should result in concentrations 1n edible freshwater and

saltwater fish and shellfish that exceed levels identified 1n a U.S. FDA

health advisory. If the BCF is >5000 or if uptake in a field situation is

greater than that 1n laboratory tests, the value of 0.00001 ~g/1 will be

too high.

Human Health

For the maximum protection of human health from the potential carcino­

genic effects due to 2,3,7,8-TCOO exposure through ingestion of contaminated

water and contaminated aquatic organisms, the ambient water concentration

should be zero. This criterion is based on the non-threshold assumption for

2,3,7,8-TCOO. However, zero may not be an attainable level at this time.

x



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

LIST OF TABLES

THle

Midland County Soft and Connective Tissue Cancer
Deaths 1960-1981. . .

Other Occupations (Minus Forestry/Agriculture) ..

Other Occupations (Minus Forestry/Agriculture/
Woodworkers) .

Analysis of Stomach Cancer Mortality in a ~roup of
West German Factory Workers Exposed to 2,3,7,8-TCOO

Reanalysis of Stomach Cancer Mortality in a Group of
West German Factory Workers Exposed to 2,3,7,8-TCOO .

Stomach Cancer Mortality in Three Studies of Workers
Exposed to Phenoxyacetic Acid Herbicides and/or
2,3,7,8-TCOO .

Incidence of Primary Tumors in Female Swiss-Webster
Mice by Dermal Application of 2,3,7,8-TCOO or
2,3,7,8-TCOO Following OMBA .

Incidence of Primary Tumors in Male Swiss-Webster
Mice by Dermal Application of 2,3,7,8-TCOO or
2,3,7,8-TCOO following OMBA . . .

Summary of Neoplastic Changes After 2,3,7,8-TCOO
in Ra t s . . . . . . . . . . . . . . . . . . . . .

Summary of Neoplastic Lesions Produced by 2,3,7,8-TCOO
in Sprague-Dawley Rats, Spartan Substrain, that are
Statistically Significant in at Least One Sex.

2,3,7,8-TCOO Oral Rat Study by Dr. Kociba, with Dr.
Squire's Review (8/15/80) Female Sprague-Dawley Rats -
Spartan Substrain (2 years) .

2,3,7,8-TCOO Oral Rat Study by Or. Kociba, with Or.
Squire's review (8/15/80) Male Sprague-Dawley Rats -
Spartan Substrain (2 years) .

C-139

C-145

C-146

C-150

C-153

C-155

C-160

C-161

C-163

C-166

C-167

C-168

28. Incidence of Primary Tumors in Male Osborne-Mendel Rats

29. Incidence of Primary Tumors in Female Osborne-Mendel Rats

30. . Incidence of Primary Tumors in Female B6CFl Mice.

31. Incidence of Primary Tumors in Male B6CFl Mice. .
32. Summary of Human Potency Estimates for 2,3,7,8-TCOO .

ix

C-170

C-172

C-173

C-174

C-242





INTRODUCTION

The major source of 2,3,7,8-tetrachlorod'benzo-g-d'ox'n (2,3,7,8-TCOO)

(CAS Number 1746-01-6) appears to be as a contaminant formed during the pro­

duction of 2,4,5-tr'chlorophenol (2,4,5-TCP) from l,2,4,5-tetrachlorobenzene

(Mnnes, 1971; K'mmig and Schulz, 1957; Firestone et al., 1972). 2,4,5-TCP

's the major chemical feedstock in the production of several herbicides

includ'ng 2,4,5-tr'chlorophenoxyacetic acid (2,4,5-T), 2,4,5-T esters and

Snvex. Each of these chemicals may contain 2,3,7,8-TCOO as a contam'nant

(Buser and Bosshardt, 1974; Courtney et al., 1970; Edmunds et al., 1973;

Zitko and Choi, 1971). It has also been reported that 2,3,7,8-TCOO may be

formed during the pyrolysis of chlor'nated phenols (Buu-Hoi et al.,

1971a,b), chlorinated benzenes (Buser, 1979) and polychlorinated d'phenyl

ethers (l 'ndahl et al., 1980), and thus can also be emitted by munic'pal

'ncinerators (Rappe et al., 1983a; lustenhouwer et al., 1980; Olie et al.,

1982, 1983). There is no clear ev'dence that 2,3,7,8-TCOO is a typ'cal con­

taminant 'n the herb'cide 2,4-dichlorophenoxyacetic acid (2,4-0) (Woolson et

al., 1972; Henshaw et al., 1975; Cochrane et al., 1981).

Physical Propert'es

2,3,7,8-TCOO 'S a symmetr'cal, nearly planar molecule w'th the empir'cal

formula C12H4C140r The four chlorine atoms are ind'stinguishable

from one another (Poland and Glover, 1973). 2,3,7,8-TCOO 'S a whHe crys-

talline solid wHh a melt'ng po'nt range of 302-305°C (Sparschu et al.,

1971; Elv'dge, 1971) and has a molecular we'ght of 321.9. The vapor pres­

sure of th's compound is estimated to be 10- 6 rom of Hg (0.1 mPa) at 1

atmosphere and 25°C (Mabey et al., 1981). The Henry's constant has been

est'mated to be 2.lxlO- s atmosphere mS mol-~ (Mabey et al., 1981).

2,3,7,8-TCOO 's lipophn,c, exh'biting some solubility in fats, oils and

A-l



other relaUvely nonpolar solvents. and is only sl1ghtly soluble in water

(0.2 ).Ig/1) (Crunvnet and Stehl. 1973; Norris. 1981). The solubllHy of

2.3.7.8-TCOO in various organic solvents is given below (Crummet and Stehl.

1973) :

Solvent

lard all
benzene
o-dlchlorobenzene
chloroform
acetone
n-octanol
methanol

Solubility (ppm)

44
570

1400
370
110

50
10

The partHion coefficient of 2.3.7.8-TCOO in a water:hexane system has

been reported to be 1000 (Matsumura and Benezet. 1973). The octanol/water

partHion coefficient (K ) has been calculated by the methods of Hanschow

and leo (1979) and has been experlmentally measured. Calculated values for

log K range from 6.84-7.28. and a measured value of 6.15 has beenow
reported (see Section B. Bioaccumulation).

Cocontamlnants of 2.3.7.8-TCOO in Chlorlnated Products

2.3.7.8-TCOO is only one of many trace contaminants found in some

chlorinated lndustrial products including a few chlorinated phenols. a few

chlorlnated phenoxy aclds (especially the herbicides 2.4.5-T and Silvex) and

hexachlorophene. Among the other trace contaminants found ln these products

are members of the polychlorinated dibenzo-g-dioxins (PCOOs). polychlori­

nated dibenzofurans (PCOFs). polychlorinated diphenylethers (PCOPEs). poly­

chlorinated phenoxyphenols (PCPPs). polychlorinated biphenyls (PCBs) and

polychlorinated benzenes (PCBz). Of these. some possess properties that

make them difficult to separate analytically from the 2.3.7.8-TCOO isomer

(Kimbrough. 1974; U.S. EPA. 1980; Bumb et al •• 1980; Rappe et al .• 1983b).
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Synthes1s

2,3,7,8-TCOO has been synthes1zed by several methods in moderate yield

(e.g., reacUon of dichlorocatechol salts with Q.-chlorobenzene by refluxing

in alkaline dimethylsulfoxide; chlorination of dibenzo-g-dioxin in the pres­

ence of ferric chloride and iodine; UV irradiation of PCOOs of high chlorine

content; Ullman reaction of chlorinated phenolates at 180-400°C; pyrolysis

of chlorinated phenolates and chlorinated phenols; heaUng l,2,4-trichloro-

5-nitrobenzene and 4,5-dichlorocatechol in the presence of base). These

processes have been reviewed in U.S. EPA (1980).

Chemistry

2,3,7,8-TCOO is considered to be relatively stable toward heat, acids

and alkalies. It begins to decl1mpose at 500°C, and at a temperature of

800°C, virtually complete degradation occurs within 21 seconds (Stehl et

al., 1973). From a theoretical equation for thermal dissociation constant

K = 1015 . 5 exp(-80,OOO/RT) sec- l

K = dissociation constant, R = universal gas constant, T = temperature

for tetrachlorodibenzo-g-dioxins formulated by Staub and Tsang (1983), the

99.99% gas phase dioxin dissociation at 727°C will require about 15.4

minutes. The same equation predicts a 99.99% decomposition of tetrachloro-
•

dibenzo-g-dioxins in 0.3 seconds at 97JOC. Gamma radiation degrades the

molecule (Fanelli et al., 1978).

(Hutzinger et al., 1972).

2,3,7,8-TCOO can be perchlorinated

2,3,7,8-TCOO is transformed very slowly in aquatic systems. Of the four

transformaUon processes (photoreaction, biotransformation, hydrolysis and

radical oxidation) that control the fate of a chemical in aquatic media only

the first two processes are throught to effect the transformation of

2,3,7,8-TCOO (Matsumura et al., 1983). In organic solvents, 2,3,7,8-TCOO

undergoes reductive photodechlorination at wavelengths <320 nm (Crosby et
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al., 1971; Liberti et al., 1978). In aqueous solution hydroxylative dechlo­

rination probably occurs, although this has not been seen. L1berti et al.

(1978) showed that 2,3,7,8-TCoo spread over silica gel, aluminum, glass,

ceramic tile and marble in the absence of an organic solvent showed various

decomposition rates on UV irradiation. Little decomposition occurred on

glass or marble, but substantial degradation occurred on silica gel and

aluminum. Also, 1:1 ethyl oleate/xylene was found to be a satisfactory H..
donor. Plinvner et al. (1973) reported that a 2,3,7,8-TCOO suspension in

di stilled water rema ined unchanged when irradiated with a sunlamp. Simi-

larly, a thin dry film of 2,3,7,8-TCoO on a glass plate or 2,3,7,8-TCOO on

dry and wet soils showed negligible photodegradation after irradiation with

sunlamps (Crosby et al., 1971). In contrast, 2,3,7,8-TCOO in methanol solu-

tion, or a benzene solution of 2,3,7,8TCoO in water in the presence of a

surfactant underwent substantial photodegradation under sunlamp or sunlight

i r r ad i a t i on ( P11 rmneret a1., 197 3; Cr 0 s by eta1., 1971). Nest ric k eta1.

(1980) experimentally determined the photolytic half-life of 2,3,7,8-TCOO in

n-hexa-dccane under sunlamp irradiation to be -57 minutes. The surfactant,

l-hexyldecylpyriCiinium chloride, sensitized the photodecomposition in aque-

ous solution (Botre et al., 1978). The evolution of 2,3,7,8-TCDD from more

highly chlorinated PCOOs on UV irradiation from sunlight is unlikely since

dechlorination in organic solvents and in the presence of artificial UV

sources occurs preferentially at the 2,3,7,8-positions (Buser and Rappe,

1978; Nestrick et al., 1980).

Analytical Methods for TCoo

Most of the current analytical methods used for the identification and

quantitation of 2,3,7,8-TCoO are based upon gas chromatography/mass spectro­

metry (GC/MS). This method provides both high sensitivity (detection at
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low-ppt levels) and required selectivity (Crummett and Stehl. 1973; Tiernan

et al.. 1975; Taylor et al.. 1975; Buser and Bosshardt. 1976; Buser. 1977;

U.S. EPA. 1980; T1ernan. 1983). Unfortunately, the GClMS method 1s expen­

sive, Ume consuming and dHficult. Elaborate quality control and quality

assurance of analyUcal methods are necessary. Radioimmunoassay and elec­

tron capture-GC have also been developed; both were essenUally screen'ng

techniques (Karasek and Onuska, 1982).

Samp11ng Method -- Two types of sampling methods can be used for col-

lecting aqueous samples for TCOO. In the first method. no preconcentration

of the samples during collecUon is made. Grab samples are collected in

clean amber glass bottles of 1 2. or 1 quart capacity fitted with screw

caps l'ned with clean Teflon or aluminum fon (U.S. EPA, 1982). The sample

containers must be kept refrigerated at 4°C and protected from light during

collection and shipment of grab and composite samples. All samples must be

extracted within 7 days and completely analyzed within 40 days of extraction

(U.S. EPA. 1982).

The second method is the preconcentraUve method of sample collecUon

(DiDomenico et al .• 1980). In tilis method, 2-20 2. of water are allowed to

pass through a 12 cm long x 1.5 cm internal diameter XAO-2 column. The

XAD-2 columns containing the polychlorinated dioxins should be protected

from light and kept at 4°C during transportation and storage.

Analysis -- An appropr'ate volume of water (depending on the desired

13
detection limit) with added internal standard of either C12 or

37
C1 4 2,3.7,8-TCDO in the amount of 2.5-25 ng (Harless et al .• 1980;

U.S. EPA. 1982) can be extracted with hexane (D'Domenico et al .• 1980).

dichloromethane (U.S. EPA, 1982; Harless et al., 1980) or petroleum ether
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(Van Ness et al., 1980). Judging from the recovery data (U.S. EPA, 1982;

DiDomenico et al .• 1980; Harless et al., 1980), dichloromethane appears to

be a better solvent.

The extract containing TCOOs can be cleaned up by add and base wash

(Harless et al .• 1980; U.S. EPA, 1982; Van Ness et al., 1980) and by subse­

quent liquid chromatography with an alumina column (Harless et al., 1980;

Van Ness et al., 1980); however, U.S. EPA (1982) recommends another cleanup

step using sllica gel liquid chromatography, which may be necessary for

wastewater but may be unnecessary for drinking water and clean surface water

samples. The final separation and analysis is performed by low resolution

GC-HRMS (Van Ness et al., 1980; Harless et al., 1980) or high resolution

GC-HRMS or LRMS (U.S. EPA, 1982). The U.S. EPA (1982) method derived from

the method of Buser and Rappe (1980) seems to be an appropriate one because

it recommends using a 50 m Silar 10C capillary column that resolves 2,3,7,8­

leOO from its other isomers. This same column Gan resolve l,2,3,7,8-penta­

COD from other penta-COOs, and 1,2,3,6,7,8-, 1,2,3,7,8,9- and 1,2,3,4,7.8­

hexa-COOs from other hexa-COOs (Rappe et al., 1983a). Other suitable col­

umns include SP-2330, SP-2340 and 08-5 (Tir>rnan, 1983). Harless et al.

(1980) reported that TeOO in water can be accurately determined down to a

concentration of 0.03 ppt. However, for determination of <1 ppt, rigorous

measures must be taken to avoid the possibility of sample contaminatIon dur­

ing collection, storage, transportation or analysis.

Gas Chromatography/Mass Spectrometry (GC/MS): The mass spectrometral

pattern of 2,3,7,8-1COO is very similar to the spectra of other tetrachloro­

dibenzo-g-dioxins. Since other compounds (e.g., certain polychlorinated

biphenyls) present in the sample extract can also give rise to mass spectral
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10ns at the same nomlnal masses as TCOOs (m/e 320 and mle 322), two

approaches are be'ng used to lncrease spec'f'city (U.S. EPA, 1980).

The f'rst approach of app1y'ng h'gh reso1uUon mass spectrometry (M/~M

>9000) to 'ncrease the se1ect'vity makes use of the small d'fference 'n the

"exact" masses of TCOOs (C12H4C1402 hav'ng an "exact" mass of

321.8936) compared wHh compounds of s'mllar molecular weight. App1'caUon

of the optimum chromatograph'c cond't'ons and columns to maxim'ze the reso-

1ut'on of compounds's necessary before the MS step.

The second approach to avoid the problem of interferences from closely

related compounds is to make use of 10w-reso1ut'on mass spectrometry 'ncor-

porated wHh a more se1ecUve separation step such as capillary column GC

(Buser and Rappe, 1980; Rappe et al., 1983b) or h'gh performance l'qu'd

chromatography followed by GC (Nestrick et a1., 1979). The former method

can be used for all PCCOs and PCOFs; the latter method is selective 'n char-

acterlz'ng only the TCOOs (Bumb et al., 1980).

The following crHer'a have been outlined by Harless et al. (1980) for

confirmation of 2,3,7,8-TCOO res'dues:

1. Correct GC/MS retent'on t'me for 2,3,7,8-TCOO.

2. Correct isotope rat'o for the molecular 'ons 320 and 322.

3. Correct slmultaneous response for the JTlolecu1ar ions 320, 322
and 328.

4. Correct responses for the co-injection of sample fortified with
37C1-TCOO and 2,3,7,8-TCOO standard.

5. Response of molecular ions 320 and 322 must be >2.5 Urnes the
no'se level.

Supplemental crHeria that Harless et al. (1980) .suggested for highly

contaminated extracts are:

1. COC1 loss 'nd'cative of TCOO structure

2. GClMS peak-matching analysis of molecular ions 320 and 322 in
real time to confirm the 2,3,7,8-TCOO elemental composition.
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Summary of Health Effects

2,3,7,8-TCOO 'S one of the most tox'c substances known. It exh'bHs a

delayed b'olog'cal response 'n many spec1es and's h'ghly lethal at low

doses to aquat'c organ'sms, b1rds and mammals. It has been shown to be

acnegen'c, fetotox'c, teratogen'c, mutagen'c ('n a l1mHed number of muta­

gen'c'ty tests) and carc'nogen'c, and affects the 'mmune responses 'n

mammals.

These "f'nd'ngs, 'n conjuncUon wHh the w'de d'str'but'on of contam'­

nated products and Hs extreme stabnHy 'n the env'ronment, lead to the

conclus'on that 2,3,7,8-TCOO represents a potenUal hazard to both aquaUc

and terrestr'al lHe, and makes 2,3,7 ,8-TCOO one of the major concerns for

pub11 c hea lth.
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Aquat1c Tox1cology*

Introduct10n

Most of the ava11able data related to effects of 2,3,7,8-tetrachlorod1-

benzo-p-d10x1n (2,3,7,8-TCOO) on aquat1c 11fe have been generated by Norr1s

and co-workers, Isensee and co-workers, Matsumura and co-workers, and

Helder. Much of the available 1nformation 1s from stud1es 1nvolv1ng fresh­

water m1crocosms. Although such stud1es are 1ntended to prov1de 1nformat10n

on fate of a test mater1al, some data concern1ng effects on aquat1c 11fe are

also obta1ned. No tests have been conducted us1ng saltwater organ1sms.

The last literature search for informaUon that could be used 1n this

chapter was conducted 1n November, 1983.

Acute Tox1c1ty to Aquatic An1mals

Although the data ava11able concerning 2,3,7,8-TCOO do not allow calcu-

lation of an acute value for any spec1es, some useful 1nformat10n does

exist. Data publ1shed by M1ller et al. (1973) and Norris and Mlller (1974)

1nd1cate that the 90-hour LCSOs for a worm, Parana1s sp., a snail, Physa

sp., and larvae of the mosquito, Aedes aegypti, would be >0.2 ~g/t,

whereas those for the coho salmon, Oncorhynchus ki sutch, and the guppy,

Poec11ia reticulata, would be >1 and >10 ~g/t, respectively. Based on

microcosm studies in which concentraUons in water were measured at 2-day

1ntervals, the 90-hour LCso for fingerling channel catfish, Ictalurus

punctatus, would be >0.24 ~g/t, whereas those for Daphnia magna and a

*An understanding of the Gu1delines for Deriving Numerical National Water
Quality CrHeria for the Protection of Aquatic LHe and Its Uses (Stephan
et al., 1983) is necessary in order to understand the following text and
tables.
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snan, Physa sp., would be >1.3 pg/l (Isensee and Jones, 1975; Isensee,

1978). Yock1m et al. (1978) d1d not observe acute toxicity to Q. magna, a

snail, Helosoma sp., or the mosqu1tofish, Gambusia aff1n1s, exposed for over

96 hours to a measured concentrat1on of 0.0024-0.0042 pg/l. Helder

(1980,1981, 1982a) found that the 96-hour LC
5
0s for embryos of northern

p1ke, Esox luc1us, and embryos and yolk-sac fry of ra1nbow trout, Salmo

gairdneri, would be >0.01 pg/l; the 96-hour LC
50

for juvenile rainbow

trout would be >0.1 pg/l. Although no 48- or 96-hour LC
5
0s or ECSOs

can be calculated, the ava1lable data ind\cate that those for the coho sal­

mon, guppy, Q. magna, and a snail, Physa sp., are >1.0 pg/l.

Chronic Toxicity to Aquat1c Animals

No standard chronic toxicity tests have been conducted on 2,3,7,8-1"COO

with aquatic animals, but several exposures that have been conducted for

other purposes do provide some information concerning chronic toxicity.

Because Miller et al. (1973) used static long-term exposures, no conclusions

can be drawn concerning chronic toxicity from their exposures of ~. aegvpti

or a snan, Physa sp., but it can be concluded that 0.2 pg/l would cause

chronic toxicity to a worn" Paranais sp. A 96-hour exposure to an initial

concentration of 0.0056 pg/t resulted in 55% mortality among coho salmon

within 60 days (Miller et a1., 1973, 1979); thus 0.0056 pg/t would cause

chron1c toxicity to this species. Sim1lar1ly, 0.1 pg/l would cause

chronic toxicity to the guppy, "because exposure to 0.1 pg/l for 5 days

killed all individuals within 40 days (Norris and Miller, 1974). In micro­

cosms 1n which the concentrations of 2,3,7,8-TCOO were measured at 2-day

intervals, both O. magna and a snail, Physa sp., reproduced at 1.3 pg/l

(Isensee and Jones, 1975; Isensee, 1978). Exposure to a measured concentra­

tion of 0.0024-0.0042 pg/l killed all exposed mosqu1tofish and channel
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catfish within 20 days (Yockim et al .• 1978). Based on effects caused by

90-hour exposures. 0.001 vg/1 would cause chronic toxicity to rainbow

trout and 0.01 vg/1 would chronically affect northern pike (Helder.

1980. 1981. 1982a). Branson et a1. (1983) reported that a o-hour exposure

to 0.1 vgl1 adversely affected rainbow trout after 04-139 days.

Apparently 0.001 vg of 2.3.7.8-TCDD/1 would cause unacceptable chronic

coho salmon. mosquitofish. channel catfish and northern pike; 1.3 vg/1

Toxicity to Aquatic Plants

The few data available on the toxicity of 2,3,7.8-TCDD to aquatic plants

are also from microcosm studies. The alga. Oedogonium s...ardiacum, and the

duckweed. Lemna minor. were not affected by 30-day exposures to 1.3 }Jg/1

and 0.71 vg/1, respectively (Isensee and Jones. 1975; Isensee. 1978).

Yockim et al. (1978) did not observe any adverse effects on O. cardiacum

exposed to a measured concentration of 0.0024-0.0042 }Jg/1 for 32 days.

Bioaccumulation

Several equations have been developed for predicting the steady-state

bioconcentration factor (BCF) for an organic compound from its octanol-water

partition coefficient (Kenaga and Goring. 1980; Veith et a1., 1980; Veith
to

and Kosian, 1983). Several estimated values (Leo. 1979; Mabey et a1.. 1982;

Neely. 1983) and one measured value (Neely. 1979. 1983; Kenaga. 1980; Bran-

son. 1983) have been reported for the octanol-water partition coefficient

for 2.3,7.8-TCDD. Use of various equations with four available values for

the partition coefficient. K • results in the pred.icted BCFs shown in
ow

Table 1. The predicted BCFs range from 3000-68.000 using the measured value

of the partition coefficient and from 7000-900.000 using the calculated

values.
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TABLE 1

Pred1cted B10concentrat'on Factors for 2,3,7,8-TCOD Based on
Est1mated and Measured Values of the Octano1-Water Part1t10n Coeff1c1ent (Kow )

log BCF = 0.542 log Kow + 0.124 e,f

log BCF = 0.76 log Kow - 0.23 f
co
I
~ log BCF 0.79 log Kow - 0.40 g=

log BCF = 0.635 log Kow + 0.7285 e

log BCF = 0.85 log Kow - 0.70 f,g

BCF = 0.048 Kow g

EquaUon

aBranson, 1983

bMabey et a1., 1982

CNee1y, 1983

dLeo , 1979

eKenaga and Gor1ng, 1980

fVe1th et al., 1980

gVe1th and Kos1an, 1983

Reference

log Kow

Measured Est1mated

6.15a 6.84b 7.l4c 7.28d

2,870 6,780 9,860 11 ,700

27,800 93,000 157,000 201,000

28,700 101,000 174,000 224,000

43,000 118,000 183,000 225,000

33,700 130,000 234,000 308,000

67,800 332,000 663,000 915,000



Several measured BCFs have been reported for 2.3.1.8-TCOO. Using micro­

cosm studies in which the concentrations 'n water were measured at 2-day

intervals for 30-33 days. Isensee and Jones (1915) and Isensee (1918) ob­

tained BCFs of 390-13.000 for the alga. Q. card'acum. a snan. Physa sp .•

and Q. magna. In a separate 32-day microcosm study 'n wh'ch the measured

concentrat'ons of 2.3,1,8-TCOO ranged from 0.0024-0.0042 ~g/1. BCFs for

Q. card'acum. Physa sp .• and O. magna ranged from 660-1010 from the seventh

day to the end of the test.

In a dHferent k'nd of test channel catf'sh were held 'n a cage 'n a

d'scharge plume 'n a r'ver for 28 days. Four 24-hour composHe water sam­

ples were analyzed for 2,3.1.8-TCOO. A whole-body BCF of 2.000 was obta'ned

(U.S. EPA. 1983; Thomas. 1983). In a laboratory b'oconcentrat'on test rain­

bow trout were exposed to 0.101 ~g/1 for 6 hours and followed through a

l39-day depuraUon period. The resulUng projected steady-state BCF was

5450 H growth d\luUon was not taken into account. and 9270 H growth

d\lution was taken into account. These values are for the whole body; the

concentrat'on of 2.3.1.8-TCOO in muscle was about one-half that 'n the whole

body (Branson et al .• 1983).

Corbet et al. (1983) conducted b'oconcentraUon tests on 1.3.6.8-TCOO

wHh the fathead m'nnow. Pimephales promelas. and ra'nbow trout. using a

4-day uptake phase and 48-day depuration phase. All results were based on

rad'oactiv'ty measurements. because no conf'rmatory analyses were performed.

The projected steady-state BCFs were 1061 wHh the fathead m'nnow and 469

w'th the rainbow trout. The authors concluded the env'ronmental behav'or of

1.3.6,8-TCOO 'S qu'te different from that of 2.3.1.8-TCOO. based on a 10- to

l5-fold dHference 'n measured clearance rate constants and the fact that

the projected BeF for l,3,6,8-TCOO was much less than a pred'cted BCF for

2,3,1,8-TCOO.
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Informat 'on on max'mum perm'ss'ble t'ssue concentrat 10ns 1s avallable

from two sources. Hawkes and Norris (1977) found that feedlng actlvlty and

growth decreased and fln erosion and 11ver pathology lncreased when a

portion of the d'et fed to young rainbow trout for 105 days contained 2.3 mg

of 2.3.7.8-TCDD/kg of food. These effects were not observed when a portlon

of the d'et contained 0.0023 mg/kg. A diet containing 2.3 mg of 2.3.7,8­

TCDD/kg is obviously unacceptable for ralnbow trout, but it is not known how

low the average concentration in the diet would have to be to prevent

unacceptable effects on survival, growth and reproduction.

The U.S. FDA issued a human health advisory on fish containing 0.000050

mg of 2.3.7.8-TCDD/kg; the FDA believed there was little cause for concern

if the average concentration in fish was <0.000025 mg/kg (Hayes. 1981).

Other Data

Because delayed effects had been observed in tests on 2,3,7,8-TCDD with

mammals, several studies were conducted to determine whether delayed effects

also occurred with fishes. In tests with a number of species, exposures

that lasted <6 days caused substantial mortality several weeks later

(Table 2).

The bullfrog WdS less sensitive to injected 2,3,7,8-TCOO than many

mammalian species (Beatty et al. 1976).

Unused Data

Publications. such as those by Lamparski et al. (1979), Nlemann et al.

(1983) and Ryan et al. (l983), that only dealt with analytical methodology

for measuring 2,3,7.8-TCDO in aquatic life were not used. Publications by

Baughman and Meselson (1973). Young et al. (1975), Harrison et al. (1979),

Harless and Lewis (1982). O'Keefe et al. (1983), Harrison and Crews (1983),
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TABLE 2

Other Data on Effects of 2.3.7.8-TCOO on Aquatic Organisms

Species Duration Effect Result Reference
(...g/t)

Coho salmon. 96 hours 50% dead in 56 more days 0.0056 Miller et al..
Oncorhynchus kisutch 1973. 1979

Rainbow trout (embryo). 96 hours Some mor ta 1Hy in 24 weeks 0.01 Helder. 1981
Salmo gairdneri

Rainbow trout (yolk-sac fry). 96 hours All dead in 24 weeks 0.01 Helder. 1981 •
~almo gairdneri 1982a

co
I
-.J Rainbow trout (yolk-sac fry) • 96 hours Growth retarded for 23 weeks 0.001 Helder. 1981.

Salmo gairdneri 1982a

Rainbow trout (juvenile). 16 hours/day A11 dead in 27 days 0.1 Helder. 1981.
~almo gairdneri for A days 1982a

Rainbow trout (juvenile). 16 hours/day Growth reduced for 10 weeks 0.01 Helder. 1981.
~almo gairdneri for 4 days 1982a

Rainbow trout. 6 hours Fin rot. hemorrhaging and 0.1 Branson
Salmo gairdneri death after 64 days et a1. • 1983

Northern pike (ernbr yo). 96 hours Nearly a11 dead in 23 days 0.01 Helder. 1980.
Esox lucius 1982a

NorLhern pike (embr yo) • 96 hours Slight reduction in growth 0.0001 Helder. 1980
Esox lucius up to 21 days



TABI E 2 (cont.)

,
Species Duration Effec t Result Reference

(lAg/i)

Guppy, 120 hours Klllcd 18% 10 Norris and
Poec ll1a retlcu1ata Hiller, 1974- --

Guppy, 120 hours A11 dead In 17 more days 0.1 Norris and
Poec1l1a retlcu1ata Hiller, 1974

Guppy, 24 hours 10% dead in 41 more days 0.01 Hl1ler et al.,
Poecllla retlcu1ata 1979

Bullfrog (tadpole), 50 days No deaths 1000 )Jg/kg Beatty et al.,
c:J Rana catesbelana (lop.) 1976
I

CD

Bullfrog (adult), 35 days No deaths 500 )Jg/kg Beatty et al.,
Rana catesbelana (lop.) 1976

l.p. = lntraperltonea1



Harless et al. (1983) and Stal11ng et a1. (1983) reported concentrat10ns 1n

aquat1c organ1sms but d1d not report enough data on the concentraUons 1n

water to allow calculat10n of a BCF. Botre et al. (1978) and Ward and

Matsumura (1978) only dealt w1th fate of 2,3,7,8-TCOO and presented no data

on effects on aquat1c 11fe.

The b10concentrat10n tests of Matsumura and Benezet (1973) and Matsumura

(1977) were stat1c and usually lasted for only a few days. The concentra­

tion of 2,3,7,8-TCOO 1n water was not measured adequately by Tsush1moto et

a1. (1982). Isensee and Jones (1975) reported BCFs based on dry we1ght;

fortunately Isensee (1978) reported results of the same tests based on wet

we1ght. Helder et al. (1982) exposed ra1nbow trout to fly ash and an

extract of fly ash and no conclus 10ns can be drawn concern1ng effects of

2,3,7,8-TCOO on aquaUc lHe. The data of Zulle1 and Benecke (1978) were

not used because the test spec1es was not 1dent1f1ed well enough to allow a

determinaUon of whether H is res1dent 1n North Amer1ca. Young et al.

(1976, 1978), EsposHo et a1. (1980), Helder (1982b), Kenaga and Norr1s

(1983) and a report of the National Research Counc11 of Canada (1981) only

conta1ned data pub11shed elsewhere.

SUlMlary

The data that are avallable concern1ng the effects of 2.3,7.8-TCOO on

aquat1c organ1sms and the1r uses do not allow the calculat10n of an acute or

chron1c tox1city value for any freshwater an1mal spec1es. Data avanable

from var10us stud1es do 1nd1cate, however, that the acute values for several

freshwater spec1es are >1.0 pg/ll.. S1mllar data 1nd1cate that the

chron1c value for ra1nbow trout is <0.001 pg/ll. and· that chron1c values

for several other species are <0.01 pg/ll.. Effects were not observed on

the two plant spec1es exposed to 1.3 pg/ll..
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Est i rna t es 0 f the bi 0 concen t rat ion fa ctor for 2•3, 7,8-TCDD ran ge from

3000-900.000. Measured BCFs have been reported for a variety of species and

range from 390-13,000. The U.S. FDA issued a health advisory for fish con­

taining more than 0.000050 mg of 2,3,7,8-TCDD/kg. A concentration of 2.3 mg

of 2.3.7,8-TCDD/kg in a portion of the diet affected rainbow trout.

Exposures of <6 days resulted in deaths among four species of fishes several

weeks later.

No tests have been conducted on 2.3.7.8-TCDD with saltwater species.

National Criteria

Not enough data are available concerning the effects of 2.3.7,8-TCDD on

aquatic life and its uses to allow derivation of national criteria. The

available information indicates that acute values for some freshwater animal

species are >1.0 ~g/1; some chronic values are <0.01 ~g/~, and the

chronic value for rainbow trout is <0.001 ~g/~. Because exposures of

some species of fishes to 0.01 ~g/~ for <6 days resulted in substantial

mortality several weeks later. derivation of aquatic life criteria for

2,3,7,8-TCDD may require special consideration. Predicted bioconcentration

factors (BCFs) for 2,3.7.8-TCDD range from 3000-900.000, but the available

measured BCFs range from 390-13.000. If the BCF is 5000, concentrations

>0.00001 ~g/~ should result in concentrations in edible freshwater and

saltwater fish and shellfish that exceed levels identified in a U.S. FDA

health advisory. If the BCF is >5000 or if uptake in a f1e1d situation is

greater than that in laboratory tests, the value of 0.00001 ~g/~ will be

too high.
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Mammalian Toxicology and Human Health Effects

EXPOSURE

Water and Soil Related

The amount of human exposure of 2,3,1,8-TCOO attributable to drinking

water alone cannot be readily determined. A National Academy of Sciences

(NAS) document states that 2,3,7,8-TCOO has never been detected in drinking

water using methods with limits of detection in the parts per trillion (ppt)

range (NAS, 1911). The two most likely sources of 2,3,7,8-TCOO contamina­

tion are discharge of contaminated industrial effluents, and washouts from

contaminated disposal sites. However, even after contamination 2,3,7,8-TCOO

should remain strongly sorbed to sediments and biota (Isensee and Jones,

1975). In one study, >90% of 2,3,7,8-TCOO in the aquatic media was present

in the sorbed state (Ward and Matsumura, 1918). The possibility of 2,3,1,8­

TCOO leaching into the groundwater appears remote. Helling (1911), Kearney

et al. (1912) and Helling et a1. (1913) found that 2,3,1,8-TCOO tended to

remain on or near the surface of the soil. The mobility of 2,3,1,8-TCOO in

five different soil types was examined by Kearney et al. (1913). They found

that decreasing mobility of 2,3,1,8-TCOO was associated with increasing

organic content of the soil. Based on this observation, and the fact that

dioxins were relatively immobile in all soils tested, they concluded that

underground water suppl ies probably would not be contaminated with 2,3,1,8­

TCOO. Similar conclusions were made by Matsumura and Benezet (1973) who

hypothesized that any movement 1n the sol1 environment would most likely

occur via horizontal transfer of soil and dust particles.

Nash and Beall (1980) conducted studies on the fate- of 2,3,7,8-TCOO in a

microagroecosystem and found that 80% of the applied 2,3,7,8-TCOO remained
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'n the upper 2 cm of soil. Trace amounts of 2,3,7,8-TCOO detected at depths

of 8-15 cm suggested that some movement of dioxin into the soil had

occurred. Ana 1ys i s of water leachate samples showed no detectable

2,3,1,8-TCOO following two applications (days 0 and 35) of Si1vex containing

44 ppb 2,3,7,8-TCOO. However, similar analyses of leachable samples taken

42 days after a third application of Si1vex containing 7500 ppb 2,3,7,8-TCOO

1ndicated a maximum concentration of 0.05-0.06 ppt of 2,3,7,8-TCOO.

The downward vertical migration of 2,3,7,8-TCOO into the first 1.5 cm of

so11 was reported around Seveso, Italy (DiDomenico et a1., 1980a,b). The

monitoring of Seveso soil 1 year after the accident showed that the highest

2,3,7,8-TCOO levels were not present in the topmost soi1 layer (0.5 cm), but

very often in the second (0.5-1.0 cm) or third (1.0-1.5 cm) layers. In view

of the low water solubilHy of 2,3,7,8-TCOO, probable explanations of this

vertical migration could be saturation of sorption sites in soil, solvation

of 2,3,7,8-TCOO by organic solvents (NRCC, 1981), or biotic mixing by earth­

worms or other soil invertebrates. Nevertheless, both studies support the

view that 2,3,7,8-TCOO does not migrate readily in soils.

The photodecomposition of 2,3,7,8-TCOO on wet or dry soil under artifi­

cial and natural sunl1ght was studied by Crosby et al. (1971). The photo­

decomposHion was found to be negligible in soils. Similarly, Plimmer et

al. (1973a,b) determined that photodecomposHion of 2,3,7,8-TCOO on so11s

was too slow to be detected. In a later experiment, Plimmer (1978) found

that although 2,3,7,8-TCOO decomposed significantly on a precl)ated s11ica

plate (-22%) in 8 hours of sunlight irradiation, practically no decomposi­

tion of 2,3,7,8-TCOO was observed from 2,3,7,8-TCOO sorbed on so11 under

similar conditions.
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The photodegradation of 2,3,7,8-TCOO in combination with other pesticide

mixtures was studied by Crosby and Wong (1977). When Agent Orange conta'n­

ing 15 ppm of 2,3,7,8-TCOO was applied on the surface of glass plates (5

mg/cm2 ), rubber plant (Hevea braslliensis) (6.7 mg/cm2 ), and on the sur­

face of sieved Sacramento loam soll (10 mg/cm2 ) and exposed to sunl'ght,

2,3,7,8-TCOO was found to photodecompose. The loss of 2,3,7,8-TCOO in 6

hours was >50% from the glass plates, -100% from the surface of leaves and

-10% from the surface of soil. The rapid photolysis of 2,3,7,8-TCOO from

these surfaces indicates that the herbicide formulation prov'ded a hydrogen

donor which probably allowed the photolysis to occur. The authors attr'but­

ed the slower photolysis of 2,3,7,8-TCOO in soil to a shading effect by the

so'l particles.

The overall half-life of 2,3,7,8-TCOO in soll was first reported to be

1-3 years (Kearney et a1., 1972). Studies performed by the U.S. Air Force

suggested that the half-life of this chemical in soils under relatively dry

conditions (Utah test area) was -330 days. In more moist solls and under

warm conditions (Florida test area), the half-life was -190 days. This is

consistent with the biodegradation half-life of -0.5 year for 2,3,7,8-TCOO

determined from the soil in rural Missouri after the accidental spraying of

TCOO-contaminated oil (IARC, 1977). However, physical removal may be an

important factor also. More recent data (Young, 1983; Wipf and Schmid,

1983) indicate that the half-life 'S closer to 10 years.

The half-life of 2,3,7,8-TCOO following an accidental 2,3,7,8-TCOO

release from a trichlorophenol manufacturing plant at Seveso, Italy, was

studied by OlOomenico et a1. (1980a). The disappear-ance of 2,3,7,8-TCOO

from the topmost soil layer after 1 year was speculated to be due to photo­

degradation, volatilization, or vertical movement through the soil. These
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lnvesUgators esUmated the flrst half-1He of,2,3,7,8-TCOO ln soll at the

Ume of Hs release to be 5 months. One month after release, the next

2,3,7,8-TCOO half-1He was estimated to be 1 year, whereas 17 months later

H was estimated to be >10 years. It has recently been shown that radlo­

labeled TCOO adsorbed to soll becomes progresslvely more reslstant to

extracUon (Phlllppl et al., 1981; Huetter and Phlllppl, 1982) and, there­

fore, the perslstence of 2,3,7,8-TCOO resldues 1n aged soll ls probably

greater as well.

2,3,7,8-TCOO exhlblts relatlvely strong reslstance to mlcroblal blo­

degradation. Only 5 of -100 m1crob1al stra1ns that have the abllHy to

degrade perslstent pesUcldes show sllght abilHy to degrade 2,3,7,8-TCOO

(U.S. EPA, 1980d).· Ward and Matsumura (1977) reported that the half-1He of

2,3,7,8-TCOO in sediment-containing Wisconsin lake waters was 550-590 days.

In lake water alone, -70% of the 2,3,7,8-TCOO remained after 589 days.

Using an outdoor pond as a model aquatic ecosystem, Tsushimoto et al. (1982)

and Matsumura et al. (1983) estimated the apparent half-life of 2,3,7,8-TCOO

to be -1 year. Although b1odegradation may have been responsible for part

of the degradation, other invesUgators (Huetter and Phllippi, 1982) have

reported the v1rtually complete lack of biodegradability of 2,3,7,8-TCOO.

The biodegradation half-1He of 2,3,7,8-TCOO can be esUmated from the

theoreUcal rate constant values based on relat ive rates of transformation

reported in the literature or on structure-activity analogy values given by

Mabey et al. (1981). Assuming the biotransformation rate constant of

lxlO-10 m2. cell-1 hr- 1 (Mabey et al., 1981) and the concentration of

microorgan1sms capable of degrading TCOO as 5xlO s cell m2.- 1 (Burns et

al., 1981), the half-life of blodegradation is estimated to be >1 year.
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2,3,7,8-TCDO on dry and wet soils showed negligible photodegradation

after irradiation with sunlamps (Crosby et a1., 1971). In order to explain

the longer half-life of 2,3,7,8-TCDD in a model laboratory ecosystem than in

an outdoor pond, Matsumura et al. (1983) and Tsushimoto et al. (1982) specu­

lated photolysis as the most likely cause. In the outdoor environment where

the intensity of sunlight was higher compared to the laboratory experiments,

algae-mediated photosensitization of 2,3,7,8-TCDD may cause some photodecom­

position of this compound. From the available information, it is difficult

to predict the fate of 2,3,7,8-TCDD in aquatic media under environmental

photolytic conditions. In the presence of hydrogen atom donating sub­

strate(s) in surface waters, photolysis may be a significant fate process.

Although several investigators implicated volatilization as one of the

major reasons for the observed disappearance of 2,3,7,8-TCOo from aqueous

solution during microbial studies, little quantitative information regarding

the volatilization of 2,3,7,8-TCoo from aquatic media is available.

2,3,7,8-TCoo may undergo some water-mediated evaporation in aquatic media

(Matsumura et al., 1983). A transport model to estimate TCOo volatilization

from a cooling pond on an industrial site on the basis of measured concen­

trations in the pond bottom sediment and pond surface area led to an esti­

mated rate of 15-16 mg/year (Thibodeaux, 1983). Using the formulas of Liss

and Slater (1974), a vapor pressure value of .....10- 6 torr (0.1 m Pal and a

solubility value of 6.2xlO-10 mole/~, NRCC (1981) calculated the vola­

tilization half-life for 2,3,7,8-TCoo to be 6 minutes from water of 1 cm

depth and 10 hours from water of 1 m depth. Evaporation half-life is

directly proportional to water depth and inversely proportional to mass

transfer coefficient (Thibodeaux, 1979). The limitations of the Liss-Slater

theory to predict the rate of volatilization have been discussed in the NRCC
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(1981) document. The Liss-Slater model does not consider terrestrial

matrices (suspended solids, sediments, biota, etc.) normally encountered in

natural surface water. A computerized EXAMS model, considering sorption of

TCOO on the suspended and bottom sediments and otherwise employing the

Li ss -Slater model, gave the resul t that may account for the 100% of the

fraction lost due to volatilization under the most favorable conditions

(NRCC, 1981). The volatilization half-life for 2,3,7,8-TCOO has been

estimated to be 5.5 and 12 years from pond and lake water, respectively.

However, it should be remembered that these are estimated values and no

experimental confirmation of these values is yet available.

Ingestion from Food

The occurrence of 2,3,7,8-TCOO in food could result from (1) contamina­

tion of plant crops with 2,3,7,8-TCOO as a result of using herbicides such

as Sllvex and 2,4,5-T (for weed control); (2) consumption by livestock of

2,3,7,8-TCOO-contaminated forage; or (3) magnification of residues through

the food chain. Conceivably, 2,3,7,8-TCOO could also be deposited on food

crops after being formed during certain combustion processes (NRCC, 1981).

Galston (1979) has speculated that under certain conditions 2,3,7,8-TCOO

might enter the human body from a 2,4,5-T-treated food chain and might

accumulate in the fat and be secreted in the milk. Studies with either the

seeds or the mature plants of soybeans or oats showed that 2,3,7,8-TCOO was

neither absorbed by the seeds after spraying nor taken up from the soil into

the mature plants (Isensee and Jones, 1971; Matsumura and Benezet, 1973).

However, young plants accumulated up to 40 ppb of 2,3,7,8-TCOO (Isensee and

Jones, 1971). From the analysis of several parts of fruit trees and

kitchen-garden plants such as carrots, onions, potatoes and narcissuses

collected from the contaminated (400-1000 pg/m2 of 2,3,7,8-TCOO in soil)
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Seveso area 1n Italy. Cocucc1 et al. (1979) concluded that 2.3.7.8-TCOO 1s

translocated from sol1 to the aer1al parts of the plants. probably through

the conducUve vessels. Th1s study further suggested that the plants may

e1\m\nate 2.3.7.8-TCOO by an unknown mechan1sm w1th1n 4-10 months after

transplantaUon \n unpolluted soils. However. the study of Cocucci et al.

(1979) contrad1cts the invest1gations of W1pf et al. (1982) 1n which vegeta­

tion samples analyzed from the Seveso area from 1976 through 1979 strongly

suggested that the contaminaUon in vegetaUon was from local dust and not

from plant uptake.

Unlike the Seveso inc1dent where release of 2.3.7.8-TCOO into the

environment took place. normal use of herbicides containing 2.3,7.8-TCOO

\mpurity may not cause detectable 2.3.7.8-TCOO contaminaUon of the crop.

