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dable 5. #ortality of 2,4-D and 2,4,5-F cxposcd workers during the follow~up poricd of 1972-1976.
: Lxpected numbers of deaths are based on Lhe death rates of the total Finnish male

population.

Causae of death Exposure stavted in Lthe years ' Total
(aye, years) B T

1955-1965 . 1966-1971

Obsurved Expected e e B -

number of number of p;l‘::n (0) (E) l::::on (o) (r) !, :ul:?n
. deaths (0)  deaths (g) Y ¥ ° sty
dallynanl ncoplasms
15-~24 - 0.0 52 - 0.1 1635 - 0.1 1057
25-34 - 0.1 728 - 0.3 1567 - 0.4 2255
35-44 - 0.4 - 918 - 0.5 1256 - 0.9 2174
45-54 1 1.5 937 - ‘2.0 1213 1 3.6 2170
55-64 - 4 4.2 690 2 4.1 671 6 8.3 1361
65-74 1 1.8 294 - 0.8 64 1 4.6 353
75 and over - 0.2 -9 - - - - 0.2 9
Total 6 10,2 3628 2 7.8 5826 8 1lu.1l 9454

LR L LIPS R LS P PR LELEL TR TT R332 FELELIT T I EEFY P r o P T T P ¥ Y T POy

ALl natural causcs
of death

15-24 - 0.0 - 0.3 - 0.3
25-34 - 0.5 - 1.0 - 1.5
35~44 - 2 2.2 1 3.1 k] 5.3
45-51 3 8.1 6 10.6 9 18.7
55-64d 7 15.7 6 15.3 13 13L1.0
65-74 8 15.4 1 3.3 9 14.7
75 and over - 1.2 - - - 1.2
Total 20 43.1 J4  33.6 34 76.7
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Table 6.

Mortality of 2,4-D and 2,4,5-T exposacd workers Ly cwmployer during the follow-up pericod

of 1972-1976.
Finnish male population,

Lxpcected numbers of deathy are based on the death rates of Lhe Lotat

Causie of

State kallways

Hlighway Authority

rorestry Authority

Power cowpany

death Obscerved  Expacted
dcaths deaths (0) () {0) (L) (0) (£)
(0} (&)
All malignant
neoplasms - 7 7.2 1 1.6 - 6.4 - 0.9
Respiratory
cancer 4 3.1 - 1.5 - 2.6 - 0.3
All natural ’
causes ol death . 15 29.8 9 15.6 ? 27.7 3 3.6
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Table 7. Localisation of malignant neoplasms amongy 2,4-D and 2,4,5-T cxposed workers.

Ohservation Localisation Total
period

Lung Larynx Stomach Caccum Prostate
. . R
1955-1971 - 7 2 4 1)
1972-1976 4 1 1 1 1 8
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Chiorinated Dilenzo-p-dioxins arxd DibSenzofursas: Review of Toxicolsgy

and fazyrme Inducticn and Censideration of !echanism of Toxicity.

6.862T moa @

SNVT P VU

IARC January 1978 -

Alan Poland
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The chemistry, toxlcological and biochenical effects of the
chlorinated dibenzo-p-dioxins and dibenzofurans have been extenslively
_ investigated in the past few years, and this infcrmation has been thoroughly

reviewed In a number of symposia and reports. Desplte these efforts, at

08G63T MOoa

present little Is knocwn about how these compounds exert thelr tbxicity. In
this report I would like to briefly outline the major toxic actions of these
compounds, consider selected blochemical effects and propose a model for
thelr mechanism of toxicity. _
2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) is the prototype of the
group; it is the most potent toxin and the most thoroughly studied. The

major toxic effects produced by TCDD cempound are summarized below.

1) Chloracne - The most frequent slgn of toxicity observed among chenlcal
‘workers exposed to TCDD has been chloracne, comedone formation, with or
without cysts and pustules, often widespread In body distribution, ‘and
very persistent and refractory to treatment, Chloracne has been producéd
experinentally by TCDOD In humans, monkeys, rabbits, and halriess nice.
The lesion is characterized by'ﬁypcrkeratosls, acant@osis, and kerat?naus

naterlal producing cystic dal:tatnon of sebaceous glands.

(:‘ ‘ 2) Hepatotox:city - The !lver tox:cnty produced by TCDD varies greatly . ... _.m
= with the species. In the rabb;;-;na the rat, there.is severe llver daﬁage,
with parenchymal cell necrosls, fatty |nf:|trat|on. hyaline bod:cs, fornatlon-
of multinucleate gnant cells and s:gns of hepatlc dysfunctlon such as i f:};?_w_
: hyaerb|1|rub|ncnra and hypoalbunsnenna. Hepatic danage lS less exten5|ve
ln-mlcc, and mininal and focal in guinea pigs, the species most sensltive ;'.

_/wmj,nmr_ueﬁaﬁﬂmw

porphyria was observed reported in mice, rats, and humans exposed to TCDD.

accumulation and/or
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“; pcrlod of several weeks.. Sensutuv:ty to the lethal effects of TCOD varles

3) Thynus and Lymphoid Organs - TCOD produces a dose related decrease In

the mass of the thymus and a less dramatlc change on the lymph nodes and

lynphoid tissue of the spleen. There Is a rapid atrophy of the cortical

cclls (T-cells) of the thymus, and In the rat, mouse and gulnea plqg a
suppression of the cell-madiated irmune response.

4) Teratonenesis - TCOD Is embryctoxic and teratogenlc to fetal mice, rats,

and guinea eigs. Fetal resorption, cleft palate, renal leslions, and ‘edema
of the soft tissue have been reported.

S)- Chlick edena - In newborn chicken, TCDD produces an edematous syndrome
char;tteriZed by anesarca, and hydropericardiun,

6) Other effects - TCDD and other dloxins have been reported to cause

a number of other types of toxicity: necurornuscular effects, epithelial

atrophy, metaplasia, and hyperplasia, hemorrhage In several tissues, gonadal

atrophy, hyperlipicdemia, depression of the blood forming elements in bone
marrov; and lesions of the endothclium, myoca(dium, and kidney.
Qualitatively and quantitatively the histopathology produced by TCDD

differs with different species, and with acute versus chronic adninistration.

-Followlng the adhinistratlon of a lethal dose of TCDD, the animal loses

wenght, exhlblts decreased notor act!v:ty, and eventually dies after a

greatly wtth Specle5° the acute oral Lo, is 1 ug/kg ln guinea plgs, -

50
22 UQ/LQ In nale rats' RS ug/kg In female rats; llS ug/kg in the rabblt'

100-250 ug/kg ln the nouse' and grcater than 300 ug/kg In the dog. 'i'

-Pharnacoknnetlcs

- ) .0 2

Fcllowtng acute or chronic adminlstration of TCDD to a rat, the drug . -- -

Is accunulated prnnarlly in the liver and to a lesser extent the fat,

elininated largely in the feces with a whole body half-life of about 21 days.

18G62IM0Oq

Numerous attempts to demonstrate the metabolism of TCDD in vitro or Isolate a

™~

-

(4]
e
o
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metadolite In vivo have failed, however chrenic feeding studles using
radiolabeled TCDD suggest a more polar radiolabeled cormpound appears In —_
urine in amounts too snall to identify chemically. Direct demonstration of
_the metabolisn of TCDD is lacking, but If metabolism occurs, It proceaeds

very slowly. The acute toxicity of TCDD appears to be dus to the parent
conpound,

Mutagenicity and Carcinogeniclty

Thete are two reports that TCDD s mutagenic In bacterla, but no
consensus has been reached on this. The data is amply reviewed In the
IARC report. . -

" Two recent reports Indicate tbat_chronic life-time administration of
low levels of TCDD to rats Is associated with an increased incidenca of
necplesia. The study by the Dow Chenical Co. (as yet to be published)
states: "In these rats receiving 0.1 ug/kg/day (but not 0,001 or 0.01 ug/kg/day)
there were discernable increases in the ineidences of hepatocellu?ar
carcinomes and squamous cell carcinomas of the lung, hard palatc/nasali
turbinates or tongue'’. Van Hiller, Lallch and Allen reported tunors in
rats fed TCDD 5, 56, 500, lOOb and 5000 ppt in the diet.. The low dose

'S ppt Is equal to 0,14 ng/kg/day or a life time dose of 95 ng/kg. In

‘contrast to the Dow study, these authors found neoplasns at a 700 foid lower ?f;, -

'" ‘concentrat|on of TCDD in the dfet. the neoplasns were of many types, and

-~ the Incxdcnce of neoplasta was not dose-related. 7'“:.3.'11ﬁ55351 -

- - . E W
LA Ny ,._-. S REECE TR

' ; Uhnle tﬁese two reports suggest that the chron!c adnxnlstratuon of

TCDD is assocuatcd wath an |ncreasc nncndence of neoplnsms. they do not ?_:

Indlcate whether TCOD is an lnlt!ator or a pronoter.. Thls consnderatfon is
partlcularly lnportant because we Iack unequ!vocal evidence that TCDD as'
a mutagen and that TCDD is metabolized, and there Is no evidence that TCDD

and/or its metabolite(s) covalently bind to macromolecules.

28562T Mmogq
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Induction of Aryl Hydrocarbon llydrexylase Activity —

The adninistration of TCDD and other halogenated dibenzo-p-dioxins

and dibenzofurans stimulates a number of enzyme actlvities, rost notably

In the liver, I will confine my remarks primarily to the Induction of hepatic
aryl hydrocarbon hydroxylase (AiH) actlvity also called benzo(s)pyrene
hydroxylase. AHH activity ls one measure or nicrosomal monooxygenase
function. The mlcrosomal enzyme complex which consists of NADPH-cytochrome
P-450 reductase, and several cytochrome P-450 subspecies (or isoenzymes), is
responsible for Ye metabolism of many lipophillc xencbiotles to more polar
metabolites, - '
Since many chlorinated lipophilic compounds which have long biological

half-lives, such as DOT, dieldrin, lindane, and the polychlorinated biphenyls
“stimulate vorious hepatlc nicrosonal monooxygenase activitles, it comes
_ as no great surprise that the chlorinated dibenzo-p-dloxins and dibenzofurans
also have this capacity. However, rather than regarding this biochemical
'effect as comrmon place, I wish to suggest that It is telifng us something
about the mechanism of toxiclty of TCDD and its congeners.
| In the chlcken embryo, TCDD produced a dose-related Inerease In hepatic

“AHH actxvuty, wlth an ED50

a __-

e of 0.3 nnol/kg. In testlng an |nitlal serles of 15 halogenated dibenzo-p-';“”

X

_dloxin congeners, a well deflned structure-actnvuty relationshlp was observed'

The congeners uhfch lnduced AHH actIVIty hod l) haIOQen atons In at least

. ST
- -

three of the four lateral r:ng posltlons (2 3 7 and 8), a) at least one _Ti:-'

>carbon atom was unsubstltuted (octachlorodsbenzo-p-dloxnn was !nactlve),

and 3) the order of potency of substltut!on was Br> CI> F, NOZ “TcoD a!so T

- -

produced a dose-related increase in hepatic § -aminolevulinic acld SY"thtase

£8562T MOa

(dose that produced one half thc naximal response) _ dd-_'
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(ALAS) activity in the chicken wnbryo, and the structure-activity relatioaship

for the induction ALAS activity by the 15 halogenated congeners was the sare—

as that cbserved for Induction of AH activity. Many more halogenated

. dibenzo-p~dioxins and dibenzofurans have been studied for their capacity

to induce AilH activity in the chicken embryo liver or in a hepatoma cell
culture (Bradlaw and Flrestone) and the structure-activity relationship
outlined above has prevalled.

The most slgnificant flnding was that there was an.excellent correlation
between the potency pf chlorinated dibenzo-p~-dioxin congeners to Induce AHH
activity (and ALAS activity) and their toxic potency. The work of Schwetz
and his coworkers suggests that for a given chlorinated dibenzo-p-dioxin
which has a certaln lethal potency (low LDSO)' it has a corresponding potency
as a feratogcn, acnegen, and potency In producing chick edena. The recent
study by McConnell et al. on the comparative toxicity of 13 chlorinated
dibenzo-p-dioxins in mice and guinea pigs support thls idea, that Is, the

relative potency (or rank order) of a congener to produce one toxic response

s a good Indicator of its relative potency (or rank order) to produce other

": act!vlty ‘based on the In vivo blology. Nanely . 1) 3H-TCDD bnnds to thls

toxic manifestations.

Hepatic Cytosol Binding Protein

Recently, a nacronolecular bnndlng spec:es has been characternzed In L

2; the hepatlc cytosol fractlon of rat and mouse llver whlch has the !n vItro ;

b!ndlng propertles predlcted for the receptor for the Induct!on of AHH

-

s cytosal protesn reversib!y with a high affnnlty (kd = 0. 27nM) comparable '

to the ED_. for hepatlc AHH Induction (ED In nicet\zl nnole/kg) 2) the

50
blndlng affinity of halogenated dlbcnzo-p-diox:ns and dibenzofurans for
this protein In vitro corresponds to their potency to induce hepatic
AHH activity in the chicken embryo; 3) other compounds, such as the

polycyclic aronatlc hydrocarbons, which induce AHH activity and cytochrone

-h;o also cormpete for this cytosolic binding proteln, but ‘compounds which

pgegaTMOd
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Induce other typas of micrcsonmal ronooxygeunase actlvitles (e.qg., phencbarbital) ®)
and steroids fail to bind. Thus It would appear .thls cytosollc bindling —
protein is the recaptor for the Inducticn of AHH activity.

Structure-ictivity Relationshlp

G8G62T M

The structure-actlvity relationship for the Induction of hepatic
AHil activity and for binding to the hepatlc cytosol bindino species has -
been extended to other classes of chlorinated aromaslc compounds. and
again sheré appears to be an excellent correlation between thelr capacity
to induce ANl activit§ and thelr potency to produce specific toxic
effects similar to those produced by TEDD (e.g., chloracne, thymus atrophy,
and chick edena). .
3,4,3'4'-Tetrachloro azoxybenzene (TCAOB) and azobenzene (TCAB) are
potent acneqgens formed as trace contanlnants [n the synthesls of 3,4
" dichloroaniline or herbicides based on this compound. At‘hign doses In
animals, TCAB is reported to produce thymic involution and liver damage
similar to fCDQ. Both TCAOB and TCAB arec potent Inducers of hepatic AHH
activity and bind to the hepatic cytosol binding protein with a high
affinity.  Congeners such as 3.5,3'5'-tetrachloro azoxybenzene and ' ‘ S
.azobenzene fall to induce AHH activity, fail to bind to.the hepatie
(: :.-cytosol species, and fall to produce chloracne. . _i. . _ .'.;'-'E. S
L - Of 15 halogenated blphenyl tested only 3, l! 3 ll'-tetrachloro. 3;',.5'.3'43"')”".. |
c-Q 3 k 5 3'4's hexabrono-b:pheny]s induced hepatic AHH activ:ty and bound
. to the hepatic cytosol blndlng speclcs. The 3, h 3 4'-tetrach!orob|phenyl
has been reported to produre chloracne.- Mclnnney et al. found that of

£lve hexachloroblphenyls tested In chickens, 3 4 ,5,3" h'S’-hexachloroprhenyl

.._" -

e was by far the rost toxic, and the only one to produce significant ch!ck

edema and lnvolution of the thymus.
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S 3 whlch blnd to the hepatic cytosol:c binding species and lnduce AHH actnvnty. N

Froa these studies we can generalize sbout the receptor site for
binding halugenated aromatlic compounds and initiating the Induction for -
AHH. 2,3,7,3-Tetrachlorodibenzo-p-dioxin, 2,3,7,8 tetrachlorodibenzofuran,
3,4,3ih'-te;rachloroazoxybcn;ene and 3,4,3'4'~tetrachloroblphenyl are

approximate isostercomers,

+ /b—
X

S YeTEL. i

%7 =4y benchlers azoxy bengone
Tt chlorn drhanzg-p -2 54 3% -h srearoxy>nd

< : 1 ’ < ]
e s
RIS | By

;;z 7% -Te rrod.lerod Lemzofornn. - 34,3%'- trimchlore "'r“‘q'

-x-——-——-loA——*

iﬁ

All of these compounds are planar or can assume 3 nearly planar ;

237

e N =)
b )

configuration with halogens at 4 corners of a rectangle approximately 32-
° .
by 10A., Ve have synthesized a number of other tetrahaloheterocyclics -

such as anthracene, phenanthrene, biphenylene, and phenoxazine = all of

It remains to be proven whetrer all halogenated aromatics which

."'_blnd to this receptor and lnduce AHH actxvuty do produce TCDO-like
:F°x’C'tY- At present to the extent the data Is avallable, B¢ am not

'5f1;aware of any exceptions. However we nust not forget many nonchlorlnated

POlchcluc aronmatic hydrocarbons bind to this site and Induce AHH

- actnvsty, but it has not been noted they elnc:t any TCDD-llke toxlcfty.