Jensen et al. (1983) analyzed rice grain from f1elds1n Arkansas. Lou1s1ana

and Texas after application of 2.4.5-T (containing 0.4 ppm 2.3.7.8-TCOO) at

a maximum rate of 2.25 lbs/acre. No 2.3.7.8-TCOO res1dues (detecUon l1mit

2-10 ppt) were found in these rice gra1ns nor were any found in 30 samples

of r\ce purchased in retail stores throughout the United States. Contam1na­

tion of fruits. vegetables or grains in the Un1ted states with 2.3.7,8-TCOO

has never been invest1gated.

The presence of polychlorinated dioxins in the fat of cattle that had

grazed on pasture treated with 2.4,5-T has been reported (U.S. EPA, 1980d).

The levels of 2.3.7.8-TCOO ranged from 4-70 ppt. Other 1nvesUgators have

falled to detect 2.3.7.8-TCOO (detecUon limit 1 ppt) 1n fats of cattle

grazing on pasture or rangeland treated w1th normal applicat10ns of 2.4,5-T

(Kocher et al .• 1978).

C-7



Bovlne mllk collected after the acc1dent 1n the Seveso area was analyzed

by Fanelll et al. (1980). The concentraUon of 2.3.7.8-TCDD was found to

vary from none detected (detecUon limit <40 ppt) to as h1gh as 7.9 ppb.

Other lnvestigators have falled to detect 2.3.7.8-TCDD (detection limit

1 ppt) 1n surveillance samples of m11k (after normal applicat10n of 2.4.5-T

on pasture) from the states of Oklahoma. Arkansas and Missouri. or quaran­

t1ned milk 1n the state of M1chlgan (Lamparski et al .• 1978; Mahle et al .•

1977). Flrestone et al. (1979) fed pentachlorophenol contain1ng several

diox1ns (not 2.3.7.8-TCDD) to lactating cows for 70 days. The concentration

factor for 1.2.3.6.7.8-hexachlorodibenzo-Q-dioxin. the dioxin of h1ghest

concentraU on. in mil k fa t wa s -2.4 times re laU ve to it s concentraU on in

the diet.

The analysis of human milk and urine for 2.3.7.8-TCDD has been reported.

A study of 103 samples of breast milk from mothers living in sprayed areas

in the United States revealed no 2.3.7.8-TCDD at a detection limit of 1-4

ppt (U.S. EPA. 1980d). About 6 of the 9 human milk samples analyzed by

Langhorst and Shadoff (1980) may have contained 2.3.7.8-TCDD at levels

slightly higher than the detecUon limits (0.2-0.7 ppt). Because of the

lack of validation of the precision and accuracy of data. however. it was

concluded that 2.3.7.8-TCDD was not present.

Bumb et al. (1980) analyzed charcoal-broiled steak in order to detect

any 2.3.7.8-TCDD formed as a result of the broiling process. No 2.3.7.8-

TCDD was detected (detection limit 1-10 ppt).
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2,3,7,8-TCOO has been reported in several species of commercial and non­

commercial fish in several rivers and lakes in the United States and Canada.

The levels of 2,3,7,8-TCOO in fish and shellfish as determined by various

authors are given in Table 1. In some cases the values listed are means or

composites of more than one organism, species or location. Values for

i,ndividual analyses as high as 695 ppt in fish tissue have been reported

(Harless and Lewis, 1982). The efficiency of various extraction and cleanup

procedures for 2,3,7,8-TCOO analysis in fish has been discussed by Brumley

et al. (1981).

Results of analyses shown in Table 1 indicate that the 2,3,7,8-TCOO

levels in fish and shellfish depend not only on the sites from which they

are collected, but also on the type of species collected. For example, fish

and shellfish collected from Bayon Meto/Arkansas River, Tittabawassee/Sagi­

naw River, Saginaw Bay, Lake Ontario, Lake Huron, and Cayuga Creek showed

higher levels of 2,3,7,8-TCOO than those collected from Lake Erie, Lake

Michigan, Lake Superior and the Atlantic Ocean. In addition, certain types

of aquatic species that are bottom feeders, have high fat content or are

carnivorous, such as catfish, carp, trout and salmon, showed higher levels

of 2,3,7,8-TCOO than bass, bullhead or suckers. The influence of 2,3,7,8­

TCOO levels in surrounding water on the bioconcentration of fish spec'es is

not known.

Cordle (1983) estimated the potential maximum human daily intake of

2,3,7,8-TCOO for residents of the Great Lakes region who regUlarly consume

Great Lakes fish. Within the population subset consuming these species (-17

million individuals), daily consumption of fish tissue was 15.7 g at the

90th percentile, and 36.8 g at the 99th percentile. Within the smaller sub­

set consuming pike (number of individuals not specified), daily consumption

at the 99th percentile was 83.95 g. For hypothetical mean 2,3,7,8-TCOO
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TABLE 1

Levels of 2.3.7.8-TCOO in Fish and Shellfish

Type/Section
of Fish

Edible flesh b

CaU i sh

Buffa 10

Predatorb

Bottom feeder b

n Rock bass/muscle
I--o

Eel. Smelt and Catfish/muscle

Crayfish

Catfish. Bass and Walleyed pike

Lake trout/whole body

Chinook salmon/skinless fillet

Coho salmon/skinless fillet

Rainbow trout/skinless fillet

Samp 1i ng Site

Bayou Meto/Arkansas River

Bayou Meto/Arkansas River

Bayou Meto/Arkansas River

Bayou Meto/Arkansas River

Bayou Meto/Arkansas River

Lake Ontario/Lake Erie/
We 11 and Cana 1

Lake Ontario/Lake Erie/
Wel1and Canal

Bergholtz Creek. Love Canal

2.4.5-T contaminated water­
shed in Arkansas and Texas;
Tittabawassee and Saginaw
Rivers

Lake Ontario

Lake Ontario

Lake Ontario

Lake Ontario

Concentrationa
(ppt)

480

NO (7)-50

NO (7-13)

15-230

77

NO «2)

2-39

3.7

NO (5-10)

51-107

26-39

20-26

17-32

Reference

Mitchum et a1 .• 1980

Mitchum et a1 .• 1980

Mitchum et al .• 1980

Mitchum et al .• 1980

Mitchum et a1 .• 1980

Josephson. 1983

Josephson. 1983

Smith et al .• 1983b

Shadoff et a1 .• 1977;
U.S. EPA. 1980d;
Buser and Rappe. 1980

O'Keefe et al .• 1983

O'Keefe et a1 .• 1983

O'Keefe et a1., 1983

O'Keefe et a1 .• 1983



TABLE 1 (cont.)

Type/Sectlon Sampllng SHe ConcentraUona Reference
of Flsh (ppt)

Brown trout/skln1ess fl11et Lake Ontarl0 8-162 O'Keefe et a1., 1983

Whlte perch/skln1ess fl11et Lake Ontarl0 17-26 O'Keefe et a1., 1983

Whlte sucker/skln1ess fl11et Lake Ontarl0 NO (3.2)-10 O'Keefe et a1., 1983

Smallmouth bass/skln1ess fl11et Lake Ontarl0 5.9 O'Keefe et a1., 1983

Brown bu11head/sklnless fl11et Lake Ontarl0 3.6 O'Keefe et a1., 1983

n Carp, Goldfish/skinless fi 11et Cayuga Creek 87 O'Keefe et a1., 1983
I........ Northern plke/skin1ess fillet Cayuga Creek 32 O'Keefe et a1., 1983

Pumpkin seed/skln1ess fillet Cayuga Creek 31 O'Keefe et a1., 1983

Rock bass/skinless fl11et Cayuga Creek 12 O'Keefe et a1., 1983

Coho sa1mon/skln1ess fl11et Lake Erle 1. 4-<3. 5 O'Keefe et a1., 1983

Walleye plke/skln1ess fl11et Lake Erle 2.6 O'Keefe et a1., 1983

Smallmouth bass/sklnless fl11et Lake Erie 1.6-<2.4 O'Keefe et a1., 1983

Carp, Go1dfish/skln1ess fl11et Lake Erie NO (2.6) O'Keefe et a1., 1983

Lake trout/whole body Lake Huron 21 O'Keefe et a1. , 1983

Carp/skln1ess fl11et Lake Huron 26 O'Keefe et a1., 1983

Channel Catflsh/skln1ess fillet Lake Huron 20 O'Keefe et a1., 1983



TABLE 1 (cont.)

Type/Section Sampling Site Concentrationa Reference
of Fish (ppt)

Sucker/skinless fillet Lake Huron 25 O'Keefe et al., 1983

Yellow Perch/skinless fillet Lake Huron NO (8.7) O'Keefe et al., 1983

Coho salmon/skinless fillet Lake Michigan NO (3.8) O'Keefe et al., 1983

Rainbow trout/skinless fi llet Lake Superior 1.0 O'Keefe et al., 1983

Perch, Sucker Saginaw Bay NO (3.8)-25 Niemann et al., 1983c

Catfish Saginaw Bay 14-37 Niemann et al., 1983c
C"'l
I
-J Carp Saginaw Bay 23-47 Niemann et a1., 1983c
N

Catfish Bayou Meto/Arkansas River NO (3.8) Niemann et al., 1983c

Bottom feeders b Bayou Meto/Arkansas River NO (6.7)-12 Niemann et al., 1983c

Lake trout Lake Ontario 34-54 Niemann et al., 1983c

Rainbow trout Lake Ontario 43 Niemann et al., 1983c

Ocean haddock Atlantic Ocean NO (4.6) Niemann et al., 1983c

Carp Lake Huron 3-28 Stalling et al., 1983

Channel catfish Tit tabawas see, Saginaw and 28-695 Harless and Lewis,
Grand Rivers 1982

Carp T1 t tabawassee, Saginaw and NO (7)-153 Harless and Lewis,
Grand Rivers 1982



Type/Sect1on
of F1sh

Yellow perch

Smallmouth bass

Sucker

Lake trout

Lake trout/whole body

Ra1nbow trout/whole body

Lake trout/whole body

Ocean haddock/f111et

TABLE 1 (cont.)

Sampl1ng SHe

T1ttabawassee and Sag1naw
Rlvers

Grand R1ver

T1ttabawassee River
and Sag1naw Bay

Lake M1ch1gan

Lake Ontar10 at
Bur11ngton. Canada

Lake Ontar10 at Toronto
Harbor. Canada

Lake Huron at
Burnt Island. Canada

East Coast. Canada

Concentra t1 ona
(ppt)

NO (5)-20

7-8

NO (4) -21

NO (5)

61. 2

32.3

30.4

NO (1-10)

Reference

Harless and Lew1s.
1982

Harless and Lew1s.
1982

Harless and Lew1 s.
1982

Harless and Lew1s.
1982

Ryan et al.. 1983

Ryan et al.. 1983

Ryan et a1.. 1983

Ryan et al.. 1983

aWhen not detected. the detection 11m1t 1s 1nd1cated wlthin the parentheses.
bOrganisms not further identified in the report.
COnly the GC/MS results of these authors are included in tabu1at'on

dThese are the mean concentrations 'n samples show'ng detectable levels of 2.3.7.8-TCOO.

NO ~ Not detected



residue levels of 25-100 ppt, estimates of dally intake would thus range

from 0.39-8.4 ng 2,3,7.8-TCDD/day. As shown in Table 1, tissue residues for

species in certain areas do fall within this range.

In order to derive an ambient water quality criterion for the protection

of human health fom the harmful effects of 2,3,7,8-TCDD, it is necessary to

estimate the average level of exposure of the U.S. population which would

result from a parUcular concentration of 2,3,7.8-TCDD in ambient fresh or

estuarine waters (45 FR 79348). Data from a recent survey on flsh and

shellfish consumptlon in the Unlted States were analyzed by SRI Internation-

al (U.S. EPA. 1980a). The results were used to estlmate that the per capita

consumpUon of freshwater and estuarlne flsh and shellfish in the UnHed

States is 6.5 g/day (Stephan. 1980).

A bioconcentrat lon factor (BCF) relates the concentrat 1on of a chemlca 1

in aquatlc specles to the concentratlon ln water. Several regression

equations can be used to estlmate a BCF value for 2.3.7 ,8-TCDD from its

octanol-water partHlon coefflclent (K ) •
ow

Uslng three calculated values

of Kow ' the regresslon equations estlmate the BCF ln the range of

7000-900,000. Uslng the only measured K value. the regression equationsow

predict a BCF for 2,3.7,8-TCOO in the range of 3000-68.000. The available

measured BCFs, however. range from 390-13,000. The sources of the theo-

retical and experlmental BCF values cited here can be found in detail in

SecUon B. Until further lnformaUon ls available. the U.S. EPA's best

current estimate for the BCF of 2,3,7,8-TCDD ln aquatic organisms is 5000.

Thus a BCF of 5000 will be used ln the "Criterlon Formulation" section to

estlmate the human exposure to 2,3,7,8-TCDD whlch would result from consump-

t10n of aquatic organlsms taken from 2,3.7.8-TCDD-contaminated waters. If

the BCF ls actually >5000 or if uptake ln a fleld situatlon ls greater than

in laboratory tests. human exposure wl11 be underestimated.
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Inha1aUon

No data pertaining to the inhalation exposure of 2.3.7.8-TCOO were

found. However. the spraying of older formulations of 2.4.5-T containing

2.3.7,8-TCOO impurity may lead to a concomitant exposure to 2,3.7.8-TCOO.

Exposure could be through spray drift and through the vapor phase. From

microagroecosystem chamber and field studies. Nash and Beall (1980) deter­

mined the atmospheric concentration of 2.3.7 .8-TCOO at various times after

the application of emulsified and granular Si1vex (1.3-2.0 kg/ha Si1vex)

containing 44 ppb and 7.5 ppm 2.3.7.8-TCOO impurity. respectively. Using

tritiated 2.3.7.8-TCOO. these authors found that atmospheric concentrations

of 2.3.7.8-TCOO vary not only with the number of days elapsed after applica­

tion (lower concentration at longer time period). but also with formulation

(granular form gave lower concentration than emulsifiable concentrate). and

the 2.3.7.8-TCOO impurity present in Si1vex (higher impurity levels produced

higher atmospheric concentrations). Depending on these variables. the atmo­

spheric concentration in microagroecosystem chambers. expressed in fg/m 3

(10-15 g/m3 ). was found to vary from 0.09 fg/m 3 (granular Silvex

applied at 1.3 kg/hat concentration measured 35 days after application) to

79.800 fg/m 3 (emulsified Si1vex applied at 2.0 kg/hat concentration

measured during application).

Air filter samples collected from Elizabeth. NJ, after an industrial

fire on April 22. 1980. were analyzed for 2.3.7.8-TCOO by Harvan et al.

(1981). Of the n\ne samples analyzed by co11is\on-induced-dissoc\ation

mass-analyzed ion kinetic energy spectrometry by these authors. one con­

tained 20 pg of 2.3.7.8-TCOO. four contained <9 pg. and four others probably

contained 5-12 pg of unspecified TCOO isomer which was not the 2.3.7.8-TCOO

isomer.
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The atmospher1c concentrat1ons of 2,3,7,8-TCOO near two hazardous waste

sHes have been monitored. In one study, U.S. EPA (1982) falled to detect

any 2,3,7,8-TCOO 1n the atmosphere (detecUon limit 1-20 ppt) at the love

Canal, NY, area. In another study of a waste disposal site near Jackson­

vllle, AR, Thibodeaux (1983) reported an average concentraUon of 1100 ppt

of 2,3,7,8-TCoO in two a1r particulate samples collected near the disposal

site.

The levels of 2,3,7,8-TCoo in atmospheric dust was monitored in the

Seveso, Italy, area between 1977 and 1979. The concentrations of 2,3,7.8­

TCoo were found to be in the range of 0.06-2.1 ppb of dust using dustfall

jars, and 0.17-0.50 ppb of dust by high volume sampling (DiDomenico et al .•

1980c) .

Another source of atmospheric emission of polychlor1nated dioxins is

inc1neratlon. The concentrations of TCoos in fly ash from municipal incin­

erators have been studied by several authors (Eiceman et al., 1979, 1980;

Nestrick et al., 1982; Karasek et al., 1982; Bumb et al., 1980; Buser and

Bosshardt, 1978; Tiernan et al., 1982; Taylor et al.. 1983). The TCoO

isomer known to be the most toxic (e.g., 2,3,7.8-TCOO) was either not

detected or detected at a low level. The quantities emitted in incinerators

vary. probably because of differing efficiencies, and since few municipal

incinerators have been reliably characterized for PCOO/PCOF emissions over

extended time intervals. the data base is still inadequate. Whereas Bumb et

al. (1980) and Buser and Rappe (1980) detected 0.4 nglg of 2.3.7.8-TCOO in

the fly ash from a United States municipal incinerator. the U.S. EPA con­

cluded that emissions from f1ve municipal waste combustors did not present a

public health hazard for residents living in the invnediate vicinity (CEQ.

1981). 2.3,7,8-TCOo has been detected in the emissions of some municipal
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waste 1nc1nerators in Europe (Ghzi et a1., 1982; Benfenati et al., 1983;

1aylor et a1., 1983; Olie et a1., 1982, 1983; lustenhouwer et al., 1980;

Barnes, 1983). For an industrial boiler in the United States where penta-

chlorophenol (PCP) was known to have been burned, Rappe et al. (1983)

reported -5 ppm PCOOs in the baghouse and bottom ash. However, >90% of the

PCOOs were lower chlorinated congeners than octa-COO, the expected dimeriza-

tion product of PCP. Among the large number of isomers found, only a small

amount of 2,3,7,8-1COO could be quantified.

Analyses of soot samples from a transformer fire 1n Binghamton, NY, in

February 1981, revealed that 2,3,7,8-1COO (0.6 ppm) and l,2,3,7,8-penta-COO

were the dominaUng isomers of the PCOOs formed (Buser and Rappe, 1983;

Rappe et al., 1983). 1he origin of the polychlorinated dioxins was probably

the chlorobenzenes in the transformer oil (Buser, 1979). Analyses of wipe

tests from a garage adjacent to th1s acc1dent sHe d1d reveal the presence

of polychlorinated dibenzo-Q-dioxins prior to the cleaning of the garage.

Following the clean-up, no contamination was found (Tiernan et a1., 1982;

Tiernan, 1983).

Dermal

Dermal exposure to 2,3,7,8-1COO is likely to be most significant during

the spraying of 2,4,5-1. lavy et al. (1980) determined the exposure levels
..

of applicators spraying 2,4,5-1 (ES1ERON 245) during typical applications in

a forest. 1he average dermal exposure to 2,4,5-1 was estimated to be 0.6

mg/kg bw. If the 2,3,7,8-1COO content 1n 2,4,5-1 is assumed to be <0.1 ppm

and the absorpt1on rate 1s assumed to be the same, an exposure of 0.6 mg/kg

of 2,4,5-1 will correspond to <60 pg/kg bw of 2,3.7,8-1COO for dermal

exposure. lavy et a1. (1980) found a slightly lower level of 2,3,7,8-1COO

concentration (-12.5% lower) than the predicted value. No 2,3,7,8-1COO was

detected in any of the urine samples (detection l1mit 1.7 ng/1).
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PHARMACOKINETICS

The pharmacokinetics of 2,3,7,8-TCDD has been investigated in a number

of laboratory animals, and there are several recent reviews on this subject

(Neal et al., 1982; Gasiewicz et a1., 1983a; Olson et al., 1983). This

section wil 1 examine our current unders tandi ng of the absorption, di str ibu­

tion, metabolism and excretion of 2,3,7,8-TCDD in various mammalian species.

Absorption

The dermal and gastrointestinal absorption of 2,3,7,8-TCDD have been

investigated in several species. No studies are available on the pharmaco-

kinetics of 2,3,7,8-TCDD through the inhalation route of exposure.

Absorption From the Gastrointestinal Tract

Experimentally, 2,3,7,8-TCDO is generally administered in the diet or by

gavage in an 011 vehicle. In Sprague-Dawley rats given a single oral dose

of 1.0 ~g [14C]2,3,7,8-TCOO/kg of bw, absorption from the intestinal

tract was estimated at -83% (Rose et a1., 1976). With repeated oral dosing

at 1.0 ~g/kg/day (5 days/week x 7 weeks), absorption was observed to be

approximately that observed for the single oral dose. With a much larger

single oral dose, 50 ~g/kg bw, -70% of the dose was absorbed by Sprague­

Dawley rats (Piper et a1., 1973). In these studies, the chemical was admin­

istered by gavage in acetone:corn 011 (1 :25 or 1:9). One study in the

guinea pig reported that -50% of a single oral dose (quantity not mentioned)

of 2,3,7,8-TCOO in acetone:corn 011 was absorbed (Nolan et al., 1979). The

gastrointestinal absorption of 2,3,7,8-TCOO was also exam\ned in the

hamster, the species most resistant to the acute toxicity of this toxin

(Olson et al., 1980a). Olson et a1. (1980b) administered hamsters a single,

sublethal, oral dose of [l,6- 3 H]-2,3,7,8-TCOO in olive oil (650 ~g/kg)

and reported that 74% of the dose was absorbed. When 2,3,7,8-TCOO was
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administered to rats in the diet at 7 or 20 ppb (0.5 or 1.4 ~g/kg/day) for

42 days, 50-60% of the consumed dose was absorbed (Fries and Marrow, 1975).

1hese findlngs ind1cate that over a wide range of doses and under these

experlmental condHions, 2,3,7,8-1COO is generally well absorbed from the

gastrointestinal tract of the three species that have been examined.

Contact wHh 2,3,7,8-1COO in the environment would most often involve

exposure to a complex mlxture containing the toxin, as opposed to the above

experimental sHuaUon, where 2,3,7,8-1COO was adminlstered in the dlet or

through an oil vehlcle.

1he influence of dose and vehicle or adsorbent on gastrointestinal

absorpUon has been investigated in rats by Poiger and Schlatter (1980),

us ing hepat lc concentrat ions 24 hours after dos ing as an indicator of the

amount absorbed. 1hey found a linear relaUonship between ng 2,3,7,8-1COO

administered in 50% ethanol (for doses of 12-280 ng, equivalent to 0.06-1.4

~g/kg) and the percentage of the dose in hepat1c t1ssues (36.7-51.5%). At

the next higher dose of 1070 ng, however, the percentage fell off to about

42%. 1heir results regarding the influence of vehicle or adsorbent on

gastrointesti~al absorption have been summarlzed ln 1able 2. Administration

of 2,3,1,8-1COO in an aqueous suspension of soil resulted in a decrease in

the hepatic levels of 2,3,1,8-1COO as compared wlth hepatic levels resulting

from administratlon of 2,3,7,8-1COO in 50% ethanol. 1he extent of the

decrease was dlrectly proportional to the length of time the 2,3,7,8-1COO

had been in contact wlth the s011. When 2,3,7,8-1COO was mixed in an aque­

ous suspenslon of actlvated carbon, absorption was almost totally eliminated

«0.07% of the dose in hepatic tlssues).

C-19



TABLE 2

Percentage of 2,3,1,8~TCoo 1n the L1ver of Rats 24 Hours After Oral
Adm1n1strat1on of 0.5 mi of Var10us Formulat1ons Conta1ning TCoo*

Formulation TCoo Dose No. of Percentage of Dose
(ng) Animals in the Liver

50% Ethanol 14.1 1 36.1 .t 1. 2

Aqueous suspens10n of soil
(31%, w/w) that had been
1n contact with TCoD for:

10-15 hours 12.1, 22.9 17 24.1 .t 4.8
8 days 21.2, 22.1 10 16.0 .t 2.2

Aqueous suspension of
act 1vated carbon
(25%, w/w) 14.1 6 <0.01

*Source: Poiger and Schlatter, 1980

C-20



Phillppl et al. (1981) and Hutter and Phillppl (1982) have shown that

radl01abeled 2,3,7,8-TCDD becomes progresslvely more reslstant wlth t1me to

extractlon from so11. S1m11arly, the feedlng of fly ash, wh1ch conta1ns

PCDDs, to rats 1n the dlet for 19 days resulted 1n cons1derably lower

hepatlc levels of PCDDs than did the feedlng of an extract of the fly ash at

comparable d1etary concentrat10ns of PCDDs (van den Berg et al., 1983). The

PC DDs were tentat1vely 1dent1fled as 2,3,7,8-TCDD, l,2,3,7,8-PeCDD,

l,2,3,6,7,8-HxCDD and l,2,3,7,8,9-HxCDD and the dlfference 1n hepat1c levels

noted between fly ash-treated and extract-treated rats was greater for the

more h1ghly chlorlnated lsomers than lt was for 2,3,7,8-TCDD. These results

indicate the importance of the formulation or veh1cle contain1ng the

toxin(s) on the relaUve bioavailability of 2,3,7,8-TCDD, PeCDD and HxCDDs

following oral exposure.

Informatlon on the absorption of 2,3,7,8-TCDD through the skin is found

only in a study by Poiger and Schlatter (1980). The authors administered 26

ng 2,3,7,8-TCDD in 50 p~ methanol to the skln of six rats. After 24

hours, the llver contained 14.8.±.2.6% of the dose. By comparlng to the

hepatic levels obtained after oral administration in 50% ethanol (in the

same study), the amount absorbed from a dermal applicatlon can be estimated

at -40% of the amount absorbed from an equivalent oral dose. This compari­

son assumes that hepaUc levels are valld esUmates of the amount absorbed

from both oral and dermal routes and that absorption from methanol is equlv­

alent to absorpUon from 50% ethanol. As compared with dermal applicaUon

ln methanol, dermal application of 2,3,7,8-TCDD to rats 1n vaseline or poly­

ethylene glycol reduced the percentage of the dose in hepatlc tissue to 1.4

and 9.3%, respectively, but had no observable effect on the dose of 2,3,7,8­

TCDD required to induce skin lesions (-1 pg/ear) in the rabbit ear assay.
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Appllcatlon of 2,3,7,8-TCOO In a soil/water paste decreased hepatic 2,3,7,8­

TeOO to -2% of the admlnistered dose and increased the amount required to

produce sk1n lesions to 2-3 pg in rats and rabbits, respectively.

Appllcat10n 1n an activated carbon/water paste essentially e11mlnated

absorption, as measured by percent of dose in the liver, and increased the

amount of 2,3,7,8-TCOO required to produce skln lesions to -160 pg. These

results suggest that the dermal absorption and acnegenic potency of 2,3,7,8­

TCOO ar~ dependent on the formulation (vehicle or adsorbent) containing the

toxin.

Distribution

The tissue distribution of 2,3,7,8-TCOO in a number of species is summa­

rized in Table 3. From these data H is apparent that 2,3,7,8-TCOO dis­

trlbutes preferentially to the liver and adipose tissue of most species that

have been examined. Piper et a1. (1973) used a single oral dose of

[14C]2,3,7,8-TCOD to study distribution and excretion in male Sprague­

Dawley rats. Most of the radioactivity (53.2%) was excreted via the feces,

but the urine and expired air accounted for 13.2 and 3.2%, respectively.

Ana1ysls of the tissues after 3 days showed liver and adipose tissue to

contain the highest percent of the dose per gram of tissue, wHh 3.18 and

2.60%, respectively.

Rose et al. (1976) also examined the distribution of [14C]2,3,7,8-TCDO

in the rat. Twenty-two days after a single oral dose of 1.0 pg/kg, liver

and adipose tissue had retained most of the 14C activHy, wHh 1.26 and

1.25% of the label retained per gram of tissue, respectively. With repeated

oral doses, the activity was again localized malnly in -the liver and adipose

tissue, but the liver had flve times as much radioactivity as did the fat.
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TABLE 3

Tlssue 01strlbutlon of 2,3,7,8-TCOO

Specles Route of T1ssues wlth the Hlghest Concentratlon References
AdmlnlstraUon of 2,3,7,8-TCOO

Rat oral l1ver Frles and Marrow, 1975

Rat oral l1ver > fat Rose et a1., 1976

Rat oral 11ver > fat Plper et a1., 1973

n Rat oral l1ver > fat Koclba et a1., 1978
I

N
W

Rat oral 11 ver > fat A" en eta1. , 1975

Rat 1.p. l1ver > fat Van Ml"er et al., 1976

Mouse oral l1ver > fat > kldney > lung Hanara et al., 1982

Mouse 1.p. 11 ver > fat > kldney > lung > spleen Manara et al., 1982

Rhesus monkey 1-p. fat> skln > 11ver > adrenal = thymus Van Ml11er et a1., 1976

Golden Syr1an 1.p. or oral 11 ver > fat Olson et al., 1980a
hamster

Gulnea p1g oral filt > 11 ver > adrena1s > thymus > skln Nolan et al., 1979

Gulnea plg 1.p. fat > 11 ver > skln > adrena1s Gaslewlcz and Neal, 1979

NA = Not app11cab1e



W1th the slngle oral dose. no rad1oact1vity was detected in either the urine

or exp1red a1r. 1nd1cating that most if not all of the elimination of

2.3.7.8-TCOO and/or Hs metabolHes was through the feces. WHh repeated

oral doses. the 14C act1v1ty was also excreted primarily through the

feces. but slgnif1cant amounts were found in the urine. especially of the

female rats. Male rats given 1.0 }1g/kg/day of 2.3.7.8-TCOO for 7 weeks

excreted an average of 3 ..1" of the cumulative dose in the urine while the

female rats excreted an average of 12.5% in the urine (Rose et al .• 1976).

Fr1es and Marrow (1975) have also reported evidence of sex dHferences in

tissue distribution 1n rats. During 42 days of administration of 2,3.7.8­

TCOO. -85% of the total body residue of male rats was located in the liver.

while 70% of the total body residue of female rats was located in this organ.

Stud1es performed by Van Miller et al. (1976) on rhesus monkeys and rats

us1ng single lop. doses of trHiated 2.3.7.8-TCOO (400 lJg/kg bw) showed

that while rats had over 40% of the 2.3.7.8-TCOO in the liver 7 days after

dosing. the monkeys had only about 10% in the same organ at that time. In

two strains of m1ce. the liver contained -35% of an administered dose of

2.3.7.8-TCOO 1 day after oral or i .p. administration (Manara et al .• 1982).

The liver was also found to be the major site of accumulation of 2.3.7.6­

TCOO in the hamster. wHh 20% of the dose localized in the liver (5.3% of

dose/g liver) at 3 days following a sublethal dose of 650 lJg 3H-2.3.7,8­

TCOO/kg (Olson et a1., 1980a). In all three species, 1-22 days after

s1ngle-dose oral or i .p. administration, levels of 2,3,7 ,8-TCOO in adipose

t1ssue were generally slightly lower than levels in the liver, and were con­

siderably h1gher than concentrations in other tissues (Piper et al.. 1973;

Rose et a1.. 1976; Van Miller et al.. 1976; Olson et al.. 1980a; Manara et

al.. 1982), 1ncluding the thymus (Rose et al.. 1976; Van Miller et al..

1976; Olson et al .• 1980a).
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Koc\ba et al. (1978) found that female rats maintained on a daily diet­

ary 2,3,7,8-TCDD intake of 0.1 ~g/kg/day for 2 years had an average

2,3,7,8-TCDD content of 8100 ppt in fat and 24,000 ppt in the liver. Rats

given 0.01 ~g/kg/day had an average of 1700 ppt of 2,3,7,8-TCDO in the fat

and 5100 ppt in the liver. For both of these dally dosages the liver:body

fat ratio of 2,3,7,8-TCOD was 3:1. At the lowest dose level of 0.001

~g/kg/day, both fat and liver contained an average of 540 ppt 2,3,7,8­

TCOD. Kociba et al. (1976) presented evidence that steady-state had been

reached after <13 weeks of feeding of 2,3,7,8-TCOO.

McNulty et al. (1982) reported that 2 years after administration of a

single oral dose of 1 ~g/kg of 2,3,7,8-TCOO to an adult rhesus macaque

monkey, tissue levels of the compound were 100 ppt in adipose tissue and 15

ppt in liver. These results indicate that prolonged retention of 2,3,7,8­

TeOD may occur in this species. The tissue distribution of 2,3,7,8-TCDO in

the guinea pig appears to be similar to the monkey, with the highest concen­

trat ion of the toxin being found in adipose tissue (Gasiewicz and Neal,

1979; Nolan et a1., 1979). The interspecies difference in the tissue dis­

tribution of 2,3,7,8-TCOO may be related to the relative adipose tissue

content of a given species and/or the affinity of 2,3,7,8-TCOD for the

hepat ic microsomal fraction; however, the significance of these differences

remains in doubt. For example, the hepatotoxicity of 2,3,7,8-TCDD in a

given species does not appear to be related to the hepatic concentration of

the toxin (Neal et al., 1982).

2,3,7,8-TCDD has been demonstrated to be teratogenic and fetotoxic in

the rat (see Teratogenicity section); the ability of 2,3,7,8-TCOD to gain

access to the developing fetus of Fischer 344 rats following a single oral

dose of [HC]2,3,7.8-TCDD was investigated by Moore et a1. (1976). They
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found low concentrations of 2,3,7,8-TCOO in the fetus at gestation days 14,

18 and 21. The radioactivity appeared to be evenly distributed throughout

the fetus on days 14 and 18; however, increased levels of radioactivity were

detected in fetal liver on day 21. Nau and Bass (1981) (more recently

reported by Nau et al., 1982) investigated the fetal uptake of 2,3,7,8-TCOO

in NHRI mice follow1ng oral, Lp. or s.c. administration of the compound at

dose levels of 5, 12.5 or 25 }.Ig/kg in dimethylsulfoxide (OMSO):corn oil or

acetone:corn oil. The chem1cal was usually administered as a single dose 2

days prior to sacrifice. All three modes of administration produced similar

maternal and embryonic or fetal levels of 2,3,7,8-TCOO at 5 and 12.5

}.Ig/kg. At 25 }.Ig/kg, higher maternal and fetal tissue levels were

obtained with s.c. administration, and much higher levels were obtained with

i.p. administration, than were obtained with oral administration. Embryonic

2,3,7,8-TCOO concentrations were maximal on gestational days 9 and 10;

however, low levels were found in the embryo and fetus between gestational

days 11 and 18. This sharp decrease in 2,3,7,8-TCOO concentration coincides

with placentation. 2,3,7,8-TCOO concentrations in the placenta were an

order of magnitude greater than in the fetus itself. The aff1nity of fetal

liver for 2,3,7,8-TCOO was relatively low, as compared to maternal liver;

however, 2,3,7,8-TCOO levels in fetal l1vers were 2-4 times higher than the

levels in other fetal organs. An attempt was made to correlate 2,3,7,8-TCOO

levels in the fetuses with the observed incidence of cleft palate, but no

clear relationship was observed.

Autoradiographic studies of tissue localization following Lv. adminis­

tration of [J.4C]2,3,7,8-TCDD in DMSO to three strains of mice ind1cated

that the 11ver had the highest concentration and longest retention of radio­

activity in the body, followed by the nasal mucosa (Appelgren et al., 1983).
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In pregnant m1ce, the concentratlon of rad10actlvHy 1n the fetuses was

lower than 1n the dams. but a s1m1lar, select1ve labell1ng of the l,ver and

the nasal mucosa was seen 1n the fetuses at day 17 of gestatlon. In the

adult an1mals, labell1ng of the adrenal cortex was about equal to that of

the l,ver at 1 hour after dos1ng, but thereafter was much lower than 1n the

l'ver. Labell1ng of the thymus, lymph nodes, bone marrow and prostate were

low at all observat1on t1mes (1.e .• 5 m1nutes to 61 days after 1nject10n).

Very few data are available on the tlssue d1str1butlon of 2.3.7,8-TCOO

1n humans. Facchett1 et al. (1980) reported t1ssue concentratlon of

2.3,7.8-TCOO at levels of 1-2 ng/g 1n 11ver and ~O.l ng/g 1n thyro'd. bra'n.

lung. k1dney and blood 1n a woman who d'ed 7 months after potentlal exposure

to 2,3.7,8-TCOO from the Seveso accjdent. Th1s pattern of 2,3.7.8-TCOO

d1str1but10n. however, may not be representat1ve for humans slnce the woman

at the t1me of death had an adenocarc1noma (wh1ch was not cons1dered related

to the acc1dent) 1nvolv1ng the pancreas, 11ver and lung.

In addH10n Young et al. (1983) reported prel'm1nary results of the

analys1s of ad1pose t,ssue from sold1ers exposed to Agent Orange. Two

analyses were performed. one us1ng the exact mass of 321.8936 and the other

the slgnal prof11e at masses 321.8936 and 319.8965. Three groups were

stud1ed consist1ng of 20 veterans cla1m1ng health problems related to Agent

Orange exposure, 3 A1r Force offlcers wHh known heavy exposure to Agent

Orange dur1ng d'sposal operatlons. and 10 control veterans wHh no known

herb'c1de exposure. In the flrst group. 10 of the 20 had measurable levels

of 2.3.7.8-TCOO (5 wHh 5-7 ppt. 3 wHh 9-13 ppt and 1 wHh 23 and 35 ppt

and another w1th 63 and 99 ppt). In the second group only two off'cers had

measurable 2.3.7.8-TCOO levels and these d1d not exceed 3 ppt. In the 10

control veterans. 4 had 2.3.7.8-TCOO levels between 7 and 14 ppt. Levels of
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2,3,7,8-1COO 1n ad1pose t1ssue d1d not appear to be assoc1ated 1n th1s study

w1th 111 health or any part1cular symptom. However, it was considered that

1nformation on background levels of 2,3,7,8-lCOO 1n adipose tissue was too

limited to draw any firm conclusions.

Metabolism

V1nopal and Cas1da (1973) found no ev1dence of water soluble metabo11tes

of 2,3,7,8-lCOO following 1ncubat1on w1th mammalian liver microsomes or i.p.

1njection lnto mice. In the same experlment. only unmetabollzed 2,3,1.8­

lCOO was extractable from mouse 11ver 11-20 days after treatment. Van

M1l1er et al. (1916) clalmed that the slow ellmlnation of 2,3,1.8-1COO they

observed in both rats and monkeys after l.p. lnjectlons suggested that

2,3,1,8-lCOO was not readlly metabolized. Metabolites of 2,3,1.8-1CDO have

been detected in the blle and urine of Syrian Golden hamsters after single

oral or l.p. doses (Olson et al., 1980a) and in the bile of dogs followlng

repeated dlrect introduction of the chemical into the duodenal lumen (Poiger

eta1., 1982a).

Poiger and Schlatter (1919), Ramsey et al. (1919) and Ramsey et al.

(1982) demonstrated biliary excretion of several metabolites of

(14C]2,3,1.8-TCDO by rats after repeated oral dosing. The metabolites

were tentatively ident1fled as glucuronldes of hydroxylated 2.3,1.8-TCDD.

The amounts of metabolites found were small, indlcating that 2.3,1,8-TCOD is

only slowly metabolized in the liver. Prevlous work by Plper et al. (1913)

uslng slngle oral doses of 2.3,1,8-TCDO concluded that, slnce small amounts

of radloactivity were found in the urlne and explred air of male rats durlng

the first 10 days, metabolic alteration or breakdown must occur. The study

by Rose et al. (1916) uslng oral doses stated that whlle the 14C activity

in the rat 11vers appeared to be present as unchanged 2.3,1.8-TCDD, a
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significant amount of radioactivity found in the feces appeared to come from

substances other than 2,3,7,8-1COO; the excretion of l.4C in the urine also

indicated that metabolism had occurred.

Poiger et al. (1982b) investigated the toxicity of 2,3,7,8-1COO metabo­

lites by administering extracts of bile from 2,3,7,8-1COO-treated dogs to

male guinea pigs in single oral doses equivalent to 0.6, 6.0 and 60 }Jg/kg

of parent compound. Other groups of gu\nea p\gS rece\ved b\le extract from

untreated dogs or 2,3,7,8-1COO itself. A comparison of the mortality data

at 5 weeks after dosing indicated that the acute toxicity of 2,3,7,8-1COO to

guinea pigs was at least 100 times higher than was the acute toxicity of its

metabo 1ites .

More recently, Olson et al. (1983) reported that all of the radioactiv­

ity \n urine and bile from l.4C-2,3,7,8-1COO-treated rats, hamsters and

guinea pigs corresponded to metabolites of 2,3,7,8-1COO. The enzymatic

hydrolysis of the 2,3,7,8-1COO metabolites from the rat and hamster altered

the chromatographic profile of the metabolites, indicating the presence of

glucuronide conjugates in bile and sulfate conjugates in urine (Olson and

Bittner, 1983). Ihe apparent absence of these metabol Hes in extracts of

hamster and rat liver suggest that once formed, the metabolites of 2,3,7,8­

lCOO are readily excreted (Olson et al., 1980a; Rose et al., 1976). Ihese

results also indicate that urinary and biliary elimination of 2,3,7,6-1COO

\s dependent upon metabolism of the toxin. Although urine and bile appear

to be free of unmetabolized TCOO, data from the hamster and rat indicate

that from 10 to 40% of the 2,3,7,8-TCOO-derived radioactivity in feces

represents unchanged 2,3,7,8-TCOO (Olson et al., 1983-; Olson and Bittner,

1983). Ihe daily presence of unchanged 2,3,7,8-TCOO in feces and its

absence in bile suggests that direct intestinal elimination may be the
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source for the fecal excretlon of 2.3.7.8-TCOO. Thls finding demonstrates

that the half-life for elimination of 2.3.7.8-TCOO may not directly reflect

the l!l vivo rate of 2.3.7.8-TCOO metabolism in a given animal. Neverthe­

less. the metabolism of 2.3.7.8-TCOO does in part regulate its elimination

or relative persistence in a given animal.

Several metabolites of 2.3.7.8-TCOO have recently been identified.

Sawahata et al. (1982) investigated the l!l vitro metabolism of 2.3.7.8-TCDO

in isolated rat hepatocytes. The major product was deconjugated with

6-glucur~nidase. der hati zed with diazomethane. and separated into two com­

pounds by hi gh per formance li qui d chromatography (HPLC'. These metabol ites

were sUbsequently identif1ed as l-hydroxy-2.3.7.8-TCDD and B-hydroxy-2.3.7­

trichlorodibenzo-Q-dioxin. Poiger et al. (1982b) identified six metabolites

\n the bile of dogs that were given a lethal dose of [3H]2.3.7.8-TCOD. The

major metabolite was 1.3.7.8-tetrachloro-2-hydroxydibenzo-Q-dioxin; 2.3.7.8­

trichlor-3-hydroxydibenzo-Q-dioxin and 1.2-d1chloro-4.5-hydroxybenzene were

also identified as minor metabolites. The structures of the three remaining

metabolites were not determined; however. two appeared to be trichloro­

hydroxydibenzo-Q-dioxins and the third was apparently a chlorinated

2-hydroxydiphenyl ether.

Data on the metabolism of 2.3.7.8-TCDD suggests that r~active epoxide

intermediates may be formed. Poland and Glover (1979) have investigated the

l!l vivo binding of [1.6- 3 H]-2.3.7.8-TCDD derived radioactivity to rat

hepat i c macromol ecules. They found maximum level s equha lent to 60 pmo1

2.3.7.B-TCDD/mole of amino acids in protein. 12 pmol 2.3.7.8-TCDD/mole of

nucleotide in rRNA. and 6 pmol of 2.3.7.8-TCOO/mole of nucleotide in DNA.

This corresponds to one 2.3.7.8-TCOD-ONA adduct/35 cells. Poland and Glover

(1979) suggest that it is unlikely that 2.3.7.8-TCDD-1nduced oncogenesis is

through a mechanism of covalent binding to DNA and somatic mutation.
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Further stud\es 1n other spec1es, poss1b1y w\th [14C]-2,3,7,8-TCOO, are

needed to conf\rm these results and assess the re1at\onsh\p between covalent

b\nd\ng and the short and long-term tox\c\ty of 2,3,7,8-TCOO.

Isolated rat hepatocytes 1n suspens\on have been used as an .1ll vHro

system for assess1ng 2,3,7,8-TCOO metabo11sm under var\ous cond\t1ons (Olson

et al., 1981). Data 1nd1cate that the rate of 2,3,7,8-TCOO metabol1sm 1n

rat hepatocytes correlates d\recl1y wHh drug \nduced changes \n hepaUc

cytochrome P-4S0 monooxygenase act\v\ty, suggest\ng that 2,3,7,8-TCOO \s

metabol1zed by th\s enzyme (Neal et al., 1982). Pretreatment of rats wHh

2,3,7,8-TCOO has been shown to enhance the rate of 2,3,7,8-TCOO metabol1sm

\n \solated hepatocytes, demonstrat\ng that 2,3,7,8-TCOO can \nduce 1ts own

rate of metabo11sm. Beatty et a1 (1978) also found a corre1aUon between

hepaUc mhed-funcUon ox\dase (MFO) acUvHy and the tox\cHy of 2,3,7,8­

TCOO \n rats. In both naturally occurr1ng age and sex-related dHferences

1n MFO act\v\ty, and fo11ow1ng administration of \nducers and 1nh\b\tors of

MFO enzyme systems, hepaUc MFO acUvHy was d1rect1y correlated wHh the

20-day LO SO '

Olson and B1ttner (1983) reported that the rate of 2,3,7,8-TCOO metabo­

lHe formaUon .1ll vHro was h1gher 1n hepatocytes from the hamster than \n

hepatocytes from the rat. Qua1HaUve eva1uaUon of ill v1vo and .1ll vHro

metabo1\tes by HPLC also suggested s\gn1f\cant \nterspec\es var\ab11\ty.

The authors suggested that such dHferences \n metabol1sm may parUa1ly

exp1a\n the d\fferences \n tox\c\ty among spec1es.

Excret\on

The fo11ow\ng d\scuss\on assumes that e1\m\nat\on \s a f1rst order

process. W\th the except\on of the gu\nea p\g, wh\ch may follow zero order

k\net\cs (Gas\ew\cz and Neal, 1979), e1\m1nat\on data y\e1d a stra1ght l\ne
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on a semllogarlthmlc plot, indicating that eliminatlon is a single, first

order process. Hiles and Bruce (1976) have pointed out that the studies of

Allen et al. (1975) and Piper et al. (1973) can be interpreted equally well

by either zero or first order kinetics. The majority of the data, however,

seem to support the assumption of a first order elimination process.