0001587
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A lModel for Mechoanlsm of Toxiclty

—

The case I have tried to present Is that there is a striking correlation
for chlorinated dibenzo-p-dioxin, dibenzofurans and other chlorinated
-—aromatic congeners between thelr potency to Induce AHH actlvity and their
toxic potency t§ produce spacific leslons (chloracne, thymic Involution, .

chick edema). This correlation Is an appropriate starting point In

considering a molecular mechanism of toxicity. Lo

A) Older Theories =~ AHH Induction Per Say 1) It has been suggeste& that
the chronic stimulatlion of mlcrosomal'monooxygenase activity produce by
TCDD.might result in excessive Inactivation of endogenous compounds

(e.g., steroids) or produée excessi;e harmful metabolltes of endogenous
compounds. 2) It h;s been suggested that TCDD was metabollzad to some

- reactive Intermediate which covalently bound to some essential macrormolecules
analogous to the mechanism ;f hepatotoxicity proposed for bromobenz?ne.
phenacetin and isoniazid., If the rate limiting step were the formation

'rof the reactive metabolite of TCDD,then congeners which induce AHH activity,
might stinulate their own megabpllsm and flood the system with an excess

of reactive metabol!tes. Both of these hypotheses can probably be rejected

“on the wenght of the availab!e evldence. But whlle It doesn't appear that

induction of AHH actnvuty per se !s de!eterlous. ve stnll must explain Its

;correlatlon wnth toxlclty.

-

B) Coord!nate Gene Expresslon - ?ﬂﬁ}“=*_.. :f-'

So far we have focuscd on!y on the anductfon of AHH act:v:ty, but

DYy
.‘. RN

lt Is known that the adnnnnstratlon of TCDD or one of the classncal

p9lycyclic aromatic hydrocarbon lnducers such as 3-nethylcholanthreng

(C) stimulates not only AHH activity but a number of other enzyme activities.

L8662 AOd
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T2th TCDD and MC have been shown to Induce the following hepatic enzymes: —
cytochro#c Pl-hsa mediated nicrosomal ronooxygenase actlvity, {~aminolevulinic
acld synthetase, aldehyde dehydrogenase, glutathione-s-transferase B, UDP-

“'glucuronosy! transfarase, and DT-dlaphorase. Very likely there are more
enzymes which are coordinately expressed ty one of these Inducers.

From genetic studies In Inbred stralns of mlce'(not reviewed here) .
it appears the Ah locus codes for the cytosollc receptor proteln and this
protein vhen combined with the Inducing compound {e.g. TCDD) Initiates
the coordinate expresslon of at least AHH, UDP-glucuronosyltransferase,

(: and pT-diaphorase, and perhaps many mgre structural genes.

'we suggest that the cytosolic-Lindlng protein serves as the celluiar
recognition site for TCDD and like compounds, and the binding of these
corpounds to the receptor serves as a master switch which Initiates tHe
expression for cepression) of numerous noncontiguous structurglgenes. This
Is analogous to the battery of genes which are coordinately expressed by

- " the stcrofd hormones.,

Ourvhypothesis is that the sustalned expression (or.regresslon) of

~one or more of the genes ccnttolled by the Ah locus (the TCDD-receptor

(:33 conplex) leads to the tox!c nanlfestations characterfstlcally associated

-f  with the chlorlnated dlbenzo-p-dloxlns. Thus lnductlon of AHH activity

: is ncrely a slgnal that this gene battery is actlvated. This hypothesis::.

" l) appears to fit all the observable data, and while It does not ind!cate

‘a specfflc blochenlcal lesion, 2) it does pernlt furtHer lnvestlgatlon to '

J:f* support or re;ect the proposal, and 3) It does suggest we night be able 55-

" to !ntervenc at the level of the receptor (by a conpetntzve antagonist)

without kncwing the ultimate biochenical lesnon. e

(001559
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TOX!COLOG‘Y OF PHENOXY HERBICIDES AND HAZARD ASSESSMENT
OF THEIR USE IN REFORESTATION

Frank N. Dost, Ph. D.

FOREWORD

This repart was prepared by Dr. Frank N. Dost (Toxicoloagist, Assoc. Prof.
Vet.Medicine, Environmental Health Scienca Center, Oregon State University)
under a contract with the U.S. Forest Service. The report was

designed to provide a comprehensive evaluation of the hazard to human health
of phenoxy herbicides, specifically to include 2,4-D, 2,4,5-T, and Silvex as used
in forest, range, and brushland management on the National Forests in California.

Dr. Dost reviewad cur present environmenta! statements on forest reestablish-

ment, rangeland enhancement, and brushland management and analyzed risks
and provided suggestions on how to best minimize hazards to human health. He

reviewed all available published and unpublished reports on research and studies.
-of herbicide effects. His work was reviewed by 18 scientists in related fields,
.and their comments were considered in his final report

This report is part of our current effort to do the best possible job in updating
.and, where appropriate, revising the Forest Service environmental statemants
for forest reestablishment, rangeland enhancement, and brushland management.

s WEYS

DOUG AS R. LEISZ
Regional Forester

AN
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TOXICOLOGY OF PHENOXY HERBICIDES AND HAZARD ASSESSMENT
OF THEIR USE IN REFORESTATION

Introduction’

The phenoxy herbicides 2,4,S-trichlorophenoxi:gcetic acid (2,4,5-T),

2,4-dichlorophenoxyacetig\acid (2,4-D), anéﬁé}4,5-trichloropheno§35ro—
ANE5-TFP ~

pionic acid (silvex) are important agents for reforestation site prepara-

tion and for release of conifer plantings. To be used, the compounds

must be inserted into a segment of the environment that may bte occupied

by humans or may have a potential for migration to points of human con-

tact or consumption. This document is a review of the pertinent litera-

ture describing biological effects and environmental behavior of the

three herbicides, and of 2,3,7,8-tetrachlorodibgn:o-p-dioxin, an extremely

toxic contaminant found in sm;;z—quantities in 2,4,5-T and silvex. _ -

For various reasons, the greatest public attention has been focused
on 2,4,5-T and its unique contaminant, TCDD. Since 1969 public and sci-
eﬂiiéic attention to TCDD has overshadowed the specific concerns about
2,4-D, which has no TCDD, and about 2,4,5-T and silvex, which are con-
taminated,

The unusual nature of the TCDD contaminant has made a special case .
of the herbicide 2,4,5-T, and has made it the subjcct of an unusqally
vehement public, political, and scientific controveréy. An enormous
scientific effort has evolved in an attempt to learn abbut the unique
character of the compound, and to provide a rational basis for regula-
tory decisions, Hopefully, this effort to bring the existing literature

into. focus will aid in the decision-making process.

1 0000080
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As matters prescntly stand,.there is a division in the collective
public and scientific minds on the safety and benefits of use of the
phenoxy herbicides. As in any controversy, both views include unreason-
able people, but the bulk of the argument is among sincere citizens and
competent scientists on either side. It is my hope that the reviews and
assessments in this document are dispassionate and without bias; other-
wise it will be of limited utility,

In preparing this review, emphasis has been placed on information
about the toxic properties of the respective agents. An assessment of
hazard necessarily considers along with biological effects, factors govern-
ing the probability of exposure, and the probability that the chemical
once contacted»will enter the organism.