The excretion of 2,3,7,8-TCOO and its metabolites has been investigated

in a number of species. Table 4 sumrnarlzes results on the el\minatlon of

2,3,7,8-TCOO-derived radioactivity, following a single exposure to 3H_ or

[14C]-2,3,7,8-TCOO. These studies show that 2,3,7,8-TCOO was slowly

excreted from the bodies of all species tested, with a half-life in the body

of 10-43 days. In the Syrlan Golden hamster, the least sensitive mammallan

species to the acute toxicity of 2,3,7,8-TCOO, excretion occurred readny

through both the ur i ne (35% of admi ni stered dose, 41% of total excreted

radioactlvity) and feces (50% of the administered dose, 59% of total excret­

ed radioactivity) (Olson et al., 1980b; Gasiewicz et al., 1983a). The high

levels found in the urlne of infant monkeys were probably due to the lncom­

plete separation of urine and feces (Van Miller et al., 1976). In all the

other species tested so far, excretlon occurred mainly through the feces

(80-100% of total urinary and fecal radioactivity) wHh only minor amounts

of 2,3,7,8-TCOO metabolites found in the urine (Piper et al., 1973; Allen et

al., 1975; Rose et al., 1976; Gasiewicz and Neal, 1979). Only Piper et al.

(1973) reported the excretion of metabolites in the expired air. During 21

days following administration of a single oral dose of [14C]2,3,7,8-TCDD

to rats, 3.2% of the adminlstered radioactivity (4.6% of the excreted radio­

activity) was recovered in the explred air.
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TABLE 4

El1m1nat10n of 2,3,1,8-TCOO

Relat1ve %of TCOO-Oer1ved
S1ngle Treatment Half-LHe for Rad10acUv1ty

Spec1es lJg/kg (route) E11 m1 na U on Reference
(days) Feces Ur1ne

Gu1nea p1g 2 (i.p.) 30.2 + 5.8 94.0 6.0 Gas1ew1cl and Neal, 1979

Gu1nea p1g 1.45 (oral) 22 - 43 NT NT Nolan et al., 1979

Rat 1.0 (oral) 31 + 6 >99 <1 Rose et al., 1976

n Rat 50 (oral) 17.4 + 5.6 80.0 20.0 P1per et a1., 1913I
(,0)
(,0)

Rat 50 (oral) 21.3 + 2.9 95.5 4.5 Allen et a1., 1975

Rat 400 (i.p.) NT 91.0 9.0 Van M111er et a1., 1976

Monkey 400 (i.p.) NT 78.0 22.0 Van M111er et a1., 1976
(adult)

Monkey 400 (i.p.) NT 39.0 61.0 Van M111er et a1., 1976
(1nfant)

Mouse
C51BLl65 10 (i.p.) 11.0+1.2 12.0 28.0 Gas1ew1cz et a1. , 1983a,b
DBAI2J 10 (i.p.) 24.4 + 1.0 54.0 46.0 Gas1ew1cz et a1. , 1983a,b
B6D2F In* 10 (i.p.) 12.6 + 0.8 12.0 28.0 Gas1ew1cz et a1., 1983a,b

Hamster 650 (i. p. ) 10.8 + 2.4 59.0 41.0 Olson et a1., 1980a

Hamster 650 (oral) 15.0 + 2.5 NT NT Olson et a1., 1980a

*Offspr'ng of C51BL/6J and OBA/2J wh1ch are heterozygous at the Ah locus

NT =0 No t tes ted



Rose et al. (1976) invesUgated the eliminaUon of (14C]2.3.7.8-TCOO

in rats given repeated oral doses of 0.01. 0.1 or 1.0 pg/kg/day Monday

through Friday for 7 weeks. or a single dose of 1.0 pg/kg. In the single­

dose study, no I4e was excreted in the urine or expired alr; ln the

repeated-dose study. however, 3-18% of the cumulative dose was excreted in

the urine by 7 weeks. This study lndicated that steady-state concentrations

will be reached ln the bodies of rats ln -13 weeks. The rate constant

deflning the approach to steady-state concentrations was lndependent of the

dosage of 2,3,7,8-TCOO over the range studled. Thls is conslstent w1th the

observatlons of Frles and Marrow (1975) who found that the total retentlon

ln the bodles of rats was proporUonal to total intake. When rats were

maintalned on a dlet contaln1ng elther 7 or 20 ppb 2.3,7,8-TCOO, the amount

of 2,3,7,8-TCOO retalned ln the body was 5.5 times the dally lntake of

2.3,7.8-TCOO at 14 days, 7.5 Urnes the dally lntake at 28 days, and 10.0

tlmes the dally lntake at 42 days.

1he data ln Table 4 suggest some lnterspecles differences in the half­

life for el1mlnation (t 112) of 2,3.7.8-1COO. In the hamster, the least

sensitlve specles to the acute toxicity of 2,3,7,8-TCOO, a mean t 112 of

10.8 days was observed (Olson et a1., 1980a,b), and ln the guinea p1g. the

most sens1t1ve specles to the acute toxlclty of 2.3,7.8-TCOO, the mean t 1/2

was 30.2 days (Gas1ew1cz and Neal, 1979). The observed lnterspecles dlffer­

ences 1n the t 112 of 2,3.7,8-TCOO may ln part be related to the relative

sensitlvity of a g1ven species to the acute toxlclty of 2.3,7.8-TCOO.

The lntraspecies dlfferences ln the t 1/2 of 2,3,7,8-TCOO in three mouse

stralns may be due to the finding that the OBAI2J straln possesses -2-fold

greater adipose tlssue stores than the C57BL/6J and B602F,/J stralns

(Gaslewicz et al.. '983b). The sequesterlng of the 11pophll1c toxin in
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adipose t \ ssue stores of the OBA/2J mouse may contr 'bute to the greater

persistence of 2,3,7,8-TCOO \n th's strain.

In all of the rat studies shown 'n Table 4, ur'nary and fecal el'm\na­

t'on were monitored for a per'od of only 20-22 days, and "from these data ,t

was assumed that el'm'nat\on followed a slngle component, f'rst order

k,neUc model. Recently, Olson and BHtner (1983) exam' ned the el'm,nat,on

of 2,3,7,8-TCOO-derlved radloactlvlty ln rats over a 35-day perlod followlng

a single l.p. exposure at 1 pg 3H-2,3,7,8-TCOO/kg. They observed f'rst

order k,neUcs for el'mlnaUon, wHh a fast component havlng at 1/2 of 7

days (representing 13% of total ellm'nation) and a slow component havlng a

t 1/2 of 75 days (87% of total). The second, slow component for el'm'nat'on

was eVldent only when urinary and fecal el,m,nation were monHored for >30

days. Th,s study suggests that 2,3,7,8-TCOO may be more perslstent than

earller studles suggested. A prel'm'nary study ln the rhesus monkey lndl­

cates that 2,3,7,8-TCOO may be exceptionally perslstent ln adlpose tissue.

McNulty et al. (1982) est'mated the apparent half-1He of 2,3,7,8-TCOO 'n

the fat of a monkey to be -1 year.

Studies ln the rat, guinea p'g, hamster and mouse have found that all of

the 2,3,7,8-TCOO derlved rad'oact'vlty excreted ln the ur'ne and blle corre­

sponds to metabolHes of 2,3,7,8-TCOO (Olson et al., 1983). The apparent

absence of 2,3,7,8-TCOO metabolHes 'n l'ver and fat suggests that, once

formed, the metabolltes of 2,3,7,8-TCOO are readlly excreted. Thus, urlnary

and b\l'ary el'mlnat\on of 2,3,7,8-TCOO 's dependent upon metabol'sm of the

tox'n. Although ur'ne and bile appear to be free of unmetabol'zed 2,3,7,8­

TCOO, data from the hamster and rat ,nd'cate that ~ s'gn'f'cant amount

(10-40%) of unchanged 2,3,7,8-TCOO may be excreted 'nto the feces (Olson et

al., 1983). Unmetabol'zed 2,3,7,8-TCOO thus appears to enter the 'ntest'nal
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lumen by some route other than b\1e (direct intestinal elimination) for a

number of days following treatment. Studies in lactating rats have also

found that unchanged 2,3,7,8-TCOO may be excreted in the m\1k of 1actat1ng

animals (Moore et al., 1976; Lucier et al., 1975). Lactation, direct intes­

tinal eliminat1on, and perhaps sebum may serve as routes for excret10n of

2,3,7,8-TCOO, which are not dependent upon metabolism of the toxin. These

data suggest that the in vivo half-life for elimination of 2,3,7,8-TCOD may

not directly reflect the rate of 2,3,7,8-TCOO metabolism in a given animal

(Neal et al., 1982).

EFFECTS

Acute. Subacute and Chronic Toxicity

The acute L050 for 2,3,7,8-TCOO in several species is shown in

Table 5. The oral L0
50

values range from 0.6 lJg/kg bw for guinea pigs

to 5051 lJg/kg bw for hamsters (Schwetz et al., 1973; Vos et al., 1974;

McConnell et al., 1978a,b; Henck et al., 1981; Olson et al., 1980b). The

dermal L0
50

for rabbits was 275 lJg/kg of body weight (Schwetz et al.,

1973); death was sometimes delayed as long as 40 days following acute

exposure. Of the laboratory animals studied, the gu'nea pig was the most

susceptible to the toxic effects of 2.3,I,8-TCOO (Schwetz et al., 1973;

Gupta et al., 1973; Greig et al., 1973).

The acute toxicity has also been found to vary with the sex, age and

strain of the test animal. Schwetz et al. (1973) found male Sherman rats

more sensitive to 2,3,7,8-TCOO than females, whne Beatty et al. (1978)

found female Sprague-Dawley rats more sensitive than adult male rats. Thus,

no general sex difference is apparent in the rat, perha.ps due to strain dif­

ferences in sensitivity to 2,3,7,8-TCOO. A significant sex difference was

observed in the C57BL/10 mouse, with the oral L0
50

in females being 3-fold
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TABLE 5

Lethal'ty of 2,3,7,8-TCDD fo110w'ng Acute Exposure

Sex/No.1 Dose Durat'on of LD50
Species/Strain Group Route/Veh'c1e Tested Observat'on (pg/kg) COllfl1ents Reference

(pg/kg)

Guinea p'gs/ H/NR gavage/corn 0'1- NR 2-8 weeks 0.6 t'me to death was 5-34 days, the Schwetz et a1., 1973
Hartley acetone (9:1) (0.4-0.9)* 2,3,7,8-TCDD was 91% pure

Gu'nea plgs/ H/NR gavage/corn 0'1- NR 2-8 weeks 2.1 t'me to death was 9-42 days, the Schwetz et a1., 1973
Hartley acetone (9:1) (1.5-3)* 2,3,7,8-TCDD was 99% pure

Gu'nea plgs/ 101/9 gavage/corn 0'1 NR 30 days 2 med'an t'me to death was 17-20 days, HcConne11 et a1.,
Hartley marked we'ght loss, thymus atrophy, 1978a

'ntest'nal hemorrhage, no porphyr'a
and only m'ld l'ver 'njury

Rats/Sherman 101/5-10 gavage/corn 0'1- 8 2-8 weeks 22 t'me to death was 9-27 days, the Schwetz et al., 1973
acetone (9:1) 16 2,3,7,8-TCDD was 91% pure

32
n 63
I
w
-.I Rats/Sherman f/NR gavage/corn 0'1- NR 2-8 weeks 45 t'me to death was 13-43 days, the Schwetz et a1., 1973

acetone (9:1) (30-66)* 2,3,7,8-TCDD was 91% pure

Rats/Sprague- 101/6 '.p.lol1ve on NR 20 days 60 LD50 (pg/kg, mean ~ SE) adult male, Beatty et a1., 1978
Dawley 60.2 ~ 7.8; wean1'ng male, 25.2 ~ 1.4

Rats/Sprague- f/6 Lp.lol1ve on NR 20 days 25 LD50 (pg/kg, mean ~ SE) adult Bea tty et a1., 1978
Dawley female, 24.6 ~ 2.0

Honkey/rhesus f/3 gavage/corn 0'1 0 >35 days <70 we'ght loss, edema, severe thymus HcConne 11 et a1.,
70 atrophy, loss of ha'r, m'ld l'ver 1978b

350 damage

H'ce/C57B1 101/14 gavage/corn 0'1- 0 60 days 114 tIme to death 'n the high dose group Vos et a1., 1974
acetone (9:1) 100 was 15-20 days, body we'ght loss,

150 edema 'n 25% of treated an'ma1s,
200 severe thym'c and spleen atrophy,

hemorrhage In the reg'on of the eye
and small 'ntest'ne, l'ver necros's
'n the centr'10bu1ar reg'on



TABLE 5 (cont.)

Sex/No.1 Dose Durat\on of LD50
Spec\es/Stra1n Group Route/Veh\cle Tested Observation (pg/kg) Cor:wnents Reference

(pg/kg)
,

H1ce/C57Bl H/9 gavage/corn 0\1 NR 30 days 283.7 median t\me to death was 22-25 days, HcConnell et al.,
dose-related body weight loss, thymic 1978a
atrophy, \ncreased l\ver weight and
porphyria, gross and h\stor\c liver
alterations, subcutaneous edema,
1ntest\nal hemorrhage

H1ce/C57Bl/10 M/5 gavage/arachis oil 85 45 days 146 95% conf\dence 11m1ts of 111-211 Smith et al., 1981
107 pg/kg. Most deaths occurred from
135 22-26 days after dosing. Signs of
170 porphyria, edema, hemorrhage.
213

M1ce/C57BL/10 F/5 gavage/arach1s 0\1 85 45 days >450 1 of 4 an\ma 15 d\ed at dose of Smith et al., 1981
107 426 pg/kg
135

n 170
I 213c,.)

CD 269
338
426
536

M\ce/C57BL/6J M/NR 1.p.lol\ve 011 NR 30 days 132 Gas\ew1cz et al.,
1983a,b

M1ce/DBAI2J M/NR 1.p.lol1ve 011 NR 30 days 620 Gas1ew1cz et al.,
1983a,b

H1ce/B6D2Fl/J M/NR 1.p./ol\ve 011 NR 30 days 300 BGD2Fl/J m\ce are the offspr\ng of Gas1ew\cz et al.,
C57BL/6J and DBA/2J and are hetero- 1983a,b
zygous at the Ah locus.

Rabb\ts/ H&F/NR gavage/corn 011- NR 2-8 weeks 115 t\me to death was 6-39 days, the Schwetz et al., 1973
New Zealand acetone (9:1) (3B-345)* 2,3,7,8-TCDD was 91% pure

RabbHs/ M&F/5 1.p.lcorn 011 32 4 weeks NR time to death was 6-23 days, Schwetz et al., 1973
New Zealand 63 2-3 animals/group d\ed \n all but

126 the low exposure group
252
500



TABLE 5 (cont.)

Sex/No./ Dose Duration of lD50
Species/Strain Group Route/Vehicle Tested Observation (pg/kg) Conments Reference

(pg/kg)

Rabbits/ M&F/NR derma lIacetone 31.6 3 weeks 215 time to death was 12-22 days Schwetz et al., 1913
New Zealand 63 (142-531 )

126
252
500

"
Hamster/ "/6 gavage/corn 011- 0 55 days 5051 (3816- time to death was 26-43 days, the Henck et al., 1981
golden Syrian acetone (9:1) 300 18,481; 95" liver and thymus appeared to be the

600 confidence) primary target organs, only 1 death
1000 occurred In the 300 and 3000 pg/kg
3000 group
6000

Hamster/ "&F/5-6 1.p.lol1ve 011 0 50 days >3000 significant dose-related decrease In Olson et al., 1980b
golden Syrian 500 thymus weight starting at 500 pg/kg,

n 1000 only 2 deaths occurred out of 11
I 2000 hamsters In the 3000 pg/kg group.
w 3000l.O

Hamster/ "/5 gavage/olive oil 500 50 days 1151 death generally occurred between 24 Olson et al., 1980b
golden Syrian 1000 and 45 days, decrease In body weight

2000 above 2000 pg/kg, proliferative
3000 Ileitis with mild to severe inflam-

mat Ion

Dogs/beagle "/2 gavage/corn 011- 3000 2-8 weeks NA all animals died Schwetz et a1. , 1913
acetone (9:1)

Dogs/beagle F/2 gavage/corn 011- 30 2-8 weeks NA all animals survived Schwetz et al., 1913
acetone (9:1) 100

*The number in parentheses appears to indicate the range of lethal doses; however, the studies did not specify what these numbers represented.

NA = Not applicable; NR = not reported



greater than that in males (Smith et al., 1981). In a study of age-related

differences, Beatty et a1. (1978) reported weanling male rats to have an

acute l050 of 25 }.Ig/kg in contrast to the value of 60 }.Ig/kg in adult

males. Vos et a1. (1974) found 0, 17 and 44% mor ta 1ity 1n mice of 4, 2 and

1 months of age, respectively, following 4 weekly doses of 25 }.Ig 2,3,7,8-

TCOO/kg. These limited studies suggest that young animals may be more

susceptible to the acute toxicity of 2,3,7,8-TCOO. Various strains of mice

have been used to study the mechanism of action of 2,3,7,8-TCOO, based on

the ability of the toxin to induce enzymes that have been shown to segregate

with a single genetic locus, the Ah locus (Poland et a1., 1974, 1976a,b).

The "non-responslve" strains (e.g., OBAI2J) appear to be less responsive to

enzyme inductien due to an altered receptor with lower affinity for

2,3,7,8-TCOO, in comparison to the "responsive" strains (e.g., C57Bl/6J).

Gasiewicz et al. (1983b) reported that the "responsive" C57BL/6J mice have

an acute LO
SO

for 2,3,7,8-TCOO of 132 }.Ig/kg, compared with an L0
50

of

620 }.Ig/kg in the "non-responsive" OBAI2J mice. An intermediate LO
SO

of

300 }.Ig/kg was also reported for B602F l /J mice, which are offspring of

CS78L/6J and OBA/2J (B602F l /J mice are heterozygous at the Ah locus).

These results suggest that the acute LO
SO

for 2,3,7,8-1COO varies with the

strain of mouse and the relative activity "responsiveness" at the Ah locus.

The hepatotoxicity of 2,3,7,8-TCOO is well established, especially in

rats, mice and rabbits where the hepatic lesions are particularly severe

(Milnes, 1971). Sublethal doses of 2,3,7,8-TCOO in rats produced signifi­

cant liver damage, characterized by fatty changes, centrilobular necrosis

(Cunningham and Williams, 1972), megalocytosis, and unusual numbers of

multinucleated giant hepatocytes (Gupta et al., 1973). A single dose of 0.1

}.Ig/kg in rats produced increased liver weights (Harris et a1., 1973).
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In rats given single doses of 5 and 25 pg/kg 2,3,7,8-TCOO, Fowler et al.

(1973) reported extensive proliferation of the smooth and rough endoplasmic

reticulum, especially near the bile ducts. Twenty-eight days after dosing,

the electron micrographs of the livers were indistinguishable from controls.

Similar results were observed by Jones and Butler (1974) and Jones and Greig

(1975). In mice, exposure to 1-10 pg/kg 2,3,7,8-TCOO/day produced liver

damage as indicated by elevated SGOT, SGPT, serum LOH. alkaline phosphatase

and bilirubin levels (Zinkl et al., 1973).

A number of toxic responses have been observed following exposure to

2,3,7,8-TCOO and these have been sUlll1larized for a number of species in

Table &. 2,3,7,8-TCOO toxicity exhibits marked interspecies variability,

with some responses being highly species specific and confined to one or a

few species. Loss of body weight or reduced weight gain and thymic atrophy

are the most consistent toxic responses of 2,3,7,8-TCOO exposure in various

species, with the latter being one of the most sensitive indicators of

toxicity. In general, the toxicologic pattern observed with 2,3,7,8-TCOO is

not unique; it also occurs with certain halogenated dibenzofurans, chlori­

nated biphenyls, naphthalenes, and brominated dioxins (McConnell, 1980).

An extended period was observed between treatment and death. During

this period the animals had poor weight gain or loss of weight and appeared

to be II wasting awayll. At death, loss in body weight was reported to be as

great as 50% for some species (McConnell, 1980). In female Wistar rats

intubated with 2,3,7,8-TCOO at a dose of 100 pg/kg, the weight loss was

biphasic (Courtney et al.. 1978). The initial weight loss occurred rapidly

during the first 7-10 days after treatment and was asso'ciated with decreased

food and water consumption~ This initial phase of weight loss was reversed

with the resumpt ion of normal food intake for 4 or 5 days, only to be
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TABLE 6

Tox1c Responses Followlng Exposure to 2,3,7,8-TCDD: Specles D1fferencesa

Monkey Gu1nea Cowb Rat Mouse Rabb4 t b Ch1ckenb Hamster
P1g

Hyperplas1a and/or metaplas1a

Gastr1c mucus ++c 0 + 0 0 0
Intest1nal mucosa + ++
Ur1nary tract +1- ++ 1-+ 0 0
B11e duct and/or

gall bladder ++ 0 + ++ 0
Lung: focal alveolar ++

Skln ++ 0 *d 0 0 ++ 0

("') Hypoplas1a, Atrophy, or Necros1s
I
.p
I\J Thymus + + + + + + +

Bone marrow + + + +
TesUcle + + + + +

Other
L1ver les10ns + + ++ + ++ + +
Porphyr1a 0 0 + ./-+ + 0
Edema + 0 0 + ++ +

aReferences: Monkey (McConnell et al., 1978a; Norback and Allen, 1973; Allen et al., 1971); Gu1nea p1g
(McConnell et al., 1978a; McConnell, 1980; Moore et al., 1979; Turner and Col11ns, 1983); Cow (McConnell,
1980); Rat (McConnell, 1980; Koc1ba et al., 1978, 1979); Mouse (Schwetz et al., 1973; McConnell et al.,
1978a; Vos et al., 1973); Rabbit (K1mmlg and Schultz, 1957; Schwetz et al., 1973; Vos and Beems, 1971);
Ch1cken (Schwetz et al., 1973; Norback and Allen, 1973; Allen and Lal1ch, 1962; Vos and Koeman, 1970);
Hamster (Olson et al., 1980b; Henck et al., 1981)

bResponses followed exposure to 2,3,7,8-TCDD or structurally related chlorlnated aromat1c hydrocarbons.

CSymbols: 0, les10n not observed; +, les10n observed (number of "+" denote sever1ty); !' les10n observed
to a very 11m1ted extent; blank, no ev1dence reported 1n 11terature.

dSk1n les10ns 1n cattle are observed, but they d1ffer from the sk1n les10ns observed 1n other spec1es.

Source: Adapted from Poland and Knutson, 1982



followed by a second. more gradual. decl'ne 'n food and water 'ntake and

welght unU 1 death. Provld'ng anlma 1s wHh an adequately nutr H 'ous 1'qu' d

dlet by lntubatlon d'd not apprec'ably alter the pattern of we'ght loss nor

affect survlval. In contrast. Gaslewlcz et al. (1980) observed that prov'd­

\ng rats wHh total parenteral nutrH ion would prevent some of the we'ght

loss lnduced by 2.3.7.8-TCOO; however. there was no protecUon from the

lethal effects of 2.3.7.8-TCOO. Also. severe thym'c atrophy has been

unlversally observed in all specles given lethal doses of 2.3.7.8-TCOO. and

since weight loss and thymic atrophy are both associated with malnutr'tion.

van Logten et al. (1981) investigated the effects of d'etary protein on the

toxicHy of 2.3.7.8-TCOO. Groups of female F'scher 344 rats administered

2.3.7.8-TCOO (20 pg/kg) and maintained on low (3.5%). normal (26%) or high

(55%) protein diets maintained approximately the same body we'ght (gains

were -0.2~3. 7~6 and 7~3 g for each dietary group. respectively) during the

subsequent 10-day period. The weight gain in treated an'mals was 10-18 g

less than that 'n the respect've control rats. Dietary protein also had no

effect on preventing or enhancing the 2.3.7.8-TCOO induced thymic atrophy.

In yet another study. Seefeld and Peterson (1983) suggest that a reduc­

tion in food intake caused by 2.3.7.8-TCOO ls primar'ly responsible for the

loss of body weight or depressed growth rate of rats. Pair-fed control rats

lost weight at the same rate and to the same extent as their weight matched

2.3.7.8-TCOO-treated partners (25 or 50 pg/kg) until day 10 after treat­

ment. At 20-35 days after treatment. the body weight of the two groups

began to diverge. wHh the pair-fed control group having body weights that

were 20-30 g higher than the corresponding 2.3.7.8-TCOO groups. They pro­

pose a hypothesis that 2.3.7.8-TCOO lowers a regulated level of "set-point"

for body weight control in the rat. The ensuing change in food intake is
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thought to occur secondarlly to the change 1n "se t-polnt". Thus. the pre­

clse mechan1sm for the 2.3.7.8-TCOO lnduced welght loss remalns uncertaln;

however. 1t ls evident that welght loss ls a contrlbutlng factor to

2.3.7.8-TCOO lnduced mortallty and morbldlty.

Feedlng a dlet contalnlng 7 ppb of 2.3.7.8-TCOO to rats caused an

1ncrease of 11ver welght whlle unexpectedly. 20 ppb caused less of a 11ver

we1ght ga1n. After the feedlng of 2.3.7.8-TCOO was dlsconUnued. recovery

was greater In the 7 ppb groups (Fr1es and Marow. 1975). The hepatotoxlcity

of 2.3.7.8-TCOO was most severe In rats. mlce and rabbits (Vos and Beems.

1971; Gupta et al .• 1973; Schwetz et al .• 1973; Vas et al .• 1974). 2.3.7.8­

TCOO-lnduced 11ver alterations 1n the gulnea plg and hamster were generally

11mlted to the responses accompanying liver hypertrophy (Turner and Collins.

1983; Olson et al.. 1980b). L1mited steatosls. focal necrosis. and cyto­

plasmic hyalln-like bodies were also observed in the guinea pig (Turner and

Collins. 1983). Comparative studies indlcate that the guinea pig and

hamster were the least sensitlve to 2.3.7.8-TCOO-lnduced hepatotoxiclty.

whlch is in contrast to the 5000-fold dHference in the acute l050 for

2.3.7.8-1COO in these species.

2.3.7.8-TCOO affects porphyrin metabollsm and causes slgnificantly

elevated excreUon of porphyrins and cS-aminolevulinic acid (see Metabolism

section). Goldstein et al. (1978) showed that ~-amino1evulinic acid

synthetase. a rate-limiting enzyme in porphyrin synthesis. was slightly

increased (2-fold) in male C57Bl mice given 4 weekly doses of 2.3.7.8-TCOO

at 25 }Jg/kg. This dose of 2.3.7.8-TCOO increased liver prophyrin levels

2000-fold. Catabolism of porphyrin by uroporphyrinogen decarboxylase (UO)

also appeared to be decreased in 2.3.7.8-TCOO-treated mice. Smith et al.

(1981) reported a decrease in UO activity from -25 to 7 nmoles/hr/g llver 1n
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male and female C57Bl mice 3 weeks after a single oral exposure to 2.3.7,8­

lCOD at a dose of 75 pg/kg. No effect of 2,3.7.8-1COO on UO activity was

observed 1n OBAn mice. which were insensitive to the induction of prophy­

ria. A time course of changes in UO activity with length of time after

exposure to 2.3.7.8-1COO indicated a steady decline in activity starting 3

days after exposure to 2.3.7.8-1COO. which continued until day 21 when the

study was terminated. Sweeney and Jones (1978) reported similar results

after 5 weekly doses of 2.3.7.8-TCOO at 25 lJg/kg. In this study. the UO

activity declined -48% in C58Bl mice and only 4% in OBA/2 mice. Other

factors besides the increase in a.-aminolevulinic acid synthetase and the

decrease in UO activity may also participate in the dramatic increase in

liver porphyrin in mice. associated with exposure to near lethal doses of

2.3.7.8-1COO.

A number of biochemical studies have resulted from the observation that

2.3.7.8-1COO produces fatty livers and a resulting increase in total hepatic

lipid content in several species. A sublethal dose of 2.3.7.8-TCOO in the

rat produced an increase in triglycerides and free fatty acids and a

decrease in sterol esters. while a lethal dose increased cholesterol esters

and free fatty acids (Albro et al.. 1978). Poli et al. (1980) treated rats

with a single l.p. injection of 2.3.7.8-1COO at doses of 2.5. 5. 10 and 20

lJg/kg. At day 21 after treatment there was a dose-related increase in

total plasma cholesterol and high density lipoprotein cholesterol. while no

change was observed in triglycerides or very low and low density lipo­

proteins (VLOL and LOL. respectively). At a dose of 20 pg/kg the maximum

increase in HOL cholesterol and total cholesterol occurred 30 days after

treatment. and a significant elevation was still present at 60 days after

treatment when the study was terminated. Slight changes in the apoproteins
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of HOL from 2.3.1.8-1COO rats and control rats were indicative of new apo­

protein synthesis. Although the increase in HDL cholesterol may be in

response to eliminating excess lipids. the exact function has not been

clearly shown.

In contrast to rats, male Hartley strain guinea pigs given a single i.p.

injection of 2,3,1,8-1COO at a dose of 2 pg/kg had increased hyperlipidema

characterized by increases in VLOl and lOl (Swift et al .• 1981). In animals

sacrHie'ed 1 days after exposure to 2,3,1.8-1COO. there was an increase in

total serum lipid, cholesterol esters, triglycerides and phospholipids when

comparison was made to pair-fed, weight-paired or ad libHum fed control

groups. Serum-free fatty acids were not changed quantHatively; however,

some qualHative changes occurred. reflecting an increase in the types of

fatty acids which were abundant in the adipose tissue of guinea pigs.

Analysis of lipoproteins revealed a 19-fold increase in VlOl and a 4-fold

increase in lOl, with no change observed in the levels of HDl. The VLOl was

also qualitatively different in the 2,3,7,8-1COO treated animals, containing

less cholesterol ester and an altered C apoprotein. 1he importance of these

qualitative changes is unclear. The hyperlipidemia may result from the

2,3,7,8-TCOO induced mobilization of free fatty acids, which are then used

in the synthesis of VlOl and are subsequently formed into lOl. The rela­

tionship of the changes in serum lipid levels to the mechanism of 2,3,7,8­

1COO toxicity needs further study.

Gupta et al. (1973) reported slight to moderate thymic atrophy in guinea

pigs after 8 weekly oral doses of 0.2 pg/kg. The thymic atrophy was

characterized by a decrease in the number of cortical thymocytes, reduction

in she of the thymic lobules. and the absence of a demarcation between

cortex and medulla. 1here was a relative depletion of lymphoid cells in the
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spleen and the lymph nodes. In addition. moderate thymic atrophy was

observed in rats after 31 daily oral doses of 1 ~g/kg 2.3.7.8-TCOO.

Thymic atrophy has also been noted in monkeys (Norback and Allen. 1973). In

later studies 2.3.7.8-TCOO was found to suppress cell-mediated immune func­

tion in young rats without affecting humoral immune function. Suppression

of T-cell function was selective in that "he1per" cell function was not

suppressed (Faith and Moore. 1977). Recently, the effects of 2,3.7.8-TCOO

on thymus involution in rats were found not to involve the adrenal or pitui­

tary glands and were not prevented by treatment with growth hormone (van

Logten et al .• 1980).

Increased susceptibility to Salmonella infection was found in mice

treated intragastrica11y with 2.3.7.8-TCOO at doses between 1 and 20 ~g/kg

bw once weekly for 4 weeks. Such increased susceptibility after 2,3.7.8­

TCOO administration was not seen with Herpes virus infection (Thigpen et

a1.. 1975). Thymus atrophy wi th consequent suppress ion in cell-mediated

immunity as measured by several parameters was found by Vos et a1. (1978) in

mice after various doses of 2,3.7.8-TCOO up to 50 ~g/kg bw. The effects

were dose related. Juvenile and adult mice treated with 2,3.7.8-TCOO 1n

their feed at 10 and 100 ppm displayed several dose related changes. 1nc1ud­

ing depression in total serum protein. gamma globu11n and album1n. Primary

and secondary antibody responses to both tetanus toxoid and sheep erythro­

cytes were also reduced. as well as resistance to challenge with either

Salmonella typh1murium or Listeria monocytogenes (Hinsdnl et al.. 1980).

Neonatal B6C3F l mice. exposed to prenatal (maternal dosing on day 14 of

gestation) and postnatal (days 1. 7 and 14 after birth)' doses of O. 1.0. 5.0

or 15.0 ~g/kg 2.3.7.8-TCOO were studied for immunotoxic effects and host

susceptibility (Luster et al.. 1980). In the bone marrow, hypocellularHy
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and depressed macrophages-granulocyte progen1tor cells and ~r1potent stem

cells were assoc1ated wHh 2,3,7,8-TCOO exposure at the 5.0 and 15.0 lJg/kg

dose levels. Host susceptlbllHy to 1:.. monocytogenes and PVB5-tumor cells

was tested in the 2,3,7,8-TCOO-exposed neonates. Death occurred 1n 73% and

40% of the 1:.. monocytogenes 1noculated (1.2xl0 6 v1able organ1sms) mice in

the 5.0 and 1.0 lJg/kg dose groups, respect1vely, compared to 28% of

controls. Tumor development occurred 1n 44, 50 and 22% of the neonates

inoculated with 5xl0 4 tumor cells from the 5.0 lJg 2,3,7,8-TCOO/kg, 1.0

lJg 2,3,7,8-TCOO/kg and control groups, respectlvely. Whlle thym1c atrophy

may be one of the most sensHive indicators of experimental exposure to

2,3,7,8-TCOO, animals given a lethal dose of 2,3,7,8-TCOO do not appear to

die from infections, nor does a germ-free environment protect them from

death (Greig et al., 1973).

In the Gupta et al. (1973) study, rats also showed degeneratlve changes

in the renal collecting tubules, degenerative changes of the thyroid folli­

cles, necrosis and ulceration of the glandular stomach and hemorrhage into

the adrenals. This latter set of findings generally occurred at higher dose

levels than the minimum dose needed to provide thymic atrophy or liver

enlargement. More recent studies on the effects of 2,3,7,8-TCOO on renal

funct'lons have been carried out. Anaizi and Cohen (1978) reported an 1n­

crease in the renal secret10n of phenolsulfonphthalein (PCP) and a signifi­

cant decrease 1n glomerular filtration rate (GFR) compared with controls in

rats treated wHh 10 lJg/kg (Lp.) of 2,3,7,8-TCOO. These authors attr1b­

uted these effects to the tox1city of 2,3,7,8-TCOO on glomerular structures.

However, other reports concluded that 2,3,7,8-TCOO causes no specific func­

tlonal lesions in the kidney, rather that the effects on renal functions

reflect a general tox1cosis (Pegg et al., 1976).
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Pronounced dermal effects with 2.3.7.8-1COO treatment have been reported

for rabbits by Schwetz et al. (1973). Milnes (1971) observed chloracne in

rabbits after a single oral dose of 1 pg/kg. Dogs, though apparently less

sensitive to 2.3.7.8-1COO than rabbits (lethal effects) following oral

adminlstraUon. have exhibited hair loss (Schwetz et al .• 1973). McConnell

et a1. (1978b) found facial alopecia with acne-like erupUons. blepharitis,

weight loss and anemia in rhesus monkeys after single oral doses of 70 or

350 }Jg/kg 2.3,7,8-1COO. Allen et a1. (1977) observed loss of facial hair

and eyelashes, accentuated hair follicles, dry scaly skin and gastric

mucosal dysplasia in eight female rhesus monkeys fed a diet containing 500

ppt 2, 3, 7 ,8-1COD for up t 0 9 mo nth s . Event ua11 y 5 0 f the 8 mo nkey s died

from severe pancytopenia. In humans, the most characteristic and frequently

observed lesion produced by 2,3,7,8-1COO and other chlorinated aromatic

hydrocarbons is chloracne (Crow, 1981; 1aylor. 1979). 1his lesion consists

of hyperplasia and hyperkeratosis of the interfo11icu1ar epidermis, hyper­

keratosis of the hair follicle. especially at the infundibulum. and squamous

metap1as ia of the sebaceous glands which form kerat inaceous comedones and

cysts (Kimbrough, 1974).

A number of studies have been directed toward eva1uaUng the mecha­

nism(s) for the toxicity of 2.3,7.8-1COO. ~uch studies will ultimately

provide a better estimate of man's relative sensitivity to 2,3,7.8-1COO and

other compounds having a similar mode of action. Specifically. these

studies may be able to explain the marked interspecies differences in

relative sensitivity to 2,3,7,8-1COO. and thus help establish man's relative

sensitivity. 1hese studies may also some day provide for the better treat­

ment of human exposure to these toxins.
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Pharmacogenet ic studies have played an important role 1n understand\ng

the biologic and toxic effects of drugs and xenob1oUcs. Nebert and co-

workers have shown that carcinogenic polycyclic aromatic hydrocarbons (PAHs)

induce the cytochrome P-450-dependent monooxygenase, aryl hydrocarbon

hydroxylase (AHH), in certain responsive strains of mice (e.g., C57B1I6J,

BALBc, C3HF/He), whereas this PAH inducUon act\vay 1s minimal or non­

existent in non-responsive strains (DBA/2J) (Nebert, 1979, 1982; Nebert and

Jensen, 1979; Nebert et al., 1981, 1983). The gene complex responsible for

the induct\on of AHH and several other enzymes has been designated the Ah

locus, which comprises regulatory, structural and possible temporal genes.

Extensive studies on genet\cally inbred responsive and non-responsive mice

(and thei r backcrosses) indicate that these dHferences a-re related to the

Ah regulatory gene and its gene product, the Ah cytosol ic receptor protein.

This receptor protein interacts with PAH ligands and the resultant PAH:Ah

receptor complex translocates into the nucleus and presumably initiates the

induction of AHH via a process comparable to that proposed for the steroid

hormones.

Since the car~inogenic and toxic effects of PAHs are dependent on their

oxidat\ve metabolism to reactive electrophilic forms, it is not surprising

that the Ah receptor plays an important role in mediating their toxicity and

carcinogenicity (Kouri, 1976; Kouri et al., 1974; Benedict et al., 1973;

Shum et al., 1979; Thomas et al., 1973; Legraverend et al., 1980; Robinson

et al., 1975; Mattison and Thorgeirsson, 1979). Responsive mice are more

susceptible to the toxic (inflammation, fetotoxicity, primordial oocyte

depletion) and carcinogenic effects of PAH at organs/tissues in direct

contact with the applied chemical; in contrast, non-responsive mice are more

susceptible to the tumorigenic effects of PAHs at tissue/organ sites remote
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from the initial site of exposure to the PAHs. These differences in suscep­

Ubillty are due to several factors including AHH-mediated toxicaUon and

detoxication.

GeneUc studies also support the role of the Ah receptor in mediating

the toxic and biologic effects of 2,3,7,8-TCOO. Inltia1 studies by Poland

and coworkers (Poland et a1., 1974, 1983; Poland and Glover, 1975; Nebert et

al., 1975; Poland and Knutson, 1982) demonstrated that the microsomal AHH­

inducing acUvlty of 2,3,7,8-TCoO and 3-methylcholanthrene (MC) in several

geneUca11y inbred mice strains were similar. L\ke MC and related PAHs,

2,3,7,8-TCOo induced AHH in several responsive mouse strains (e.g.,

C57BLl6J); \n contrast to MC, 2,3,7,8-TCOo induced microsomal AHH in the

OBAI2J non-responsive mice; however, the E050 for this biologic response

was signHicantly higher than values reported for the responsive mice. In

genetic crosses between responsive C57Bl/6 and non-responsive OBA/2 mice it

was also shown for both MC and 2,3,7,8-TCOO that the trait of responsiveness

is inherited in a simple autosomal dominant mode (Poland and Knutson, 1982).

It has been suggested that the observed differences in the activities of MC

and 2,3,7,8-TCOO are related to their relative Ah receptor affinities

(Poland and Knutson, 1982) and pharamcokinetic and metabolic factors, which

would more rapidly diminish the "available" concentraUons of MC due to

metabolism and excretion.

Several studies with 2,3,7,8-TCOo in genetically inbred mice support the

receptor mediated hypothesis. The inductlon of UOP-glucuranosyl transfer­

ase, OT diaphorase, c-aminolevulinic acid, glutathione-S-transferase B,

T-aldehyde dehydrogenase and choline kinase by 2,3,7,8-TCOO or Me in

genetically inbred mice has also been shown to segregate with the Ah locus

(Beatty and Neal, 1976a; Owens, 1977; Kirsch et al., 1975; Dietrich et al.,
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1918; Ishldate et al., 1980; Poland and Glover, 1973). Toxlcology studles

wHh geneUcally lnbred mlce conflrm the role of the Ah locus 1n med1aUng

several tox1c effects 1nclud1ng porphyr1a, 1mmunotox1cHy, a wasting syn­

drome, thymlc atrophy and cleft palate format1on (Jones and Sweeney, 1980;

Poland and Glover, 1980; Courtney and Moore, 1971; Vecchi et al., 1983).

Poland et al. (1982) have also 11nked the tumor-promot1ng act1v1ty of

2,3,7,8-TCOO in hairless mlce to the cytosol1c receptor. !.!!. vitro studies

with XB cells in culture also support the role of receptor in mediat1ng a

dose-related cell keratinization by 2,3,7,8-TCOO which resembles some of the

characterist1cs of chloracne (Knutson and Poland, 1980). This cell 11ne is

also responsive to AHH 1nduction and contains a cytoso11c receptor b1nd\ng

protein.

Although the murine Ah receptor has not been characterized, several

studies confirm that a protein with high affinity for MC and 2,3,7,8-TCOO is

present in low concentrations in the hepat ic (-30-50 fmolar) and extra­

hepatic tissues of responsive C57BL/6J mice (Greenlee and Poland, 1979; Okey

et al., 1979, 1980; Poland et al., 1976b; Mason and Okey, 1982; Gasiewicz

and Neal, 1982; Okey and Vella, 1982; Okey, 1983; Nebert et al., 1983).

Although the Ah receptor has not been detected in the cytosol of DBAI2J

mice, after the administration of radiolabeled 2,3,7,8-TCOO to these mice,

some of the radiolabel is detected in the nuclei of the non-responsive mice.

Moreover, the sedimentation characteristics of the [3H]-2,3,7,8-TCOO:

nuclear protein complex in OBAI2J mice are similar to those observed with

the bound Ah cytoso11c receptor protein in C57B1I6J mice using a sucrose

density gradient centrifugation separation technique (Okey, 1983). Several

reports have also demonstrated that the cytosolic Ah receptor protein

migrates into the nucleus of the cell only after binding with 2,3,7,8-TCOO
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(Greenlee and Poland, 1979; Okey et al., 1979. 1980) and this parallels the

observations noted for the interactions between steroids and their receptor

proteins.

It should be noted. however. that the binding affinity and concentration

of the cytosol receptor for 2,3,7,8-TCOO in liver from guinea pig. rat.

C57BL/6 mouse. rabbit and hamster are very similar despite a 5000-fold

difference in L050 for 2.3.7.8-TCOO between the guinea pig and hamster

(Poland and Knutson. 1982; Gasiewicz et al., 1983a). Thus the affinity and

concentration of hepatic cytosol receptors does not alone explain the

profound interspecies variability in sensitivity to TeOO.

In a subchronic study. Kociba et al. (1976) fed rats 0, 0.001, 0.01, 0.1

or 1.0 l1g 2,3,7,8-TCOO/kg of body weight by gavage for 5 days/week for 13

weeks. The dosing at 1.0 l1g/kg/day caused some mortality, lethargy.

decreased body weights. liver pathology, biochemical evidence of liver

damage, thymic atrophy, decreased lymphatic tissues, disturbances of

porphyrin metabolism and slight alterations in the hematopoietic system.

There was also evidence of mild adverse effects on the male and female

reproductive systems. The effects on the reproductive system included

decreased size of the testis and secondary sex organs in 2 of 5 males and

uteri in 4 of 5 females. The 0.01 l1g/kg/day level was considered by the
•

authors to be the no-observed-adverse-effect level (NOAEL) and the 0.001

l1g/kg/day level was the no-observed-effect level (NOEL) for this treatment

regimen.

The dietary administration of 2.3,7,8-TCOO to rats at dose levels equiv-

alent to 0, 0.001, 0.01 or 0.1 l1g/kg/day for three generations (Murray et

al., 1979) produced effects on liver, thymus and reproduction (discussed in
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the Teratogen\cHy secUon) at 0.01 and 0.1 pg/kg/day. According to the

authors, the 0.001 pg/kg/day exposure was a NOAEL (however, equivocal

effects were noted in some generations at this dose).

L\ver toxicHy was the only effect of treatment observed by histologic

exam\naUon of Osborne-Mendel rats and B6C3F
l

mice adminlstered 2,3,7,8­

TCDD for 13 weeks in a preliminary subchronic toxicHy study designed to

define an acceptable dose for a chronic toxicHy study (U.S. DHHS, 1980b).

The ani~als in groups of 10 males and 10 females were administered the com­

pound in corn oil:acetone (9:1) twice a week at doses for rats of 0.0, 0.5,

1, 2, 4 and 8 pg/kg/week, and for mice at doses of 0.0, 1, 2, 5, 10 and 20

pg/kg/week. Deaths occurred at the two high dose levels in rats, wHh 4

females in the 8 pg/kg/week and 1 in the 4 pg/kg/week group dying, while

only 2 male rats in the 4 pg/kg/week group died. Deaths were accompanied

by severe toxic hepatitis. Hepatic lesions were observed in all other rats

examined \n groups administered 1-8 pg/kg/week; however, not all animals

in each group were submitted to necropsy. Normal liver histology was

observed \n the two male rats examined from the low dose groups and only

threshold toxic effects occurred in the low dose female rats.

S\milar effects of treatment were observed in mice, with a single death

occurring in each sex at the high exposure level along with reports of

hepatic lesions on histologic examination. In contrast to rats, female mice

were less sensitive to the hepatotoxic effect of 2,3,7,8-TCOO than were the

male mice. Hepatic lesions were observed in all dose groups of male mice,

while the 1 and 2 pg/kg/week dose groups of female mice had normal livers.