With the exception of the section on TCDD, I have chosen to touch

only lightly upon the environmental behavior of the compounds. This

- 5; information about phenoxy herbicides is well esiablished and is much
By

-

po}' \“{'M

i E:S;Qf" less complex than the behavior of TCDD. A more thorough treatment of
Lo —_—

the ‘environmental behavior of TCDD is necessary here because: 1) this

kﬂbﬁ%bntaminant is clearly the(most importan®) of the four compounds under

*- study; 2) the high toxicity demands thorough understanding of the com-

?%iii;ound as it exists outside the target of toxic effect; 3) the environ- S

mental chemistry of TCDD is incompletely studied and subject to some

controversy, whereas that of the herbicides themselves is well estab-
lished.

The organization of this review and assessment includes sections re-
vigwing the ssientific literature on TCDD, 2,4,5-T, 2,4-D, and 2,4,5-TP
(silvex),.#? ;ssessment of the hazard potential of their distribution in
the environment, recommendations on some aspects of methods of use of

A
3R
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the herbicides and recommendations of nceded research. A shortened ver- .

sion of the review and assessment is also attached. Organization within

the review differs slightly among the chemical sections because of differ-

ences in research emphasis or the character of the agent itself, In cer-

tain inbtanc;s, for example in considering the enzyme induction capacity
of TCDD, an area may be dealt with that is not entirely germane to the
issue of hazard but of considerable importance in understanding the bioclegy
of the compound.

A number of useful reviews of interaction of phenoxy,ﬁerbicides or
TCDD with animal systems have been or are being published. The most
recent one by Leng (1977), discussing metabolic fate of phenoxy acids in
domestic anjmals, Mercier (1976) in response to the Seveso accident which
spread large amounts of TCDD through several Italian.communities, and
McQueen et'al. (1977) refuting alleged association between herbicide use
and fetalf;bnorm;{i;ies in humans. McKenzie et al. (1975), Norris et al.
(1972), Buhler (1977), and the EPA position paper arising from the Cioxin

Working Group (presently in draft) are also all of considerable value.

-

TOXICOLOGY OF TCDD

History of Human Exposure

Probably the first clinical description of human TCDD exposure arose
from the study by Kimmig and Schulz (1957) of workers in'chloro?henOI'
factories in Germany. The principal symptom was a persistent skin lesicn
(chloracne; so-called because it is characteristic of a number of related
compounds and was at one time thought to be caused by free chlorine{)

The ;ctive agent was established ;s TCDD, and animal studies showecd

V4

that the same lesions appeared on rabbit ears after application of as

7325
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little as 0.002% TCDD (Kimmig and Schulz, 1957). High topical doses and
oral doses of 50 pg/kg or greater éaused liver necrosis, A similar in-
dustrial intoxication in France was reported by Dugois and Colomb (1957).
Pathology of the skin lesions is well described by Kimbrough (1974).

A study of 29 phenoxy herbicide workers by Bleiberg et al. (1964)
disclosed chloracne and a high frequency of uroporphyrinuria, and tissue
d;position of porphyrins related with hyperpigmentation and skin fragility.
This assemblage of symptoms is commonly called porphyria cutanea tarda.

The excessive production and excretion of porphyrins apparently results

from a hyperactivity of the enzyme §-amino levulinic acid (ALA) synthe-

‘tase, the first and rate limiting step in porphyrin formation. Porphy-

rins are eventual components of heme proteins, such as hemoglobln and

cytochromes. Effects on ALA synthetase and other enzyme systems w111 be

c’\,
ir‘S',n*&diﬂ:::cussed in another section. Poland et al. (1971) examined the same

\
vﬂeféfz;ctories later, after somewhat more satisfactory industrial hygiene mea-

sures were established. Among the 73 male workers observed, no clinical
porphyria was apparent éven though some degree of chloracne still per-
sisted in most of the subjects. There was also apparentlf a significant
psychological effect as measured by the Minnesota Multiphasic Personality
Inventory. | | |

The absence of porphyria and persistencé of chloracne iﬁ‘the later
study has led Poland et al. (1971) to conclude that while both may be
caused by TCDD, the mechanisms are probably-d§:§::£§igfﬁka¢haj:

Several severe accidental exposures to TCDD have occurred. In several
cases, runaway chlorophenol plant reactions caused widespread exposures
within the factory;or in the surrounding community} An accident in
Germany ie‘lsssﬂexposed a large number of workerS)Ksaid to have suffered

‘liver, kidney, splenic, eye, cardiovascular, and nervous symptoms. A

St w o FN
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worker who apparently was in extensive contact with a contaminated seg-
ment of the plant fivec ycars after the accident became ill and later dicd.

An explosion in a Dutch plant in 1963 released 30-200 g of TCDC into the

cr v oannn RO

main gallery of the factory exposing 50 people. In the subsequent two

years, four died, but no clear association with TCDD intoxication could

7

be.showﬁ}éﬂay, 1976). An explosion in a British plant in 1968 resulted

in 79 cases of chloracne (May, 1973). In Czechoslovakia a pentachlorp-
phenate ﬁroduction stream overheated under pressure, producing large amounts
of TCOD (Jirazek et al., 1974). (It should be noted in this and some car-
lier German work a different numbering convention was used. 2,3,6,7-TCDD
and 2,3,7,8-TCDD are the same compound.) Of 80 exposed workers, 76 devel-
oped chloracne, porphyria cutanea tarda, disorders of plasma lipids,
Pepatlc.d?nag?t qi?ral leS{Fnﬁ,-?nd Peurasfhenla.

An explns;ua feactlon 1£ ; pl#ﬁt at Se;eso, Italy, in 1976 scattered
TCDD, r;%;;n;ﬂ;iyiln kilogram amohngﬁ{ over a wide area that 1nc1uded sev- 7(\
eral communities, Details are still not widely disseminated but great
numbers of animals were killed and many people were made ill. A review
of the incident was prepared by Mercier (1976) a few months after the
incident but the slow onSet and persistent effects did not permit a de-
tailed assessment of the damage, Since that time the Seveso disaster
has been given unpr;}fnted publicity and as might be expected this tragedy ﬁ%
has been sensationalized in press coverage, in part because there may
have been an effort to minimize or cover up the extent of the probledf&
There were apparently defects in the administration of the plant that
may have resulted in the accident itself, and management of public ﬁarn-
ing and infSrmation early after the accident was questionable. Further

pd
-

contributing to the extensive public attention and sensationalizing of
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] At the incident is a virtual absence of objective reporting in the scien-
4 i :
-gg tific literature. As far as I am aware, there has becen no scientific

b

E?\\ evaluation of the aftermath in publication since the review by Mercier
A+ ) (1976), shortly after the accident.

3
o)

In the U.S., TCDD extracted from hexachlorophene production was

,stored in oil, then mistaken for waste lubricating oil and sprayed on
{7:::A‘ several horse arenas and farms in Missourir\for dust control. The inci-
dents occurred in épring and summer of 1971. On one horse breeding farm,

62 of 85 horses exercized in the sprayed area became ill and 48 died, the

:
Loaenan o

last in January, 1974, two and a half years later. Hundreds of birds and
rodents died, along with a number of dogs and cats. Several children were
exposed through play in the arena soil. One developed a severe he@orrhagic
cystitis and others showed clear evidence of chloracne. All recovered.
The TCDD concentration in the soil was later established at more than 30

a———

0
3 f£;’ ppm, a truly massive amount. (This concentration amounts to 120 1b per

23074

3 v°l

: iﬁﬁfz acre per foot of depth, assuming 4 x 106 1b soil/acre-foot.) The details of
A7 '
1%f::l the latter event are described in detail by Carter et al. (197S5) and Kim-

brough et al. (1977).

All of these exposures were to a mixture of TCDD with other agents.

L 4d .
. .‘
ﬂ%
A
2%
‘pM’\ Possibly the only published account of exposure to pure TCDD is the des-

o-‘gtru cription by Olivér (1975) of laboratory contact by three individuals as-

o '_l'_'.' e .

4
;hf”J sociated with synthesis experiments. The individuals all had utilized
routine protective procedures but sufficient contact developed nonetheless.
The exposures were not suffitient to cause porphyrinuria or liver damage
but serum cholesterol was raised. In two cases personality changes and
neural disorders developed two years after exposure. The' amount of TCDD

contacted is not known.

7328
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General Toxicity in Laboratory Animals

This section is a review of data on effects of TCDD other than repro-
duction and teratology, carcinogenesis, and its enzyme inducing properties
upon mammals. These will all be considered indcpendently, as will studies
of tissue distribution and metabolism.

Schwetz et al, (1973) have determined lethalities for several species,
The guinea pig is exceedingly sensitive, with an LD50 of only 0.6 ug/kg;
rats are less sensitive; LD50 for males is about 20 pg/kg and for females
the LDso is in excess of 40 pg/kg. Rabbits are still less sensitive-at
more than 100 pg/kg. Dogs were found to require even higher effective
doses. In these studies, responses of mice were highly erratic and were
not included. McConnell et al. (1977a) have determined a single 30 day
LDSO for mice of 284 ug/kg, and 2 ug/kg for guinea pigs.

An important char#cteristic of TCDD is a very long délay before

lethality, often 2-3 weeks and occasionally 7-8 weeks.

The pathology associated with TCDD toxicity may include thymic atrophy,

liver necrosis, and degeneration in the kidney and thyroid. The guinea
pié is unique in that it suffers limited hepatic damage, even at doses
that cause substantial tﬁymus depletion (Gupta et al., 1973). The degree
of thymic atrophy is generally dose dependentg the studies of Gupta et al.
(1973) did not establish ﬂ iero effect)dose, but the lowest dose in the
rat of 1 yg/kg/day for 31 days caused moderate thymus and liver damage,
and kidney and thyroid degeneration. Guinea pigs treated with 0.2 ug/kg

weekly for eight weeks had limited thymus damage and no other pathology.

Studies of guinea pigs at lower doses suggest a no observed effect level

at 0.008 ug/kg/weekly for eight wecks, a total of 0.064 ug/kg, although

D

there was 2 slight decrease in lymphocytes at that dose (Vos et al.,

7329
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S&f» 1973). Animals given tetanus toxoid at the fourth week to measure humoral

“up'lg_txmmunlty were found to have somewhat lower thymus weights than controls,

W

although the difference was not significant.

According to the data of Kociba et al, (1976) the no observed effect

level in rats given TCDD in the diet 5 days a week for 13 weeks is 0.001

e ——

ug/kg/ day, totaling 0.065 ug/kg, almost 1dent1ca1 to the value found in

\)ﬁ eter. The Kociba study dealt with a very broad range of clinical, chemical,

e
z guinea pigs. Again, thymus weight appeared to be the most sensitive param-

r‘a

- and hematological measurements. At a dose of 1.0 ug/kg/day, 2 of 10 rats
w# . '

po_aox died and weight gain decreased sharply, erythrocyte numbers and volume
‘pﬂv“{y, decreased, reticulocytes increased in males. In females thrombocytes

! . |
\r;15 decreased and total leukocytes increased. Differential counts were not

z?
i

altered. Urinary porphyrins, E;gaeéne'and § amino levulinic acid (ALA)
all increased. Serum bilirubin, BUN and alkaline phosphatasiﬂslso were
elevated. At an intake of 0.1 ug/kg/day red cell numbefs and volune were
still slightly decf@gsed in males and porphyrin, ALA, bilirubin, and al-
kaline phosphataseAfas elevated in females. No changes in blood parameters
occurred below these levels.

it dee
;l,*’Lkﬁ bilirubin, or erythrocytes after 31 days of treatment at 1.0 pg/kg/day and
o

In a similar study Zinkl et al. (1973) found no changes in SG%&, a

3.1 aglhy - MO change in SGOEV cholesterol, or serum protein at 0.1 ug/kg/day. There

was a modest depression in blood glucose at the lower dose rate.

" Mice treated with 1.0 ug/kg/week for six wceks were found to have
b
A depleted thymus weight (Vos et al., 1974) but no changes were evident at

the lowest dose, 0.2 ug/week. Hematological changes occurred only at a

}.2;«1“\

dose of 25 ug/kg/week, for six weeks, Some'changes in serum proteins did

; oN—
'50‘”1‘ 3 occur at an intake of 0.2 ug/kg/weekly. Unfortunately, there is no data

204l
I “1‘ax suggesting the magnitude of the no- effect single dose in any species.
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Studies in primates have becen limited. McNulty administered TCDD at
a rate of 20 parts per billion in the diet to a single monkey and caused
its death in a few days. A 10-fold lower concentration permitted survival
for about two months.. Total intake was estimated as about 6 pg/kg (McNulty,
1977). A'studx of eight female Rhesus monkeys fed 500 parts TCDD per tril-
lion has recently becn completed in the laboratory of J.R. Allen. The

animals showed dermatitis and menstrual irregularities within six months

after initiating treatment. One monkey died prior to the seventh month and

by nine months of exposure, all survivors experienced a severe anemia and

leukopenia. Food intake was normal but all of the animals lost weight.

After 11 months, five of the eight monkeys died, all with severe anemia and
————— .

destruction of blood forming tissues. The total dose was estimated at

?
about three ug/kg (Allen et al,, 1977a, 1977b) or about .3 ug/month.

a“;fab A number of questions arise from these data. The monkey studies are

limited, but they do suggest the possibility that the lethal dose is

similar regardless of the time over which it is administered. The im- -

-plications are quite interesting. If it is true that TCDD dosage is time

independent in the monkey, then the effect is truly cumulative. No chemi-.
cal is known to have such.prOperties, and if TCDD behaves in this fashion,
any estimate of acceptable dose must assume additive effects over long
periods. TCDD does not remain in the'bodx of monkeys (yan Miller et al.,
1976) or other species (Van Miller et al., 1976; Fries and Marrow, 1975;
Rcse et al., 1976). A cumulative effect, if it exists, must then entail
irreversible effects remaining after the molecule leaves active sites.
TCDD is aéparently not metabolized to a significant extent (Rose et al.,
1976; Vinopal and Casida, 1973; Vﬁn Miller et al., 1976) so it is conceiv-

able as well that a single molecule could interact several times before

seo. | 0000038
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leaving the body. A possible mechanism may be intercalation of the planar
‘ ‘é}é TCDD molecule into DNA (Hussain, 1973), production of misinformation and
ﬁg departure of the agent to interact at another DNA site.
Data in other species, especially the guinea pig do not support the

- idea of extensive cumulative effect. A dose rate of 0.2 ug/kg/weekly

.

LL‘uﬁlkifbr eight weeks provided a total dose almost three times the LDSO’

v

% but no deaths occurred and organ changes, while measurable, were not

] severe (Vos et al.,, 1973). Rats also accepted about three times the
LD50 of 20 ug/kg over 13 weeks, without léthality. Some mice, on the

‘o‘“i!kﬁother hand, died at a total dose less than the acute'LDso, distributed

. 13
. D"‘r over a four week period (Vos et al., 1974).
-~ R

U RPPIRTVI W S0 RN Y

Mﬂ\h%\d"\' There are a few other biological responses to TCDD that appear after

P N A P o

high doses of from 10-25 ug/kg. One of the more interesting is a de-

pressed capacity for Biliary excretion. TCDD sharply decreases removal
of PCBs from the liver via the bile (Yang et al., 1977) and decreases

plasma clearance of ouabain into bile (Hamada and’Péterson; 1977). In

pOWoaos i@o

[

the latter work, steroidal inducers of microsomal enzymes reversed the
TCDD effect. Whether this effect has poténtial significance in the
respbnse to secondary toxicity can only be speculated upoﬁ. In any case

LDsp . ;
the doses required for effect are gquite-high and probabl? not attainable

ander realistic environmental conditions.

-

I} . s . .
e i od ki e, S A e A et Dt 4

Because TCDD causes increased microsomal foreign compound metabolizing

PY S|

activity in the kidney cortex (Fowler et al., 1975, 1977), éegg et al.

(1976) evaluated proximal tubular function in intoxicated rats. They

4

-4 found little change at any buﬁhlarge doses (25 and S0 pg/kg).

% There have Been few observations of metabolic changes caused by TCDD.
_A Incorporation of 3H-sodium acetate into liver lipid fractions seems to be
i Ny

1 CIL
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irpaired at TCDD doses above 0.1 pg/ke (Cunningham and Williams, 1972),

but the significance of this effect has apparcntly not been explored fur-
ther.