Although the group sizes were small, mak\ng conclusions- tenuous, it appeared

that sex differences in the sens\tiv\ty to the toxic effects of 2,3,7,8-TCOO

occurred, and that the more sensitive sex may vary with species tested.
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In a more extenslve subchronlc study \n rats. Klng and Roesler (1974)

followed the development of toxlclty by a serles of lnterlm sacrlf1ces

durlng 28 weeks of exposure to 2,3.7.8-TCOO and a 12-week. post-treatment

recovery per10d. Groups of 35 male and 35 female Sprague-Dawley rats were

\ntubated twlce weekly with 2.3,7.8-TCOO in corn 011:acetone (9:1) at doses

of 0.0. 0.1 and 1.0 pg/kg/week. No treatment-related deaths occurred;

however. 3 anlmals from each group of each sex were k\lled after 2. 4. 8 and

16 weeks. and 10 an\mals of each sex were killed after 28 weeks of treat­

ment. In addHion. 3 rats of each sex were k\lled 4 and 12 weeks after

term\nat ton of exposure. Animals were monHored for gross changes dur \ng

the study and were examined for gross and h\stolog1c changes at necropsy.

Besides a dose-related decrease 1n body welght gain in male rats and a

decrease \n body welght gain in the hlgh dose female rats. the only effect

of exposure to 2.3,7.8-TCOO was hlstologlc changes ln the l1ver. Uver

pathology was normal \n all treated groups up through the lnterlm k111 at 10

weeks. Fatty changes ln the 11ver were considered the most lmportant obser­

vatlon and the data ls summarized ln Table 7. The fatty changes ranged from

s\ngle large "pid droplets \n a few centr110bular heptocytes to 11pid drop­

lets in all centrl10bular hepatocytes w1th extens10n lnto the m1dzonal

hepatocytes. No clear dose-response pattern was observed \n th1s study;

however. H d1d appear that the severHy of fatty changes was greater 1n

female rats. Dur1ng the recovery perlod fatty changes progresslvely de­

creased ln severity. but were st111 present 1n some treated anlmals 12 weeks

after cessatlon of exposure. Other hlstologlc changes observed 1n the 11ver

of a small number of animals. predomlnantly ln the anlmals k\lled at 28

weeks. included single cell or very small areas of necrosis, increased

nuclear size, subtle distortion of liver archHecture, and hyperchromatic
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TABLE 7

Hepatocellular Fatty Change Observed in Rats Following Subchronic
Exposure to 2,3,7,8-TCOOa

28 Weeks 4-Weeks Recovery 12-Weeks Recovery
Treatment Groupb

N S Mi Mo Ma N S Mi Mo Ma N S Hi Mo Ha

Hale Control 7110 3/10 NS NS NS 213 1/3 NS NS NS 3/3 NS NS NS NS

Hales at 0.1 llg/kg 2110 1/10 1/10 5/10 1/10 213 1/3 NS NS NS 213 NS NS 1/3 NS

Hales at 1.0 llg/kg 0110 1/10 2110 5/10 2110 NS 113 113 1/3 NS 213 NS NS 1/3 NS
("")

I
U'1
0"

Female Control 10/10 NS NS NS NS 313 NS NS NS NS 3/3 NS NS NS NS

Females at 0.1 llg/kg 4/9 4/9 1/9 NS NS 3/3 NS NS NS NS 3/3 NS NS NS NS

Females at 1.0 119/kg 1110 4/10 4/10 1/10 NS 1/3 113 NS 1/3 NS 1/4 3/4 NS NS NS

aSource: King. and Roesler. 1974

bAnlmals were treated twice weekly by gavage with 2,3,7,8-TCOO dissolved in corn oil:acetone (9 :1)

N = None
S = Slight: random hepatocyte containing a solitary, large lipid droplet-equivocal
Hi = Mild: several centrilobular hepatocytes contain lipid
Ho = Moderate: most centrilobular hepatocytes contain lipid
Ma = Marked: all centrilobular and some midzonal hepatocytes contaln lipid
NS = Not specified



nuclei. All of these lesions were considered to be slight or mild, and less

toxicologically relevant than the fatty changes. The data on hepatic

steatosis indicated that the liver was a sensitive organ to the toxic effect

of 2,3,7,8-TCOO, and although some recovery occurred after termination of

treatment, the recovery process was slow and not complete by the time the

, study was terminated.

The recovery time was also demonstrated to be long in a subchronic study

by Goldstein et al. (1982) of 2,3,7,8-TCOO-induced porphyria. Groups of

eight female Sprague-Oawley rats were given 2,3,7,8-TCOO in corn oil:acetone

(7:1) weekly by gavage for 16 weeks at doses of 0.0, 0.01, 0.1 or 10.0

loIg/kg/week and killed 1 week after the last treatment. Additional groups

of rats received doses of 0.0 or 1.0 }Jg/kg/week for 16 weeks and were

allowed to recover for 6 months. The high dose level was lethal to all

animals within 12 weeks, while the only other gross sign of toxicity wa~ a

decrease in body weight gain in the group receivlr;; 1.0 }Jg/kg/week. Mter

16 weeks of exposure to 2,3,7,8-TCOO, liver porphyrins were elevated

-lOOO-fold in 7 of 8 animals receiving 1.0 }Jg/kg/week, but only 1 of 8

animals in the 0.1 }Jg/kg/week group had elevdt0d porphyrin levels. No

effect was observed \n the low dose animals. After a 6-month recovery

period the porphyrin level in animals expose~ to 1 }Jg/kg/week was still

100-fold higher than values in the control group. A similar pattern was

observed for urinary excretion of uroporphyrin. The rate limiting enzyme in

heme synthesis, 6-aminolevulinic acid synthetase, was also elevated at

both the t \me of term\nat ion of treatment and at the end of the recovery

period; however, other enzymes that were increased after 10 weeks of treat­

ment, cytochrome P-450, aryl hydrocarbon hydroxylase, and glucuronyl trans­

ferase, returned to near normal levels by 6 months. It was clear that a
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6-month recovery per'od from subchron'c exposure to 2,3,7 ,8-TCOO at a dose

of 1.0 pg/kg/week was not suff'c'ent for complete reversal of 2,3,7,8-

TCOO-induced porphyria.

In rats, increased urinary porphyrin was also observed after subchronic

exposure to 2,3,7,8-TCOO (Cantoni et al., 1981). Female CO rats were orally

adm'nlstered weekly doses of 2,3,7 ,8-TCOO at levels of 0.01, 0.1 and 1.0

pg/kg/for 45 weeks. The initial increase was observed 'n the high dose

group at 3 months, and in the other two groups at 4 months, after the start..
of exposure. Not only did the absolute amount of porphyrin increase, but

the relative distribution also changed to compounds containing more carboxyl

groups. Only in the high dose group did the livers, at the terminal

necropsy, show signs of excess prophyr1n under exam1natlon by ultrav101et

li ght.

The tox1c effects, other than neoplas1a, of long-term exposure to

2,3,7,8-TCOO have been stud1ed in rats, mice and monkeys. The primary

purpose of many of the studies 1n rodents was to assess the carcinogenic1ty

of 2,3,7,8-TCOO. (These effects are d1scussed 1n detail in the Carcinogene­

sis section.) The observation of non-neoplastic systemic toxic effects in

these stud'es was often l'mited, and observat'ons were made near the end of

the natural l'fespan when cond,t'ons associated w,th ag1ng may have obscured

some effects produced by 2,3,7,8-TCOO. Table 8 summarizes the tox1c effects

of chron1c exposure to 2,3,7,8-TCOO and prov1des informat'on on the exposure

levels wh1ch result in the observed effects.

Human health effects related to excessive exposures to 2,3,7,8-TCOO have

been noted in several 1nstances. However, 'n many of these cases it 1s

dHf1cult to quantHy the exposure to 2,3,7,8-TCOO lead1ng to the observed

symptoms. Most of the exposures occurred in relation to the manufacture of
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TABLE B

Effects of Chron1c Exposure to 2,3,7,8-TCDD 1n Laboratory Rodents

Spec1esl Sex/No. Dose Treatment Schedule Durat10n of Parameters Effects of Treatment Reference
StraIn Study MonHored

Rat/Sprague- MIlO 0.0 ppt NA 9S weeks surv1val 40% surv1ved unt11 9S weeks, the Van M111er
Dawley fIrst death occurred at week 68 et al., 1977a

MilO 1 ppt cont1nuous 1n d1et 9S weeks surv1val 80% surv1ved unt11 9S weeks, the Same as above
for 78 weeks f1rst death occurred at week 86

MilO S ppt cont1nuous 1n d1et 9S weeks survIval 60% surv1ved unt11 9S weeks, the Same as above
for 78 weeks f1rst death occurred at week 33

MilO SO ppt cont1nuous 1n d1et 9S weeks surv1va1 60% surv1ved unt11 9S weeks, the Same as above
for 78 weeks fIrst death occurred at week 69

MIlO SOD ppt cont1nuous 1n d1et 9S weeks surv1va1 SO% surv1ved unt11 9S weeks, the Same as above
for 78 weeks f1rst death occurred at week 17

n MIlO 1000 and SOOO ppt cont1nuous 1n d1et 9S weeks surv1va1 No an1mals surv1ved unt11 9S weeks, Same as above
I for 78 weeks the f1rst death occurred at week 31

IJ'1
U)

11I/10 SO,OOO, SOO,OOO and cont1nuous 1n d1et 9S weeks surv1va1 No an1mals surv1ved unt11 9S weeks, Same as above
1,000,000 ppt for 78 weeks the f1rst deaths occurred at weeks

2 and 3

Rat/Sprague- M&F/SO&SO -2193 ppt cont1nuous 1n d1et 2 years extens1ve h15 to- CumulatIve morta11ty 1ncreased (F); Koc1ba et al.,
Dawley (0.1 \lg/kg/day) for 2 years pathology, hema- Body we1ght ga1n decreased (III,F); 1978, 1979

tology, ur1ne Red blood cell count decreased
analyses, and (M,F); Packed cell volume decreased
clln1cal chem1stry (III,F); Hemoglob1n decreased (M,F);

Ret1culocytes 1ncreased (M,F);
WhIte blood cell count decreased (F);
SGPT 1ncreased (F); G-Glutamyl trans-
ferase 1ncreased (F); Alka11ne phos-
phatase 1ncreased (F); Ur1nary copro-
porphyr1n Increased (F); Ur1nary uro-
porphyr1n 1ncreased (F); Ur1nary 6-
am1nolevu11n1c acId 1ncreased hepat1c
degeneratIon 1ncreased (III,F)



TABLE 8 (cont.)

Spec1es/ Sex/No. Dose Treatment Schedule Durat10n of Parameters Effects of Treatment Reference
Stra1n Study MonHored

RatlSprague- M&F/SO&50 -208 ppt conUnuous 1n d1et 2 years ex tens 1ve h15 to- UrInary coproporphyr1n 1ncreased (f); Koclba et al.,
Dawley (0.01 119/kg/day) for 2 years pathology, hema- UrInary uroprophyrln 1ncreased (F); 1978, 1979

tology, urIne Hepat1c degeneratIon Increased (M,F)
analyses and
clln1cal chemIstry

RatlSprague- H&F/50&SO -22 ppt cont1nIJous 1n d1et 2 years extens1ve h15to- No d1fferences from values obta1ned Same as above
Dawley (0.001 llg/kg/day) for 2 years pathology, ur1ne from control anImals

analyses and
c11nlcal chemIstry

Ra tlOsborne- H&FI7S&7S 0.0 llg/kg/week NA 106 weeks extens1ve h15to- Tox1c hepatlt1s; 0/74 (M), 0/75 (f) U.S. DHHS,
Mendel pathology 1980b

RatlOsborne- H&F/50&SO 0.5 llg/kg/week adm1n1stered by 107 weeks extens1ve h1sto- Tox1c hepat It1s; 14/50 (M), 32/50 Same as above
Mendel gavage bIweekly pathology (F)

for 104 weeks
("')

I Rat/Osborne- M&F/SO&SO 0.05 119/kg/week adm1n1stered by 107 weeks extens1ve h1sto- The IncIdence of tox1c hepat1t1s Same as above0-
0 Mendel gavage bIweekly pathology was not elevated O/SC (M), 1/50 (f)

for 104 weeks

Rat/Osborne- M&f/50&50 0.01 llg/kg/week adm1n1stered by 107 weeks extens1ve h1sto- The 1nc1dence of tox1c hepatlt1s Same as above
Hendel gavage bIweekly pathology was not elevated 1/50 (M), 0/50 (f)

for 104 weeks

Hlce/B6C3F 1 H&FI7S&75 0.0 119/kg/week NA 105-106 weeks extensIve h1sto- ToxIc hepat1 Us; 1173 (M) , 0173 (f) Same as above
pathology

H1ce/B6C3Fl M&F/SO&SO 0.5 llg/kg/week (M) admln1stered by 107 weeks extens1ve h1sto- Tox1c hepat It15; 44/50 (M), 34/47 Same as above
2.0 llg/kg/week (F) gavage bIweekly pathology (F)

for 104 weeks

M1ce/B6C3Fl H&F/SO&SO 0.05 119/kg/week (H) adm1n1stered by 107 weeks extens1ve h1sto- The 1nc1dence of tox1c hepatitIs Same as above
0.2 llg/kg/week (F) gavage bIweekly pathology was not elevated 3149 (H), 2/48 (f)

for 104 week s

Mlce/B6C3Fl M&F/SO&SO 0.01 119/kg/week (M) adm1n1stered by 107 weeks extensIve hlsto- The 1nc1dence of tox1c hepatlt1s Same as above
0.04 llg/kg/week (F) gavage b1weekly pathology was not elevated 5/44 (H), 1/50 (F)

for 104 week s



TABLE B (cont.)

Spec1es/ Sex/No. Dose Treatment Schedule DuraUon of Parameters
Stra\n Study Mon\tored

M1ce/Sw\ss "/3B 0.0 llg/kg/week NA 588 days h1stology on all
organs

"'ce/Sw\ ss "/44 0.007 llg/kg/week adm1n1stered by 649 days h1stology on all
gavage weekly for organs
1 year

M1ce/Sw1ss "/44 0.7 llg/kg/week adm1n1stered by 633 days h1stology on all
gavage weekly for organs
1 year

"'ce/Sw1ss "/43 7.0 llg/kg/week adm1n1stered by 424 days h1stology on all
gavage weekly for organs
1 year

NA ; Not app11cable
n
I
0-.....

Effects of Treatment

Dermat1t1s and amy101dos1s; 0/38

Dermat1t1s and amy101dos1s; 5/44

Dermat1t1s~and amy101dos1s; 10/44

Early morta11ty, dermat1t1s and
amyl01dos1s; 17/43

Reference

Toth et a1. ,
1978, 1979

Same as above

Same as above

Same as above



2,4,5-trichlorophenol or 2,4,5-trichlorophenoxyacetic acid. The best known

among these may be the release of 2,3,7,8-TCOO due to the 1976 explosion of

a malfunctioning 2,4,5-trichlorophenol reactor in Seveso. Italy (Carreri.

1978). The area closest to the plant received exposures of up to 5000

l1g/m2 of soil; more remote areas recei ved 1-75 119/m2. and wi thi n

these areas 12 cases of chloracne developed (Reggiani. 1980). Other symp­

toms included acute dermatitis. All but the most severe cases of chloracne

recovered within 26 months. No neurological. visceral or immune effects

were noted in these reports ...
Pocchiari et al. (1979) reported a more extensive study of the Seveso

incident. These authors showed 75 cases of chloracne due to 2.3.7.8-TCOO

exposure; 15 of those cases were severe or very severe. After 18-24 months.

19 cases had fully recovered wh1le 1 case was still 11sted as severe. A

subsequent survey in ch1ldren by these authors uncovered an additional 137

cases of m1ld to serious chloracne. As indicated in the Pocchiari et al.

(1979) report. signs of liver damage were also found after the Seveso inci-

dent in Italy. Raised serum transaminase and y-glutamyl transferase

levels were found in -20% of the people living in or near the area of great-

est deposition of 2.3.7.6-TCOO (Bert et al .• 1976; Hay. 1976). In addition.

some neurological effects were also noted among the exposed people. Immuno­

logical and cytogenetic investigations yielded normal results.

The most commonly reported symptom related to 2.3.7.8-TCOO exposure in

man has been chloracne (Bauer et al .• 1961; Kimmig and Schulz. 1957; Schulz,

1957; Firestone. 1977; Ougois and Colomb. 1956. 1957; Ougois et al., 1958;

Bleiberg et al., 1964; 011ver, 1975; Poland et al.. 19.71; Kimbrough. 1980).

The acneform lesions of the skin may develop a few weeks after the exposure

and may persist for over 1 year following the cessation of exposure. Other
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skln problems whlch have been reported 1nclude hyperp1gmentat1on, h1rsut1sm,

lncreased skln fraglllty and ves1cobullar erupt10ns on exposed areas of the

sk1n.

Most cases of chloracne have been reported for 1ndustrlal workers.

Bauer et al. (19&1) reported that 31 rases of chloracne occurred wHhln a

few months after a factory manufactur1ng 2,4,5-T near Hamburg, Germany,

lnstltuted a change 1n lts lndustr1al process. On th1s occas10n, the 1nves­

tigators were able to show that the chloracne was not caused by purHied

2,4,5-T, but that it was attr1butable to 2,3,7,8-TCOO wh1ch was a contam1­

nant 1n the techn\cal grade 2,4,5-T. A sim11ar outbreak of chloracne

affected 60 workers at a 2,4,5-T plant \n M1ch1gan in 1964 (F\restone, 1977).

In addit10n to chloracne, some· occupational exposures to 2,3,7,8-TCOO

have provlded ev1dence for 11ver damage and for neurolog1cal effects.

Hyperl\pemia and hypercholesterolemia were reported (\n addH10n to chlor­

acne) for 17 workers at a plant produc1ng tr1chlorophenol \n France (Ougo1s

and Colomb, 1956, 1957; Oug01s et al., 1958). Among 29 subjects who exh1b­

ited chloracne after work\ng \n a plant wh1ch produced 2,4-0 and 2,4,5-T 1n

Newark, New Jersey, 11 had increased excretion of uroporphyr1ns. Three of

these were diagnosed as porphyria cutanea tarda, and two of these also

exh\bHed elevated serum glutam1c-oxalaceUc transaminase levels (Ble1berg

et al., 1964; F1restone, 1977).

Pazderova-Vej lupkova et al. (1981) reported that 80 workers developed

chloracne, nausea, fat1gue and weakness \n the lower extrem1t\es wh11e

engaged 1n the product10n of 2,4,5-sod1um tr\chlorophenoxyacetate and

trlchlorophenoxyacetate butyl ester \n a plant located .in Prague, Czechoslo­

vakia. Prom1nent clin1cal symptoms among 55 of the 80 workers \ncluded

hypercholesterolem1a, hyperl1pemia and hyperphospho11pem1a, 1ncreased plasma
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a lpha and galmla globu11ns. and decreased plasma a lbum1 n. Porphyr 1a cutanea

tarda was observed 1n 11 of the 55 workers tested. In some cases. 1l1ness

subs1ded wh11e other cases became more severe dur1ng a 3 to 4-year follow-up

per1od. Long-term patho1og1ca1 symptoms (rema1n1ng ev1dent 5 years after

exposure) 1nc1ude dev1aUons 1n l1p1d metabo11sm. abnormal glucose toler­

ance. and h1gh ur1nary excreUon of uroporphyr1ns. Polyneuropathy. usually

of the lower extremH1es. occurred dur1ng the per10d of 111ness and the

symptoms rema1ned after 4 years. S1nger et al. (1982) also 1nd1cated a

decrease 1n nerve conducUon velocH1es of sural nerves 1n workers exposed

to phenoxy ac1d herb1c1des (average exposure. 7 years) when compared to a

s1mllar group of non-exposed workers (40.3 m/sec 1n exposed vs. 42.8 m/sec

1n non-exposed. p:0.02). Although the causat1ve agent was not known. d1ox1n

contam1nants are suggested.

Poland et a1. (1971) re-exam1ned all of the employees of the Newark

factory in 1969, after the level of 2.3.7,8-TCDD 1n the tr1ch10ropheno1 had

been reduced from 10-25 mg/kg to <1 mg/kg. Chloracne was st111 found 1n 13

of 73 workers. A number of employees exh1b1ted hyperp1gmentat10n or facial

hypertr1chos1s. No def1nHe diagnoses of porphyr1a were made, and only one

worker had a mlld case of uroporphyr1nuria. The authors suggested that

chloracne and porphyria cutanea tarda are essentially 1ndependent syndromes.

In the Newark workers. Poland et a1. (1971) noted that serum cholesterol

was elevated in 10% of the cases and serum 1act1c dehydrogenase was elevated

in 29% of the cases. Seven persons (10% of the workers) had a whHe blood

cell count of <5000/mm3 • In addHion. -30% of the workers reported suf­

fer1ng from gastro1ntest1nal symptoms (nausea, vomiting·. d1arrhea. abdominal

pains. blood 1n the stools); -10% of the workers had other symptoms, such as

weakness of the lower extrem1t1es, headaches and decreased aud1tory acuity.
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Some hypomanla was observed, wHh the degree of hypomanla (as measured on

the Mlnnesota Multlphaslc PersonalHy Inventory Hypomanlc Scale) showlng an

assoclatlon wlth the severlty of chloracne.

Among the workers exposed ln Hamburg, many also showed cllnlcal slgns of

systemlc toxlcHy, malnly muscular weakness, loss of appetHe and welght,

sleep disturbances, orthostatlc hypotenslon, abdomlnal paln and llver

lmpalrment. Most of the workers presented psychopathologlcal changes that

were lnterpreted to be a specHlc syndrome (Bauer et al., 1961; Klmmlg and

Schulz, 1957; Schulz, 1957).

Teleglna and Blkbulatova (1970) reported that the production of 2,4,5-T

in the USSR began in 1964. At a specHlc site, 128 workers showed skin

lesions, and among 83 examlned, 69 had chloracne. Many, especlally those

wHh severe skin lesions, also presented evidence of liver impalrment. In

addltion, 18 workers had a neurasthenic syndrome.

Similar findings were descrlbed by Jirasek et a1. (1973, 1974). who

reported 76 cases of chloracne followlng exposure to 2,3,7,8-TCOO between

1965 and 1968 in a plant ln Czechoslovakia whlch produced 2,4,5-T and penta­

chlorophenol. Fifty-five of these cases were followed medically for over 5

years; some had symptoms of porphyrla cutanea ta~da, uroporphyrlnuria,

abnormal liver tests (elevated billrubin levels, ~ncreased SGOT or SGPT

activHles, and elevated bromsulphthaleln clearance times) and liver

enlargement. The majorHy of the pat ients also suffered from neurasthenia

and a depressive syndrome. In 17 persons, signs of a peripheral neuropathy,

especially ln the lower extremHies, were confirmed by electromyographlc

examlnations. More than half of the patients showed ralsed blood levels of

cholesterol and total llpids.
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Three scientists were poisoned in the course of an experimental prepara­

tion of 2,3,7,8-TCOO made by heating potassium tr\chlorophenate (Oliver,

1975). Two scientists developed typical chloracne 6 and 8 weeks after the

exposure. Delayed symptoms, possibly due to 2,3,7,8-TCOO, developed -2

years after the initial exposure in two of the scientists. These symptoms

were personality changes, including loss of energy and drive, impairment of

vision, taste and muscular coordination, disturbance of sleep, gastrointes­

t\nal s~ptoms and hirsutism. Hypercholesterolem\a (in excess of 300 mg/100

mi) occurred \n all three patients.

In November 1953, an accident occurred at a factory in Ludw\gshafen,

Federal Republ\c of Germany, during the manufacture of tr\chlorophenol

(Goldman, 1972; Hofmann, 1957). As a consequence, 53 workers were affected

by chloracne, 42 in a severe form. The son of one of the workers developed

chloracne following contact with his father's clothes. Twenty-one of the 42

workers with severe chloracne showed signs of damage to internal organs or

disturbances of the nervous system. The most relevant features were poly­

neuritis, sensory impairment and liver damage.

In a follow-up study of these workers, Theiss and Goldmann (1977) re­

ported that of the 53 workers exposed to 2,3,7,8-TCOO in the 1953 accident,

22 were still working at the factory, 16 had retired and 15 had died (6

while still employed at the factory and 9 while in retirement). Of the 22

workers still employed, 2 still had acne of the face and scrotum, 1 had

paralysis of the left leg and 1 had permanent loss of hearing. The remain­

ing workers were well, except for scars left by the chloracne. Of the 15

deaths, 7 were from cardiovascular disease, 2 of which were myocardial

infarcts, 1 due to mitral stenosis, 4 from cancer, 2 from suicide, 1 from

necrotic pancreatitis and 1 from esophageal hemorrhage. The 16 men who had
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ret ired and were st 111 a1lve were well. No abortions or mlscarriages were

reported in the wives of exposed workers stl11 employed at the factory.

2,3,7,8-TCOO has also been identHled as the cause of an outbreak of

poisoning in humans, horses and other animals in 1971 (Carter et al., 1915;

Kimbrough et a1., 1971). Exposure was related to the spraylng of waste oil

contaminated with 2,3,7,8-TCOO on rlding arenas for dust control. The most

severe effects occurred in a 6-year-01d girl who played in the arena soil.

Her symptoms included headache, noseb1eeding, diarrhea, lethargy, hemorrhag­

ic cystitis and focal pye10nephrHis. Three other children and one adult

who were frequently in the arena comp1alned of skin lesions. In two of the

children, the described lesions were similar to chloracne.

Exposure to 2,3,1,8-TCOO and other dioxins occurring as contaminants in

Agent Orange have been associated with many health effects reported in

veterans and residents of Vietnam. Symptoms include numbness of extremi­

ties, skin rashes and irritation, liver dysfunction, weakness, loss of sex

drlve, and psychological changes (Holden, 1919).

The toxic effects attributed to 2,3,1,8-TCOO exposure were studied over

a 10-month period in a group of 78 Vietnam veterans who claimed to have been

exposed to Agent Orange (Bogen, 1979). Symptoms reported by the veterans

included gastrointestinal complaints (anorexia, nausea, diarrhea, const1pa­

tion, abdominal pain), joint pain and stiffness, and neurological complaints

(numbness, dizziness, headaches, depression and bouts of violent rage). It

is mentioned that these patients had previously been chronically ill and had

frequent infections and allergies. This study was apparently based on

personal evaluations of health in a survey-type format. No control group

was used for comparison and no clinical or medical evaluations of health

were made. Most of these complaints were non-specific, judgmental and occur

commonly in the general public.
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In an effort to evaluate the toxic effects attributed to 2.3.7.8-TCOO as

a contaminant of Agent Orange. Stevens (1981) established a minimum toxic

dose of 2.3.7.8-TCOO and determined the amount of this contaminant to which

veterans may have been exposed during Agent Orange spraying. Based on stud­

ies in which rhesus monkeys were fed small amounts of dietary 2.3.7,8-TCOO

and analogy wHh human data on the minimum toxic dose of 2,3.7.8-tetra­

chlorodibenzo-Q-furan (TCOF), the cumulaUve minimum toxic dose of 2,3.7,8­

TCOO in man was calculated to be 0.1 }.Ig/kg. Based on applicaUon rates

(4.1 g Agent Orange/m2 ) and 2.3.7,8-TCOO concentration in the herbicide

(2 ppm), the average concentration of TCOO on sprayed surfaces of Vietnam

was -8 }.Ig/m2 • Based on a comparison of the development of toxic systems

in humans exposed to 2.3,7.8-TCOO in the Seveso accident and a child exposed

in an Eastern Missouri horse arena. the measured environmental levels of

2.3.7,8-TCOO, and estimates of the absorbed dose necessary to produce these

symptoms, the author calculated an average intake transfer factor (ratio of

absorbed compound to environmentally available compound) of 1:2050 for

2.3.7,8-TCOO. Assuming this absorpUon-to-exposure raUo and even assuming

that a soldier was directly sprayed (exposed to 8 }.Ig/m2 ) for each day of

his 1 year service in Vietnam. his cumulative intake would be only 1.4 }.Ig

or 0.02 }.Ig/kg of 2.3.7.8-TCOO. Based on these calculations, Stevens

(1981) reports that 5 years of direct daily contact with Agent Orange would

be necessary to reach a toxic level of 2.3.7.8-TCOO and feels that claims of

illness caused by 2.3.7.8-TCOO in Agent Orange are without merit. Exception

is made. however, for certain workers (forest industries) who could be

exposed to 2.4.5-T and 2,3.7,8-TCOO for many years.
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Synergism and/or Antagonism

2.3.7.8-TCOO elicHs diverse toxic and biologic effects and therefore

can be expected to alter the acUvHies of other chemicals. For example.

many compounds. including 2.3.7.8-TCOO. which induce drug-metabolizing

enzymes or act as cancer promoters. can greatly influence the acUvHy of

other carc1nogens and toxins. This type of interacUon can result in non­

addH1ve effects which could be called synergism or antagonism. However.

when the mechanism of action of the interacting chemical is different (such

as initiators and promoters of carcinogenesis). the interaction effects

should be called modulaUon. Thus a cancer promoter modulates the effects

of a carcinogen. An example of a synergistic or antagonisUc effect would

occur when two chemicals that elicH the same toxic effect are coadminis­

tered and the resultant magnitude of the toxic response is non-additive. It

is clear that 2.3.7.8-1COO interacts with chemicals via modulation and

synergism/ antagonism as indicated below.

Results from several cocarcinogenicity studies appear to give only

limited support to the modulat\ng effect of 2.3.7.8-1COO. The OBA/2N mouse

strain. which responds only weakly to the sarcomatogenic action of MC.

becomes suscepUble after treatment wHh 2.3.7.8-TCOO (Kouri. 1976; Kouri

and Nebert. 1977). As an extension of this. study. Kouri et al. (1978)

demonstrated in two inbred strains of mice. C57BlI6Cum and OBAI2Cum. that

administration of 2.3.7.8-TCOO simultaneously with MC appears to enhance the

carclnogenic response. The authors concluded that their results suggest

that 2.3.7.8-1COO acts as a cocarcinogen. possibly as an inducer of AHH at

the sHe of inoculaUon. In contrast. when mice were painted wHh 1 lJg

2.3.7.8-TCOO prior to 7.12-dimethylbenz(a)anthracene (OMBA) inHiaUon and

12-0-tetradecanoylphorbol-13-acetate (TPA) promotion. tumor formation was
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lnhlblted (Berry et al •• 1979). 1he greatest degree of lnhlbltlon (94%) was

seen when the 2.3.7.8-1COO was applled 5 days prlor to lnHlatlon by OHBA;

when pretreatment was at 3 days and 1 day. the lnhlbHlon was 86 and 3%.

respectlvely.

2.3.7.8-1COO dld not promote the carclnogenlclty of OMBA ln a two-stage

skln tumorlgenesls assay wlth COl female mlce (Berry et al .• 1979).

2.3.7.8-1COO was applied twlce weekly for 30 weeks at 0.1 ~g ln acetone to

both OM§A treated and untreated control rats. No papl110mas were observed

\n eHher group.

1he recent results from the NCI carclnogenesls testlng program (U.S.

OHHS. 1980a) lndicate that in female Swlss-Webster mlce the incidence of

fibrosarcoma in the integumentary system is higher when 2.3.7.8-1COO is

applied alone or following OMBA application than ln the control. 1he lncl­

dence between the two experlmental groups is comparable. 1hls report has

been discussed in detail in the carcinogenicity sectlon of this document.

In order to test the potentlal of 2.3.7.8-1COO as a promoter of hepato­

carcinogenesls. rats which had received a single 10 mg/kg dose of diethyl­

nitrosamine (DEN) follow\ng partlal hepatectomy were glven 2.3.7.8-1COO

(0.14 and 1.4 }Jg/kg s.c. once every 2 weeks) for 7 months. Animals which

received (a) only a single lnitlating dose of DEN after partial hepatectomy

and no further treatment. or (b) 2.3.7.8-1COO alone with no initiatlng dose

of DEN exhibHed relatively few enzyme-altered foci and no hepatocellular

carclnomas. However. animals initlated wlth DEN and then glven 2.3.7.8-1COO

had a marked lncrease in enzyme-altered foci. At the hlgher dose of

2.3.7.8-1COO. hepatocellular carcinomas were present \n 5 of 7 rats. By

means of three dlfferent enzyme markers used to evaluate the phenotypes of

the enzyme-altered foci. a distinct phenotype heterogenelty of the focl was
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noted with a shift towards phenotypes exhlblUng a greater devlaUon from

normal l1ver when 2.3.7.8-TCOO was glven followlng OEN-parUal hepatectomy.

Quantltation of the numbers of enzyme-altered focl was performed by relatlng

measurements made from two-dlmensional tissue sections to the number of focl

per unit volume of l1ver uslng relaUonships establlshed ln the field of

stereology. The total volume of the liver occupied by the enzyme-altered

foci. but not their number. increased wlth the dose of 2.3.7.8-TCOO adminls­

tered following DEN-partial hepatectomy. These studies demonstrate that

2.3.7.8-TCOO is a potent promoting agent for hepatocarclnogenesis (Pltot et

al .• 1980).

DiGiovanni et al. (1979) noted an inhlbitory effect of 2.3.7.8-TCOO on

mice lnitiated wHh benzo(a)pyrene [B(a)P] and promoted with TPA. Again.

the greatest inhlbitlon of skin tumor formatlon (65%) was seen when 2.3.7.8­

TCOO was applied 5 days prlor to B(a)P lnitlaUon. InhibHlon was 57 and

13% at 3 and 1 days pretreatment. respecUvely. 01Glovanni et al. (1979)

and Berry et al. (1979) suggested that this anUcarcinogenic effect was

related to the abnHy of 2.3.7.8-TCOO to induce monooxygenase systems of

the skin.

2.3.7.8-TCOD pretreatment has been observed to modify the effects of

barbHuates and other xenobloUcs (Greig. 1972). Adult male Porten rats

were given a slngle oral dose of 200 ~g 2.3.7.8-TCOO/kg bw 1-3 days

preceding treatment with 100 mg/kg zoxazolamine hydrochlorlde or 150 mg/kg

hexabarbitone sodlum. 2.3.7.8-TCOO pretreatment resulted in a 54% decrease

in the duration of the paralysis induced by zoxazolamlne and a 2-fold

increase In the sleeping time produced by hexabarbitone.·
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1he synergistic or antagonlstlc effects of chemlcal comblnaUons have

not been well documented. A recent report compares the llMlunotoxlcity of

2,3,7,8-1COO. 2,3.7,8-1COF, and 2,3,7.8-1COF plus 2.3,7.8-1COO (coadmlnls­

tered) (Rlzzardlnl et a1., 1983). Seven days after admlnlstration of 1.2

}.Ig/kg of 2,3.7,8-1COO to C57B1I6J mice. sheep red blood cells were inject­

ed by l.p. admlnlstration and plaque-forming cells (PFC) in the spleen were

counted 5 days later. 2.3.7.8-1COO inhlbited antibody production by 80%.

In a parallel study. a -close of 2,3.7.8-TCOF was administered (10 }.Ig/kg)

and no slgniflcant lmmunotoxic effects were observed. Coadmlnlstration of

2.3,7.8-TCOO (1.2 }.Ig/kg) plus 2.3.7.8-TCOF (10 }.Ig/kg) resulted ln 50%

reduction in antibody production and demonstrates a signiflcant antagonistic

effect by 2.3.7.8-TCOF. Coadministration of these two isostereomers result­

ed ln antagonlstic effects with respect to the induction of hepatic micro­

somal cytochrome P-450 and 7-ethoxycoumarin O-deethylase. Sweeney et al.

(1979) found that iron deflciency protected mlce agalnst the development of

hepatocellular damage (includlng porphyria) normally caused by 2.3,7.8-TCOO

exposure. In contrast, the teratogenic and fetoxic data reported by Neubert

and Oillmann (1972) and Courtney and coworkers (see Teratogen'city section)

suggests that coadministration of phenoxy herbicides and 2,3,7.8-TCOO may

also result in synergistic effects.

Tera togeni c ity

Courtney et al. (1970a.b) were the first to report that 2,4.5-T was

capable of causing teratogenic effects in rats and mice. In these studies.

rats and two strains of mice were exposed s.c. or orally to 2.4.5-T contain­

ing 30 ppm 2.3.7,8-TCOO. 1he mixture was teratogenic and fetotoxic to mice

at ~46.4 mg/kg. Rats were more sensitive. exhibiting fetotoxic responses at

10 mg/kg for this 2.4.5-TI2.3.7.8-TCOO mixture. Since thls lnitial report.
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research has focused on determ'n'ng the role of 2.3.7.8-TCOO contam'naUon

'n enciUng the teratogen'c response. These stud'es are summarhed 'n

Table 9.

Neubert and O'llmann (1972) conducted a deta'led study to determine the

s'gnificance of 2.3.7.8-TCOO contam'nat'on. These 'nvest'gators assayed

three 2.4.5-T samples: a h'ghly pur'f'ed sample conta'ning <0.02 ppm

2.3.7.8-TCOO (referred to as Sample A), a purHied sample 'denUcal to that

used by Roll (1971) that conta'ned 0.05.:!:.0.02 ppm 2.3.7 ,8-TCOO (Sample B).

and a commerc'al sample conta'ning an undeterm'ned quantity of 2.3,7.8-TCOO

(Sample C). All three samples 'nduced cleft palates 'n NMRI m'ce at suffi-

ciently high doses. In terms of the number of fetuses w'th cleft palate/the

total number of fetuses. the dose/response pattern observed by Neubert and

Onlmann (1972) was simnar to that observed by Roll (1971) us'ng a s'mnar

grade of 2,4.5-1. In addition to the three 2,4.5-T samples, Neubert and

Oillmann (1972) also assayed a sample of 2,3,7.8-TCDO alone and 'n var'ous

combinat'ons w'th the h'ghly purif'ed sample of 2.4.5-T. This approach

allows at least parUal quantHication of the s'gnlf'cance of 2,3,7,8-TCOO

contamination in 2.4.5-T-induced cleft palates. When the l'tter is used as

the basic experimental unit. the incidences of cleft palate (number of

litters with cleft palate/total numbers of litters) versus the dose can be

plot ted on log dose/probit response paper. correcU ng for central response

using Abbott's equation. According to this method, the E0
50

(by eye-fit)

for cleft palate induction are:

2,3.7.8-TCOO:
2.4.5-T (Sample A):
2.4,5-T (Sample B):
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TABLE 9

Stud1es on the Potent1al TeratogenIc Effects of 2,3,7,8-TCOO-Contam1nated 2,4,5-T

Form of Treat- Obser-
Spec1es/Stra1n Veh1cle 2,4,5-T TCOO level Oa11y Dose ment vat10n Maternal Response Fetal Response Reference

Days Day

M1ce/NMRI Rape-seed 011 ac1d <0.02 ppm 8, 15, 30, 45, 6-15 18 No tox1c effects; S1gn1f1cant 1ncreases 1n the Neubert and
(Sample A) 60, 90 decreased maternal 1nc1dence of cleft palates OHlmann, 1972

and 120 mg/kg we1ght at doses of at doses above 30 mg/kg
90 mg/kg and (see text for add1t'onal
greater deta1ls) . S1gnH 'cant ly

decreased (p<0.005) fetal
we1ght at all dose levels.

M'ce/NMRI Rape-seed 011 ac'd 0.05!0.02 ppm 30, 60 and 6-15 18 No tox1c effects; Increases 'n the 1nc1dence Same as above
90 mg/kg decreased maternal of cleft palate at 60 and 90

(Sample 0) we1ght at 90 mg/kg mg/kg; s1gn1f1cantly decreased
(p<0.005) fetal we1ght at all
dose levels

n M1ce/NMRI Rape-seed 011 ac1d NR 90 mg/kg 6-15 18 No tox1c effects Increase 1n the 1nc1dence Same as aboveI
-..I (Sample C) but decreased of cleft palate; slgn1f1cant
~ maternal we1ght (p<0.005) decrease 'n fetal

weIght

M1ce/NMRI Rape-seed 011 butyl NR 12 and 17 6-15 1B No tox1c effects S1gn1f1cant decrease 1n Same as above
ester mg/kg fetal we1ght but no effect

on morta11ty; 1ncrease 1n
the frequency of cleft
palate s1m11ar to that seen
w1th ac1d (see text)

M1ce/NMRI NR ac1d 0.05!0.02 ppm 20, 35, 60, 6-15 NR Tox'c effects Increases 1n the percentage Roll, 1971
90 and 130 observed at 90 of resorpt10ns and/or dead
mg/kg and 130 mg/kg fetuses at 90 and 130 mg/kg;

1ncreases 1n the 'nc'dence
of cleft palate and retarda-
t10n of skeletal development
at 35 mg/kg and above

M1ce/CO-l Corn 011 :acetone add <0.05 ppm 115 mg/kg 10-15 18 No s1gnH'cant No effect on fetal morta11ty Courtney, 1977
(9: 1) effect on we1ght or fetal we'ght but an 1n-

ga1n or 11ver-to- crease 1n the 1nc1dence of
body we1ght rat,os cleft palate



TABLE 9 (cont.)

Form of Treat- Obser-
Spec1es/Stra1n Veh1c1e 2,4,5-T TCDD Level Dally Dose ment vat10n Maternal Response Fetal Response Reference

Days Day

M1ce/C57BL/6 Honey:water ac1d 30 ppm 46.4 and 113 6-14 lB NR S1gn1f1cant (p<O.Ol) 1n- Courtney
(1:1) mg/kg creases 1n the 1nc1dence of et al., 1970a,b

cleft palate 1n the h1gh dose
group and cystIc k1dney In
both dose groups; Increased
fetal morta11ty also observed
1n the h1gh dose group

M1ce/AKR Honey:water add 30 ppm 113 mg/kg 6-15 19 Increase 1n 11ver- S1gnlf1cant (p<0.05) 1n- Same as above
(1: 1) to-body we1ght creases 1n the 1nc1dence of

rat10 cleft palate and fetal
mortality

Rat/Sprague- Gavage/hydroxy- add 0.5 ppm 1,3,6,12 6-15 20 No effect on body A s11ght but stat1st1ca11y Emerson et al.,
Dawley (groups propy1-methy1- or 24 mg/kgl we1ght and no s1gn1flcant (p<0.05) 1970, 1971
of 25 rats) ce11u10se day observable s1gns decrease 1n 1mp1antat10ns Th1s appears to

('") of tox1clty and 11tter s1ze 1n lowest be a full pub-
I
-..I dose group only; no frank 11cat10n of the
U'l teratogen1c effects based abstract

on a deta11ed e~am1nat10n sunmary by
of the control and 24 mg/kg Thompson et
dose group; the only effect a1., 1971
noted was an 1ncrease 1n
the 1nc1dence of 5th par-
t1a11y oss1f1ed sternebrae

RatlW1star Gavage/aqueous add <0.5 mg/kg 25, 50, 100 6-15 22 Some maternal mor- At 100 or 150 mg/kg de- Khera and
gelatIn or corn or 150 mg/kgl ta1lty and de- creased fetal we1ght, 1n- McK1n1ey, 1972;
011 day creased body we1ght creased fetal morta11ty and Khera et a1. ,

ga1n at 150 mg/kg; an 1ncrease 1n the 1nc1dence 1971
no s1gns of tox1c- of skeletal anoma11es; no
By at 100 mg/kg s1gn1f1cant effect at the
or below two lower dose levels

RatlW1star Gavage/aqueous butyl <0.5 mg/kg 50 or 150 6-15 22 NR No s1gn1f1cant effect on Khera and
ge1a Un or corn ester mg/kg/day fetal morta11ty, fetal McK1n1ey, 1971;
011 we1ght, or the 1nc1dence Khera et a1. ,

of anomal1es 1971



TABLE 9 (conL)

Form of Treat- Obser-
Specles/Straln Vehlcle 2.4.5-T TCDD Level Dally Dose ment va t10n Maternal Response Fetal Response Reference

Days Day

Rat/Holtzman Gavage/l:l solu- acld 30 ppm 4.6. 10.0 and 10-15 20 NR Slgnlflcant (p<O.Ol) In- Courtney
tlon of honey and 46.4 m!)/kg/day creases In fetal mortallty et al.. 1970a.b
water at the two hlgher dose

levels; dose related In-
creases In the percent of
abnormal fetuses per lItter;
a hlgh lncldence of cystlc
kldneys ln treated groups

Rat/CO Gavage/15" acld 0.5 ppm 10.0. 21.5. 6-15 20 Reduced maternal Increase ln the lncldence of Courtney and
sucrose solut1on 46.4 and 80.0 weIght galn at the ktdney anomalIes. but no Moore. 1971

mg/kg/day two hlgher dose Increase ln cleft palate
1eve1s (p<O. 05)
and lncreased
ltver-to-body
weIght ratl0 at

n the hlghest dose
I level (p<0.05)
-.J
C7'

Gavage/me thoce1 acld 0.5 ppm 50 mg/kg 6-15 NS No effect on mor- No slgnlflcant effect onRat/StraIn Sparschu
not speclfled ta 1tty or body fetal mortalIty or fetal et al.. 1971a

welght gaIn weIght; a slgnlflcant
(p<0.05) lncrease ln the
lncldence of delayed
ossHlcat1on

Rat/Straln Gavage/methocel acld 0.5 ppm 100 mg/kg 6-10 NS Increased mor- Increase In the lncldence Same as abo""
not speclfled taltty and of delayed osslflcatlon and

decreased body poorly osslfled or mal-
welght gaIn allgned sternabrae (p<0.05)

SyrIan hamster/ Gavage/acetone. acld <0.1-4.5 ppm 20. 40. 80 6-10 14 NS Dose-related lncreases In CollIns et a1. •
Mesocrlcetus corn 011 and car- and 100 mg/kg fetal mortallty. gastro- 1971
euratus boxymethyl cellu- IntestInal hemorrhages and

lose ln ratl0 of fetal abnormal1tles; see
1:5.8:10 text for dlscusslon of effect

of TCDD level on development

NS Not specIfIed; NR = not reported



If the assumption were made that all teratogenic activity in the 2,4,S-T

samples were attributable to 2,3,7,8-TCOO contamination, the expected [OSO

for Samples A and B would be 230,000 mg/kg (0.0046 mg/kg x 0.02 ppm-~) and

92,000 mg/kg (0.0046 mg/kg x O.OS ppm-~). respectively. Since the

observed [050 was lower by a factor of over 1000, 2,3,7,8-TCOO appears not

to be the sole factor in 2,4,S-T-induced cleft palate.