Evidence of thymic atrophy after TCDD treatment has stimulated more
direct study of effects upon the immune responses. Vos and Moore (1974)
and Vos et al. (19753) found lymphocytic depletion in the cortex of the |
thymus and depressed cellular immunity in rats and-mice exposed during
gestation and the post-natal period. Guinea pigs were similarly affected
(Vos et al., 1973). Thigpen et al, (1975) attempted to translate the
effect into terms of infectivity and found that doses of 1 ug/kg or more
increased mortality and time tg_éggghﬁpf mice infected with Salmonella
bern. Course and severity of disease due to pseudorabies virus was not
altered by TCDD. With all the study of TCDD effects, n§ pattern of
pathology, tissue distribution, and biochemical or physiological change
has emerged that is consistent enough ts suggest a2 mechanism of lethal
effect. McConnell et al. (1977a) quote papers in preparation by Van

Logten et al, which show no association of death in TCDD intoxication

with adrenal or pituitary hormones or malnutrition.

Pathologic Morphology Resulting From TCDD Intoxication

Much of the mores pronounced tissue change resulting from TCDD has
been observed followihg high acute doses of the compound. There is
sorme question whether thz acute damage seen represents that observed in
a low level longer term experiment or in.a field exposure.

Before TCDD as such became an issue Norback and Allen (1969) studied
the membrane changes in liver following ingestion ofeﬁcxachlorohexahyd:o-
phenanthrene, a constituent of so-called '"toxic fat." The lesions found

under electren and light microscopy anticipated the damage later to be

7333
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found after TCDD. Most striking was a great increase in the smooth endo-
plasmic reticulum (SER), with reérganization into a concentric arrange-
ment, and the rough ER became folded and rolled over a period of days to
form dense arrays of concgntric separate, not spiraling, paired membranes.

The authors speculate that SER proliferation in response to intoxication

'is related to acceptance of enzymes synthesized by the RER. The in-

creased membrane mass may also be a means of sequestering chlorinated hy-
drocarbon in the lipid phase.of the membrane in close proximity to foreign
compound métabolizing enzymes. (This paper contains very useful scﬁematic
representations of the membrane development sequence.) The same authors
later reported similar lesions in Tats following administration of 1 ug
TCDD/kg/day for 21 d#ys (Norback and Allen, 1973). They found hypoplasia
of lymph tissue and bone marrow with progressive anemia and leukopenia.
Thg Tesultant reduced resistance caused substantial losses due to infec-
tion. Monkeys and chickens in the same study were much more sensitive

in the latter parameters than rats, They also developed extensive fluid

Xghsfiaccumulgtion in all body cavities, probably due to decreased osmotic

actiVit} of blood due in turn to serum protein decreases. (Relative
sensitivity of chickens h;s also beén noted by Greig et al. (1973).)
Monkeys were subject to cxtensive skin Iesions,'apparenﬁly_correspénding
to the chloracne of humans, but rats andEChickens did noi suffer skin
damage. Monkeys gnd'bhickens also exﬂibited degeneration of the tesies
and decreased activity of seminiferous tubules (see also Allen et al.,
1875). - |

~Large doses of TCDD (single doses of 50 or 100 ug/kg;'16 to 31 daily
doses of 10 ug/&g) to the rat caused severe liver and thymus damage,'wi;h
icterus and éis;eminated hemorrﬁages, especially in the myocardium. The
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liver cells incrcase in size and cellular regenerative attempts occur.
mp———

Renal tubule cells becane vacuolated. No pathological change occurred at

telad - i _
doses of 0.1 ug/kg/day over 31 days, at 1.0 ug/kg weekly for 6 weeks or S
I.LAQIA% g Ys, g/ kg Y

- 6-“3!1q pg/kg in a single dosc (Gupta et al., 1973). Fowler et al. (1973) studied

,tSUu}/la the progréssiVF changes in rats over 28 days following a single dose of §
or 25 ug TCDD/kg. Increased SER, roughly dose responsive, was evident by
day three, espccially in cells adjacent to biliary drainage. Both RER and
SER were greatly increased by day 9, SER was almost at normal levels by day
16, and both were indistinguishable from those of control animals by day
28. Jones and Butler (1974) carried out a similar experiment with rats

/0 X LDS) given a single 200 pg/kg treatment. (A massive dose, considering the mini-

p;laaéa&b mum effective dose.) Most change was found in centrilobular cells, with

/‘“‘”;:f? degeneration and necrosis of parenchymal cells evident within a week

5y1:%“;¢ after treatment. They suggest that the multinucleate cells seen in in-

” .
S.ubﬂvﬂ“d;?lcreasing numbers through two months after treatment are formed through

; A
: ,lvk417 membrane disturbance and coalescence of hepatocytes. By 10 weeks some

eDD.
i T recovery was evident but fibrosis of central veins and sinus dilaticn

still prevailed. No mention of lethality was made, although the dose

was on the order of five'(female) to ten {(male) times the LDSD‘ Longer

t@{ZL 7# term treatment of rats (0.001-1.0 ﬁg/kg/day, S days weekly x 13) caused
‘5‘“?{ almost complete thymus involution at a dose rate of 1.0 ug/kg/day, somewhat

(L? decreased cortical thymocyte and lymphoid cell numbers after 0.1 ug/kg/

65 4

day. Splenic morphology was essentially unchanged at 1.0 ug/kg/day.

The latter dose also caused some gross edema, and one of five males had

- — gy s

decreased spermatogenic activity, Females at the highest dose tended
toward formation of cuboidal epithelium in the uterus and decreased size

and numbers of corpora lutea. Ovarian tissue was also abnormal. At all
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o lower doses no effects were observed (Fociba et al., 1976). Two year Toial o
) {
\§D continuous feeding studies at TCDD intakes of 0.001 to 0.1 ug/kg/day have 0~73-f
. . : 73. .~
1 ‘:$ just been terminated and histopathologic evaluation is not complete. - 2 g
Y el &

2,

\\9 gcross examination showed that in some rats given 0.1 or 0.01 ug TCDD/kg/

AL

day there were increased numbers of nodules in the liver (R.J. Kociba,

/2

~

Dow Chemical Company, preliminary status réport; personal communication).

o
<

Lesions generally similar to those seen in rats were found in mice 50
_ LD

given single oral doses up to 200 ug/kg and weekly doses up ta 25 ug (Vos}j:ﬂ;h.

‘et al., 1974). At a dose rate(ll ug/kg/week for 6 weeks decreased thymus

“weight occurred. At 25 ug/kg/week, serum globulins were decreased, and

008 184

porphyria and bile duct epithelial proliferation occurred. Similar changes

4
-

were also reported following treatment of mice with an LDso {30 day] TCDD (:::)

WQ

(McConnell et al., 1977a).

DO

|

McConnell et al. (1977b) treated rhesus monkeys with heavy sinéle

doses of TCDD (in excess of 70 ug/kg) which were fatal in every case.

Integumental changes were pronounced, anemia and lymphopenia and an in-
creased neutrophil count followed treatment. Liver, adrenal and kidney

appeared to increase in weight relative to body weight, but this effect may

PREPIETIY |

have been due to general wasting. With the skin hyperplasia, similar
changes occurred in the epithelium of some hollow organs. The major dif-
ference from effects in similarly treated rats was the absence of sig-

nificant liver lesions.

Chronic low level intoxication (500 ppt in diets, about 0.01 ug/ ;Z&EJ
kg/day) of monkeys until death at 7-12 months caused anemia and'pancyto- 3

penia, with extensive hemorrhage. Bone marrow and lymﬁhatic tissues

were hypoplastic, and epithelial structures were hyperplastic (Allen et

al., 1977).