The nature of possible interactlon between 2,4,5-T and 2,3,7,8-TCOO is

more difficult to define. Based on assays of five mixtures of 2,3,7,8-TCOO

and the highly purified 2,4,5-T, Neubert and Oillmann (1972) noted a greater

than additive effect on the induction of cleft palates. A simllar conclu-

sion can be reached if one assumes that Sample A was a "totally pure" sample

of 2,4,5-T. According to the assumption simple simllar action (Finney,

1971) and by treating Sample B as a mixture of 2,3,7,8-TCOO and 2,4,5-T, the

expected E0
50

for Sample B would be 119.8 mg/kg. The observed value of 46

mg/kg again suggests a greater than additive effect. A more detailed

statistical analysis of these data, however, would be required to support

the assumptions of simple similar action or independent joint action that

are implicit in these analyses. Furthermore, the inability to define

precisely the levels of 2,3,7,8-TCOO in the 2,4,5-T samples and the possible

•significance of other contaminants would preclude an unequivocal interpreta-

tion of the results of the analysis.

Nevertheless, three of the studies summarized in Table 6 (Neubert and

Oillmann, 1972; Roll, 1971; Courtney, 1977) have demonstrated the induction

of cleft palate in mice by using 2,4,5-T samples containing 2,3,7,8-TCOO

levels of 0.05~O.02 ppm or less. Although 2,3,7,8-TCOO· contamination is un­

doubtedly a factor in the teratogenic activity of 2,3,7,8-TCOO contaminated

2,4,5-T, the above analysis suggests that 2,3,7,8-TCOD contamination is not
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the sole factor. and that some teratogen1c acUvHy must be attr1buted to

2.4.5-T 1tself or other contam1nants 1n 2.4.5-T.

Effects on reproduct1ve success and fert111ty have also been stud1ed 1n

four groups of C57BL/6 male m1ce (25 an1mals/group) follow1ng oral 1ngest10n

of mhtures of 2.4-0. 2.4.5-T and 2.3.7.8-TCOO. Oany doses of -40 mg/kg

2,4-0. 40 mg/kg 2.4.5-T and 2.4 }Jg/kg 2.3.7.8-TCOO 1n Group II; 20 mg/kg

2.4-0, 20 mg/kg 2.4.5-T and 1.2 }Jg/kg 2.3.7.8-TCOO 1n Group III; and 40

mg/kg 2.4-0. 40 mg/kg 2.4,5-T and 0.16 }Jg/kg 2.3.7.8-TCOO 1n Group IV

an1mals were g1ven. Veh1cle control an1mals 1n Group I had corn on added
~

to the feed. At the conclus10n of an 8-week dos1ng perlod. treated anlmals

were mated to untreated v1rg1n females. No slgn1flcant decrease 1n fertl1­

Hy. reproducUon and germ cell tox1cHy were noted. Surv1val of offsprlng

and the development of the newborns apparently were not affected (Lamb et

al .• 1980).

Courtney and Moore (1971) tested a purHled sample of 2.3.7.8-TCOO for

tera togen 1c potenU a 1. A summary of thi s study and others as sess 1ng the

teratogenic potenUal of purHied 2.3.7.8-TCOO are presented in Table 10.

CO-1. DBA/2J and C57Bl/6J mice were g1ven s.c. injectlons of 2.3.7.8-TCOO at

1 or 3 }Jg/kg/day on days 6-15 of ges ta t i on in the study by Cour tney and

Moore (1971). Thls dose regime d1d not result 1n maternal toxlc1ty.

although an 1ncrease in the maternal llver/bw raUo was observed 1n DBAI2J

and C57B1/6J m1ce. 2,3,7.8-TCOO had no measurable effect on fetal morta1-

Hy; however. anatom1ca1 abnormalHies were observed 1n all strains and at

all dose levels. with C57B1/6J be1ng the most sensit1ve strain. The abnor-

ma11ties observed were cleft palate and unspec1f1ed k1dney anomalies.
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TABLE 10

Studles on the Potentlal Teratogenlc Effect of 2,3,1,B-TCOO

Species/Straln Vehlcle Dally Dose Treatment Days Observatlon Maternal Response Fetal Response Reference
Day

Mouse/C51B1I6 OMSO or 21.5, 46.4, 6-14 or 9-11 19a lncreased 11ver/body fetocldal, cleft Courtney et a1.,
Mouse/AKR honey:water 113.0 mg/kg welght ratl0 palate, cystlc kldney 1910b

(l: 1)

Mouse/CO-l OMSO 0.5, 1, 3 lIg/kg 6-15 11a or lB lncreased 11ver/body cleft palate, kldney Courtney and Moore,
Mouse/OBAI2J welght rat 10 anomalles 1911
Mouse/C51Bl/6J

MouselC51Bl/6 Acetone: 1, 3 lIg/kg 10-13 or 10 lBa none reported cleft palate, kidney Moore et a1., 1913
corn 011 anomal1es
(1 :9)

MouselCD-l OMSO or 25, 50, 100, 1-16 18b lncreased llverl cleft palate, hydro- Cour tney, 1916
corn 011 200, 400 lIg1kg body welght ratl0 nephrotlc kldneys,

hydrocephalus, open
n eyes, edema, petechlae
I

-..J
lBau:> Mouse/CF-l corn 011: 0.001, 0.01, 6-15 none reported cleft palate, dllated Smlth et al., 1916

acetone 0.1,1.0, renal pelvls
(98:2) 3.0 1I9/kg

Mouse/NMRI rape-seed 0.3, 3.0, 4.5, 6-15 18 no effect observed fetocidal at the high Neubert and Dl11mann,
011 9.0 1I9/kg dose, cleft palate at 1912

doses at or above
5 lIg/kg

Rat/CD DMSD 0, 0.5, 6-15, 9 and 10, 20a none reported kidney malformations Courtney and Moore,
2.0 lIg/kg or 13 and 14 at both dose levels 1911

Rat/Sprague- corn 0111 0, 0.03, 6-15 20a vaglnal hemorrhage at lntestlnal hemorrhage Sparschu et a1. ,
DaWley acetone O. 125, O. 5, 2.0 2.0 and 8.0 lIg/kg at 0.125 and 0.5 lIg/kg, 1911b

and 8.0 lIg/kg fetal death at hlgher
doses, subcutaneous
edema

Rat/Wlstar corn 0111 0.0, 0.125, 6-15 22 maternal toxlclty ob- lncreased fetal death Khera and Ruddick,
anls01e 0.25, 1, 2, 4, served at or above observed at or above 1913

8, 16 lIg/kg 1 lIg/kg 1 lIg/kg, subcutaneous
edema and hemorrhages
ln the 0.25-2 lIg/kg
groups



TABLE 10 (cont.)

Specles/Straln VehIcle Dally Dose Treatment Days ObservaUon
Day

Rat/Sprague- corn 0111 0.1, 0.5, 1-3 21
Dawley acetone 2.0 \lg/kg

(9: 1)

Rat/Sprague- dIet 0.001, 0.01 throughout post-
Dawley and 0.1 \lg/kgC ges taU on par tur H Ion

Maternal Response

decrease In body
weIght gaIn In the
hIgh dose group

low fertIlIty at 0.01
and 0.1 1l9/kg decreased
body weIght at 0.01
and 0.1 1l9/kg dIlated
renal pelvIs

Fetal Response

decreased fetal weIght
In the 0.5 and 2 Ilg/kg
group

low survIval at 0.01
and 0.1 \lg/kg, de­
creased body weIght at
0.01, slIght dIlated
renal pelvIs at 0.001
Ilg/kg In the fl but not
succeedIng generatIons

Reference

Glavlnl et a1., 1982a

Murray et a1., 1979

RabbHI
New Zealand

corn 0111
acetone
(9: 1 )

0.0, 0.1, 0.25, 6-15
0.5 and 1 Ilg/kg

28 maternal toxIcIty at
doses of 0.25 1l9/kg
and above

Increases In extra
rIbs and total soft
Ussue anomalIes

Glavlnl et a1., 1982b

~ aFlrst day of gestatIon desIgnated day zero
I

gg bFlrst day of gestatIon desIgnated day one

cThe hIgh dose level (0.1 \lg/kg/day) was dIscontInued due to very low fertIlIty In adults



Moore et al. (1973) treated pregnant C5781/6 mice with an oral dose of

2,3,7,8-TCOO at 1 or 3 pg/kg/day on days 10-13 of gestation, or 1 pg/kg

on day 10 of gestation. At the high dose level, the average incidence of

cleft palate was 55.4%. Kidney anomalies (hydronephrosis) were observed on

an average of 95.1% of the fetuses/1 i tter, with 83.1% havi ng bi latera 1

kidney anomalies. When the dose was decreased to 1 pg/kg/day, the average

incidence of cleft palate dropped to 1.9%; however. the incidence of kidney

anomalies remained relatively high. with an average incidence of 58.9%. On

the average. bilateral kidney anomalies occurred in 36.3% of the fetuses/

litter. A single dose of 1 pg/kg on day 10 of gestation produced kidney

anomalies in 34.3% of the fetuses; however. no cleft palates were observed.

When C5781/6 mice were treated with 1 pg/kg on day 10 of gestation and

were then allowed to litter. the detection of kidney lesions on postnatal

day 14 was found to depend largely on whether the pups nursed on a

2.3.7,8-TCOO-treated mother. When pups from a 2.3.7,8-TCOO-treated mother

nursed on control mice, kidney anomalies were found in only 1/14 litters.

In contras t. when pups from control mothers nursed on 2.3,7.8-TCOO-treated

mice. kidney anomalies were observed in 4/14 litters. In the pups exposed

to 2.3.7.8-TCOO both In utero and during the postnatal period. kidney

anomalies were observed in 517 litters. Kidney anomalies observed following

In utero exposure or exposure through the mi lk were simi lar. and these

kidney anomalies may not be considered a purely teratogenic response.

Neubert et al. (1973) reviewed what was known of the embryotoxic effects

of 2,3.7.8-TCOO in mammalian species. Also reported were their own studies

and previous work (Neubert and Dillmann, 1972) using NMRI mice, in which

cleft palate was observed to be a common abnormality; however. no kidney

C-8l



anomalies were reported. Neubert and Dl11mann (1972) admlnlstered 2,3,7,8­

TCDD by gavage to 20 female mice on days 6 through 15 of gestatlon at doses

of 0.3, 3.0, 4.5 and 9.0 pg/kg. At day 18 of gestatlon, extenslve

reabsorpUon was observed ln the hlgh dose group with 6/9 litters totally

resorbed. In the few survlvlng fetuses, there was an 81% lncldence of cleft

palate. At lower doses, there were 9 and 3% lncldences at doses of 4.5 and

3.0 pg/kg, respecUvely, and no cleft palates were observed ln 138 fetuses

examlned 1n the 0.3 pg/kg group. Fetal mortality was lncreased at the 9.0

pg/kg dose lf anlmals were treated only on days 9 through 13; however, the

lncldence of cleft palate remalned hlgh at a frequency of 60%. In a serles

of experlments to determ1ne the tlme of gestat10n at wh1ch 2,3,7,8-TCOO was

effectlve ln 1nduc1ng cleft palate, m1ce were treated for a s1ngle day

between days 7 and 13 of gestaUon with 2,3,7,8-TCOO at a dose of 45

pg/kg. A max1mum number of 1nducted cleft palates occurred when an1mals

were treated on e1ther day 8 or 11 of gestat1on, whl1e exposure to 2,3,7,8­

TCOO after day 13 of gestat10n produced no cleft palates 1n the fetuses.

Courtney (1976) compared the teratogen1c potentlal of 2,3,7,8-TCOO

adm1nlstered orally with 2,3,7,8-TCOO admlnlstered s.c. CO-l mlce were

dosed with 2,3,7,8-TCOO on days 7 through 16 of gestatlon at levels of 25,

50, 100, 200 or 400 pg/kg/day; the 400 pg/kg dose was not used 1n

anlmals treated by s.c. lnjection. Doses of 200 or 400 pg/kg/day produced

vaglnal bleedlng and hlgh rates of aborUon. A dose of lOa pg/kg/day was

fetotoxlc, resultlng 1n decreased fetal welght and surv1val. Anatomlc

abnormalltles were observed at all dose levels, with cleft palate and hydro­

nephrotlc kldneys belng most common. Other abnormalltles observed lncluded

hydrocephalus, open eye, edema and petechiae. Subcutaneous admlnlstrat 10n

of 2,3,7,8-TCOO produced a greater teratogenlc response at a lower dose than

C-82



oral administration, with abnormalities observed in 87% of the fetuses

following s.c. administration and 42% after oral administration of a dose of

25 lAg/kg/day.

The effects of 2,3,1,8-TCOO on the incidence of fetal anomalies were

also studied by Smith et al. (1976) in CF-l mice. The mice were given

0.001-3.0 lAg 2,3,7,8-TCOO/kg/day by gavage from day 6 through 15 of gesta­

tion. The incidence of cleft palate was found to be significantly increased

in 1.0 and 3.0 lAg/kg/day dose groups, and the incidence of kidney

anomalies was significantly increased at 3.0 lAg/kg/day. There were no

observable teratogenic effects in the study at 0.1 lAg/kg/day; however,

some were noted at lower dose levels, although not statistically signifi­

cantly elevated.

Poland and Glover (1980) compared cleft palate formation by 2,3,7,8-TCOO

in the responsive C57Bl/6J, the non-responsive OBA/2J and the hybrid

B602F
l
/J strains of mice. Female mice were mated with male mice of the

same genetic strain and on day 10 of pregnancy the pregnant mice were given

a single s.c. dose of 3.0, 10.0 or 30.0 lAg/kg of 2,3,7,8-TCOO dissolved in

p-dioxane or the solvent (control) alone (0.4 m~/kg). On day 18 the

animals were killed and the number of cleft palates and resorbed fetuses was

determined. At doses of 3.0 and 10.0 lAg/kg of 2,3,7,8-TCOO, cleft palates

(3% incidence among live fetuses) were only observed in the C57Bl/6J mice at

the higher dose level. At a dose of 30 lAg/kg, the incidence of cleft

palates among live fetuses for the C57B1I6J, B602F 1/J and OBAI2J mice was

54, 13 and 2%, respectively. This study also reported that cleft palate

formation was significantly higher in several other responsive mouse strains

compared with non-responsive mice. At a dose level of 30 lAg/kg of
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2.3.7.8-TCOO, the incidence of cleft palates among l1ve fetuses for the

responsive C57BL/6J, A/J, BALB/cByJ and SEC/1REJ mice was 54. 73, 65 and

95%, respectively. The only responsive mouse (CBA/J) strain that was

resistant to 2,3,7,8-TCOO-mediated cleft palate was also resistant to the

teratogenic effects of cortisone. In contrast, the incidence of cleft

palates in the non-responsive OBA/2J, RF/J. AKR/J, SWR/J and l29/J mice was

between 0-3% at the 30 pg/kg dose level. Thus the responsive mice,

containing high levels of the Ah receptor, are highly susceptible to the

effects of 2,3,7,8-TCOO in producing cleft palate, whereas the non­

responsive mice, which contain low (or 0) levels of the Ah receptor protein,

are resistant to this teratogenic effect of 2,3,7,8-TCOO. These data and

other results (Hassoun and Oencker, 1982) suggest that cleft palate forma­

tion elicited by 2,3,7,8-TCOO segregates with the Ah locus.

In an early study, Courtney and Moore (1971) tested the teratogenic

potential of 2,3,7,8-TCOO in pregnant rats (CD) injected s.c. on a daily

basis with 2,3,7,8-TCOO (0.5 or 2 pg/kg) in dimethyl sulfoxide on days 6

through 15, days 9 and 10, or days 13 and 14 of gestation. The only remark­

able anomaly was kidney malformations in fetuses exposed to 2,3,7,8-TCOO.

In the group exposed transplacenta11y at a dose of 0.5 pg/kg, 416 litters

had fetuses with kidney malformations (average number of kidney defectsl

litter was 1.8). An 11 and 34% incidence of kidney anomalies occurred in

groups exposed to 2,3,7,8-TCOO on days 9 and 10, and 13 and 14, respective­

ly. In addition, six hemorrhagic gastrointestinal tracts were observed in

the treated group (these data were not enumerated with respect to dose);

however, this was considered a primary fetotoxic effect of 2,3,7,8-TCOO and

not a malformation.
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2,3.7.8-1COO was administered by gavage to groups (10-14 animals/group)

of pregnant Sprague-Dawley rats at dose levels of O. 0.03. 0.125. 0.5. 2.0

and 8.0 pg/kg/day on days 6 through 15 of gestation (Sparschu et al..

1971b). No adverse teratogenic effects were reported in fetuses exposed

transplacentally at the 0.03 pg/kg level. At the 0.125 pg/kg level.

three dead fetuses were reported. fetal weights were slightly depressed. and

intestinal hemorrhage was noted in 18 of 127 examined fetuses. In the group

given doses of 0.5 pg/kg. the number of viable fetuses was reduced.

resorptions were increased. 6 dead fetuses were reported. and 36 of 99

fetuses suffered an intestinal hemorrhage. In the 2.0 pg/kg group. only 7

live fetuses were reported (occurring in only 4/11 litters). 4 having

intestinal hemorrhage. Early and late resorptions were prevalent. No llve

fetuses. but many early resorptions. were reported in the group exposed to

8.0 pg 2.3,7.8-1COO/kg/day. Subcutaneous edema appeared dose-related.

occurring in a considerable number of fetuses from the higher dose groups.

Male fetuses appeared to be more susceptible to 2.3.7.8-1COO exposure; how-

ever, there was no significant difference in the sex ratio of live fetuses.

Khera and Ruddick (1973) tested a wide range of doses of 2.3.7,8-1COO

for teratogenic and fetotoxic potential. Groups of 7-15 Wistar rats were

intubated with 2.3.7,8-1COO at doses of 0.125. 0.25. 1. 2. 4. 8 and 16
•

pg/kg on days 6 through 15 of gestation. At day 22 of gestation. there

were no 1i ve fetuses in groups exposed to ~4 pg/kg. and reduced 1i t ter

size was observed in the 1 and 2 pg/kg group. Unspecified maternal toxic­

ity was reported in all groups where there was fetal mortality. In groups

exposed to 0.25-2 pg/kg. there were fetal anomalies observed as either

gross or microscopic lesions consisting of subcutaneous edema of the head

and neck. and hemorrhages in the intestine. brain and subcutaneous tissue.
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The lncldences of grossly observed leslons were 0/18, 2/11, 7/12 and 11/14

In the control, 1, 1 and 2 pg/kg dose groups, respecUvely (the study was

conducted In two parts, and the 1 pg/kg dose was repeated). W1 th regard

to the other dose levels tested, the table enumeraUng the results had an

entry of "not done". The \nc\dence of m1croscop\cal1y observed les\ons for

the control, 0.25, 0.5, 1, 1 and 2 pg/kg groups was 0/10, 1/33, 3/31,

3/10, 3/6 and 3/7, respect1vely. There were no effects of treatment

observed 1n the 0.125 pg/kg group.

Khera and Rudd\ck (1973) also exposed dams to 2,3,7,8-TCOO at doses of

0.125, 0.25, 0.5 and 1 pg/kg on days 6 through 15 of gestat10n and allowed

the dams to 11tter and wean the pups. In th\s exper1ment, maternal tox1c1ty

was reported 1n the 0.5 and 1 )Jg/kg group. At b1rth, there were fewer

v1able pups, and the pups had lower body we\ghts in all but the 0.125

lJg/kg group. At wean1ng on day 21 after b1rth, there were no surv\Vlng

pups 1n the 1 )Jg/kg group, and 40% of the pups 1n the 0.5 )Jg/kg group

did not surv1ve. Foster1ng pups from dams exposed to 2,3,7,8-TCOO at 1

)Jg/kg onto control dams did not apprec1ably 1ncrease surv1val, while

foster1ng control pups onto dams exposed to 2,3,7,8-TCOO, did not 1ncrease

pup mortality. These data suggest that poor pup surv1val was a result from

delayed tox1c1ty from in utero exposure to 2,3,7,8-TCOO.

G1av1ni et al. (1982a) assessed the effect of small doses of 2,3,7,8­

TCOO adm1n1stered during the prelmplantat10n period in Sprague-Oawley rats.

The animals, in groups of 20, were treated by gavage wHh 2,3,7,8-TCOO at

doses of 0.0, 0.1, 0.5 and 2 )Jg/kg on days 1-3 of gestation. (The legends

to the tables \n th1s paper lndicated that the low dose was 0.125 )Jg/kg.)
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At day 21 of gestaUon, no toxic effects were observed in the dams except

for a decrease from 19.3-12.9 g in average maternal weight gain in the high

dose animals as compared to controls. In the fetuses, weight was signifi­

cantly reduced (p<0.05) in the 0.5 and 2 }.Ig/kg groups. Malformed litters

and malformatlon/fetuses examined were 2, 5, 5 and 6, and 2/270, 8/260,

5/255 and 8/253, respectively, in the control 0, 0.1, 0.5 and 2 }.Ig/kg

groups; however, these increases in the treated animals were not statistic­

ally significant. The anomalies observed were restricted to cystic kidney.

This exposure to 2,3,7,8-TCOO early in pregnancy did not affect implantation

frequency, and the decrease in fetal weight was cons idered a result of

2,3,7,8-TCOO delayed implantation.

In a second study, Giavini et al. (1983) administered the same doses of

2,3,7,8-TCOO (0.0, 0.125, 0.5 and 2 }.Ig/kg) daily to 15 female CRCD rats

per group by gavage in corn oil:acetone (9:1) for 2 consecutive weeks prior

to mating. Females that did not become pregnant during three estrous cycles

were necropsied to determine signs of toxicity, while pregnant animals were

allowed to proceed to day 21 of gestaUon at which time necropsies were

per formed with part icular emphas i s on reproducU ve organs and reproduc Uve

success. At the lowest dose tested (0.125 }.Ig/kg), there were no overt

clinical signs of toxicity in the dams or adverse effects in any of the

fetal parameters examined. At the 0.5 and 2 }.Ig/kg levels, average

maternal weight was decreased. Also, one animal in each of these groups did

not become pregnant, although necropsy did not reveal any obvious dysfunc­

tlons. The only other overt sign of toxicity was listlessness during the

treatment period in the animals of the high-dose group. The only signifi­

cant (p<O.Ol) fetal effect observed in the 0.5 }.Ig/kg group was an increase

in post implantation losses from 2.9% in the control group to 10.2%. In the
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high-dose group, there were decreases in corpora lutea and implantat ions

(averages of 11.6% in control and 14.9% in treated animals, and 15.5% in

control and 12.0% in treated animals, respect1vely), and increases in both

pre- and postimplantation losses of 11.7% for controls and 19.5% (p<0.05) in

treated animals, and 2.9% in control and 30.3% (p<O.OOl) in treated animals,

respectively. In addition to these signs of fetal toxicity, 9 of 10 litters

in the high-dose group contained at least one malformed fetus as compared

with 1/13, 2113 and 2113 in the control, 0.125 and 0.5 lJg/kg groups. The

predominant fetal malformations were cystic kidney and dilated renal pelvis,

which have been observed in other studies in which 2,3,7,8-TCOO was adminis-

tered during gestation.

The reproductive effects of 2,3,7,8-TCOO were also examined in a 3-gen-

erat10n study using Sprague-Dawley rats (Murray et al., 1979). Throughout

the study, animals were continuously maintained on diets providing doses of

0, 0.001, 0.01 or 0.1 lJg 2,3,7,8-TCOO/kg/day. The parental group (f
O

)

was maintained for 90 days on the test diets prior to maUng. The f
O

rats

were mated twice, producing the filial generations (f
lA

and f
lB

).

Selected f lB and f 2 rats were mated at -130 days of age to produce the

f
2

and f
3

litters, respectively. In later generations, the high dose

group (0.1 lJg 2,3,7,8-TCOO/kg/day) was disconUnued because few offspring

were produced in this group. At the intermediate dose (0.01 lJg/kg/day),

2,3,7,8-TCOO caused lower body weights in exposed rats of both sexes (f
l

and f 2). At the low dose, no toxic effects were discerned.

Fert11ity was greatly reduced in the f
O

generation exposed to 0.1 lJg

2,3,7,8-TCOO/kg/day. At 0.01 lJg 2,3,7,8-TCOO/kg/day, fer t il ity was

significantly (p<0.05) reduced in the f
l

and f
2

rats. Fertility in rats

(of any generation) exposed to 0.001 lJg 2,3,7,8-TCOO/kg/day was not
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d\fferent from that of control rats. Decreases \n l\tter s\ze were noted \n

the f lA group exposed to 0.1 ~g/kg/day and the f 2 and f3 l\tters

exposed at 0.01 ~g/kg/day. Stat\st\cally s\gn\f\cant decreases \n fetal

surv\val throughout gestat\on were noted \n f 2 and f
3

l\tters of the

0.01 ~g 2,3,7,8-TCDD/kg/day exposed dams. At 0.001 ~g 2,3,7,8-TCDO/kg/

day, a decreased gestatlonal surv\val was reported for the f 2 lHters, but

not for other generat\ons. Decreased neonatal surv\val was noted among

flA and f
2

pups exposed to 0.01 ~g 2,3,7,8-TCDO/kg/day, but not among

f lB or f3 pups. Postnatal body we\ghts of the f 2 and f3 1H ters at

0.01 ~g 2,3,7,8-TCDO/kg/day were s\gn\f\cantly depressed. At the low dose

(0.001 ~g 2,3,7,8-TCDO/kg/day) necropsy of 21-day-old pups revealed a

statlstlcally s\gnH\cant (p<0.05) \ncrease \n dilated renal pelv\s \n the

f
l

generatlon. Subsequent generatlons at th\s dose level or any at the

\ntermed\ate dose (0.01 ~g 2,3,7,8-TCDO/kg/day) d\d not have a s\gnH\cant

\ncrease 'n th\s abnormalHy. S\gnH\cantly decreased thymus we\ght and

\ncreased l\ver we\ght were reported \n the f 3 generatlon, but not \n the

f l generatlon (f 2 generatlon data not obta\ned) of the \ntermed\ate dose

group. Murray et al. (1979) concluded that 2,3,7,8-TCDD \ngested at 0.01 or

0.1 ~g/kg/day \mpa\red reproduct\on among rats, and NOAELs were assoc\ated

wHh 0.001 ~g 2,3,7,8-TCDO/kg/day. N\sbet and Paxton (1982) reevaluated

the pr\mary data of Murray et al. (1979) using different statistical

methods. From th\s reevaluation it was concluded that 2,3,7,8-TCOO sign\fi­

cantly reduced the gestational index, decreased fetal weight, and increased

liver-to-body weight ratlos and the incidence of dilated renal pelvis in

both lower dose groups. Nisbet and Paxton (1982) concluded that the dose of

0.001 ~g/kg/day was not a NOAEL in this study.
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A s\ngle report by G\av\n\ et al. (1982b) descr\bes the effects of

exposure to 2.3.7.8-1COO on fetal development \n rabbHs. Groups of 10-15

New Zealand rabbHs were adm\n\stered 2.3.7.8-TCOO by gavage at doses of

0.0, 0.1, 0.25, 0.5 and 1 lAg/kg on days 6 through 15 of gestat\on. The

dams were exam\ned for \mplantat\on sHes, resorpt\ons, and 11ve fetuses,

and the fetuses were exam\ ned for rna lforma t1 ons on day 28 of ges ta t1 on.

Decreased maternal welght galn and unspecHled slgns of maternal toxlcHy

occurred.. ln dams exposed to 2,3,7,8-1COO at doses of ~0.25 lIg/kg. At

doses of 0.5 and 1 lAg/kg, there were 2 and 4 deaths, respectlve1y, among

the dams. There were lncreases In abort1ons and resorpt1ons at a dose of

~O. 25 lIg/kg wHh no 11 ve fetuses detected 1n the h1gh dose group. In the

fetuses, the most common observat\on was a s1gnHlcant 1ncrease 1n extra

rlbs from 33.3% ln the controls to 82, 66.6 and 82% ln the 0.1, 0.25 and 0.5

lIg/kg dose groups. Although there was no s1gnHlcant lncrease 1n specHlc

soft tlssue anomalles, there was an 1ncrease from 0/87 to 3/78, 2/33

(p<0.05) and 2128 (p<0.05) 1n total soft t1ssue anomal1es In the control,

0.1,0.25 and 0.5 lAg/kg groups. The most prevalent soft t1ssue anomaly

was hydronephros1s, wh1ch the authors polnt out was a common flndlng In rat

fetuses exposed to 2,3,7,8-1COO lrr utero. 1hese effects were consldered to

be slgns of embryotox1clty rather than a teratogen1c effect.

In addHlon to the fetotoxlc effects of prenatal exposure to 2,3,7,8­

TCOO, Norman et a1. (1978) demonstrated that 2,3,7,8-TCOO could 1nduce 11ver

mlcrosomal enzymes fo11ow1ng lrr utero exposure. Pregnant New Zealand

rabbHs were g1ven s.c. lnject10ns of 2,3,7,8-TCOO at a dose of 30 nmol/kg

(9.6 lIg/kg) on day 24 of gestat1on, and the 11vers of. newborns were exam­

\ned for enzyme act1v\ty w1th\n 12 hours after b\rth. Wh11e thls treatment

\ncreased the l\ver cytochrome P-450 levels 1n the adults -2-fold, from
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1.8-3.7 nmol/mg prote1n. the 1ncrease 1n the newborns was -5-fold. from

0.3-1.6 nmol/mg prote1n. SOS-polyacrylam1de gel electrophores1s revealed

that 2.3.7.8-TCOO 1nduced a slngle form (form 6) of cytochrome P-450. and

that th1s form was one of the two that were also 1nduced by 2,3.7.8-TCOO 1n

the adult 11ver. The 1dent1ty of form 6 was confirmed by 1mmunolog1c reac­

t10n and 1ts pept1de fingerpr1nt. It was shown that 1nduction of cytochrome

P-450 in newborns resulted 1n levels of benzo(a)pyrene hydroxylase and

7-ethoxyresoruf1n-O-deethylase activ1ty slmilar to adult levels. The conse­

quence to the newborn of these changes in the development of liver m1crosom­

al enzymes has not been establ1shed.

Dougherty et a1. (1975) failed to f1nd ev1dence for teratogen1cHy or

embryotox1city in rhesus monkeys which were given on days 22-38 of gestation

daily oral doses (in gelatln capsules) of up to 10 mg/kg/day of 2.4,5-:T

containing 0.05 ppm 2.3,7.8-TCOO. The 2.3.7.8-TCOO dose at the highest dose

level of 2.4.5-T administered (10 mg/kg/day) would correspond to 0.5 }Jg

2.3.7.8-TCOO/kg/day. However. it should be noted that palate closure in the

monkey occurs on gestational days 42-44 and the kidney is also a late

developing organ.

Adverse effects of exposure to 2.3.7.8-TCOO on reproductlve success in

monkeys have also been descr1bed. Schantz et al. (1979) fed a diet conta1n­

ing 50 ppt 2,3.7.8-TCOO to rhesus monkeys for 20 months. Seven months into

the study the female monkeys were bred to control males. There were four

abortions and one st111birth, two monkeys d1d not conce1ve even though they

were mated repeatedly. and two monkeys carried the1r young to term. The

total 2.3.7.8-TCOO 1ntake over the seven months was est~mated by the authors

to be 0.35 }Jg/kg. corresponding to a calculated daily dose of 0.0015 }Jg

2.3,7.8-TCDD/kg/day.
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Allen et al. (1979) fed adult female rhesus monkeys on d1ets conta1n1ng

50 or 500 ppt of 2.3.7.8-TCOO for 7 months. These exposure levels corre­

spond to total doses per an1ma1 at the end of 7 months of 1.8 and 11.7 pg

2.3.7.8-TCOO. respecUvely. Although menstrual cycles were not affected 1n

eHher treatment group. 5/8 an1mals 1n the h1gh dose group had decreased

serum estradlo1 and progesterone levels. Hormone levels were normal 1n the

low dose an1ma1s. At 7 months. the females were bred to non-exposed males.

and 6/8 and 3/8 females 1n the low and h1gh dose groups. respect1vely. were

1mpregnated. Of the 1mpregnated an1mals. 4/6 and 2/3 had spontaneous

abort10ns. while the rema1n1ng 1mpregnated an1mals had normal b1rths.

McNulty (U.S. EPA. 1980b) treated pregnant rhesus monkeys by gastr1c

gavage to 2.3.7.8-TCOO 1n a veh1cle of corn oll:acetone soluUon. Grol,lp I

an1mals were adm1n1stered a total dosage of 5 ')Jg/kg bw (two an1mals), 1

')Jg/kg bw (four an1mals) and 0.2 }Jg/kg bw (four an1mals) 1n n1ne d1v1ded

doses, 3 Umes/week dur1ng weeks 4, 5 and 6 (days 20 through 40) after

concepUon. Group II, cons1sUng of 12 an1mals, rece1ved s1ngle doses of 1

')Jg/kg bw of 2,3.7,8-TCOO on days 25. 39. 35 and 40 after concept10n.

Three an1mals were exposed 1n each of these 4 days. The veh1cle control

group, cons1stlng of 11 an1mals, was treated w1th corn 011:acetone only, on

the same schedule as Group I an1mals. Both the females, who rece1ved the

h1ghest dose (5 }Jg/kg), had fetal losses. In the next lower dosed an1mals

(1 }Jg/kg 1n both groups) 12 of 16 fema 1es had feta 1 los ses; and in the

lowest dosed animals (0.2 }Jg/kg 1n Group I) one abort1on occurred 1n four

pregnanc1es. Maternal tox1c1ty was observed 1n many of these treated

females. The dHference 1n frequency of fetal loss ·between all pregnant

an1mals g1ven 1 }Jg/kg and the rate of h1stor1ca1 abortion in the author's

breeding colony was found to be signHicant. The author concluded that
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short exposure to 1 pg/kg bw of 2.3.7.8-TCDD during early pregnancy

results in fetal loss in rhesus monkeys and the results appear to be related

to the adverse effects of 2.3.7.8-TCDD on the fetus (U.S. EPA. 1980b).

A positive association between 2.4.5-T exposures and increases in birth

defects or abortions has been reported in human populations in Oregon (U.S.

EPA. 1979). New Zealand (Hanify et al .• 1981) and Australia (Field and Kerr.

1979). A lack of any such associaUon has been reported in human popula­

tions in Arkansas (Nelson et al .• 1979). Hungary (Thomas. 1980), New Zealand

(Dept. of Health, New Zealand, 1980; McQueen et al.. 1977) and Australia

(Aldred, 1978). Almost all of the reports are geographic correlation stud­

ies, and because of the uncertainties inherent in this type of epidemiologic

investigation, as well as the difficulties in distinguishing the effects of

2.4,5-T from those of 2,3,7.8-TCDD contamination, none of the reportedly

positive associaUons unequivocally identify either 2.4.5-T or 2.3.7,8-TCOD

as the causaUve agent. Similarly, the reportedly negaUve associations do

not rule out 2.4,5-T or 2.3,7,8-TCDD as potenUal teratogens or abortifa­

cients in humans.

Based on a report of a high incidence of abortions in a small group of

women living around Alsea, Oregon. who may have been exposed to the herbi­

cide 2,4.5-T from aerial spraying (Smith. 1979), the U.S. EPA (1979) initi­

ated a study, often referred to as the IIAlsea II studyll. to determine if

spontaneous abortion rates differed between the exposed and unexposed popu­

lation. if spontaneous abortion rates evidenced seasonal variation in these

two groups. and if such seasonal variaUons were associated with 2.4.5-T

spray application.

Spontaneous Abortion Rate Index, as defined by the U.S. EPA, is

IIbasically the ratio of the number of hospitalized spontaneous abortions to
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the number of blrths correspondlng to the spontaneous abort 10ns •. based on

the resldence z1p code of the women contrlbuting to each event." Upon com­

pleUon of the study, the EPA concluded that (1) the 1972-1977 Spontaneous

Abortlon Rate Index for the study area was signif1cantly higher than in the

Rural Control Area or the Urban area; (2) there was a statistically signif1­

cant seasonal cycle ln the abortion index in each of the areas with a period

of about 4 months. In particular there was an outstanding peak 1n the study

area ln June; and (3) there was a statisUcally s1gn1f1cant correlation

between~the Spontaneous Abort10n Rate Index and spray patterns 1n the study

area when a lag-t ime of 2 or 3 months was 1ncluded. The EPA concluded

however. IIThis analysis 1s a correlational analys1s. and correlation does

not necessarily mean causation. 1I

Milby et al. (1980). citing three crHiques of the Alsea II study that

were not published in the open literature. state that the statistical method

and basic design of the Alsea II study were suffic1ently flawed to make th1s

study of no use in human risk assessment. The Alsea II study has also been

reviewed by a panel of epidemiologists who. in a published report of the1r

meeting. also concluded that the basic design of the study was inadequate to

demonstrate eithe~ an effect or absence of an effect of exposure to 2.4,5-T

(Coulston and Olajos. 1980). The major inadequacies of the study were that

the data collection methods were biased and would likely result in the

underestimation of abortions. particularly 1n the urban area (the incidence

of abortions in all three groups was wHh1n the expected background rate of

8-15%); only a small portion of the area from which the exposed subjects

were selected was actually sprayed with 2.4.5-T; and the study was not con­

trolled for other factors such as age. smoking habHs and alcohol consump­

tlon. which may affect the spontaneous abortion rate. Based on a new report
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by Smith (1979). the U.S. EPA is attempUng or has attempted to correlate

2.3.7.8-1COO levels in the affected areas with the observed rate of abor­

Oon. No published reports have been encountered on the outcome of this

effor t.

In the only other report encountered on a populaUon in the United

States. Nelson et al. (1979) noted a general increase in the reported

incidence of facial cleft in both high and low exposure groups in Arkansas

from 1948 to 1974. In this study. exposure estimates were based on average

rice production in different areas of Arkansas. and the incidence of cleft

palate was determined by screening birth certificates and check'ng records

of the Crippled Children's Services. No cons'stent exposure/effect correla­

t ions were noted. and the general increase wi th t'me in the inc idence of

facial clefts was attributed to better reporting procedures; however. there

does not have to be a direct correspondence of malformations in human beings

and experimental animals.

Of the four reports available from New Zealand (Dept. of Health. New

Zealand. 1980; McQueen et a1.. 1977; Hanify et a1.. 1981; Smith et a1..

1982a>. the report by the Dept. of Health is essentially anecdotal. involv­

ing two women who gave birth to malformed children (one with an atr'al

septal defect and a malformation of the tricuspid valve of the heart and the

other with biliary atresia). In both cases. exposure to 2.4.5-1 could not

be ruled out. Based on an analysis of spraying records. the time course of

the pregnancies and plant damage near the women's homes. however. the

Department of Health. New Zealand (1980) concluded that there was 'nsuffi­

cient evidence to implicate 2.4.5-1 spraying as a causative factor. Even if

the spraying had been implicated. a lack of information on 2.3.7.8-1COD

levels in the spray and the absence of any monitoring data on 2.4.5-T or

2.3.7.8-TCOO would limit the usefulness of this report.
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The study by McQueen et al. (1977) 1s not publ1shed in the open lHera­

ture but 1s summarized by Milby et al. (1980). Accord1ng to the summary.

McQueen et al. (1977) " ... exam1ned the epidemiology of neural-tube defects

in three areas in New Zealand and concluded 'there 1s no ev1dence to impli­

cate 2.4.5-T as a causal factor 1n human b1rth defects.'" No additional

deta11s are provided.

Hanify et al. (1981) performed an epidemiologic study 1n Northland. New

Zealand. in areas where spraying of 2.4.5-T was carried out by various

companies for a number of years. The rate of b1rth defects was obta1ned

from an examinat10n of hosp1tal records 1n seven mutually exclusive areas on

a monthly basis over a period extending from 1959-1977. The rate of birth

defects from 1959-1965 represented the rate for a non-exposed population

since this was prior to the use of 2.4.5-T. while the incidence of birth

defects from 1972-1976 represented the rate for the exposed population.

Dur1ng the time of the survey there were 37.751 births. 436 stillbirths. 264

deaths shortly after birth. and 510 congenital anomalies. Three categories

of birth defects. heart abnormalities. hypospadias and epispadias, and

talipes. had elevated rate ratios of >1 (pooO.05) 1n comparisons between the

exposed (1972-1976) and control (1959-1965) populations. Exposure estimates

were made for the seven areas and for different years using company records

of aerial spraying and a model that factored in assumed fractional removal

rates/month (this factor was assumed to be either 1.0 or 0.25). Comparisons

of the rate of specific malformations wHh exposure demonstrated a statis­

tically significant association between the occurrence of talipes and expo­

sure when the fract iona 1 removal rate was assumed to ,be 0.25. There was.

however. no statistically significant association where 1.0 was used as the

fractional removal rate.
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Smith et al. (1982a) invesUgated the outcome of pregnancy in famll ies

of professional 2.4.5-T applicators and agricultural contractors in New

Zealand. Agricultural contractors were chosen as the control population

since both sprayers and contractors were of the same economic group with

s imllar outdoor occupat ions. The survey was conducted by rna i 1 with 89% of

the chemical applicators responding and 83% of the agricultural contractors

responding to questions asking whether they used 2.4.5-T and its temporal

relationship to reproductive histories regarding birth. miscarriages. still­

births and congenital defects. The relative risks of congenital defects and

miscarriages were 1.19 (0.58-2.45% confidence limits) and 0.89 (0.61-1.30%

confidence limits) for the wives of chemical sprayers as compared to the

wives of agricultural contractors. These data indicate that exposure of

fathers and mothers (e.g .• while cleaning clothes) had no effect on the out­

come of pregnancy. Biases that may have affected the results. such as the

age of the mother at childbirth. smoking habits and birth to Maori parents

were investigated and eliminated as possible confounders.

The two reports from Australia (Aldred. 1978; field and Kerr. 1979) also

present apparently confl1cting results. The report by Aldred (1978) is not

published in the open literature. but the folloWing summary is taken from

Milby et al. (1980): "The report concluded that birth defects in a group of

babies born in the [Yarram] district in 1974 and 1976 could not be attribut­

ed to exposure to 2.4.5-T or 2.4-0." Additional details that might be

useful in assessing the rationale for this statement are not provided in the

summary. The report by field and Kerr (1979) plotted the incidence of

neural-tube defects (anencephaly and meningomyelocele). in New South Wales.

Australia. over the years 1965-1975. and the previous years usage of 2.4.5-T

in all of Austral ia. The authors noted a decrease in the incidence of
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neural-tube defects expected on the bas1s of the plotted 11ne 1n 1975 and

1976, when Austral1a 1nstHuted monHorlng of 2.4.5-T to ensure a 2.3.7.8­

TeOO level <0.1 ppm. The data were not tested for slgnH1cance, although

F1eld and Kerr (1979) 1nd1cate that they cons1der the ep1dem10log1cal data

on neural-tube defects to be IlrelaUvely complete,lI they do not comment on

the 1ncreas1ng 1nc1dence of neural-tube defects w1th t1me and whether or not

an 1ncrease 1n the thoroughness of reporting neural-tube defects could have

contr1buted to the apparent correlat10n of 2,4,5-T exposure w1th these

defects. A v1sual replott1ng of the data suggests that the inc1dence of

cleft palate correlates better w1th 2,4,5-T usage than w1th time. Nonethe­

less, the appropr1ateness of correlaUng 2,4,5-T usage in all of Australia

w1th the 1nc1dence of ~efects in one area of Austral1a is quest10nable.

Thomas (1980) used an approach slm11ar to that of F1eld and Kerr (1979)

on data from Hungary. One major dHference, however, is that Thomas (1980)

compared the inc1dence of st111b1rths, cleft lip, cleft palate, sp1na

bH1da, anencephalus and cysUc k1dney d1sease in all of Hungary between

1976 and 1980 with 2,4,5-T use in 1975 1n all of Hungary. Because Hungary

requ1res compulsory not1f1caUon of malformaUons d1agnosed from b1rth to

age 1 year, because a relatively large percentage (55%) of the Hungarian

population 11ves in rural areas where 2,4,5-T exposure may be expected to be

greatest, and because annual use of 2.4,5-T 1n Hungary had r1sen from 46,000

kg in 1969 to 1,2000,000 kg 1n 1975, Thomas (1980) cons1dered Hungary to be

1I ••• probably the best country 1n wh1ch to exam1ne possible health effects of

this herb1cide. 11 In any event, all 1nd1ces of b1rth defect rates decreased

or rema1ned stable over the period of study.

In addHlon to contaminaUon of 2,4,5-T be1ng a potenUal source of

2,3,7,8-TCOO exposure, 2,3,7,8-TCOO 1s also an inadvertant contam1nant of
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2,4,5-tr1chlorophenol (TCP). Chron1c exposure to 2.3.7,8-TCOO may occur

dur1ng the manufacture of TCP and h1gh level acute exposure to 2.3.7.8-TCOO

has occurred after an aCcldent 1n July. 1976 at the ICMESA lCP chemlcal

factory 1n Seveso. Italy (Bonaccors1 et al .• 1978). In th1s acc1dent. the

react10n used to produce TCP became uncontrolled. produc1ng cond1t10ns

favorable for 2.3,7 .8-TCDO formaUon pr10r to venUng the contents of the

chem1cal reactor 1nto the atmosphere. The resulUng cloud of chem1cals

settled over a heav11y populated area. Although the amount of 2.3.7.8-TCOO

released was not known. the reported cases of chloracne. a symptom of acute

exposure to 2.3.7.8-TCOO. 1nd1cated that exposure to 2.3.7.8-TCOO had

occurred. Some pre11m1nary results are ava11able from ep1dem101og1c stud1es

of reproducUve events 1n the 1nhabHants of Seveso, and recently a study

has become avallable on the reproducUve h1story of men employed 1n the

chem1cal manufactur1ng 1ndustry w1th poss1ble chronic exposure to

2.3.7.8-TCOO (Townsend et al .• 1982).