” 0000093
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1zl of The pathological changes resulting from absorption of TIDD by
?3 &
ayl b -

£~ described in detail by Kimbrough et al. (1977). The most pronounced and

horses and cats during the Missouri horse arena episode have been recently

consistent findings were the generalized hepatic fibrosis and necrosis

CRYT RNNN

and gastric ulceration. There was an appreciable incidence of tubular
degeneration and abscesses in the kidney and capsular thickening of the
0 spleen. Lesions in cats were generally similar.

s
. Effects of TCDD Upon Reproductive Functions

Of the many toxic résponses_to TCDD, the potential for teratogenicity
has received perhaps the greatest notoriety. The early findings of 2,4,5-T
teratogenicity raised a considerable public consciousness and the finding

j> that the herbicide was contaminated by high levels of TCDD, also found to
cause_fetal malformation, focused additional attention on the contaminant.
In evaluating this aspect of TCDD hazard it should be noted that the
teratogenic potentiél of a-toxicant can be considered in two ways. The
absolute teratogenic dose of TCDD to the pfegnant animal on a body weight
basis is very low, as is true of all TCDD effects. A more realistic way
of relating the teratogenic pofential, however, is by comparison with the
dose required to cause general toxic effects in the mother. For example,
in the guinea pig, TCDD teratogenesis has not been studied because the
teratogenic dose is apparently higher than the lethal dose.

i ; qfﬂgfl (_- This section is limited to studies of relatively pure TCDD upon

reproductive function in experimental animals. There is reference else-

}’LZ ‘ ;:ii::# where to reproductive studies of 2.4,5-T and silvex, which contain at least

ry#"‘ﬁ some TCDD.
Jpt

{ch Teratogenic defect resulting from TCDD are rather specific in experi-

mental animals; the principal effects are increased frequency of cleft

- wa3?
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do) palate (reported only in mice) and an ahnormality in which the central
Sg collection région of the kidney becomes enlarged, with an associated fluid
g accumulation (Neubert et al,, 1973). Limited limb deformation may be seen
E; in a few animals (Sparschu et al., 1971). Intestinal hemorrhage is alseo
| ;: seen; this effect is not teratogenic but rather is direct toxic conseqdence
Eg ) of fetal exposure to TCDD. Fatty degeneratiog of fetal livers is in the
] - same categofy (Becker, 197{) as is subcutaneous edema and delayed ossi-
1 fication.
In tératogenicity studies of rodents the usual procedure is to ad-
minister intoxicant at some point during, or throughout déys 6-15 of preg-
!E:t:xL nancy, which covers the organ forming period. Sparschu et al. (1971)

found that the lowest effective dose of 1.25 pg/kg/day caused some fetal
mortality, resorptions, and intestinﬁl bleeding., Skeletal abno££alities
were limited to déiayed ossification. Renal defects tended to occur at‘
/i{ about the same freqﬁency regardless of AOSe. These changes are all a
result of direct toxicity to the fetus and are not developmental. In-
drs, testinal henorrhage has been reported in rat fetuses at maternal dose
;:;Z;E;;Irates of 0 25 ug/kg/day (Khera and Ruddick, 1973). At higher doses up

o 4 to 8 ug/kg/day the same. klnd of effects occurred wlth greater frequency;

7 \#% 0.5 ug/kg/day caused decreased maternal weight gain and higher doses
!; resulted in severe toxicity.

Courtney and Moore (1971) examined rats and three mouse strains and
h{ found that a dose of more than 1 up/kg/day was required to produce kidney
0 defects in rats, and the cleft palate and kidney changes in mlce appeared

\k& at about 3 ug/kg/day, over days 6-15 of gestation. The CS57Bl1 mouse strain
%o% was much more -sensitive than the others tested. A somewhat larger group
of NMRI mice shoued a cleft palate frequency of about 3% (Neubert and

' ¢ 7333
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Dillman, 1972), similar to the low frequency groups of Courtney and Moore."

The period of maximum sensitivity for TCNDD is at the eleventh day of

Vit
most effective at day 13 (Neubert et al., 1973). ’

Confinuops administration of 0.001 pg/kg/day to male and female rats

Lerel, .
‘9,09A7[£§ for 90 days prior to mating and through weaning of offspring produced no

Tl
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effect on fertility (Murray et al., 1977)., The study continued through

three generations, with each preceeding generation sacrificed at weaning

,)( of its offspring;‘the third generation was maintained until two years

om the beginning of treatment of the fo generatiEEZ] Toxicity and poor
litter survival dictated termination of feeding at 0.1 ug/kg/day; 0.01
pg/kg/day caused decreased fertility in generation.f1 Qnd f, but not fo.
fé and f3 litters were smaller and growth and survival were decreased
after treatment at 0.0l ug/kg/day, but no pathological change was observasd
in liver, kidney, or thymus. | -

,%é;;’rsp€§;}2} Smith et al. (1976) have treated CF-1 mice at doses

ranging from 0.001 ug to 3.0 pg/kg/day through days 6-15 of gestation.

, 30.#1'1% There was no maternal toxicity at any dose. Cleft palate appeared at

1 pg, renal dilatagion appeared at 3 ug/kg/day. No significant effects
occurred at 0.1 ug.

A.;sig;f/;eport by Courtney (1975) described results of treating
CD-1 mice with high doses of TCDD (25-400 ug/kg/day) on days 7-16 of
gestation. These very high doses caused no maternal deaths during the
gestation period, but resulted in higﬁ fetal mortality. The nature 6f
observed terata were typical of TCDD intoxicatibn, b;t the enormous

doses render the study useless for hazard evaluation. However, the

7339
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substantially greater incidence of terata after subcutaneous administra-

tion, compared with that following oral TCPD suggests that hepatic metabo-

lism méy affect TCDD more than has been believed. A dose rate of 25 ug/

,LX,«& > .
. - Opspm . .
W\. "—3 fp CDD ot =;’W3&£‘”\0¢°ﬁ1?4f{d‘7

kg/day orally caused 3% incidence cleft palaté; the same dose subcutane-
ously caused 82% incidence of cleft palate. Utal = 2509 “7 /’é}
There has been little research on effects of TCDD oﬁ primate repro- |
duction. Experimental animals are in limited supply and the numbers of
offspring are so low that a satisfactory study is almost impossible.
Allen et al. (1977) fed TCDD to eight female rhesus monkeys at a con-
centration of 500 ppt in the diet, which provided an intake of about 0.3

ug/kg/month. Skin lesions, endocrine and menstrual changes occurred in

- all of the subjects by 3 months, Six females of the eight were bred after

7 months of treatment; one monkey died before mating and another was ex-
cluded from. the reproductive study. Thre? of tﬁe animals coﬁceiyed; two
aborted, and one completed a normal pregnancy. Two of thevthree barren
animals wereiﬁred four times, the other was bred twice. This dose rate is
on the order of 0,01 ug/kg/day and comparison with the rat study of Murray
et al. (1977) suggests that reproductive toxicity iﬁ monkéys may bevsome-
what gfeater than ih'rats, but is by no means pro§0ttional to the lethal

dose.

7340

d,l‘/Carcmog 1c and Mutagenxc Potential of TCDD

XP Van Miller and Allen (1977) have evaluated pathological changes in
I4
ats fed TCDD in dletary concentrations ranging from 1 ppt to 1000 ppb

beginning at animal weights of about 60 g. Estlmated weekly 1ntakes of
smettle z 0.00009 © 0.3 g f.tf»«v‘{‘
TCDD ranged from 0.0003 ug/ng%t a dietary level of 1 ppt to 2 ug/kg a

Joo0 £0,000 ts /,000 ooo/:,.t

Actual intake of TCDD at dietary concentrations of 50-1000 ppb Latas caxt

\;Séy . S.PPO: 0 ozf'
- . . . L h

was not clear. At 65 weeks the abdominal viscera of surviving animals o

-
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an increase in gg_ggﬁg synthésis of enzyme, rather than activation of
preexisting protein or decreased degradation of protein (Hiugen et al.,
1976) . Whether the effect of TCOD on inducible enzymes has implications
on other aspects of protein synthesis can only be speculated'upon..

Poland and Glover (1975) showed about a 10-fold difference in the. dose

1602 gogo MOd

s

‘necessary to cause induction. Through the finding that heterozygous
offspring of C57B1/6J (responsive) and DBA/2J (non-responsive) strains
are intermediate in sensitivity, they support the contention of Poland
and Glover (1975) that the difference is a recéptor site mutation; Later
studies have strengthened that premise in finding that hepatic accumula-
tion of 14C-TCDD administered intraperitoneally was greater in respon-
sive than non-responsive strains (Poland et al., 1976). 1In the same
study, in vitro examination of bindihg in the soluble fraction of liver
cells showed that specific binding sites.exist, and that their affinity
correlates with the genetic capability for iﬁduction. Furthermore,
teéts of an extended series of halogenated dioxins gnd dibenzofurans
showed that cytosolic binding corresponded closely with thelinduction
potency of the chemical.