Ep1dem1010g1c stud1es to determ1ne the reproduct1ve effects 1n 1ndivid­

uals exposed to 2,3.7.8-TCOO and TCP following the acc1dental contamination

of a populated area around Seveso. Italy. are not completed. The 1ncidence

of spontaneous abort1ons occurr1ng between March 1976 and January 1978 have

been reported for 1nhabitants in the area around Seveso by Bonaccorsi et al.

(1978). Reggian1 (1980) and Bisanti et al. (1980). The spontaneous abortion

rate 1n the contaminated area for the three trimesters following the acci­

dent was 13.1, 11.0 and 13.05%. which was s1mllar to the worldwide 15-20%

frequency of spontaneous abortion. Subdividing the contaminated area int-o

highly. moderately. and least contaminated, and examining the rates for each

area 1ndividually. also failed to demonstrate any change 1n the spontaneous

abortion rate. The incidence rates of malformaUons also were examined;
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however, the numbers were too small for mean1ngful assessment. There are

several reasons why these stud1es would not 1nd1cate that the effect of

2,3,7,8-TCOO exposure 1n this acc1dent had no effect on human reproduct10n.

The authors note that there are many diff1cult1es in 1nterpreting these

data. The 1nc1dence rates of spontaneous abort10ns and birth defects were

not adequately ava11able for the region prior to the acc1dent as a result of

suspected under-reporting. There was 1nadequate reportlng even after the

acc1dent due to polit1cal turmoll with regard to the management of health

serv1ces. Also, an unknown number of pregnanc1es were surgically aborted

for fear of 2,3~7,8-TCOO induced birth defects. In a recent review of the

progress of epidemiologic investigations of the Seveso accident, Tognoni and

Bonaccorsi (1982) ind1cated that the data on spontaneous abortions and

malformatlon rates still needed verHicatlon, and that these data were too

preliminary to allow for conc1us1ons.

Townsend et a1. (1982) investigated the reproduct1ve history of wives of

employees potentlally exposed to 2,3,7 ,8-TCOO during chlorophenol produc­

tion. A total of 930 potentlally exposed males were identified who had

worked for ~l month between January 1939 and December 1975 in a job with

potential 2,3,7,8-TCOO exposure. Exposure estimates of low, moderate and

high were made by an industr1al hygien1st primarily from job description and

surface contam1nat ion data; however, the high potentla1 exposure group was

reserved for process workers during 1963-1964 when changes in operatlons

resulted 1n a number of cases of chloracne. The control population was an

equal number of male employees not involved in any process that might cause

exposure to 2,3,7,8-TCOO and matched for date of hire. In these groups, 586

wives were identified and 370 agreed to partlcipate as the exposed group.
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while 345 wives in the control group agreed to participate. After identifi­

cation of the participants, a personal interview was conducted with the

wives to determi ne pregnancy outcome. Of the total of 737 concepti ons in

the exposed category and 1785 conceptions in the control category (concep­

t ion which occurred in the exposed group prior to work records indicating

potential exposure to 2,3,7.8-TCOO were placed in the control group). there

was no statistically significant increase in spontaneous abortions. still­

births. infant deaths or selected congenital malformations. Sample sizes

were too small to provide meaningful data if the populations were subdivided

by extent of exposure. It was suggested that many confounding factors could

account for these negative results. such as the inappropriate selection of

the populations, unidentified covariables and insufficient power; however.

it was maintained that these results were consistent with animal data, which

report that paternal exposure to 2,3.7.8-TCOO does not affect the conceptus.

Poole (1983), in testimony before the House Committee on Science and

Technology. described a re-analysis of the primary data used by lowsend et

al. (1982). In this re-analysis. the rate of cleft palate and cleft lip

were reported to be elevated by 1.9 (90% confidence intervals of 1.0-3.6) in

the years 1971-1974 for both the control and exposed groups (the comparison

population was not described). At the same House COlllllittee hearing. Houk

(1983) presented data from the Birth Defect Monitoring Program of the Center

for Disease Control on the yearly rate of cleft palate alone or cleft lip

with or without cleft palate for births in Midland County. Michigan (the

site of a chlorophenol production facility) during the years 1970-1981. The

data indicated an increased rate for these defects of between 50 and 100% in

the years 1971-1975, with the rate returning to expected from 1976-1981.
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The observed increase was only statistically slgn1flcant 1f the rates for

cleft palate alone and cleft 1lp wlth or wlthout cleft palate were comblned;

however. it was the oplnion of Houk (1983) that these defects should not be

combined since the causal mechanism may be different. The Michigan Depart­

ment of Public Health (1983a) also reported these results and. in addit10n.

demonstrated that the same results occurred lf the comparlson was made wlth

other counties in Michigan as well as with the general population of the

United States. It was noted in this report that "runs" of increases in oral

cleft for successlve years have occurred 1n six other counties with no

obvlous potential for chemical exposure descrlbed. The Michlgan Department

of Public Health (1983a) 1nterpreted the data to lndlcate that a more

detailed case control study was necessary to determlne if any common factors

may exist. such as exposure to chemicals contaminated wlth 2.3.7.8-TCOO.

Mutageni city

Short-term lQ vltro test systems have been developed to assess the blo-

10glc. toxic and genotoxlc effects of chemicals. These assays have proven

to be useful lndicators of potential activity of dlverse lndustrial chemi-

cals. a broad range of drugs and xenobiotlcs. carc1nogens and crude envlron-

mental extracts. The most widely used short-term test system, the Ames test

for bacterlal mutagenesis. employs several stralns of Salmonella typhimurium

whlch are highly susceptible to the effects of mutagenic chemicals. Despite

the 0 bvi 0 us ut il itY 0 f the Arne s t est and re1ated sh0 r t - t ermas says. the i r

predlctlve capabilities (i.e .• the correlation between bacterial mutagenic­

ity and carcinogen1clty) have not been fully assessed (Bartsch et al .• 1982).

Mutagenicity assays in mlcroorganisms have been used to assess the geno­

toxic effects of 2.3.7.8-TCOO; however. the results of most of these assays

have lndlcated 11ttle potential for mutagenlc effects (Table 11).
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TABLE 11

The Results of Mutagen1c1ty Assays for 2,3,7,B-TCOO 1n Salmonella typh1mur1um

Stralns of Salmonella typh1mur1um
Type of Assay Reference

S-9 TA98 TA1530 TA1535 TA1537 TA1538 TA1532 TA1950 TA1975 TA1978 G4& TA100 TA1531 TAl 534

Spot test +/- NT NT 0 0 0 0 NT NT NT NT NT NT NT McCann, 1978

Plate +/- NT NT 0 0 0 0 NT NT NT NT NT NT NT McCann, 1978
1ncorporat1on

Plate +/- 0 0 0 0 0 0 0 0 0 0 0 NT NT Gllbert et al., 1980
1ncorporat1on*

Fluctuat10n +/- 0 0 0 0 0 0 0 0 0 0 0 NT NT Gllbert et al., 1980
test

n
I

Spot test NT 0 NT QR Seller, 1973..... NT NT + NT NT NT 0 NT QR
0
U)

Plate + 0 NT 0 0 0 NT NT NT NT NT 0 NT ~T Ge1ger and Neal, 1981
lncorporat1on

Plate NT NT NT 0 NT NT NT NT NT NT NT NT NT Ge1ger and Neal, 1981
lncorporat1on

Suspenslon NT 0 NT NT NT + NT NT NT NT NT NT NT Hussa1n et al., 1972
assay

Suspens10n +/- 0 NT 0 0 NT NT NT NT NT NT 0 NT NT Ze1ger, 1983
assay

*The assay was performed under both aerob1c and anaerob1c condH1ons .

NT = Not tested; QR = Quest10nable response



Hussain et al. (1972) exposed Salmonella tvphimurium histidene-dependent

strains TA1530 and TA1532 in liquid suspension to 2,3,7,8-TCOO followed by

plating into selective medium to observe reversion to prototypes. No

increase in the reversion rate was observed with strain TA1530 at exposure

levels of 1 and 10 l1g/m9.. These exposures resulted in cell survivals of

90 and <1%, respectively. In strain TA1532 increased reversion frequency

was not observed at 2,3,7,8-TCOO concentrations of 2-3 l1g/m~, which

resulted in a 0-50% decrease in survival; however, at 2,3,7,8-TCOO levels

which resulted in a 99% decrease in survival, there was an increased number

of revertant colonies/surviving cells. The dose levels were not specified.

The source of the 2,3,7,8-TCOO sample studied in this paper was the Food and

Drug Administration, and its reported purity was 99%. Also, Seiler (1973)

observed a positive mutagenic response in a spot test of 2,3,7,8-TCOO per­

formed in the absence of a metabolic activation system. However, the purity

of the sample studied was not provided. In tester strains G46 and TA1530,

the rat io of revertantsllOa cells in the treated plates divided by spon­

taneous revertants/lOa cells was <1. In strains TA1531 and TA1534, the

rdtio was between 1 and 2, which was considered a "doubtful" mutagenic

response, while in strain TA1532, the ratio was >10. There was no mention

of the 2,3,7,8-TCOO levels tested in this assay. The positive controls,

diethylsulfate, 2-aminopurine and 2-aminofluorene, produced ratios of 2 to

5, ~l and 5 to 10, respectively, in strain TA1532. In both the study by

Hussain et al. (1972) and the study by Seiler (1973). 2,3,7,8-TCOO produced

a positive mutagenic response only in the S. typhimurium strain TA1532,

which is sensitive to frameshift mutagens.

Hussain et al. (1972) also performed a mutagenicity test of 2,3,7,8-TCOO

in two other microbial test systems. A positive response was observed in

C-104



Escher'chia col' Sd-4 as 'nd'cated by a revers'on to streptomyc'n 'ndepen­

dence. In th's assay, cells were treated 'n suspens'on for 1 hour with

2,3,7,8-TCOO at 0.5-4 pg/m2.. The greatest mutaUon frequency (256

mutants x lo-e, as compared to the control frequency of 2.2 mutants x

lo-e) occurred at a dose level of 2 pg/ml. The absolute number of

colon'es/plate was 7 for the control and 46 for the treated plate. The dose

of 2 pg/ml caused an 89% decrease 'n cell surv'val. In the second test

system, the abnity of 2,3,7,8-TCOO to 'ncrease prophage 'nduct'on in f.

col' K-39 cells was examined. The veh'cle control, OMSO, inhibited prophage

'nduct ion as compared to the untreated controls, whne the most effecUve

dose level of 2,3,7,8-TCOO (0.5 pg/ml) resulted in an increased prophage

induction as compared to vehicle control but not as compared to the untreat­

ed controls. Hussain et al. (1972) concluded that 2,3,7,8-TCOO was capable

of causing increases in the reverse mutaUon rate in f. coli Sd-4 and that

2,3,7,8-TCOO had a weak ability to induce prophage in f. coli K-39 cells.

The studies which followed these two early reports of Hussain et al.

(1972) and Seiler (1973) failed to detect mutagenic activity of 2,3,7,8-TCOO

in §.. typhimurium. Wasson et al. (1978) reported on a personal communica­

tion trom McCann (1978) that 2,3,7,8-TCOO was inactive in both the spot test

and plate incorporaUon assay with §.. typhimurium strains TA1532, TA1535,

TA1537 and TA1538. Doses and other experimental protocols were not men­

tioned except that the tests were performed both with and without metabolic

activation. Gnbert et al. (1980) reported that 2,3,7,8-TCOO gave "substan­

tially negative results" with S. typhimurium strains TA98, TA100, TA1530,

TA1535, TA1537, TA1538, G46, TA1532, TA1950, TA1975 and TA1978. Both the

standard plate incorporation assay and the bacterial fluctuaUon test were

used, and both were performed with and without S-9 prepared from the livers
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of Aroclor 1254 pretreated rats. In the plate incorporation assay the test

compound was tested at 1-2000 )Jg/plate under both aerobic and anaerobic

condHions. Detalls were not provided for the fluctuaUon assay. It is

difficult to assess possible reasons for the conflicting results between the

earlier studies and these later mutagenicHy assays. since 1nformaUon on

experimental conditions was limited in the negative studies.

In an attempt to resolve the conflicting results and observe a mutagenlc

response. Geiger and Neal (1981) tested 2.3.7.8-TCOO ln the standard plate

incorporation assay using S-9 prepared from different sources. In order to

maximize the amount of compound tested. dioxane. a better solvent for

2.3.7.8-TCOO than the commonly employed OMSO. was used. Even wHh the use

of dloxane. the llmlted solubllity of 2.3.7.8-TCOO allowed only 20

)Jg/plate to be tested. a dose which was shown to be non-toxlc to the

cells. The S-9 used 1n these assays was prepared from the llvers of Aroclor

1254 pretreated male Sprague-Dawley rats and male Golden Syrian hamsters.

and from 2.3.7.8-TCOO induced male hamsters. In all assays at 2.3.7.8-TCOO

concentraUons of 0.2. 2. 5 or 20 )Jg/plate. and regardless of the source

of the S-9. there was no observed mutagenlc response. In further attempts

to duplicate the prev10us posHive results. Ge1ger and Neal (1981) tested

the same concentratlons of 2.3.7.8-TCOO ln strain TA1537. a more sensHlve

dlrect descendent of straln TA1532. for mutagenic activlty ln the absence of

S-9. Agaln. no lncrease in the number of revertants was observed. In

assays elther with or without S-9. positive controls had predlctable

lncreases ln the number of revertant colonles. The authors concluded that

2.3.7.8-TCOO was not acUve under the condHlons of thls assay; however.

tesUng at hlgher concentraUons may ellcH a posHive response. It was
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also noted that many other polychlorinated aromatic compounds are not muta­

genic in the Ames test. even though there is positive evidence of carcino-

genicity.

Mutagenic effects of 2.3.7.8-TCDD in yeast were observed by Bronzetti et

al. (1983). Positive results for reversion and gene conversion were

obtained in vitro and in the host-mediated assay. The in vitro experiments

+ +yielded small dose-related increases in trp convertants and ilv

revertants. An 510 metabolic activation system was required. Exposure of

the yeast to 2.3.7.8-TCDD at the highest level tested (10 lJg/mll.) result­

ed in 16% survival and yielded 4-fold increases in reversion and gene

In the host-mediated assay, male mice were exposed to 25 lJg of

2,3,7,8-TCDD/kg (Bronzetti et al., 1983). After 5, 10, 20 or 30 days, 0.2

mil. of a yeast culture (4xl0 8 cells) was instilled retroorbitally. Four

hours later, the liver and kidneys were removed and the yeast cells in these

organs were assayed for mutagenic responses. Increases (4- to 6-fold) in

reversion and gene conversion were observed in yeast cells obtained from the

livers and kidneys. The toxic response of the animals to an exposure of 25

pg/kg was not described in this report. Toxicity should be expected at

this high dose. The positive results described in this paper may suggest

that 2,3,7,8-TCDD is mutagenic in yeast, but more definitive stUdies are

needed before a firm conclusion can be drawn.

Hay (1982) has found that 2,3,7,B-TCDD dissolved in DM50 transformed

baby hamster kidney cells (BHK) in vitro. The dioxin isomers 2,B-dichloro­

and 1.3.7-trichlorodibenzo-~-dioxin also transformed BHK cells but the

response was weak. The unchlorinated dibenzo-~-dioxin and the fully chlori­

nated octachlorodibenzo-~-dioxin were both negative in the BHK assay (i.e.,
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there was no cell transformaUon). More recently, Rogers et al. (1982)

reported that 2,3,7,8-TCOO induced mutaUons 'n the excess thymidine, thio­

guanine and methotrexate selective systems in l5178Y mouse lymphoma cells in

culture.

The National Toxicology Program (Zieger, 1983) provided data on TeOO

from four assay systems: the~. typhimurium (strain TA98, TA100, TA1535 and

TA1537) hisUdine reversion assay, the sex-l1nked recessive lethal test in

Orosophlla, and cytogeneUc studies (sister chromatid exchange and chromo­

some aberrations) in Chinese hamster ovary cells. Negative results were

obtained in all these assays. However, these studies cannot be evaluated

because the procedures used to obtain the data were not described.

The solubility of 2,3,7,8-TCOO in water is only 0.2 ~g/i· (Crummett

and Stehl, 1973). Therefore, negative l.!:!. vHro results must be viewed wHh

cauUon unless precise descriptions of the preparation of each test sample

are supplied (e.g., were the samples predissolved and, H so, in what

solvent).

In vitro reactions of 2,3,7,8-TCOO with bacteriophage QB RNA were evalu­

ated by Kondorosi et al. (1973). Active RNA was purified from QB phage fol­

lowed by incubation for 1 hour at 37°C wHh 0.0, 0.2, 2.0 or 4.0 ~g/mi

of 2,3,7,8-TCOO. At all concentrations tested, 2,3,7,8-TCOO had no effect

on the transfectivity of QB RNA. Other compounds tested included the alkyl­

ating agents methyl, ethyl and isopropyl methanesulfonate, and diethyl pyro­

carbonate, all of which inactivated QB RNA under the same experimental con­

dHions. The authors suggested that 2,3,7,8-TCOO inactivHy in this assay

indicated that 2,3,7,8-TCOO was an intercalating agent, and hence would

require double stranded DNA in order to interact. The data presented in

this study, however, were insufficient to support this conjecture.
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In vivo binding of radiolabeled 2,3,7,8-TCOO to liver macromolecules was

studied in Sprague-Dawley rats by Poland and Glover (1979). Both male and

female animals were administered [l,6- 3 H]2,3,7,8-TCOO by Lp. inject\on at

a dose of 7.5 }.Ig/kg. This dose corresponded to a tritium level of 0.87

mCi/kg. The animals were killed either 12, 48 and 168 hours after treat­

ment, or 24 hours after treatment when the animals were pretreated with the

enzyme inducers phenobarbital or unlabeled 2,3,7,8-TCOO. Following sacri­

fice, isolation of macromolecules, and removal of free labeled 2,3,7,8-TCOO.

the amount of label bound to protein. RNA and ONA was determined. The

greatest non-extractable binding of labeled 2.3,7.8-TCOO occurred to

protein; however, the amount of label bound was small and only amounted to

0.03-0.1% of the total radioactivity administered. The total amount of

label associated with RNA and DNA was. respectively, only 50 and 4 cpm above

background. Time after exposure, sex. or prior enzyme induction had no

significant effect on 2.3.7.8-TCOO binding. As a result of the extremely

low levels of radioactivity associated with RNA and DNA. it is uncertain

whether 2.3.7,8-TCOO truly binds covalently to these macromolecules and if

so. whether there is any biological significance to this low level of

apparent binding.

The effects of 2,3.7.8-TCOO exposure on the extent of chromosomal

aberrations in the bone marrow of male rats were reported in an abstract by

Green and Moreland (1975). In the initial experiment. no increase in

chromosomal aberrat ion was observed after 5 daily gavage treatments at a

2,3.7,8-TCOO dose of 10 }.Ig/kg. In the second portion of this study, rats

were exposed by a single Lp. injection of 2,3,7,8-TCOO at 5, 10 or 15

}.Ig/kg or a single gavage treatment at 20 }.Ig/kg. The animals at the two

highest exposure levels were killed 24 hours post-treatment, while the
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rema1n1ng an1mals were k1l1ed 29 days post-treatment. Aga1n. no 1ncrease 1n

chromosomal aberrations was observed, except 1n the posH1ve control group

exposed to tr1ethylenemelam1ne.

In a later report, a small but s1gn1ficant 1ncrease 1n chromosomal aber­

rations was observed in the bone marrow cells of male and female Osborne­

Mendel rats (Green et al.. 1971). Bone marrow cells for cytogenet\c analy­

sis were obtained from Osborne-Mendel rats used 1n a range-f1nd1ng study

prel1m1nary to a chron1c bioassay (Green et al.. 1971). The an1mals 1n

groups of 8 males and 8 females rece1ved tw1ce weekly 1ntubat1ons of

2.3,7.8-TCOO at respect1ve doses of 0.25. 1.0. 2.0 and 4.0. or 0.25. 0.5.

2.0 and 4.0 ~g/kg for 13 weeks. Because 1t was not requ1red for the

range-f1nd1ng study. a control group was not 1ncluded. Bone marrow cells

were analysed for abnormalHies and cells in mHos1s 1n the an1mals which

surv1ved to the end of the study (4-8 animals/group). The only s1gn1f1cant

1ncreases 1n chromosomal aberrat10ns 1n comparison to the low dose group

were 1n males at 2 and 4 ~g/kg and females at 4 ~g/kg. The greatest

incidence observed was 4.65% of the cells wHh chromosomal breaks 1n the

h1gh-dose males. and th1s was cons1dered only weakly posHive. The weak

response. as well as the lack of data from control an1mals and the reported

dHf1culty of obtain1ng cells from the high-dose animals as a result of

2,3,7,8-TCOO toxicHy. makes the conclus10n from th1s study that 2,3.7.8­

TCOO produced chromosomal breaks tenuous.

Czeizel and Kiraly (1976) reported an 1ncreased 1nc1dence (p<O.OOl) of

chromat1d-type and unstable chromosome aberrat10ns 1n the per1pheral lympho­

cytes of workers exposed to the herb1c1des 2.4.5-tr1chlorophenoxyethanol

(2.4,5-TCPE) and Bum1nol. The 2,3,7.8-TCOO levels 1n the f1nal product were

<0.1 mg/kg; however. the exposure levels for 1nd1v1dual workers were not

available.
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Mulcahy (1980) reported \n a letter no increased incidences of chromo­

somal aberraUons in lymphocytes of 15 soldiers exposed to IIAgent Orange ll
•

The exposure was for 0-15 months and all subjects complained of symptoms,

\nclud\ng sk\n erupUons, which they associated w\th IIAgent Orange l
'. The

analyses were performed w\th lymphocytes obta\ned -10 years after the last

exposure, and comparisons were made with eight subjects who had no history

of exposure to 2.3,1,8-TCOO. Ne\ther sister chromatld exchange nor struc­

tural aberrat\ons includ\ng both gaps and breaks were increased. The

authors note that the long tlme between exposure and analysis may have

accounted for the negative results.

Also, both Reggian\ (1980) and Mottura et al. (1981) have studied

\nhab\tants \n Seveso, Italy. exposed to 2.3.1.8-TCOO from an accident in a

tr\chlorophenol manufacturing plant. Reggiani (1980) exam\ned 4 adults and

13 ch\ldren (3-13 years) for chromosomal aberratlons w\thin 2 weeks of the

acc\dent. These 11 \ndividuals were exam\ned to support claims of, and

determine extent of. \njury before an inquest judge. Although burnlike skin

les\ons \n these 11 individuals \ndicated chemical exposure, no increase in

chromosomal aberrations was detected. The methods of performing the

analyses and the actual number of aberratlons detected were not described.

Sim\lar negat ive results were reported \n an abstract by Mottura et al.

(1981). In this study, subjects were chosen from the area of heavy contami­

nat\on following the acc\dent (acute high level exposure), from the working

population of the plant (chronic low level exposure) and a non-exposed con­

trol population. The number of subjects in each group was not enumerated.

The spec\mens were examined by three independent laboratories and no labora­

tory reported an increase in chromosomal aberrations, although there was a

significant difference in the reported scores between laboratories. There
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was no 'nformat'on 'n th's abstract on the extent of 'nd'v'dual exposure or

the length of t'me that elapsed between the acc'dent and obta'n'ng samples

for analyses of chromosomal aberrat'ons.

O'Lern'a et al. (1982) conducted add,t'onal stud'es on lymphocytes

prepared 'n 1976 and 1979 from 8 persons cons1dered acutely exposed to

2,3,7,8-TCOO 1n the Seveso acc1dent, 8 ICMESA factory workers (cons1dered

chron1ca1ly exposed), and 14 control subjects (8 had chromosomes prepared 1n

1976 and 6 in 1979). Cells were exam1ned for average number of satellHe

assoc1at10n~ (SAs) (ev1dence for funct10nal r1bosomal genes), both on a cell

basis and for the large acrocentric chromosomes (0 group chromosomes).

There was no change in the frequency of SAs on a per cell bas1s in any of

the groups as compared to control values, nor 1n 0 group chromosomes from

acutely exposed subjects examined 1mmed1ately after the accident. There

was, however, a decrease 1n the average frequency of SAs 1n group 0 chromo­

somes of acutely exposed subjects examined in 1977 and in ICMESA workers at

both the 1976 and 1979 exam1naUons. Although the biologic relevance of

these observaUons has not yet been confirmed, 01Lern1a et al. (1982) ob­

served a s1m11ar decrease 1n SAs after exposure of lymphocytes to x-1rrad1a­

t iOIl. It was concluded that the decrease in SAs may have resulted from

mutagenic damage to funct10na1 nucleolar organiz1ng reg10ns.

The potent1a1 of exposure to 2,3,7,8-TCOO to result 1n chromosomal

damage has been studied 1n experimental animals and humans. Most of the

stud1es 1n exper1menta1 an1ma1s gave no evidence that 2,3,7,8-TCDD may

result in chromosomal aberraUons; however, there 1s a report of a s1ng1e

posit1ve response wh1ch was weak and 11ttle deta11 was provided in the

report to assess the qua1Hy of the results. In the studies of humans,

exposure occurred to chemicals wh1ch contain 2,3,7,8-TCOO as a contam1nant.
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In two of these studies involving indlviduals exposed in the Seveso acci­

dent. there was no observed increase in the incidence of chromosomal aberra­

Uons. In a third report of individuals exposed at Seveso. there were

changes observed in lymphocyte chromosomes from exposed workers which were

suggested to have risen from mutation in functional nucleolar organizing

regions; however. this bioassay has yet to be validated. In the only posi­

tive study. workers in a chemical plant were exposed to the herbicides.

2.4.S-TCPE and Buminol. as well as 2.3.7.8-TCOO. The participation of the

herbicides in the resulting increase in the workers of chromosomal aberra­

tions cannot be excluded. At present. the data from experimental animals

and humans are too limited to designate 2.3.7.8-TCOO as a clastogenic agent.

In summary. a limited number of initial studies of the mutagenicity of

2.3.7.8-TCOO in bacteria reported positive results in ~. typhimurium strain

TA1S32 in the absence of a mammalian metabolic activation system (Hussain et

al .• 1972; Seiler. 1973). More recent attempts to repeat these results with

strain lA1532 or related strains have failed (Geiger and Neal. 1981; Gilbert

et al .• 1980; McCann. 1978). These authors have also reported no increase

in mutation rate when 2.3.7.8-TCOD was tested in the presence of a mammalian

metabolic activation system. In other lD. vitro assays. 2.3.7.8-TCOO has

produced a positive response in reversion to streptomycin independence in I.

coli Sd-4 cells and questionable positive response with prophage induction

in I. coli K-39 cells (Hussain et al.. 1972). Also. 2.3.7.8-TCOO has been

reported to be mutagenic in the yeast ~. cerevisiae in both the lD. vitro

assay with S-10 and the host-mediated assay (Bronzetti et a1 .• 1983).

Rogers et a1. (1982) have also reported positive mutagenicity results in the

mouse lymphoma assay. In the I. coli studies. the poor survlval of the

cells or the interference of the vehicle solvent. OMSO. with the assay makes
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the evaluatlon of the studles dlfflcult. Wlth the data available, it is not

posslble to resolve the confllcUng reports on the mutagenlc potenUal of

2,3,7,8-TCOO.

Overall, the data indlcate little potential for the interaction of

2,3,7,8-TCOO with nucleic acids or the ability of 2,3,7,8-TCOO to produce

chromosomal aberrations. Kondorosi et al. (1973) demonstrated that 2,3,7,8­

TCOO dld not react with RNA 1rr vltro In the absence of a metabolic activa­

tlon system. In vlvo studies uslng radiolabeled 2,3,7,8-TCOO indlcated some

associatlon of non-extractable label with RNA and DNA (Poland and Glover,

1979); however, the very low level of bound label observed suggest that- the

"blnding" may have been merely an artifact. Similar marginal data were

available on the clastogenlc effect of 2,3,7,8-TCOO. Although one 1rr vivo

study in rats (Green and Moreland, 1975) failed to demonstrate any

treatment-related chromosomal aberration, a second study by the same authors

(Green et al., 1977) using a longer exposure period reported a small

lncrease in the number of aberrations. In humans exposed to 2,3,7,8-TCOO

during the manufacture of 2,4,5-TCPE and Buminol, Czeizel and Kiraly (1976)

reported an increase in the number of chromosomal aberrations, whi le no

increase was detected in individuals exposed to 2,3,7,8-TCOO following an

industrial accident in Seveso, Italy (Reggiani, 1980; Mottura et al.,

1981). The studies of the clastogenic effect of 2,3,7,8-TCOO were presented

with little or no experimental detail to assist in evaluating the merits of

the reports. The data available are too 11mlted to indicate whether

2,3,7,8-TCOO can interact with nucleic acids or produce chromosomal

aberraUons.

The dlfferences among the results descrlbed above could be due to sev,

eral factors, such as treatment protocols, solubility problems, purity of
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Cook et al. (1980) in a cohort mortality study of 61 male employees of a

trichlorophenol manufacturing area, who acquired chloracne following a 1964

incident, noted four deaths by the end of his study period, but one of the

four was a fibrosarcoma. The authors did not seem to attribute any special

significance to this finding at the time.

Ott et al. (1980) in a cohort mortality study of 204 employees exposed

to 2,4,5-T during its manufacture from 1950 to 1971, revealed no soft-tissue

sarcomas among 11 deaths that had occurred by 1976. But only 1 of these 11

was a malignant neoplasm.

In a discussion of the cohort studies of Zack and Suskind, Cook, a third

unpubllshed study by Zack (in which a liposarcoma was found), and a fourth

study by Ott et al. (1980), Honchar and Halperin (1981) noted 3 (2,9%)

soft-tissue sarcomas in a total of 105 deaths, compared roughly to 0.07%

deaths in U.S. males aged 20-84 years (ICO 171, 8th Revision, 1975)* indi-

eating an unusual excess of such tumors. This may be somewhat of an under-

estimate due to the possiblity that some soft-tissue sarcomas may be coded

to categories other than ICO 111. Separately none of the reported case

studies reported a significant excess of soft-ti ssue sarcomas. The number

of soft-Ussue sarcomas noted by Honchar and Halperin was increased by a

fourth when Cook (1981a) found a malignant fibrous histiocytoma after a

later review of the medical records from his earlier cohort study. Cook,

who was familiar with the earlier three cases, went on to say that frank

chloracne occurred previously in two cases of the 4 having a diagnosis of

*Department of Health, Education, and Welfare. U.S. Public Health Service.
National Center for Health Statistics of the United States, 1974. Vol. II.
Mortality, Part A.
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malignant fibrous hisUocytoma. A third case diagnosed as a fibrosarcoma

worked in a trichlorophenol (TCP) process area contaminated with 2,3,7,8­

TeOO. This individual exhibited facial dermatitis, but no diagnosis of

chloracne was made. The last case was diagnosed as a liposarcoma, and the

individual had been employed earller in a plant producing 2,4,5-T. Cook

noted that although chloracne was not reported, it could not be discounted.

He also noted that all four were smokers and suggested that smokers with

chloracne caused by 2,3,7,8-TCOO exposure may be subject to an increased

risk of fibrous soft-tissue sarcomas.

Hardell and Eriksson (1981) discounted this hypothesis by citing that

only one of Hardell's seven cases exhibited chloracne prior to the appear­

ance of the soft-tissue saromcas, and that in his later case control study,

he found no difference in smoking habits between his cases and controls.

Moses and Selikoff (1981) reported discovering a fifth soft-tissue sar­

coma in a worker employed at the Monsanto Chemical Company at a time when

trichlorophenol and 2,4,5-T were being produced. He died of a retroperi­

toneal neurogenic sarcoma (malignant schwanoma) in 1980 at the age of 58.

The employee, prior to his death, in a detailed occupational history said

that he was potenUally exposed to these chemicals while he was a truck

driver, hauler and maintenance worker, but that he did not work in the pro­

duction of either chemical. He was a non-smoker and did not have a history

of chloracne.

Johnson et al. (1981) treated a father and son with soft-tissue sarcomas

(the 33-year-old son was diagnosed as having a fibrosarcomatous mesothe­

lloma, while the 53-year-old father had a liposarcoma),. Both were exposed

to halogenated phenol derivatives. The author noted that 2,4-dichlorophenol
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can be a precursor of 2,4-0 and 2,4,5-T. The father had had prolonged expo­

sure ,prior to his disease. The son supposedly had a shorter latency,

according to the author. In neither case is the follow-up t1me g1ven.

Sarma and Jacops (1981) reported three cases of thoracic soft-tlssue

sarcoma in individuals who were exposed to Agent Orange whlle serv1ng 1n

Vietnam. The diagnoses were fibrous histiocytoma, mediast1nal f1brosarcoma,

and a pleural/d1aphragmat1c le1omyosarcoma. All three served 1n areas where

defol1ants were used at the t1me. One was drenched w1th the mater1al 1n one

spraying.

B1shop and Jones (1981) found two cases of non-Hodgkin's lymphomas of

the scalp 1n a related clln1cal study of 158 employees of a pentachloro­

phenol manufacturing plant 1n Wales. Homologues of 2.3.7.8-TCDD occurred as

contam1nants at up to 300 ppm at 1ntermed1ate manufactur1ng stages and 5 ppm

in the f1nal products. Mlld, moderate and severe cases of chloracne were

seen \n many employees, including the two men who subsequently developed

lymphomas. Both men worked \n processes where exposure to other chem1cal s

occurred, includ1ng exposure to aromat1c hydrocarbons. The authors reported

that only 0.28 tumors of th1s type could be expected to occur \n a group of

158 workers (ICD 200 and 202). although the bas1s for the computatlon of

expected numbers 1s not stated.

Olsson and Brandt (1982) noted that of 123 male patients seen at h1s

c11n1c 1n Sweden w1th a recent dlagnosls of non-Hodgk1n's lymphoma (NHL), 5

had cutaneous les10ns as the only cl1n1cally detectable manHestat10n of

NHL. Four of the f1ve had repeatedly sprayed large areas w1th phenoxy acld

herblc1des. In the remaln\ng 118 NHL patients, only. seven had a slmllar

occupational exposure to phenoxy aclds. The authors reported thl s to be

slgniflcant at P<O.OOl. Olsson and Brandt suggested that a relationsh1p
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exists between cutaneous presentation of NHL and occupational exposure to

phenoxy acids, and believed their observations were similar to those of

Bishop and Jones.

Adding these case studies together, the total number of workers exposed

to phenoxy acids and/or chlorophenols is small, but considering the rarHy

of this cancer. H is unusual that so many cases of soft-tissue sarcomas

have occurred. A Lancet edHorial (Anonymous, 1982) calls this phenomenon

"disturbing." It is suggestive of an association of cancer with exposure to

phenoxy acids and/or chlorophenols, and consequently with the dioxin impuri­

ties found in these herbicides.

Soft-Tissue Sarcomas. Soft-tissue sarcomas (STS) constHute a collec-

tion of heterologous lesions that include both malignant and non-malignant

tumors. Not all of them have their origin in primordial mesenchymal cells.

Some exceptions are tumors of peripheral nerves, and neuroectodermal tumors

which are classified as STS, but are derived from non-mesenchymal cells.

Classification, grading and staging of STSs is difficult because of the

capacity of such cells to differentiate into many different tissues. Fairly

precise histGgenetic classification of such tumors is accomplished through

consideration of growth patterns and cell morphology and evaluation of

intracellular and extracellular products of tumor cells. There are a dozen

distinctly different classes of mesenchymal cells that develop into the fol­

lowing six well-defined tissue complexes: fibrous tissue, tendosynovial

tissue, adipose tissue, muscle. vessels and bone. STSs can be induced in

any of these tissue types (Hajdu, 1983). The classification of STSs for

cause of death coding in the ninth and latest revision. of the International

Classification of Diseases (lCD, 1975) places STSs into one of several

categories. But chiefly, they fall into "malignant neoplasms of connective
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and other soft-t issue" (ICD 171). lymphosarcomas, retroper Honeal sarcomas

and extra skeletal STSs of the bone are coded elsewhere. In some instances,

H site is mentioned, it 15 coded to the site, e.g., leiomyosarcoma of the

stomach (ICO 151.9), neurofibroma of the chest wall (215.4).

Questions have been raised concerning the appropriateness of lumping

together malignant tumors of dHferent sites and tumor types in order to

derive risk estimates. It may not be scientifically appropriate to do so

because an elevated risk cannot readily be ascribed to a particular site or

type as is usual with most carcinogenic chemicals and substances. Unfortu­

nately, with respect to STSs, tallies of deaths due to STSs of particular

sites and types are not maintained separately by the vital statistics

offices because of their rarity, and therefore, it is impossible to derive

risk estimates for particular types at given sites. Altogether, -2000

deaths/year can be attributed to STSs in the United States, most of which

are coded to ICO category 171 for purposes of developing incidence and mor­

tality rates for this composite cause. Within ICD 171, individual types

that may be correlated with exposure cannot be identified.

A separate problem that potentially could arise from assigning STSs to

multiple leO codes is that incidence and death rates due to STSs may be

underestimated. Furthermore, risk estimates derived from dividing observed

cases (or deaths) by expected cases (or deaths) could be biased upward.

This could happen when observed STSs classified to lCO codes other than lCO

171 are lumped together while expected STSs are based upon lCO 171 only.

Thus, action of this sort, especially with respect to cohort studies of

individuals exposed to dioxin-containing herbicides and/or chlorophenols,
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could lead to risk estimates that may be biased upward by the inclusion of

STSs in the observed category for risk estimation that should be coded to

categories other than 111.

Prompted by clinical observations over a 1-year period of malignant sar­

comas in seven men with previous occupational exposure to phenoxyacetic acid

herbicides (Hardell, 1911), researchers at the Department of Oncology, Uni­

versity Hospital, Umea, Sweden, initiated epidemiologic studies to test the

hypothesis of an etiologic association (Hardell and Sandstrom, 1919). The

investigators elected to conduct case-control studies, a type of epidemio­

logic research particularly well suited for rare diseases with long periods

of induction (Cole, 1919). Cases were defined as male patients with sar­

comas of soft connective tissue, such as smooth muscle (leiomyosarcoma) and

fat (liposarcoma). The distribution of tumor types in the two studies is

shown in Table 12. Sarcomas of harder connective tissues, such as bone and

cartilage, were excluded. According to the authors, these tumors may have a

different etiology and there occurred a different age-distribution in pat­

ients with these tumors as compared to that of STS (Hardell, 1983).

Two case-control studies were conducted, the first in northern Sweden

(referred to below as Study A), and the second in the southern part of the

country (Study B). The frequencies of exposure to the substances of primary

interest are shown in Table 13. In the north, occupat ional exposure to

phenoxyacetic acids took place in both forestry and agricultural work. In

the south, these exposures were predominantly agricultural. The phenoxy­

acetic acids to which exposure occurred consisted predominantly of 2,4,5-1

and 2,4-0 in both studies. Exposure to 2,4,5-T in the. absence of 2.4-0 was

rarely reported in either study. Exposure to chlorophenols, which contain
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TABLE 12

Distribution of Tumor Types in Two Case-Controls Studies
of Soft-Tissue Sarcoma

Diagnosis

Leiomyosarcoma

Fibrous histiocytoma

Liposarcoma

Neurogenic sarcoma

Angiosarcoma

Myxosarcoma

Fibrosarcoma

Other sarcomas

Total

Tissue of Origin

Smooth muscle

Subcutaneous connective
tissue

Fat tissue

Nerve tissue

Blood vessels

Primitive connective
tissue

Fibrous tissue

Percent of Cases

Study Aa Study Bb
(n=52) (n=110)

30 23

17 25

14 £>

10 4

8 2

£> 8

4 8

11 24

100 100

aUnpublished information supplied by Hardell to EPA (Hardell and Sand­
st r om. 1979 )

bEriksson et al., 1979. 1981
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TABLE 13

Exposure Frequencies in Two Case-Control Studies of Soft-Tissue Sarcoma

Substance(s)

Phenoxyacetic acids only
Ch1oropheno1s only
Both

Total

Percent Exposed

Study A Study B

Cases Controls Cases Controls
(n=52) (n=206) (n=110) (n=219)

23.1 6.3 12.7 2.3
11. 5 2.4 10.0 3.6
1.9 0.5 _0_ L.

36.5 9.2 22.7 5.9

*Sources: Study A. Hardell and Sandstrom. 1979; Study B. Eriksson et a1 .•
1979. 1981

C-123



chlorinated dibenzodioxln lmpurltles (Levln et al., 1976) occurred mostly in

sawmill work and paper pulp productlon. Very few persons reported exposure

both to phenoxyacetic acid and chlorophenols ln these studies. Of the two

predominant phenoxyacetic acids. only 2,4,5-T is known to be contaminated

with 2,3,1,8-TCOO. In Study B. a relatlve rlsk of 4.9 (90% confldence

lntervals 1.6-11.1) was found in relation to exposure to phenoxyacetlc acid

herblcide other than 2,4.5-T (2.4-0, HePA, mecoprop, dlchloroprop).

Relatlve risks in relation to the three major categories of exposure are

shown in Table 14.* Studies A and B lndicate a risk of developing STSs

among workers exposed to phenoxyacetlc acids only, chlorophenols only, or

phenoxyacetic acids and/or chlorophenols several times higher than among

persons not exposed to these chemicals. In each comparison, the point esti-

mate of relative risk is high and unlikely to have resulted by chance alone.

Slnce little is known of the etiology of STSs, the consideration of con-

founding in these studies was largely a hypothetlcal matter. The authors

prevented the effects of age, sex, and place of residence as possible con-

founding factors in the selection of controls.t Because of the high cor­

relatlon between exposure to the substances of lnterest and employment in

agriculture and forestry, a reasonable hypothesis could be developed that

some other unknown factor present in these occupatlons was responsible for

the elevated relative risks.

*In the analyses considering phenoxyacetic acids only and chlorophenols
only, persons exposed to the other categories of substances were excluded.
In Study A, the three persons exposed to both chlorophenols and phenoxy­
acetic acids were included in all comparisons.

tControls were matched individually to cases on the basis of these factors.
Unmatched analyses are presented in Table 24 for the sake of simplicity.
The matched-method relative risks for exposure to phenoxyacetic acids and/or

chlorphenols were 6.2 (P<O.OOl) in Study A and 5.1 (P<O.OOl) in Study B.
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TABLE 14

Relative Risks of Soft-Tissue Sarcoma in Relation to Exposure to
Phenoxyacetic Acids and Ch10ropheno1s in Two Case-Control Studiesa

Phenoxyacetic Acids
Phenoxyacetic Acids Ch10ropheno1s and/or

Only Only Ch10ropheno1s

Study A Study B Study A Study B Study A Study B

n
I Relative riskb 5.3 6.8 6.6 3.3 5.7 4.7.....

N
U'1

90% Confidence interva1 c 2.7-10.2 3.1-14.9 2.8-15.6 1. 6-7.0 3.2-10.2 2.7-8.3

Significance 1eve1 d <0.001 <0.001 <0.001 <0.005 <0.001 <0.001

aSource: Study A. Harde11 and Sandstrom. 1979; Study B. Eriksson et a1 .• 1979. 1981

bUnmatched odds ratio

cTest-based method of Miettinen. 1976

dChi square statistic. no continuity correction. one-tailed test



To test this hypothesis, \t is possible to calculate the relatlve r\sk

\n relation to the phenoxyacet1c ac\d exposure 1n Study B, restr1cting th~

analysis to workers w1thin agriculture and forestry. The result \s a rela-

the risk of 6.1 (90" confidence interval 2.4-15.4). This finding strongly

suggests that some confounding r\sk fador for STS distributed throughout

agriculture and forestry work was not respons1ble for the overall \ncrease

in risk found in relation to phenoxyacetic acid exposure.

Because exposure histories were obta1ned by means of questionna1res and,

interviews, the major potentlal source of Mas in these studies stems from

the need to rely upon the personal recollect ion of cases and controls for

exposure histories. The pub11shed papers indicate that the researchers paid

a great deal of attention to this potential problem and state that they took

all reasonable precautions to avoid it during the conduct of the study.

In addition. the relative risk calculated by considering the agriculture

and forestry workers who did not report exposure to phenoxyacetic acids or

chlorophenols and comparing them to unexposed persons in other occupations

was 0.9 (90% confidence interval 0.3-2.4) in Study B. This suggests that a

great deal of recall bias was not present (Axelson. 1980).

In an update of his earlier study. Eriksson et a1. (1981) obtained

information on the effects of phenoxy acids in the absence of the impuri-

ties--polychlorinated dibenzodioxins and dibenzofurans. The risk ratio

given exposure to phenoxy acids free of polychlorinated dibenzodioxins and

dibenzofurans equaled 4.2 based upon 7 out of 14 respondents who indicated

exposure to phenoxy acid herbicides. When consideratlon was given to only

phenoxy acids that contain such impuritles, the risk was 17.0. A descrip-

tion of the basls for the determinatlon of exposure or non-exposure to

dioxins \s not well presented in this study.
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The author concluded that exposure to phenoxy adds and chlorophenols

"might cow.lilutc a ri"k factor ill the lIeVI·l·,:!t l)f,llfl-l.isslJf' '-..1rcomas."

I his r i sk rei a 1. es nol.on Iy I. 0 ?, 4, !l- t ric hlor 0 phen 0 xy i1 Cids con 1. i1 i n i nU ;"nx: i n

impurities, but to other phenoxy acids as well. Some doubt was raised con­

cerning the possible misclassifications of individuals who were exposed to

phenoxy acids free of polychlor\nated dibenzodioxins (1.e., in particular,

udichoroprop" in the Eriksson study). In a recent communication from

Hardell (1983), Eriksson recalculated his risk estimates after reclassifying

his dichoroprop-exposed cases and controls into the category of probable

exposure Lo phenoxy adds contaminated with polychlorinated dibenzodioxins

and removing them from the non-exposed category. His new estimates were 4.0

based upon 5 out of 8 respondents who were exposed to phenoxy acids free of

contamination and 10.9 for those exposed to contaminatl'il lli:clloxy dc'::1 T~H­

first estimate was of only borderline significance utilizing the Mietinen

test based statistic, thus, weakening any finding that the risk of STS

extends to phenoxy acids free of dioxin.

In a cohort mortality study (Cook et al., 1980a) of 61 males involved in

a 1964 chloracne incident, employees in a trichlorophenol manufacturing area

were found to have chloracne due to skin absorption of 2,3,7,8-1COO. The

skin lesions characterhing chloracne ranged from a few comedtlfll.''.> on th('

back of one employee (predating his entry into the process area where expo­

sure could occur) to severe cysts and comedones over the faces, scalps,

ears, necks and backs of the remaining employees of the group. Since the

main route of exposure was not through the respiratory tract, no measure­

ments of dioxin in the air were provided by the author. On the other hand,

the author did subjectively divide the cohort of 61 males into potentially

IIhigh" vs. "low" exposure by place of work based upon dermal exposure,
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although not stated. Vital status was traced from the data of the lncldent

through 1978. Altogether only 4 deaths were observed by the end of the

follow-up. vs. 7.8 expected. Of these. 3 were cancer vs. 1.6 expected. The

rema1n1ng death was hypersens1t1ve heart d1sease vs. 3.8 expected. The

h1stopatholog1c causes of death of the three cancer v1ctims were 1) f1bro­

sarcoma. 2) glloma wHh metas tases. and 3) adenocarc 1noma. The author s

report that all three v1ctims smoked a m1n1mum of one pack of cigarettes a

day for "many years."

Cancer mortality is slightly elevated in thls cohort despite Hs rela­

t1ve low sensitivity. the lack of a sufficient latent period. and the pres­

ence of the healthy worker effect. This increased mortality was not attr1b­

utable to any particular cause. Additionally. the authors state that only

one of the cancer deaths possessed "documented" evidence of chloracne.

although this appears to be at variance with the definition of the cohort.

which was reported by the authors to conslst of males who reported to the

medical department with skin conditions subsequently "diagnosed as chlor­

acne." The authors furthermore concluded that the latency period was suffi­

cient to "allow the identification of a potent human carcinogen." since it

"exceeded 14 years." Orrls (1981) criticized thls conclusion with a refer­

ence to the Hardell and Sandstrom (1979) study ln which the authors noted

that the latent perlod for soft-tissue tumors may be as long as 27 years and

for many. over 14 years. Cook (198lb) countered that the Hardell and

Sandstrom (1979) conclusions were based upon questionable data in that the

self-administered questionna1res used in that study provided neither valid

quant1tat1ve nor qualitative estimates of exposure. Therefore. 1t could not

be used to determine latent periods. In any case. Hueper and Conway (1964)

noted that the latent period for the chemical induction of solid malignant

tumors in man exceeds 15 years and is probably <30 years.
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Although the Hardell and Sandstrom (1979) study has some def'c'enc1es.

the Cook et al. (1980a) study provides 11ttle ev1dence to support the

prem1 se advanced by the authors that d1ox1n "cannot be cons'dered to be a

potent human carc1nogen with organ or tissue specH1city." There's a dis­

tinct like11hood that the latent per10d for the development of STSs and

related tumors due to exposure to d'ox'n may not have been achieved with1n

the 14-year follow-up period specHied in the study. Furthermore. a much

larger cohort may be needed in order to detect a signHicant1y increased

cancer risk.

Smith et al. (1982b) conducted a case-control study of 102 males identi­

fied from the New Zealand Cancer Registry as having STSs (lCO 171) between

1976 and 1980: For each case. three controls each with another form of can­

cer were matched by age and year of registration. The selection of cancer

controls from the same reg1stry was done to eliminate recall bias and/or

interviewer bias. The distribution of histological types in the cases is

given in Table 15. The interview to elicit occupational history information

was accomplished via the telephone either with the next of kin to the pat­

ient or the patient himself if he was well enough. Anxiety was alleviated

by the mailing of a letter prior to the interview. the purpose of which was

to inform the person of the intention of the interviewer to ask some ques­

tions about his occupational history.

Apparently. the questions asked were not specific enough to identHy

definite exposure to phenoxy herbicides and/or ch1orophenols. The authors

asked only about current occupation or last occupation if retired. Compari­

sons between cases and controls were accompl ished by use of occupational

groupings according to the Standard Classification System of New Zealand

focusing on those occupational groups with a potential for exposure to
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TABLE 15

Distribution of Histological Types of Soft-Tissue Sarcomas

Cell Type Number of Cases Percent

Fibrosarcoma 25 24

Liposarcoma 20 20

Rhabdomyosarcoma 9 9

Leiomyosarcoma 7 7

Malignant Histiocytoma 6 6

Other 22 21

Unspec 1f i ed 13 --ll

Total 102 100
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phenoxy herblcldes and chlorophenols. Expected cases for each major occupa­

tlonal classlflcatlon were derlved based upon the occupatlonal dlstrlbutlon

of the controls. The authors found no unusual excess of cases of STS ln any

major occupational category. In agrlculture. forestry and flshing. 14 cases

werc obscrved vs. 14.0 expected. In laborers. production and transport

workers, 35 cases were observed vs. 37.0 expected. A further breakdown of

these two broad categorles lnto flner subcategorles wlthin the major occupa­

tlonal categories revealed no slgnHlcant excesses. The study. however. ls

not useful in as ses sing the risk of STS from exposure to phenoxy ac 1ds

and/or chlorophenols for several reasons. Flrst. as was pointed out by the

authors. but subsequently dlsmlssed by them as havlng not much of an influ­

ence. is the posslblllty that swltchlng from one major occupatlonal category

to another over the t lme per iod lnvolved for latent condH lons to manHest

themselves could lntroductlon a negatlve blas into any estimates of relative

rlsks. The latency for STS is felt to be a minimum of 15 years (Hueper and

Conway. 19(4).

The flnding of no swHchlng from one occupat ional category to another

that was noted ln the "flrst 20 lntervlews" ln whlch a change could be noted

ls not necessarlly lndlcatlve of fldellty to the same job over long perlods

ln all 408 cases and controls. Informatlon ldentHylng a swHch may be

lacklng in those cases and controls ln whlch a swltch dld occur only because

the swltch resulted in separatlon of the earlier work hlstory from the lat­

ter. Besldes the "flrst 20 lntervlews" where a change could be noted ls not

representative of the entlre cohort ln any case.

Furthermore. the authors do not know absolutely that any of thelr cases

and controls were exposed to phenoxy aclds and/or chlorophenols slnce
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apparently no effort was made to confirm "potentlaP exposures. Only dif­

ferences in occupational classification were noted where "potentially" cases

or controls could have had exposure to the dioxin-containing herbicides. It

was pointed out that the risk estlmates noted do not "preclude" the possl­

b\1Hy that an associatlon may be found in this study when the cases and

controls (or surviving kin) are interviewed for chemlcal spraylng at a later

tlme. The authors themselves conclude that the preliminary study results

"should not be taken as substantlal evidence against the hypothesls that

phenoxy herbicides and chlorophenols may cause human cancer."

It should be noted that the distributlon of tumor types differed con­

siderably from the Hardell and Eriksson study to the Smith study. leiomyo­

sarcomas. malignant histocytomas. neurogenic sarcomas and myxosarcoma seem

to predominate in the Hardell and Eriksson study. whereas fibrosarcomas and

1i posarcomas appear promi nent 1yin the SmHh study. More attentl on should

be devoted to the study of the disbributions of STS types in registry data

everywhere in order to determine if such variations in the reporting of STS

types are random occurrences. It is possible that the cancer effect of

exposure to phenoxy herbicides may be narrowed to just certain types of

STSs. the predominant ones in the Swedish studies.

In a later study of STSs. Smith et al (1983a) conducted a case-control

study of STSs in males that were reported to the New Zealand Cancer Registry

by Publ ic Hospitals between 1976 and 1980. The author matched one cancer

control randomly chosen from the registry with each case. initlally starting

with 112 of each. Controls were matched for year of registration and by

date of birth.±. 2 years. Inquiries were made by the authors with the hos­

pital consultant. fam\1y doctor. and finally the next-of-kin or patient if

alive. Telephone interviews were conducted by only one interviewer who had
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no knowledge of the patients cancer history and were completed on 80 cases

and 92 controls. Because some 32 potenUal cases (14 ineligible) and 20

controls were excluded or lost from the study for various reasons. it raises

a quesUon whether control of confounding by age and year of registraUon

was maintained in the final group of 172 cases and control included in the

analysis. Presumably the corresponding "matched" case or control to each of

the 52 lost members of the total study group were not excluded.

Patients were classified as having had potenUal exposure to phenoxy­

acetic acids if they had definite. probable or possible exposure to phenoxy­

acetic acid through spraying or hand contact. The actual chemical was

identified only in some instances. The authors concluded in all remaining

situations that if the member sprayed "gorse" and/or "blackberries" this was

tantamant to potenUa1 exposure to phenoxyaceti c ac i d. Smith calculated

elevated but non-significant relative risks of exposure to phenoxyacetic

acid ranging from 1.3 in those individuals who were "probably exposed" for a

minimum of 5 days not in the previous 10 years prior to cancer registration

to 1.6 in individuals "probably exposed" for a minimum of 1 day not in the

previous 5 years prior to cancer registration. When risk ratios were calcu­

lated after stratifying by year of birth and whether or not the patient or a

relative was interviewed. the rates increased to 1. 7 (from 1.6) in the

latter and 1.4 (from 1.3) in the former calculation. although still nonsig­

nificant. It would be of interest to repeat the above calculations exclud­

ing only those with potential exposure occurring only within the 15-year

period just prior to cancer registration. Furthermore. the categories of

exposure "probably or definitely" exposed for ~l day or, even 5 days raises a

question whether any of the cases or controls could really be said to have

ever come in contact with enough phenoxyacetic acid to justify such a
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deslgnatlon. It could be that. in fact. potenUally exposed ind\viduals in

New Zealand have had little or no contact with the herbicide.

The authors did conclude that the finding of a relative risk of 1.7 in

individuals with ~l day exposure not in the last 5 years cannot be entirely

discounted. But then the authors state that if exposures of ~5 days prior

to 10 years before cancer registration are not included they would expect an

increase. and since they do not see an increase. there is no evidence of a

"real causal link." One might question whether this is a suitable criterion

for providing evidence of a causal association. Perhaps a more valid group

for study would be one where the potential exposure was considerably longer

than "5 days" and >15 years prior to initial cancer registration. As kind

of a subtle justif~cation for the finding of no significant risk in workers

exposed In phenoxy acids. the author alludes to the fact that there are

currently 500 full-Ume workers registered in New Zealand who do full Ume

ground spraying and altogether some 2000 workers who were at some Ume

professionally involved in phenoxyacetic acid herbicide spraying from the

air or ground with exposure "very much greater" than that of patients in

this study. This kind of argument has appeal if these workers could be

shown to have had their exposure sufficiently far in the past that latency

considerations could be adequately addressed. However. the real quesUon

again remains how much real exposure did those patients in the study really

have 10-15 years earlier. and in what numbers. The author remarks that it

is surprising that he found no STS victims who had ever worked full-time in

phenoxyacetic acid herbicide spraying. Perhaps they have not yet been 'ob­

served for a long enough period. However. as was pointed out by the author.

the findings do not support the hypothesis that exposure to phenoxyacetic
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acid herbicides causes S1S. But neither do they support a negative finding

without better documentation regarding actual exposure and time of actual

exposure.

Pazderova-Vejlupkova et al. (1981) studied 80 workers involved in the

production of 2,4,5-sodium trichlorophenoxyacetate and butylester of tri­

chlorophenoxyacetic acid who sUbsequently became ill from exposure to

2,3,7,8-1COO during the period 1965-1968. Only 55 members of this group

were followed for 10 years. 1he remaining 25 either refused participation

or moved leaving no forwarding address. Most pat ients developed chloracne

while 11 developed porphyria cutanea tarda. Chief chemical signs were

metabolic disturbances, pathologically elevated lipids with abnormalities in

the lipoprotein spectrum, and "pathological" changes in glucose tolerance.

Other symptoms noted were biochemical deviations consistent with Ita mild

liver lesion," light steatosis, periportal fibrosis or activation of Kupffer

cells, or nervous system focal damage (peripheral neuron lesion in lower

extremeties). Altogether six patients were reported to be deceased during

this 10-year period, 2 from bronchogenic carcinoma, 1 from cirrhosis, 1

atherosclerosis precipue cerebi and 2 in auto accidents. No SlSs or lympho­

mas were found. Since there was no comparison population with which to

estimate relative risk for cancer, the study must be classified at best as

clinical with respect to cancer. The six deaths that occurred during the

lO-year observat ion period in the 55 cannot be construed to be associated

with exposure to the 2,4,5-T. Because of the small number of cases and the

short follow-up period, nothing can be said concerning the association of

exposure with cancer, especially specific types of cancer such as STS or

non-Hodgkin's lymphoma.
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RUhlmakl et al. (1982. 1983) studled a cohort 1926 herblclde appli­

cators formed in 1972 from personnel records of four Flnnlsh employers

(i.e., the Forestry Authority, Highway Authority, State Railways and a

state-owned electric power company). Chlorinated phenoxyacids had been used

since the 1950 l s in Finland for spraying. They constituted 2:1 mixtures of

emulsified esters of 2,4-0 and 2,4,5-T dissolved in water. Analyses from

old herbicide formulations dating back to the 1960's revealed that these

mixtures contalned 0.1-0.9 mg/kg of 2,3,7,8-TCOO).

This cohort of male workers was exposed a minimum of 2 weeks durlng at

least one growing season from 1955-1971. Follow-up continued 9 years

through 1980 for mortality but only until 1978 for morbidity. Fifteen

individuals could not be traced by 1980. Expected deaths were generated

based upon cause- and age-specific national Finnish death rates for 1975.

Expected cases were similarly calculated based upon national incidence rates

of 1975.

By 1980, 144 deaths had occurred vs. 184.0 expected, a deficit of 22% in

observed mortality. Only 26 cancer deaths had occurred vs. 36.5 expected, a

29% deficit. The authors separated out "natural" deaths from the total.

The observed residudl deaths equaled 39 wnile the expected deaths equaled

28.7. This excess was of borderline sigrlificance. The authors also con­

sidered 10-year and 15-year latent periods. Even after 15 years, the defi­

cit of deaths continued to manifest itself both in categories of all causes

and total cancers; 35 observed vs. 53.6 expected and 5 observed vs. 11.3

expected, respectively. Similarly, the 7-year follow-up of cancer morbidity

revealed 26 cases of cancer vs. 37.2 expected. After .10 years latency, 16

cancer cases were observed vs. 20.1 expected. None of the 26 cancer deaths
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or 26 cancer cases were of the STS or lymphoma type. (However, only 0.1 STS

and 0.5 lymphomas were expected.) In no instance was cancer of any site

significantly elevated.

The authors note that th's unusual deficit of mortality and morbidity of

between 70-82% (even after 15 years from initial exposure) is probably a

consequence of the "healthy worker effect" in that only able-bod'ed and

healthy indiv'duals were selected into the industry. The fact that the

cohort was assembled in 1972 from records of persons who were exposed as

early as 1955 (17 years prior) raises the likelihood that 'n 1972 a "survi­

vor" population remained (45 deaths prior to 1972 were eliminated from the

cohort) that was relatively healthy. Furthermore, the unusually large num­

ber of not 'Inatural" expected and observed deaths (probably accidents and

externa"i causes) occurring to this cohort indicate a relatively youthful

population was under scrutiny. The leading cause of death to persons under

35 years is from accidents, based on national vital statistics.

The authors correctly note that, because of limitations in the study

material, only powerful carcinogenic effects could be detected. Risk ratios

higher than 1.5 for all cancers, 4.0 for lymphomas and 10.0 for STS could be

excluded based on this data set from the authors own calculations. More

follow-up is needed 'n order to prov'de a stable assessment of the relation­

ship between exposure and cancer. The authors concluded that this study

will allow no assessment of STS because lithe number of persons having a suf­

ficiently long latency period is too small. II It was suggested that more

valid conclusions could be made only with the passage of time.

Recently, the Michigan Department of Public Health (1983b). produced an

ecological study of soft and connective tissue cancer mortality rates in

Midland and other selected Michigan counties. They found that mortality
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rates for this cause were 3.8-4.0 times the national average for the periods

1960-1969 and 1970-1978. respecUve1y. for white females in Midland. These

estimates are based upon 5 deaths and 7 deaths. respectively. and are listed

in Table 16. No excess risk was reported among white males. however. The

Michigan Department of Health concluded that because of the occurrence of

these two success\ve elevated rates. it is unlikely to be a chance happen­

ing. At the same ttme the age-adjusted male and female cancer mortality

rates for Midland were below that of the State of Michigan in the period

1970-1979. Midland County is the home of a major chemical company that pro­

duced phenoxyacetic acid herbicides until recently. The authors state that

a detailed review of death certificates. hospital records, residency and

occupattonal histories of the 20 male and female cases revealed no "common­

alities" suggesting a "single causative agent .. although a majority or their

spouses had worked at this chemical facility. They recommend that a case­

control study should be instituted to evaluate possible influences. such as

lifestyle. occupation or location of residence on the risk of STS.

In a separate review of the epidemiological evidence for STS from expo­

sure to 2,4,5-T-containing herbicides, the United Kingdom Ministry of Agri­

culture, Fisheries and Food (1983) concluded that there was no evidence ~o

reconvnend altering their earlier conclusion that formulations of phenoxy

acid herbicides and related wood preservatives as "presently cleared ll are

safe and may conUnue to be used. This report too readily discounts the

positive studies of Hardell and Eriksson as being biased, and it makes no

reference to the later validity study by Hardell (1981) of his own work

utilizing colon cancer controls (see SecUon on Mali,gnant Lymphoma). In

this report Harde1l effect\vely answered these early criticisms that were

reHerated by the British in their report. At the same time, the British
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TABLE 16

M1dland County Soft and Connect1ve T1ssue Cancer Deaths 1960-1981*

IdentH1cat1on Type of Mal1gnancy

Year of Sex Age Type Pr1mary SHe Metastases Month and Year
Death D1agnosed

1961 F 24 Hemilng1osarcoma Face Skull and upper lobe 5-58
of lung

1963 F 75 L1posarcoma R1ght gluteal Unknown Unknown

1964 F 51 Le1omyosarcoma Uterus W1despread 11-63
n
I.... 1968 F 37 L1posarcoma Sp1ne Lungs, pelv1s 1-66c,.)

I.D

1969 ~ 45 F1brosarcoma R1ght th1gh Lung, 11 ver 10-68
Le1omyosarcoma uterus Adrenal gland and sk1n

1970 F 59 Kapos1 sarcoma R1ght leg Lymph nodes 8-68

1970 F 56 F1brosarcoma R1ght th1gh Sp1ne 1960
Le1omyosarcoma Abdom1nal wall Lung 1967

1974 F 1 Rhabdomyosarcoma Ingu1nal area Unknown 8-73

1976 F 77 L1posarcoma R1ght th1gh Buttock, lung, r1b, 12-74
lymph nodes

1970 F 64 Le1omyosarcoma Left knee L1ver, 1ymph nodes, 7-70
lung, bone



1ABLE 16 (cont.)

IdentH1caUon Type of Mal1gnancy

Year of Sex Age Type Pr1mary SHe Metastases Month and Year
Death D1agnosed

1978 F 26 Rhabdomyosarcoma Rectum Lung. neck. 1ngu1nal 6-76
reg10n

1978 F 88 F1brosarcoma R1ght cheek Fac1al area 6-78

1979 F 27 Le1omyosarcoma Left th1gh Lung 3-78

(""') 1962 M 63 Rhabdomyosarcoma Left lower leg Lung and r1ght outer 8-61
I chest 'wall-'
~

Cl

1967 M 77 Mesothe 11 oma Lung Lung. per1toneum and 6-67
d1aphragm

1967 M 20 Rhabdomyosarcoma Pharynx Per1orb1tal area and 1-67
11 ver

1969 M 32 L1posarcoma Left arm Per1neum and buttock 6-64

1971 M 76 Le1omyosarcoma Small Liver 10-69
1ntestine

1972 M 89 Le1omyosarcoma Retro- Hepa ti c system 7-72
per Hona 1
reg10n

1976 M 53 F1brosarcoma PerH10neum Lung. 11 ver 3-75

*Source: M1ch1gan Department of Publ1c Health. 1983b



report appears to put undue emphasls on non-posHlve studies that do not

demonstrate a risk, although most of them have methodological limHations

(i.e., low power, insufficient latency and inappropriate study method). In

short, the British review appears to be overly optimistic about the safety

of 2,4,5-T herbicides.

In sunvnary, the associations reported in the two Swedish soft-tissue

sarcoma studies are great enough to make it unlikely that they have resulted

entirely from random variation bias or confounding, even though the possi­

bility cannot be dismissed that bias or confounding was present. Therefore,

the studies provide a strong suggestion that phenoxyacetic acid herbicides,

chlorophenols or their impurities are carcinogenic in humans.

Malignant Lymphoma. A separate series of clinical observations at the

Department of Oncology in Umea, Sweden (Hardell, 1979), led the researchers

to conduct a case-control study of malignant lymphoma in relation to phen­

oxyacetic acid, chlorophenols, and other organic compounds (Hardell et al.,

1980, 1981). Approximately 33% of the cases in this study were patients

with Hodgkin's disease; the remainder of the lymphomas were non-Hodgkin's

forms.

This study employed essentially the same methods and produced results

closely comparable to these from the STS studies: statistically significant

5-fold to 6-fold relative risks in relation to phenoxyacetic acids and

chlorophenols. In addition, an elevated relative risk was found in connec­

tion with exposure to organic solvents, such as benzene, trichloroethylene,

and styrene. In the published report, the methods and results were incom­

pletely documented, especially the possibility of confounding by exposure to

the organic solvents.
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In the update of the earl1er 1980 study. Hardell et al. (1981). utl1lz­

1ng the same baslc data source. found that 36.1% of the cases had been

exposed to phenoxy herblc1des or chlorophenols. whlle only 9.6% of thelr

controls were so exposed. The est1mated relat1ve r1sk was 6.0 when match1ng

was cons1dered and 5.3 when matchlng was e11m1nated. When cases and con­

trols who were exposed to chlorophenols only were excluded. the relatlve

r1sk of lymphoma from phenoxy ac1ds alone was 4.8 (95% C.1. 2.9-8.1). On

the other hand. lf phenoxy aclds are excluded and cons1derat10n 1s g1ven to

just chlorophenols (whlch lncludes comb1ned exposure to phenoxy aclds and

chlorophenols). then the relative r1sk equaled 4.3 (95% C.1. 2.7-6.9). The

author further subdlvlded th1s group lnto "low-grade" vs. "hlgh-grade" expo­

sures to ch 1orophenol s. A cont 1nuous exposure of not more than 1 week or

repeated lntermittent exposures total1ng not more than 1 month was classl-

fled as low-grade. The relative rlsk for hlgh-grade exposure was 8.4 (95%
I-

C.l. 4.2-16.9). whlle that for low-grade exposure equaled 9.2 (95% C.l.

1.6-5.2). If exposure to organlc solvents 1s examlned. given that cases and

controls exposed to only phenoxy aclds and/or chlorophenols were excluded

except for comblned exposure to organlc solvents. it ls found that hlgh­

grade and low-grade relatlve rlsks were 2.8 (95% C.I. 1.6-4.8) and 1.2 (95%

C.l. 0.5-2.6). respectlvely. However. the author notes that exposure to

phenoxy acids and hlgh-grade organlc solvents (exposure to chlorophenols

excluded) produced a relatlve rlsk of 11.2 (95% C.I. 3.2-39.7) based upon a

few cases and controls with exposure to both. The authors concluded that

"exposure to organlc solvents. chlorophenols and/or phenoxy aclds consti-

tutes a rlsk factor for mal1gnant lymphoma."
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This latter study is still subject to the same methodological criticisms

to which the earlier study was subjected. Chief among those is the possi­

bility of observational and/or recall bias creeping into the responses that

are elicited from self-administered questionnaires on kind and length of

exposure. Secondly, confounding by exposure to potentially carcinogenic

organic solvents and other agents could have had an effect, although the

author assures the reader that they did not.

Other research has tentatively suggested that lumberjacks may be at

increased risk of lymphoma (Edling and Granstam, 1979). The Nitro study

found three deaths from cancers of the lymphatic and hematopoietic system,

against only 0.88 expected (P : 0.06, one-tailed Poisson test).

The lymphoma case-control study (Hardell et al., 1980, 1981) is con­

sistent wHh the two STS studies discussed above. On the other hand, the

consistency could also reflect an as-yet unidentHied methodolog\c flaw \n

all these studies.

The two Swedish case control studies on STSs and a later case control

study of malignant lymphoma (Hardell et al .• 1981) were subjected to a

validity analysis with respect to the assessment of exposure by Hardell and

Eriksson (1981). To answer the question raised regarding the recall of

occupation in a forestry/agriculture job, secondary to the recall of expo­

sure to phenoxy acids and/or chlorophenols, the cases and controls were

divided into three groups: those who worked their entire time since 1950 in

an agriculture/forestry job, those who worked some time in an agriculture/

forestry job but not exclusively, and the remainder who never worked in a

forestry/agriculture job. The study found that the risk ratio was still 8.2

for STS in exclusively agriculture/forestry workers who were exposed to

phenoxy acids compared to workers found in other occupations having no

apparent exposure to phenoxy acids or chlorophenols. Even when comparing
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phenoxy acid and/or chlorophenol exposed agricultural/forestry workers

exclusively with non-exposed agricultural/forestry workers, the risk ratio

was still 7.1. This argument seems to answer effectively questions regard­

ing recall of occupation secondary to exposure.

On the other hand, the relative risk remains 5.4 when comparing phenoxy

acid and/or chlorophenol exposed workers exclusively in occupations other

than agriculture/forestry with non-exposed workers in those same occupa­

tions, thus, suggesting the presence of either recall bias or still another

occupation with potent ia 1 exposure to phenoxy ac i ds and/or ch lorophenol s

(Table 17).

When woodworkers are separated out (possible exposure to chlorophenols

in treatment of wood) the risk ratio becomes 9.7 (Table 18). These data

suggest the presence of some recall bias.

Another focus of this study was to determine if observational bias on

the part of the investigators could explain the significantly high risk

estimates. To answer the question, the study compared the exposure data

derived from the interviewee's returned questionnaires only with the com­

bined informatlon from both the phone interviews and questionnaires. The

study found no substantial differences in the frequency of reporting

exposure.

Still a third consideration of possible bias involves recall of exposure

to phenoxy acids and/or chlorophenols because of subject knowledge of having

cancer in the cases versus no knowledge of cancer in the referent popula­

tion. The study chose as a referent group for the 52 STS cases (Hardell and

Sandstrom, 1979) and the 169 malignant lymphomas (Harde1l et al., 1981) a

group of 154 colon cancer cases from the same population source and compared

their exposure to phenoxy acids and/or chlorophenols by broad age groupings.

and by rural vs. urban residence.
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TABLE 17

Other Occupations (Minus Forestry/Agricu1ture)*

Group

Cases

Referents

Phenoxy Acids/Ch1orophenols

11

5

RR :: 5.4

Non-exposed

68

167

X2 11.01 (P<O.Ol)

*Source: Hardel1 and frikkson, 1981
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TABLE 18

Other Occupations (Minus Forestry/Agriculture/Woodworkers)*

Group

Cases

Referents

Phenoxy Acids/Ch1orophenols

4

1

RR = 9.7

Non-exposed

66

160

X2 5.98 (P<0.05)

*Source: Hardel1 and Erikkson. 1981
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Ut\lh'ng a Mante1-Haensze1 rate raUo. the study found the r'sk of

exposure to phenoxy ac'ds rema'n'ng s'gn'f'cant1y h'gh at 5.5 and to ch10ro­

phenols 5.4 'n the STS cases compared to the colon cancer controls. S'm'­

1ar1y. with the ma1'gnant lymphomas. the 'denUcally der'ved r'sk raUos

rema'n s'gn'f'cant1y high at 4.5 w,th respect to phenoxy ac'ds and/or

chlorophenol exposure 'n the cases. hence. the study concludes. no "sub­

stantla1 observatlonal b'as" ex'sts. If the study's assum'ng that recall

b'as was and's the same as observatlona1 b'as. then such a conclusion may

not be entlre1y warranted from the compar'son. Certa'nly. it appears that

no recall b'as existed because of subject "knowledge of hav'ng cancer II based

on the authors ana1ys's. But it does not rule out the poss'b1lity that

recall bias can st\ll be present in their data for other reasons. Hardell

refers to an intense "debate about phenoxy ac'ds and the'r presumptive risk"

in Sweden at the tlme the colon cancer study was conducted. But. there is

no reason to think that colon cancer victims would assume their disease was

brought about from exposure to dioxin containing chemicals if no connection

was suggested.

It seems plausible that STS and/or non-Hodgk'n's lymphoma pat'ents would

either learn at the t'me of the'r d'agnosis that exposure to d'oxin contain­

'ng chemicals was the l'ke1y cause of this rare type of tumor or quickly

learn from other sources. such as the news media. that exposure to herbi­

cides contain'ng dioxin could cause their rare form of cancer. Whereas.

colon cancer victims (a rather common form of cancer) would not necessarily

be led to believe that exposure to the same dioxin containing chemicals

caused their disease. Hence. it is not difficult to imag'ne that such

unusual victims of cancer could better "remember" exposure to such chemicals

than could colon cancer patients.
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Therefore, although this study may explain any b1ases introduced from

secondary recall of occupation, observational bias introduced from the tele-

phone interviewer and recall bias due to subject knowledge of cancer, it

does not adequately answer questions of recall bias introduced through the

acquired awareness on the part of the victlm of STS or non-Hodgkin's lym­

phoma that his condition may have been caused by expos~re to dioxin contain­

ing herbicides.

Stomach Cancer. Studies of two of the oldest cohorts of workers known

to have been exposed to phenoxyacetic acid herbicides and/or 2,3,7,8-TCOO

report stomach cancer mortality rates significantly higher than expected,

but the results in each study were based on small numbers of deaths. In one

study (Axelson et al., 1980), 348 Swedish railroad workers with at least 46

days of herbicide exposure between 1955 and 1972 were followed through

October 1978. The workers were grouped on the basis of their primary herbi­

cide exposures: those primarily exposed to phenoxyacetic acids (2,4-0 and

2,4,5-T) only, to amitrole (aminotriazole) only, and to both types of herbi­

cides. After a 10-year latency was achieved, 3 stomach cancer deaths were

observed vs. 0.71 expected (P<0.05). None were attributable to amitrol

alone, but two were assigned to phenoxy acids alone while the remaining

stomach Cdncer death occurred in a worker exposed to both amitrol and

phenoxy acids in combination. The excess was more pronounced (3 observed

vs. 0.57 expected, P<O.05) among those with early exposure (1957-1961) to

phenoxy acids and/or amitrol. If persons who were exposed to just amitrol

alone are excluded, thus leaving individuals exposed to phenoxy acid alone

and amitrol in combination, the excess is enhanced further (3 observed vs.

0.41 expected, P<O.Ol).
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Axelson et al. (1980) also notes an excess in total "tumors" after 10

years latency as well (15 observed vs. 6.87 expected. P<0.005). This 1s

pronounced ln those exposed early to phenoxy acids alone (6 observed vs.

2.60 expected. P<O.Ol) and phenoxy acids 1n combinatlon wHh amitrol (5

observed vs. 1.34 expected. P<0.05). Presumably. "tumors" in Sweden are

analogous to mal1gnant neoplasms in the United States. The author states

that no specific type of tumor predominates and no breakdown by tumor type

is provided.

The other study showing increased stomach cancer mortality is the

follow-up of 75 workers exposed to 2.3.7.8-TCOO during and after a 1953 run-

away reactlon at a trichlorophenol manufacturlng facllHy ln Ludwlgshafen.

Federal Republlc of Germany (Thelss and Frentzel-Beyme. 1977). Two sources

were used to calculate expected deaths: natlonal mortal Hy rates for the

perlod 1971-1974. and 1972-1975 rates for Rhlnehessen-Palatinate. the reglon

in which Ludwigshafen ls located.*

The results. shown 1n Table 19. lndicate an increased rate of stomach

cancer mortality that also is not likely to have been due to chance alone.

Two aspects of the methodology used should be noted that could have

lnfluenced these results. Flrst. the avallable report does not include an

analysis allowlng for a minimum period of cancer lnduction. It is known

that all three stomach cancer deaths 1n the Ludwigshafen cohort occurred

more than 10 years after lnitial exposure. Employing a 10-year restriction

to follow-up (as in the Swedish cohort study) would result 1n a higher rela-

tive risk estimate by reducing the number of expected deaths.

*The report orig1nally included expected deaths using rates for the city of
Ludw1gshafen. which were later shown to be inaccurate.
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TABLE 19

Analysis of Stomach Cancer Mortality in a Group of
West German Factory Workers Exposed to 2.3.7.8-TCOO*

Source for Stomach Cancer Deaths Relative SlgnHlcance
Expected Deaths Rlsk Level

Observed Expected

Federal Republic
of Germany
1971-1974 3 0.559 5.4 0.02

Rhlnehessen-
Palatinate
1972-1975 3 0.495 6.1 0.01

*Source: Theiss and Frentze1-Beyme. 1977
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Secondly. nat10nal and reg10nal mortalHy rates from the 1970's were

used to generate expected deaths to compare w1th observed morta11ty over a

much longer perlod (1953-1977). Strong temporal trends 1n stomach cancer

morta11ty \n West Germany dur\ng the late 1950's and 1960's would make these

expected f\gures \naccurate. WHhout knowledge of such trends. the d1rec­

Uon and magnHude (H any) of th1s poss1ble source of Mas cannot be

est1mated.

The researchers also used an \nternal control group wh1ch does not ra\se

the second concern d\scussed above. Th\s group cons1sted of 75 men. each

matched to study group members by age and date of entry 1nto employment. and

selected at random from a l\st of over 10.000 persons who had been 1ncluded

ln previous cohort studies by the same 1nvestigators. No stomach cancer

deaths occurred in this control group dur\ng the follow-up perlod. Thus.

use of the \nternal control groups also lnd1cates an excess of stomach can­

cers \n the exposed workers.

In an update of this ear11er study. Theiss et al. (1982) continued the

follow-up of hls cohort through 1979 by add\ng 2 add1tlonal years of follow­

up and apparently reduc1ng the size of hls cohort from 75 to 74. Altogether

21 deaths (4 more than from the earl\er study) occurred vs. 18 and 19 deaths

1n the 2 matched (l to 1) 1nternal compar1son groups. WHh respect to can­

cer deaths. the numbers were respect1vely 7. 5 and 5. The f1rst control

group was manually matched from the total number of persons (5500 1ncluded

1n the cohort unt1l the end of 1976) and the second. at random. by computer

for some 8000 employees. In addHion. 19 expected total deaths were esti­

mated based on 1970-1975 mortality stat1stics of Rh1nehess1n-Palat1nate. 18

expected deaths based on 1970-1975 morta11ty stat1st1cs of Ludw1gshafen, and

20 expected deaths based upon 1971-1974 morta11ty stat1stics of the Federal
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Republ1c of Germany. Just as 1n the earl1er study, the three stomach car­

c1nomas noted earl1er appear to be slgnH1cantly elevated 1rregardless of

wh1ch external compar1son group 1s used (Table 20).

On the other hand, one stomach cancer appeared \n the random\zed inter­

nal control group. None appeared \n the manually matched 1nternal control.

No other elevated r1sks for any other cause were ev1dent and no STSs

appeared. When latency was cons1dered only, the r1sk of stomach cancer

rema1ned slgn1f1cantly elevated after a lapse of 10 years (3 observed, 0.52

expected, P<.016) and then after a lapse of 15 years (2 observed, 0.23

expected, P<.02) based upon death rates of Rh1nehess1n-Pa1at1nate, 1970-1915.

Aga1n, these study conclus10ns are 11mHed by the small size of the

study group and the very few cancer deaths noted at any particular site.

Thus, it \s 1nsensHive to the detection of a s1gnHicantly elevated risk

for most causes of cancer, espec1a11y STS and lymphomas. Although, stomach

cancer is elevated signif1cant1y, H \s based only upon three deaths and

s\nce one stomach cancer death has been noted 1n an internal control group

\n the updated vers1on, 1t appears that th1s f1nding has been weakened some­

what. Furthermore, as was p01nted out ear11er, trends 1n stomach cancer

mortality dur1ng the 1950's, 1960's and 1970'5 could make the comparlson of

stomach cancer morta11ty w1th expected deaths less val1d based upon

1970-1975 rates.

In summary, the ev1dence that phenoxyacet\c acids and/or 2,3,7,8-TCDD

m1ght increase the risk of stomach cancer cons1sts of two stud1es, each of

wh1ch reports a statistically sign1ficant excess that is based on only three

stomach cancer deaths. Further follow-up of these and slmilar cohorts is

warranted, but firm conclus1ons cannot be made on the bas1s of the ava11able

data.
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TABLE 20

Reanalys's of Stomach Cancer Mortal'ty 'n a Group
of West German Factory Workers Exposed to 2,3,7,8-TCOO*

Source for Stomach Cancer Deaths Rela U ve Signif'cance
Expected Deaths Risk Level

Observed Expected

Federal Republ'c of
Germany 1971-1974 3 0.7 4.3 0.034

Rhinehessin-
PalaUnate
1970-1975 3 0.64 4.7 0.027

Ludwigs-Shafen
1970-1975 3 0.61 4.9 0.024

*Source: The'ss et al., 1982
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Four addU 'onal cohort stud'es have reported results that do not show

'ncreased stomach cancer morlal Hy rates in groups of workers exposed to

phenoxyacetic ac'ds and/or 2.3.7.8-TCOO. These are studies of 2.4.5-T pro­

duction workers 'n Mldland. M'chlgan (Ott et al.. 1980). Flnnish phenoxy­

acetic add herbicide appl1cators (Rllhimaki et al.. 1918). the NHro study

'n which workers were exposed to 2.3.7.8-TCOO (Zack and Suskind. 1980) and

trichlorophenol manufacturing workers (Cook et al .• 1980a).

As prevlously mentioned. the NHro study included a single death from

STS and a weakly suggestive increase in lymphatic and hematopoietic system

cancer mortality. The Midland study included only one cancer death. a tumor

in the respiratory system. In the Finnish study. histologic information on

tumor types was not provided; however. there were no deaths from lymphoma.

The results pertinent to stomach cancer mortalHy in the three studies
,

are shown in Table 21. NeHher the Midland study nor the Nitro study con-

tradicts the findings of the Swedish and West German investigations pre-

viously discussed. This can be shown in two ways. Flrst. the upper 95%

confidence limits for the relative risk estimates from these two "negatlve"

studles exceed even the hlghest polnt estimates of relatlve rlsk (6.1) from

the two "positive Q studies (see Tables 14 and 19).

This lndlcates that the relative risk estimates from the Mldland and

Nltro studies. even though equal to zero. are nevertheless not signlficant1y

dlfferent from the estlmates of 6.1, glven the sample slzes. follow-up per-

iods. age distributlon and comparlson group rates.
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TABLE 21

Stomach Cancer Mortality in Three Studies of Workers Exposed
to Phenoxyacetic Acid Herbic1des and/or 2,3,7,8-TCOO

Stomach Cancer Deaths Relative 95% Confidence
Risk Interval Reference

Observed Expected

0 o.14a 0 0-26.3 Ott et al., 1980

5 6.9a ,b 0.7 0.2-1.7 R1ihimak1 et al.,
1978

0 0.5b 0 0-7.4 Zack and Susk1nd,
1980

aEstimated from total cancer expected deaths (see footnote 1n text).

bEntire follow-up period wHhout regard for m1n1mum time for cancer 1nduc­
t10n ~Ott et al., 1980 used a 10-year m1nimum 1nduction per'od).
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In add1t10n. the smallest relat,ve r1sk 1n the M1dland study (~=

0.05. cp = 0.2 one-talled Polsson test) was 21.4 (3 observed deaths, 0.14

expected).* Slmllarly, the smallest detectable relative r1sk 1n the NHro

study (~= 0.05, cp = 0.2, one-talled Poisson test) was 10.0 (5 observed

deaths, 0.5 expected). This calculation, however, was based on results for

the entire follow-up period. If, as ln the Midland study, a minlmum per10d

of cancer induction had been employed, the expected deaths would have been

fewer and the smallest reasonably detectable relat1ve risk would have been

greater. Th1s analysis of statistical power indicates that the Nitro and

Midland studies had very low probabilities of detecting the -6-fold

increases in risk suggested by the Swedish and West German investigations.

Statistically, the study of Finnish herbicide appl1cators 1s \ncon'Sls-

tent wHh the results of the Swedish and West German cohort stud\es. The

smallest reasonably detectable relat1ve r\sk (~= 0.05, cp = 0.2, one-

tailed Poisson test) was only 3.1 (11 observed deaths, 3.6 expected}.t

The study, therefore, appears powerful enough to detect relative risks even

smaller than those seen in the Swedish and West German studies. A partial

explanation for this apparent incons\stency could lie in the fact that the

*Ott et al. (1980) did not report expected deaths from stomach cancers. The
figure 0.14 was obtained by multiplying the numbers of expected deaths from
all cancers (2.6, allowing a 10-year m\n\mum induction period) by the per­
centage of stomach cancers among the expected deaths in the Nitro study
(0.5/9.04 = 5.5%). The two studies used United States white male mortality
rates and covered s\mllar calendar years in follow-up (1949-1978 in Nitro
and 1950-1976 in Midland), but a similarity in age distributions cannot be
established from the published reports.

tThe expected stomach cancer deaths w'ere est 1mated in the same manner as
for the Midland study. A proportion of 20% of all cancer deaths was
applied because Finnish male mortality rates are known to be very h1gh.
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Finnish study set the minimum period of herbicide exposure for membership in

the cohort at 10 days (2 working weeks) and noted that the "total strength

of exposure has. in most cases. been a few weeks only." The Swedish study

of herbicide applicators set the minimum exposure at 46 days (>1 spraying

season) .

There are also certain inconsistencies in the data from the Finnish

study which the authors note but find difficult to explain. In particular.

no cancer deaths occurred during the latter part of the study period among

Forestry Authority workers (1 of 4 groups included in the cohort). even

though 9.0 deaths were expected. This finding strongly suggests some defi­

ciency in follow-up or in the source records from which vital status was

determined.

In summary. four cohort studies of workers exposed to phenoxyacetic acid

herbicides and/or 2.3.7.8-TCOO do not report increased risks of stomach can­

cer. Only one of these. however. was statistically powerful enough to be

inconsistent with the two studies that tentatively suggest an increase in

stomach cancer risk. The available report of this study of Finnish herbi­

cide applicators contains methodologic questions that require clarification.

Summary of Epidemiological Studies. The net result of adding together

the number of workers exposed to phenoxy acids and/or chlorophenols from all

case studies was an unusually high number of SlSs. considering the rarity of

the disease. It is suggestive of an association of cancer with exposure to

phenoxy acids and/or chlorophenols. and consequently. with the impurities

found in these herbicides. including 2.3.7.8-TCOO.

Two Swedish case-control studies report highly significant association

of STS with exposure to phenoxy acid and/or chlorophenols. They do not pin­

point the risk to the dioxin contaminants. however. In fact. in one study.
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the rlsk was found to extend to phenoxy aclds free of dloxln lmpurltles. In

that study. the rlsk lncreases to 17 when phenoxy aclds known to contaln

dloxln lmpurltles (polychlorlnated dlbenzodloxlns and dlbenzofurans) are

consldered. The extent of observer blas and recall blas lntroduced lnto

these studles by the employment of an undeslrable methodology (self-admlnls­

tered quesUonnalres) is probably not of sufflclent magnHude to have pro­

duced the hlghly slgnlflcant rlsks found ln the studles. However. the pos­

slbl1lty exlsts that these blases could have played a role ln the determ1na­

tion of these rlsks, and consequently the data must be considered limHed

for the carclnogenlcHy of phenoxy ac1d herblcldes and/or chlorophenols 1n

the absence of conf1rmatory studles.

later studles that dld not reveal a slgnlflcant excess r1sk of STS have

severe 11mltatlons w1th the1r methodolog1es. These problems make these

latter studle~ lnadequate to evaluate the rlsk of STSs from exposure to

phenoxy aclds and/or chlorophenols and, consequently, 2,3,7,8-TCOO.

Therefore, the Swedlsh case-control studles provlde 11m1ted ev1dence for

the carc1nogenlcHy of phenoxy ac1ds and/or chlorophenols 1n humans. How­

ever. the ev1dence for the human carc1nogen1cHy for 2,3,7.8-TCOO based on

the ep1dem101og1c stud1es 1s only suggest1ve due to the d1ff1culty of evalu­

at1ng the r1sk of 2.3,7.8-TCOO exposure 1n the presence of the confoundlng

effects of phenoxy ac1ds and/or chlorophenol.

Substantially weaker ev1dence ex1sts 1ncr1m1naUng 2.4.5-T and/or

2.3.7,8-TCOO as the cause of mal1gnant lymphoma and stomach cancer 1n humans.

Stud1es 1n An1mals

When outbred Sw1ss m1ce were g1ven weekly doses· of 2.3.7.8-TCOO by

gavage. an 1ncrease 1n 11ver tumors was observed (loth et al .• 1979).
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An1mals rece1ving 0.007 pg/kg/week for 1 year showed an elevated tumor

1nc1dence over veflicle-treated m1ce; 1n the 0.7 pg/kg/week group the

1ncrease was stat1st1cally s1gn1f1cant (P<0.005). Mortal1ty was suff1c1ent­

ly h1gh at 7.0 pg/kg/week as to 1nterfere w1th carc1nogen1c1ty evaluat1on.

D1G1ovann1 et al. (1977) reported a mouse sk1n pa1nUng study. The

authors 1nd1cated that 2,3,7,8-TCDD was a weak 1n1t1ator on the sk1n.

A b10assay of 2,3,1,8-TCDO for poss1ble carc1nogen1c1ty was conducted by

the Ill1nois Institute of Technology Research, Ch1cago, Ill1no1s. on a con­

tract with the NCI Carel nogenes i s Tes U ng Program by dermal admi n1 strat ion

of the test material in SW1ss-Webster m1ce for 104 weeks (U.S. DHHS.

1980a). Th1rty male and female SW1ss-Webster mice were dermally treated

with an acetone suspension of 2.3.1,8-TCOO for 3 days/week for 104 weeks.

Similar groups were pretreated with 1 appl1cation of 50 pg d1methylbenz­

anthracene (OMBA) in 0.1 m2. acetone 1 week before 2.3,7.8-TCOO adm1nistra­

t10n began. Female m1ce rece1ved 0.005 pg 2.3.7.8-TCOO/appl1caUon. and

the male m1ce received 0.001 pg 2.3.7.8-TCOO. As vehicle controls. 45

mice of each sex rece1ved 0.1 m2. acetone 3 times/week. Th1rty animals of

each sex were used as untreated controls (Tables 22 and 23).

Throughout the b1oassay. mean body we1ghts of the male or female groups

of m1ce adm1n1stered 2,3.7.8-TCOO. or 2.3.7.8-TCDO following OMBA. were

essent ially the same as those of the correspond1ng vehicle-control group.

Mean body we1ghts of dosed and veh1cle-control groups of the females were

less than those of the untreated control group throughout the study. and for

the males were less than mean body weights of untreated controls during the

first 80 weeks.

In female m1ce. the 1ncidence of f1brosarcoma in the integumentary

system in groups dosed with 2,3,7.8-TCOO and 2,3.7.8-TCOO following DMBA was

s1gnificantly h1gher than that 1n the corresponding controls (see Table 22).
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TABLE 22

Incidence of Primary Tumors in Female Swiss-Webster Mlce by
Dermal Application of 2,3,7,8-TCOO or 2,3,7,8-TCOO Following OMBAa

Tissue:
Types of Neoplastic

Growth

Integumentary System:

Fibrosarcoma

Lung:

Alveolar/Bronchiolar
Adenoma

Alveolar/Bronchiolar
Carcinoma

Alveolar/Bronchiolar
Carcinoma or Adenoma

Hematopoietic System:

Lymphoma

All SHes:

Hemangioma
Hemangioma or

Hemangiosarcoma

aSource: U.S. OHHS, 1980a

bp<0.007

cP<O.OlO

Vehicle
Control

2/41 (5%)

4/41 ( 10%)

5/41 (12%)

9/41 (22%)

14/41 (34%)

2/41 (5%)
3/41 (7%)

C-160

2,3,7,8-TCOO

8127 (30%)b

1125 (4%)

1125 (4%)

2/25 (8%)

10127 (37%)

0/27 (0%)
0127 (0%)

2,3,7,8-TCOO
plus OMBA

8129 (28%)C

3128 (11%)

3128 (11%)

6128 (21%)

8129 (28%)

1/29 (3%)
1/29 (3%)



TABLE 23

Incidence of Primary Tumors in Male Swiss-Webster Mice by
Dermal Application of 2,3,7,8-TCDD or 2,3,7,8-TCDD Following DMBA*

Ti ssue:
Types of Neoplastic

Growth

Integumentary System:

Fibrosarcoma

Alveolar/Bronchiolar
Adenoma

Alveolar/Bronchiolar
Carcinoma

Alveolar/Bronchiolar
Carcinoma or Adenoma

Hematopoietic System:

Lymphoma or Leukemia

All Sites:

Hemangiosarcoma

*Source: U.S. DHHS, 1980a

Vehicle
Control

3/42 (7%)

6/41 (15%)

1/41 (2%)

7/41 (17%)

4/42 (10%)

1/42 (2%)

C-161

2,3,7,8-TCDD

6/28 (21%)

1/28 (4%)

1/28 (4%)

2/28 (7%)

2/28 (7%)

4/28 (14%)

2,3,7,8-TCOO
plus OMBA

6/30 (20%)

5/29 (17%)

2/29 (7%)

6/29 (21%)

5/30 (17%)

0/30 (0%)



It was concluded that, under the condit1ons of th1s b1oassay, 2,3,7,8­

TeOO app11ed to the sk1n was carc1nogen1c for female Sw1ss-Webster m1ce,

1nduc1ng 1ncreased 1nc1dences of f1brosarcoma 1n the 1ntegumentary system

(U. S. OHHS, 1980a).

Van Miller et al. (l977a,b) adm1n1stered 0, 1, 5, 50, 1000 and 5000 ppt

of 2,3,7,8-TCOO 1n the d1et of male Sprague-Oaw1ey rats. H1gher concentra­

tions (50, 500 and 1000 ppb) were also adm1n1stered, but all of the rats fed

at those three highest concentrations d1ed early 1n the test. After 65

weeks, all surviv1ng anlma1s underwent 1aparotomles, and all tumors were

biopsied. The rats were kept on the 2,3,7,8-TCOO dlet for a total of 78

weeks and then placed on the control dlet. After a total of 95 weeks all

survivlng anlma1s were sacriflced and necrops1ed. The results of the study

are summarized 1n Table 24.

Although the study by Van Miller et al. (1977a,b) demonstrated the

occurrence of neoplasms upon 2,3,7,8-TCOO exposure, the study has a number

of shortcom1ngs. The protocol was unusual and only a small number of

an1ma1s were used. The occurrence of tumors did not follow a clear-cut

dose-response relationsh1p. Furthermore, the complete absence of tumors 1n

the controls 1s a highly unusual finding.

Koc1ba et a1. (1978) reported a more extenslve carclnogen1city study on

2,3,7,8-TCOO. Groups of 100 Sprague-Oaw1ey rats (Spartan substra1n, 50

males and 50 females/group) were maintalned for up to 2 years on diets

supplylng 0.1, 0.01 or 0.001 ~g 2,3,7,8-TCOO/kg/day. lhe cuntro1 group

conslsted of 86 males and 85 females. The term1nal necrospy exam1nat10n was

conducted at the end of 2 years of treatment. Females rec1ev1ng 0.1 ~g

2,3,7,8-TCDD/kg/day exper1enced a greater morta11ty than controls dur1ng the

second half of the study. Extenslve cllnlcal chem1stry data were reported

as part of the study.
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TABU 24

Summary of Neoplastic Changes After TCOO in Rats a

Concentration of Approximate No. of Animals No. of
2,3,7,8-TCOO in Daily Dose with Neop1asms b Neoplasms Diagnosis

Diet (ppt) lJ9/kg

0 0.0 0 0 NA

1 0.00004 0 0 NA

5 0.0001 5 6 1 ear duc t carcinoma

1 lymphocytic leukemia
('"")

I 1 adenocarcinoma (kidney)~

(1'l
(..,)

1 malignant histiocytoma (per Honea 1)

1 angiosarcoma (skin)

1 Leydig cell adenoma

50 0.0014 3 3 1 fibrosarcoma (muscle)

1 squamous cell tumor (skin)

1 astrocytoma (brain)

500 0.014 4 4 fibroma (muscle)

1 carcinoma (skin)

1 adenocarcinoma (kidney)

1 sclerosing seminoma (testes)



TABLE 24 (cont.)

Concentration of Approximate No. of Animals No. of
2,3,7,B-TCDD in Daily Dose with Neoplasms b Neoplasms Diagnosis

Diet (ppt) llg/kg

1000 0.057 4 5 cholangiocarcinoma (liver)

angiosarcoma (skin)

911 0 b1astoma (brain)

2 malignant histiocytoma (peritoneal)

5000 0.29 7 10 4 squamous cell tumors (lung)
n
I 4 neoplast1c nodules (liver)~

<::1'
.p

2 cholang1ocarc1nomas (11ver)

aSo urce : Van Miller et al .• 1977a

blO animals per group

NA = Not applicable



A portion of the data for the h1stopatho10g1c 1es10ns found 1s sum­

mar1zed 1n Table 25. The only 1eslons that are 11sted are those wh1ch were

statist1ca11y d1fferent from control levels for at least one dose and 1n one

sex. 1he following neop1ast1c 1es1ons were found to be 1ncreased above con-

tro1 levels (P<0.05):

Hepatocellular hyperp1ast1c (neo­
plastic) nodules

Hepatocellular carc1nomas

Strat1f1ed squamous cell carcinoma
of palate or nasal turb1nae

Kerat1niz1ng squamous carc1noma of
the lung

Stratif1ed squamous carc1noma of the
tongue

Adrenal cort1ca1 ademona

- females only

- females only

- males and
females

- females only

- males only

- males only

Dr. Robert Squire, patho10g1st at the Johns Hopk1ns Un1versity Med1ca1

School and consultant to the U.S EPA Carc1nogen Assessment Group (CAG),

evaluated the histopathologic slides from 2-year rat feed1ng studies on

2,3,7,8-1COO by Kociba et a1. (1978). Squire and his associates examined

all livers, tongues, hard palates and nasal turbinates, and lungs avallable

from the 2,3,7,8-1COO study. His histopathological findings, as well as

Kociba's histopatholog1cal evaluaUons, are summarized in 1ables 26 and 27.

Although there are some differences between the diagnoses of Kociba and

Squire, the conclusions about the target organ for cancer induction and the

dose levels at which induction occurred are the same whether Squire's or

Koc1ba's d1agnoses are considered.

A b10assay of 2,3,7,8-1COO for poss1ble carc1nogenicity was conducted by

adm1nistering the test material by gavage to Osborne-Mendel rats and

B6C3F, mice for 104 weeks (U.S. OHHS, 1980b). Fifty rats and mice of each
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TABLE 25

Summary of Neoplastic Lesions Produced by 2,3,7,8-TCOO
in Sprague-Dawley Rats, Spartan Substrain that are Statistically

Significant in at Least One Sexa

Males Females

Dose JAg/kg/day 0 0.001 0.01 0.1 0 0.001 0.01 O. 1

Number of Animals 85 50 50 50 86 50 50 50

Hepatocellular hyper- 6 0 2 3 8 3 18b 23b
plastic nodule

Hepatocellular 2 0 0 1 1 0 2 llb
carcinomas

Stratified squamous 0 0 0 4b 0 0 1 4b
carcinoma-palate
(including nasal
turbinate tumors)

Lung-keratlnizing 0 0 0 1 0 0 0 7b
squamous carclnoma

Benign tumor-uterus 28 12 11 7b

Subcutaneous flbroma/ 10 lb 5 6 1 1 0 0
flbroadenoma/llpoma

Benlgn mammary neo- 0 0 1 2 73 35 36 24b
plasm

Mammary carcinoma 0 0 0 2 8 4 4 0

Stratlfied squamous 0 1 1 3b 1 0 0 2
carcinoma-tongue

Pituitary adenoma 26 6 11 13 43 18 13 12b

Aclnar adenoma 14 7 5 2b 0 1 0 1
pancreas

Adenoma-adrenal 0 0 2 5b 9 6 2 5
cortex

Pheochromocytoma 28 6 10 4b 7 2 1 3

a al., 1978Source: Koclba et
bSlgnlficantly dlfferent (p<O.05) from control by the Fisher exact text
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TABLE 26

2,3,7,8-TCDD Oral Rat Study by Dr. Koc'ba, w'th Dr. Squ're's Rev'ew (8/15/80)
Female Sprague-Dawley Rats - Spartan Substra'n (2 years)

Dose Levels (pg/kg/day)

T'ssues and D'agnoses* o
(control)

0.001 0.01 0.1

n
I.....
a't

Lung
squamous cell
carc'nomas

Nasal turb'nate/
hard palate

squamous cell
carc'nomas

Lher
Neoplast'c nodules/
hepatocellular
carc'nomas

Total comb'ned (1,2,
or above) (each
an\mal had at least
one lumor above)

S

0/86

0/54

16/86

16/86

K

0/86

1/54

9/86

9/86

S

0/50

0/30

8/50

8/-50

K

0/50

0/30

3/50

3/50

S

0/49

1127

K

0/49

1/27

S

33/47
(P<lO-S)

5/24
(P<lO·2)

*Where result's s'gnH'cantly dHferent than the appropr'ate control, probabllity (P) of 'ncorrectly
reject'ng the null hypothes's 'S approx'mated 'n parentheses.

S = Dr. Squ're's h'stopatholog'c analys's; K = Dr. Koc'ba's h'stopatholog'c analys's



TAUI ~ n

2,3,7,8-TCDD Oral Rat Study by Dr. Kociba, with Dr. Squire 1s Review (8/15/80)
Male Sprague-Dawley Rats - Spartan Substrain (2 years)

Dose Levels (}Jg/kg/day)

T1ssues and Diagnoses* 0 0.001 0.01 O. 1
(conlrol)

S K S K S K S K
Nasal turbinate/
hard palate

squamous cell
carcinomas 0/55 0/51 1/34 1/34 0126 0127 6/30 4/30

("') (P<10-2)
I
-'
0'
ex: Tongue

squamous cell
carcinomas 0177 0176 2/44 1/49 1/49 1/49 3/44 3/42

(P<0.05) (P<lO-S)

Total - 1 or 2 above 0177 0176 2/44 2/49 1/49 1/49 9/44 7/42
(each rat had at (P<10-4)
least one tumor
above)

*Where result is signifIcantly different than the appropriate control, probabilHy (P) of incorrectly
rejecting the null hypothesis is approximated in parentheses.

S ; Dr. Squire1s histopathologic analysis; K = Dr. Kociba's histopathologic analysis



sex were administered 2,3,7,8-TCOO suspended in a vehicle of 9:1 corn

oil:acetone 2 days/week for 104 weeks at doses of 0.01, 0.05 or 0.5

~g/kg/week for rats and male mice and 0.04, 0.2 or 2.0 ~g/kg/week for

female mice. Seventy-five rats and 75 mice of each sex served as vehicle

controls. One untreated control group containing 25 rats and 25 mice of

each sex was present in the 2,3,7,8-TCOO treatment room, and one untreated

control group containing 25 rats and 25 mice of each sex was present in the

vehicle control room. All surviving animals were killed at 105-107 weeks.

In rats, a dose-related depression in mean body weight gain became

evident in the males after week 55 of the bioassay and in the females after

week 45. In mice, the mean body weight gain in the dosed groups was compar­

able ~ith that of the vehicle-control groups, but it was lower than that of

the untreated controls.

In male rats, increased incidences of follicular-cell adenoma or car­

cinomas in the thyroid were dose related and were significantly higher in

the low-, mid- and high-dose groups (P::O.OOl for high dose) than in the

vehicles controls (Table 28). A significant increase in the subcutaneous

tissue fibroma was found for the high-dose group (P::O.048).

In female rats, the incidences of follicular-cell adenomas of the

thyroid and hepatocellular carcinomas or neoplastic nodules of the liver

were dose-related, and the incidence of hepatocellular carcinomas in the

high-dose group was significantly higher (P::O.001) than that in the vehicle

controls (Table 29), as were the incidences of subcutaneous tissue fibro­

sarcoma (P::O.023) and adrenal cortical adenoma (P::0.039).

In both male and female mice. incidences of hepatocellular adenomas or

carcinomas were dose related and the incidences in the high-dose groups were

higher (P=O.OOl male, P::O.002 female) than those in the corresponding

vehicle controls (Tables 30 and 31).
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TABLE 28

Incidence of Primary Tumors in Hale Osborne-Hendel Rats

(2.3.7.8-TCDD Administered by Gavage)a.b

T1ssue: Dose (yg/kg/wk)C
Types of Neop1as t1 c Vehicle

Growth Control 0.01 0.05 0.5

Subcutaneous Tissue:
Fibroma or Fibrosarcoma 12/75(16) 4/50(8) 5/50(10) 10/50(20)

Fibroma 3/75 (4) 1/50(2) 3/50(6) 7/50(14)d
Fibrosarcoma 9/75(12) 3/50(6) 3/50(6) 3/50(6)

Circulatory System:
Hemangioma or
Hemangiosarcoma 7/75(9 ) 3/50(6) 1/50(2) 4/50(8)

Hemangiosarcoma 4/75( 5) 3/50(6) 0/50(0) 4/50(8)

Liver:
Neop1ast1c Nodule or 0/74( 0) 0/50(0) 0/50(0) 3/50(6)
Hepatocellular Carcinoma

Neoplast1c nodule 0/74(0) 0/50(0) 0/50(0) 3/50(6)

P1tuitary:
Adenoma or Chromophobe 2/61(3) 1/43(2) 3/43(7) 3/40(8)
Adenoma

Adenoma 0/61(0) 1/43(2) 2/43(5) 3/40(8)

Adrenal:
Cortical Adenoma 6/72(8) 9/50(18) 12/49(24) 9/49(18)
Pheochromcytoma 5/72(7) 0/50(0) 1/49(2) 1/49(2)

Thyroid:
Follicular Cell

Adenoma or Carcinoma 1/69 (1) 5/48(10)e 8/50(16)f 11/50(22)9
Follicular Cell Adenoma 1/69 (1 ) 5/48(10) 6/50(12) 10/50(20)
C-Cell Adenoma 2/69(3) 2/48(4) 4/50(8) 4/50(8)
C-Ce11 Adenoma or

Carcinoma 2/69(3) 2/48(4) 5/50(10) 4/50(8)

Parathyroid:
Adenoma 0/20 (0) 2/41(5) 1/40(3) 1/36(3)

Pancreatic Islets:
Adenoma 2/70(3) 2/49(4) 3/48(6) 1/50(2)
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TABLE 28 (cont.)

T\ssue:
Types of Neoplast'c

Growth
Veh'cle
Control 0.01

Dose (pg/kg/wk)c

0.05 0.5

Mammary Gland:
Adenocarc'noma
F'broadenoma

0/75(0)
5/75(7)

0/50(0)
0/50(0)

3/50(6)
1/50(2)

1/50(2)
0/50(0)

aSource: U.S. DHHS. 1980b

bValues 'n parentheses 'nd'cate percent response.

cp Values calculated us'ng the F'sher Exact test.

dp = 0.048

ep = 0.042

fp = 0.004

gp < 0.001
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TABLE 29

Incidence of Primary Tumors in Female Osborne-Mendel Rats

(2.3.7.8-TCOO Administered by Gavage)a.b

Tissue: Dose (\Jg/kg/wk)c
Types of NeoplasUc Vehicle

Growth Control 0.01 0.05 0.5

Subcutaneous Tissue:
Fibroma or Fibrosarcoma 4/75(5) 2/50(4) 3/50(6) 5/49(10)

Fibroma 4/75(5) 0/50(0) 0/50(0) 1/49(2)
Fibrosarcoma 0/75(0) 2/50(4) 3/50(6) 4/49(8)d

Liver:
Neoplastic Nodule or 5/75(7) 1/49(2) 3/50(6) 14/49 (29) e
Hepatocellular Carcinoma

Neoplastic nodule 5/75(1) 1/49(2) 3/50(6) 12/49(24)

Pituitary:
Adenoma 1/66(2) 5/47(11) 2/44(5) 3/43(7)
Chromophobe Adenoma 5/66(8) 0/47(0) 0/44(0) 1/43(2)

Adrenal:
Cortical Adenoma or

Adenoma 11/73(15) 8/49(16) 4/49(8) 14/46(30)f
Cortical Adenoma or

Carcinoma or Adenoma 11/73(15) 9/49(18) 5/49(10) 14/46(30)

Thyroid:
Follicular Cell Adenoma 3/73(4) 2/45(4) 1/49(2) 6/47(13)
Follicular Cell Adenoma

or Carcinoma 5/73(1) 2/45(4) 1/49(2) 6/47(13)
C-Cell Adenoma 7/73(10) 1/45(2) 8/49(26) 6/47(13)
C-Cell Adenoma or

Carcinoma 7/73(10) 3/45(7) 8/49(16) 6/47(13)

Mammary Gland:
Adenocarcinoma 3/75(4) 3/50(6) 2/50(4) 1/49(2)
Fibroadenoma 27/75(36) 20/50(40) 21/50(42) 17/49 (35)

Brain:
Astrocytoma 0/75(0) 3/47(6) 0/49(0) 0/48(0)

aSource: U.S. OHHS. 1980b
bValues in parentheses indicate percent response.
c Exact test.P = Values calculated using the Fisher
d e f

P = 0.0023; P = 0.001; P = 0.039
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TABLE 30

Incidence of Primary Tumors in Female B6CF1 Mice

(2,3,7,8-TCOO Administered by Gavage)a,b

Tissue:
Types of Neoplastic

Growth

Subcutaneous Tissue:
Fibrosarcoma

Lung:
Alveolar/Bronchiolar

Adenoma
Alveolar/Bronchiolar

Adenoma or Carcinoma

Vehicle
Control

1174(1 )

2174(3)

2174(3)

0.01

1/50(2)

3/49(6)

3/49(8)

0.05

1/48(2)

4/48(8)

4/48(8)

0.5

5/47(1l)d

1/46(2)

2/46(4)

Hematopoietic System:
Lymphocytic Lymphoma
Histiocytic Lymphoma
All Lymphoma
Lymphoma or Leukemia

Liver:
Hepatocellular Adenoma

or Carcinoma
Hepatocellular Adenoma
Hepatocellular Car­
cinoma

Pituitary:
Adenoma

Thyroid:
Follicular-Cell Adenoma

5174(7)
9174(12)

18174(24)
18174(24)

3173(4)
2173(3)
1173(1 )

0/62(0)

0/69(0)

6/50(12)
4/50(8)

11/50(22)
12/50(24)

6/50(12)
4/50(8)
2/50(4)

2/39 (5)

3/50(6)

4/48(8)
8/48( 17)

13/48(27)
13/48(27)

6/48(13)
4/48(8)
2/48(4)

0/38(0)

1/47(2)

6/47(13)
14/47(30)e
20/47(43)f
20/47(43)f

11/47(23)9
5/47(11)
6/47(13)

2/33( 6)

5/46(11)h

aSource: U.S. OHHS, 1980b

bValues in parentheses indicate percent response.

cp = Values calculated usin9 the Fisher Exact test.

dp = 0.032; ep = 0.016; fp = 0.029; 9p = 0.002; hp = 0.009
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TABLE 31

Incldence of Prlmary Tumors ln Male B6CF1 Mlce

(2,3,7,8-TCOO Admlnlstered by Gavage)a,b

Tlssue:
Types of Neop1astlc

Growth

Subcutaneous T1ssue:
Fibrosarcoma or F1broma
Fibrosarcoma

Lung:
Alveolar/Bronchiolar

Adenoma or Carcinoma
Alveolar/Bronchiolar

Adenoma

Hematopoiet1c System:
Histiocytic Lymphoma
Lymphoma or Leukemia

Circulatory System:
Hemangiosarcoma

biver:
Hepatocellular Adenoma

or Carc1noma
Hepatocellular Adenoma
Hepatocellular Car­
cinoma

Thyro1d:
Foll1cular-Cell Adenoma

Eye/Lacrimal Glands:
Adenoma

aSource: U.S. OHHS, 1980b

Veh1c1e
Control

9/13(12)
8/13(11 )

10/11(14)

7/11(10)

5/13(7)
8/13(11 )

1/13(1)

15/13(21 )
7/13(10)
8/13(11)

0/69(0)

0/13( 0)

0.01

6/49(12)
5/49 (10)

2/48(4)

2/48(4)

0/49(0)
3/49(6)

2/49(4)

l2/49( 24)
3/49(6)
9/49(18)

3/48(6)

1/49(2)

Dose (}!g/kg/wk)c

0.05

5/49(10)
4/49(8)

4/48(8)

4/48(8)

3/49(6)
4/49(8)

1/49(2)

13/49(27)
5/49(10)
8/49(16)

0/48(0)

1/49(2)

0.5

3/50(6)
3/50(6)

13/50(26)

11/50(22)

0/50(0)
6/50(12)

3/50(6)

27/50(54)d
10/50(20)
17/50( 34)

0/49(0)

3/50(6)

bValues 1n parentheses 1nd1cate percent response.

cp = Values calculated using the F1sher Exact test.

dp<O.OOl
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In female m'ce, foll'cular-cell adenomas 'n the thyro'd and h'stocyt'c

lymphomas 'n the hematopo'et 'C system occurred at dose-related 'nc'dences,

and the 'nc1dences were s'gnH'cantly h'gher 'n the h'gh-dose groups than

those 'n veh'cle controls. The h'gh-dose group of females also showed a

s'gnH'cantly h'gher 'nc'dence of subcutaneous f'brosarcomas (P=O.032) and

lymphoma or leukem'a (P=O.029) (see Table 31).

It was concluded that, under the condH'ons of th's b'oassay, 2,3,7,8­

TCOO was carc'nogenic for Osborne-Mendel rats, 'nduc'ng s'gnH'cant dose­

related 'ncreased 'nc'dences of foll'cular-cell thyro'd tumors 'n males and

l'ver tumors 'n females. 2,3,7,8-TCOO was also carc'nogenic for B6C3F
l

m'ce, 'nduc'ng s'gn'ficant dose-related 'ncreased 'nc'dences of l'ver tumors

in males and females and of thyro'd tumors 'n females (U.S. OHHS, 1980b).
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CRITERION FORMULATION

EXlstlng Guldelines and Standards

The National Academy of Sciences Commlttee on Drinking Water and Health

(NAS, 1977) suggested an acceptable daily intake (ADI) of 10-4 lJg 2,3,7,8­

TCOO/kg/day. At that time, 2,3,7,8-TCOD was not considered to be a carcino­

gen, and the ADI was based on a 13-week feedlng study in rats by Koclba et

al. (1976).

The FDA has issued a health advisory statlng that fish with residues of

2,3,7,8-TCOO ~50 ppt should not be consumed, but fish with residues of <25

ppt pose no serious health concern (FDA, 1981, 1983; Cordle, 1981). Federal

legal llmits for Great Lakes fish distrlbuted ln lnterstate commerce were

deemed unnecessary because most samples analyzed by the FDA contained <25

ppt. Canada has established a 20 ppt concentration limit for 2,3,7,8-TCoO

ln Lake Ontarlo commerclal flsh exported into the United States to comply

with the levels believed by FDA to be safe. No tolerances have been estab­

lished for 2,3,7,8-TCOO on food crops. A tolerance of 0.05 ppm hexachloro­

phene in or on cottonseeds (used as livestock feed), with a proviso that the

technical grade of hexachlorophene shall not contain >0.1 ppm 2,3,7,8-TCOO,

was published in 40 CFR 180.302.

The M1nistry of Labour of Canada has set a tentatlve Ambient Alr Quallty

criterlon for PCoOs of 30 pg/m3 (Harding, 1982).

Current Levels of Exposure

The extent of human exposure to 2,3,7,8-TCoo that can be directly

attributed to the water route cannot be readily determined. While 2,3,7,8­

TCOO does not appear to occur naturally in the environment, it can be pro­

duced with low efficiency from the combustion of 2,4,5-T-containing mate-
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rials (Stehl and Lamparski, 1971); it may also be produced in a large vari­

ety of normal combustion processes (Anonymous, 1978; Bumb et al .• 1980). but

it is not produced during all combustion processes (Kimble and Gross. 1980).

The impact of these processes on human exposure is unknown. The high affin­

ity of 2.3,7.B-TCOO for soils with significant organic content would seem to

reduce the likelihood of groundwater contamination; however. as the organic

content of soil declines the likelihood of groundwater contamination by

2.3.7.B-TCOO increases.

Contaminated beef fat samples have been found to have concentrations as

high as 60 ppt of 2.3.7.8-TCOO in one sample (Ross. 1976). 2.3.7.8-TCOO

residues also have been detected in the edible portions of fish from the

Tittabawassee. Grand and Saginaw Rivers. Lake Michigan and the Saginaw Bay

\n Michigan at concentrations rang\ng from 4-695 ppt (Harless and Lewis,

1980) .

The reports of \nc\dents of 2.3.7,B-TCOO exposures in industrial plants

and of accidents where 2,3.7.8-TCOO was more w\dely dissem\nated are useful

in identifying some of the effects of 2,3.7,B-TCOO exposure in man. Unfor­

tunately. the existing human data can only roughly estimate the extent and

duration of 2.3.7.B-TCOO exposure which produced the toxic symptoms.

Special Groups ~t Risk

The most obvious groups at risk are those employed in the manufacture of

chemicals in which 2.3,7,B-TCOD may occur as an unwanted by-product. The

spraying of herbicides containing traces of 2.3.7.8-TCDD has become less of

a problem because of restrictions on the use of such agents. Considering

the reproductive toxicity of 2.3.7,8-TCDO. women of child-bearing age. and

especially the fetus. are at high risk from exposures to 2.3.7.8-TCOO.
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Bas's and Oer'vat'on of Cr,ter'on

2,3,7,8-TCOO 15 an unusually tox'c compound wHh demonstrated acute,

subacute and chron'c effects 'n anlma1s and man. Acute or subchron'c expo­

sures to 2,3,7,8-TCOO can adversely affect the sk1n, the 11ver, the nervous

system and the lmmune system.

2,3,7,8-TCOO d1sp1ays an unusually h1gh degree of reproducUve toxlc­

,ty. It's teratogenlc, fetotoxlc and reduces fertl11ty. In a 3-generatlon

reproduct1ve study, Murray et al. (1979) reported a reducUon 1n fertllHy

after dally doslng at 0.1 or 0.01 pg 2,3,7,8-TCOO/kg 1n the F
1

and F
2

generatlons of Sprague-Dawley rats. Although Murray et al. (1979) con­

sidered the lowest dose tested, 0.001 pg/kg, to be a no-observed-effect

level (NOEL), a re-eva1uation of these data by Nisbet and Paxton (1982),

using d1fferent stat1stica1 methods, indicated that there was a reductlon in

the gestation index, decreased fetal weight, increased liver to body we1ght

rat1o, and 1ncreased inc1dence of dllated renal pelvls at the 0.001 pg/kg

dose. The re-evaluated data would suggest that equ1vocal adverse effects

were seen at the lowest dose (0.001 pg/kg/day) and that thls dose should,

therefore, represent a lowest-observed-adverse-effect level (LOAEL).

Schantz et al. (1979) found reduct10ns in fertility and various other toxlc

effects 1n rhesus monkeys fed a 50 ppt 2,3,7,8-TCOO diet for 20 months.

Th1s corresponds to a calculated dally dose of 0.0015 pg 2,3,7,8-TCOO/kg/

day. These results suggest that monkeys may be somewhat more sens1t1ve than

rats, s1nce the effects 1n monkeys were more severe and not equivocal.

A toxicity-based criterlon has been calculated for comparlson wHh the

cancer-based crHer10n 1n accordance with public comments. Since the data

from the limlted study by Schantz et al. (1979) are support1ve of the find­

1ngs by Murray et al. (1979), H seems reasonable to determine an AOI based

on the LOAEL. If one selects an uncertainty factor of 100 based on the
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existence of lHeUme animal studies and knowledge of effects in man as per

NAS (1977) guidelines. and then an additional 10 because a LOAEL is used as

the basis of this calculation.* then the ADI would be:

ADI ::
10- 3 ~g/kg/day (LOAEL)

100 x 10
:: 1 X 10-6 ~g/kg/day.

Thus. the acceptable dai ly intake for a 70 kg man would be 7. OxlO- s ~g

2.3.7.8-TCDD/day. Using a BCF of 5000 and assuming a daily consumpUon of

6.5 g of fish. the water concentration corresponding to this ADI would be:

water concentration:: ---------------------- :: 2.0 X 10-6 ~g/l.

2 + (5000 x 0.0065)

However. this concentration may not be sufficiently protective of human

health since it does not take into account the demonstrated carcinogenic

effects of 2.3.7.8-TCDD in animals and the probability that 2,3,7,8-TCDD is

a human carcinogen (see cancer-based criterion derivation).

The carcinogenic potential of 2,3.7,8-TCDD has been established by feed­

ing studies in rodents. The resul.ts of the study by Van Miller et al.

(1977a.b) are summarized in Table 24. and the findings of the more extensive

study by Kociba et al. (1978) are summarized in Table 25. The Van Miller et

al. (1977a,b), the Toth et al. (1979) and recent NCI data (U.S. DHHS,

1980a,b) summarized in Tables 28, 29, 30, and 31. reinforce the findings of

Kociba et al. (1978) and establish that 2,3,7,8-TCDD is an animal carcinogen

and is probably carcinogenic in humans.

*According to the methods published by EPA (45 FR 79353), an additional
uncertainty factor between 1 and 10 must be used because the calculation is
based on a LOAEL. An uncerta inty factor of 10 was chosen because of the
adverse effects seen in rhesus monkeys at 0.0015 ~g/kg/day. despite the
equivocal nature of the effects in rats seen at the 0.001 ~g/kg/day dose
level.
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Furthermore, the ep1dem1010g1cal findings (Hardell, 1977, 1979; U.S.

EPA, 1980c; Hardell et al., 1980; Hardell and Sandstrom, 1979; Er1cksson et

al., 1979; Theiss and Frentzel-Beyme, 1977; J1rasek et al., 1973, 1914;

Pazderova et al., 1974; Axelson et al., 1980; Zack and Susk1nd, 1980; Zack,

1980; Cook et al., 1980a) are cons1stent with the conclusion from animal

stud1es that 2,3,7,8-TCoO 1s a probable human carc1nogen. In addHlon,

2,3,7,8-TCOo has been shown to be a potent 11ver cancer promoter (P1tot et

al., 1980) and a cocarc1nogen (Kouri et al., 1918).

Under the Consent Decree in NROC vs. Tra1n, cr1ter1a are to state

"recommended max1mum perm1ss1ble concentrations (includ1ng where appro­

priate, zero) consistent with the protection of aquatic organisms, human

health, and recreational activities." 2,3,7,8-TCOO is suspected of be1ng a

human carc1nogen. Because there is no recognized safe concentration for a

human carc1nogen, the recommended concentration of 2,3,7,8-TCOO in water for

maximum protection of human health is zero.

Because attaining a zero concentration level may be infeasible in some

cases, and 1n order to assist the Agency and states in the possible future

development of water quality regulations, the concentrations of 2,3,7,8-TCOD

correspond1ng to several incremental 1HeUme cancer risk level s have been

est1mated. A cancer risk level prov1des an est1mate of the add~tional inci­

dence of cancer that may be expected in an exposed population. A risk of

10- 5 , for example, indicates a probability of one additional case of can­

cer for every 100,000 people exposed, a risk 10- 6 indicates one additional

case of cancer for every million people exposed, and so forth.

In the November 1980 Federal Register not1ce of ava11ability of ambient

water quality criteria (45 FR 79318), the U.S. EPA presented a range of con­

centrations for carcinogens corresponding to cancer risks of 10- 5 , 10- 6

C-180



or 10-7 • based on the upper 95% confidence level of calculated incremental

risk. The criteria for 2.3.7.8-TCOO are shown in the following table:

Exposure Assumptions
(per day)

95% Upper-Limit Risk Levels and Corresponding 95%
Lower-Limit Criteria (1) for 2.3,7,8-TCOO (~g/t)

2 t of drinking water
and consumption of 6.5 g
fish and shellfish. (2)

Consumption of fish and
shellfish only

2 t of drinking water
only

o

o

o

o

(1) The animal bioassay data used in these calculations are presented in

the Appendix of this document. These levels are calculated by applying

a linearized multistage model as discussed in the Human Health Method­

ology Appendices to the Federal Register notice concerning water qual-

ity criteria. Since the extrapolation model is linear at low doses,

the additional lifetime risk is directly proportional to the water con-

centration. Therefore, water concentrations corresponding to other

risk levels can be derived by multiplying or dividing one of the risk

levels and corresponding water concentrations shown in the table by

factors such as 10. 100, 1000 and so forth.

(2) Approximately 94.2% of the 2,3,7,8-TCOO exposure results from the con-

sumption of aquatic organisms which exhibit an average bioconcentration

potential of SOOO-fold. The remaining S.8% of 2,3,7,8-TCOO exposure

results from drinking water. Correspondingly, if no contaminated

shellfish or fish are eaten, the water contamination level could be 17

times as high for the same risk level, or 2.2xlO- 7 ~g/t for a

10- 6 upper-limit risk level, vs. 1.3xlO-a ~g/t when contaminated

fish and water are consumed.
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Concentratlon levels were derlved assumlng a llfet1me exposure to var1­

ous amounts of 2,3,7,8-TCoo, (1) occurr1ng from the consumpUon of both

dr1nk1ng water and aquat1c 11fe taken from waters conta1nlng the correspond­

lng 2,3,7,8-TCoo concentraUons, (2) occurr1ng solely from consumpUon of

aquatlc 11fe grown 1n waters conta1nlng the corresponding 2,3,7,8-TCoO con­

centraUons and (3) occurrlng from the consumpUon of dr1nk1ng water only.

Because data 1nd1caUng other sources of 2,3,7 ,8-TCoo exposure and the1r

contr1but10ns to total body burden are 1nadequate for quant1tat1ve use, the

f1gures reflect the lncremental r1sks assoc1ated wHh the lnd1cated routes

only.

The above crHerla. wh1ch have been calculated on the basis of health

effects data, are below the 11m1t of detect10n for 2,3,7,8-TCoo 1n water by

current analytical methods. The detecUon l1mH presently 1s esUmated to

be -3x10- s lJg/t (Harless et al., 1980). The detect10n l1mH should also

be considered when 1ssuing guidance based on these criter1a.

Estimates by Others of Carc1nogen1c Potency and Criteria

The U.S. Food and Drug Admin1straUon concluded that an advisory level

of 25 ppt for Great Lakes f1sh contaminated with 2,3,7,8-TCoo does not pose

an unacceptable r1sk to pub11c health (FDA, 1981). EPA has reviewed the

recent tesUmony before Congress of Or. S.A. Hll1er (FDA, 1983), d1scussing

cancer risk assoc1ated wHh 1ngesUon of these fish. The FDA esUmate of

the 95% upper-11mH carc1nogenic potency factor for 2,3,7,8-TCoO is q,* =

'.75x10 4 (mg/kg/day)-~, wh1ch 1s less potent than EPA's estimate of

ql* 1.56x10s (mg/kg/day)-~ (see Append1x) by a factor of 9. Even

though both Agenc1es used the same data base (Kociba et a1., 1978) and r1sk

extrapolatlon model, some subtle d1fferences in methodology ex1st which

account for this factor of 9. The major part of this d1fference is a factor
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of 5.38 which EPA uses for rat-to-man extrapolatlon on the assumpt lon that

dose per unH body surface area. rather than dose per unH body welght. 15

an equlvalent dose between species (45 FR 79351). Most of the remalnlng

factor of -1.7 ls due to the FOAls use of the Koclba hlstopathologlcal

dlagnosls alone. wHhout lncludlng that of Squlre. and EPA's adjustment of

lts calculatlons to compensate for the hlgh early mortallty observed In the

Koclba et al. (1978) study (see Appendlx).

FDA and EPA also dlffer In thelr assessment of human exposure to

2.3.7.8-TCOO in flsh, in keeplng wHh thelr respectlve regulatory approach­

es. EPA calculates water qualHy crHerla to protect a body of water as

though H were the dlrect source of 100% of a human populatlon1s average

dally lntake of water and/or freshwater and estuarlne flsh or shellfish.

The concentration of a pollutant In the tissues of all such flsh or shell­

flsh is further assumed to be determined by the water concentration and the

bloconcentratlon factor (BCF) of the pollutant. FDA. on the other hand.

premised its exposure assessment on the assumptlon that only llmlted amounts

of fish having 2,3,7,8-TCOO levels at or near the advisory level wll1

actually be consumed. For example. FDA assumed that for this substance.

s ignHicant contamlnaUon problems were 1imHed to bottom feeders such as

catfish and carp.* It also assumed that actual average resldue levels in

the flesh of bottom-feeding specles reaching the market would not exceed

one-third of the advisory level (i.e .• -8 ppt) and further, that for most

indlviduals. 90% of the fish consumed would be comprised of other species

showing no measurable contaminaUon. or would be taken from uncontaminated

*However. avallab1e data lndicate that other specles. especla11y trout and
salmon, taken from some areas of the Great lakes may also have tlssue
residues of 2.3,7.8-TCOO which exceed 25 ppt (see Table 1).
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areas. Under these assumpt10ns, and us1ng an upper 90 percent11e value for

freshwater f1sh consumpt1on of 15.7 g/day, the FDA potency est1mate y1elds

an upper-l1mH r1sk est1mate of 2.86xlO- 6 for consumers of these f1sh. If

the same exposure assumpt10ns were used w1th EPA's potency est1mate a some-

what h1gher upper 11m1t r1sk of 2.92xlO- s would result.

The Center for D1sease Control (CDC) has also calculated an upper-l'm1t

potency value for 2,3,7,8-TCDD (K'mbrough et al., 1983). The CDC est1mate

'S based on the Squ're h1stopatholog'cal results, and, l'ke that of FDA,

extrapolates from rat to man on a bas's of dose equ'valence per unH body

we'ght. The CDC d'fference from both the EPA and FDA approaches's that the

curve f,t was done, not on adm'n'stered dose, but on l'ver concentrat'on at

term1nal sacrHice. Also, like FDA, CDC d'd not adjust for h'gh early

mortalHy. The f1nal result is that the CDC 95% upper-nmH potency value

estimate when converted back to adm1n'stered dose , s q *1
3.6xl0 4

(mg/kg/day)-1 which's more potent by a factor of 2 than that of FDA and

less potent by a factor of 4 than that of the EPA.

In January 1984 the three Agenc'es met to review the differences 1n car-

c'nogen'c put(ncy est1mation. The three Agencies agreed that they are using

virtually the same methodolog'es for potency esUmation although there are

dHferences in some assumpU ons used. Fur ther, there was agreement that

correct'on for mortal'ty is appropr'ate, mak'ng the differences less between

the EPA est'mate and the other est'mates. Lastly, the Agenc'es agreed that

the remaining dHfercnces are wHh'n the range of uncerta'nty 'nherent 'n

the risk assessment process.

*The dHference between the EPA and FDA risk estimates results from the
d1fference 'n potency est'mates, descr'bed above, and the use by FDA of an
average human body we'ght of 80 kg, versus 70 kg used by EPA.
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APPENDIX

Summary and Conclusions Regarding the Carcinogenicity of 2,3,7,8-Tetra­

chlorodibenzo-p-Oioxin (TCOO)*

2,3,7,8-TCOO is probably carcinogenic for humans on the basis of animal

carcinogenicity studies which were positive in multiple species and organs.

Epidemiological studies of workers exposed to chemicals contaminated with

2,3,7,8-TCOO such as 2,4,5-trichlorophenoxyacetic acid and 2,4,5-trichloro-

phenol are consistent with the position that 2,3,7,8-TCOO is probably carci-

nogenic for humans; the available evidence indicates an excess incidence of

soft tissue sarcomas. Because 2,3,7,8-TCOO is almost always found in

association with other materials (e.g., chlorophenols, combu~tion products,

etc.), it may never be possible to evaluate the carcinogenicity of

2,3,7,8-TCOO by itself in humans.

SUMMARY OF HUMAN POTENCY ESTIMATES BASED ON PERTINENT DATA

A summary of 95% upper-limit human carcinogenic potency estimates for

2,3,7,8-TCOO derived from the Kociba et a1. (1978) and NCI (U.S. OHHS,

1980b) studies in rats and mice, with two pathologists' findings for the

Kociba study, are given in Table 32. These potency estimates have been

calculated using the linearized multistage model by a previously described

methodology (45 FR 79350-79353). The largest of these potency factors

(ql*) comes from data in an independent pathologist's (Dr. R. Squire)

review of the Kociba feeding study of female Sprague-Dawley rats. An

adjustment for high early mortality in the high dose groups led to a

slightly lower estimate. The mean of the two pathologists' estimates after

mortality adjustment is:

ql* = [(1.51 x 105) x (1.61 x 105)]1/2 = 1.56 x 105 (mg/kg/day)-1

*This summary was prepared and approved by an expert peer review panel on
dioxins convened by the U.S. EPA in Cincinnati on July 17, 1983.
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TABLE 32

Summary of Human Potency Estlmates for 2.3.7.8-TCOO

Spedes Study Sex Patho1oglst Human Potency Estlmate
q1* In (mg/kg/day)-~

Rat Kodba et a1. a male Koclba 1.47 x 10"

Squlre 1.73 X 10"

Rat Koclba et a1. a female Koclba
Unadjustel1 2.52 x 105
Adjusted for 1. 51 x 10sb
early morta1lty

Squlre
Unadjusted 4.25 x 105
Adjusted for 1.61 x 10sb
early morta1Hy

Rat NClc female NCI-revlewed 3.28 x 10"

Mouse NClc male NCI-revlewed 7.52 x 10 4

Mouse NClc female NCI-revlewed 4.56 x 10"

aSource: Koclba et a1. • 1978

bVa1ues used to determlne the geometrlc mean of 1.56x10s (mg/kg/day)-~

cSource: U.S. DHHS, 1980b

C-242



These potency esUmates were der'ved from the Koc'ba feed'ng study. The

responses and parameters of the Koc'ba feed'ng study 'n female rats are

g'ven below. The number w'th tumors refers to the number of an'mals w'th at

least one of l'ver, lung, hard palate, and/or nasal turb'nate tumors.

Adjustment for early mortalHy refers to el'm'naUng those an'mals wh'ch

d'ed during the f'rst year of study. The f'rst tumor appeared 'n the h'gh

dose group during the th'rteenth month.

Dose
(mg/kg/day)

No. with Tumors/No. Examined
Adjusted-for Early Mortality

o
0.001 X 10- 3

0.01 X 10- 3

0.1 X 10- 3

le = 720 days
Le = 720 days
L = 720 days

Squire

16/85
8/48

27/48
34/40

Wh = 70 kg
Wo 0.450 kg
R 5000 i./kg

Kociba

9/85
3/48

18/48
34/40

WHh these parameters, the mean 95% upper-limH carcinogenic potency

factor for humans, ql·' is l.56xl0 5 {mg/kg/day)-1. For a 70 kg human

drink'ng 2 i. water/day and eating 6.5 9 of contaminated fish and shell-

fish, the water concentration should be <1.3xlO- s }.Ig/i. 'n order to keep

the upper-l'mH 'nd'vidual lHetime cancer r\sk below 10-6 , for example.

If f'sh and shellfish alone are consumed, the correspond'ng water concen­

traUon for this level of risk should be <1.4xlO- s }.Ig/t, and H water

alone is consumed, the correspond'ng water concentrat\on should be
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