Niwa et al. (1975) have measured AHH induction by TCDD in a variety
of céll cultures. They used 10 established celi lines, human lympho-
cytes, and;primary fetal cultures from chick, rat, rabbit, hamster, and
four strains of mice. Generally, kinetics of TCDD induction in each
cell type is similar to that of 3-MC, and the induction was inhibited
by actinomycin-D and cyclohexamide, which are inhibitors of protein syn-
thesis. ‘They found no relation between inducibility and cytotoxicity
of TCDD, which is further ‘evidence that TCDD itsélf is not met#bolized.
The sensitivityr of some cell linres is such that the authors suggest use

AT
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-0of H-4-II-E cells (derived from Reuber hcpatoma H-35 in rats) as a bio-
assay, with a suggested sensitivity below 1 pMole (v~ 0.0003 pg) in 3 ml
of culture medium.

The same kind of genetic differences have been studied in human
lymphocyte cultures, yhich represent the genetic background of the cell
donor and are therefore useful in making relatively non-invasive studies
of potential human response to intoxication. The sensitivity to TCDD

induction of AHH is about 50-fold greater than to 3-MC induction, con-

) siderably less than the 30,000-fold difference in Tesponsive mice (Kouri

et al., 1974). Atlas et al. (1976) have carried these studies forward
with lymphocytes from human tissues, but have as yet dealt only with 3-MC,
not TCDD. Part of the stimulus for exémiﬂing human cells lies in the sug-
gestion that extent of induction at contact sites (i.e., skin, lung) may
relate to the probability of cancer initiation by activated carcinogens
(Kellerman et al., 1973). Although TCDD is as yet not established as

a carcinogen such research may provide suggespions about the extent of

expected variations in other TCDD responses in humans.

2,4,5-T

General Toxicity in Laboratory Animals
Apparently the first published account of 2,4,5-T acute toxicity

was that of Drill and Hiratzka (1953). The LD., for dogs was about 100

50
mg/kg; the principal symptom was a mild incoordination. When fed five
days weekly for 90 days, doses up to 10 mg/kg/daily were without evident
effect, but 20 mg/kg/day was lethal to all 4 treated animals between 11

and 75 days after the first dose. Symptoms were limited to muscle

twitching and impaired swallowing. A field study by Grigsby and Farwell

{ "7 Q ii‘:‘cg
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(1950) [as quoted by Rowe and Hymas (1954)) exposed a variety of stock
on pasture immediately after spraying 2,4,5-T at 2-4 times usual levels,

with no effect.

Rowe and Hymas (1954) summarized the available data at that time

cn~ onan AWOQ

and estimated the acute oral median lethal dose for male rats to be about :
500 mg/kg, male mice 389 mg/kg, and guinea pigs 381 mg/kg. LDgys for
various esters were higher than for the acid. A sheep fed the propyl
glycol butyl ester of 2,4,5-T died after 369 daily doses of 100 mg/kg

and another sheep and a cow died after seven daily doses of 250 mg/kg
(Palmer and Radeleff, 1964). The triethylamine salt of 2,4,5-T at 100 mg/kg
caused no observable effect after 481 days of tfeatment at 100 mg daily. As
single animal observations these can be considered rough estimates only,

but they convey the generally high doses necessary to cause harm in rumi-
nants. 2,4,5-T has been shcwn to cause decreased volatile faity acid

. Jrpw>
production in vitro at concentrations of/;;b‘ug/ml o? greater (Kutches , - .

et al., 1970); this concentration is probably greater than can be main- sl
Whal o doee «m

mg [y | oy

Subchronic (90 day) feeding of male and female rats caused no ef-

tained by a survivable daily dose of 2,4,5-T.

fects below 30 mg/kg/day, but body weight and food intake were pressed
after treatment at 100 mg/kg/day. Alkaline phosphatase and SGPT were _

' VUR .
elevated and erythrocyte count and hemoglobin.&&s decreased. The his-
topathologic findings were limited and inconsistent (MeCollister and-
Xociba—1970). Rats were able to tolerate 186 mg/kg/day treatment with
mixed meno-, di-, and tripropylene glycol butyl ether esters of 2,4,5-T

over 90 days but developed some indications of toxﬁcity. At a dose of

18.6 mz/kg no evidence of toxicity was observed (ddw Chemical Cdmpany,

1961).

7343
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A two year study of rats givén 3 to 30 mg 2,4,5-T/kg/day has very
recently been completed by Dow Chenmical Coméany. Much of the analysis
has yet to be completed, including morphologic pathology. Animals that
received 30 mg 2,4,5-T/kg/day were found to have increased ﬁrinary por-
phyrin excretioﬁ after 4 months of tfeatment, and this change continued
through the entire 2 year period. No changes were found in any other
hematologic, urinary, or clinical chemistry measurement at that rate of
intake, and the increased porphyrin excretion did not oceur at 10 or 3
mg/kg/day (R.J. Kociba, Dow Chemical Company, preliminary status report;
personal communication). '

A feeding_study of reindeer was prompted by allegations that a high
incidence of death and abortion occurred in 1970 in a herd after use of
phenoxy hérbicides the previous year, Fifteen of thirty pregnant rein-
deer wére fed birch leaves which had been sprayed with a 2,4-D/2,4,S-}
mixture, through a 1.5 rmonth period late in gestation.. The daily dose of
phenoxy acid was aﬁout 1 mg/kg/day. No clinical chemical changes could

N be dé;eéted, nor did- any ch#nges appear at autopsy either in the adult

animal or the full term fetus (Erne, 1976).

The toxic effects of 2,4,5-T in rodents Have been studied in much

more detail than the- gross toxicity studies alr?ady described. Highman

et al. (1976a, 1976b) established that lethal doses in pregnant or nonpreg-

nant nice caused myccardial lesions, bone marrow aplasia, and.lymphocytic
‘f\ depletion in tﬁrmus spleen, and lymph nodes, and that anlmals which re-

mained apparently healthy despite similar doses did not: suffer the same

severity of }egions. A mild hemolytic anemia did occur in such animals.

Pregpancy did not augment the toxic effect. It was also clear that major

differences exist in the response of specific strains. Many NCTR mice were

.  we4d
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seriously affected at doses below 60 mg 2,4,5-T/kg/day (6-9 days of treat-

ment while most CRBL mice remained unaffected at doses as high as 90-120 -

mg/kg/day at the same time. The histopathology, hematology, and blood

chemistry changes in treated mice were also studicd. In many monitored .-

anirals, some myocardial fibers were found to be pale and swollen, witﬁ
longitudinal striations. The condition was rarely seen in trcated ap-
parently non-intoxicated animals. Necrotic changes were also often seen
in the outer myocardium. High doses caused thymic atrophy, with almost no
. lymphocytes in the cortex and increased numbers in the medulla (this ef-

fect was enhanced in late pregnancy by the normal tendency to cortical
involution in pregnant mice). Spleens were often atrophied, and thyroid
follicles were enlarged with enlarged epithelial cell. In the liver,
glycogen was often depleted. Blood chemistry changes appeared nbt to be
marked.

2,4,5-T has been found to cause increased liver weight in rats at

ﬁédpa#€:;: doses of 167-334 mg/kg over a two-day period, apparently through stimu-

lation of protein and RNA synthesis, but not as newly formed 2,4,5-T
metabolizing enzymes. The change reverses after withdrawal (Chang et al.,
1974; Rip and Cherry, 1976). Liver nuclei isolated from treated animals

were more active in RNA synthesis than those from controls. 2,4,5-T at

H 0-36'3\“’: concentration of 4 mmolar is capable of sharpl} inhibiting in vitro in-

40’04"ﬁ\ corpofation of mevalonate-14C into non-saponifiable lipids by rat liver

.’1222”(/’/ (Olson et al., 197@). If éata obtained in mice by Nony et al. (1976) can

. be applied, this concentration is approachable at single doses of S0 to
;7 100 mg/kg, which are survivable by most species. |

- ——

Koschier and Berndt (1976a, 1976b, 1976c) have described the effect

of 2,4,5-T upon renal physiology. Large doses of 2,4,5-T appcar to

7345
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impair secretion of %tself by decreasing the activity of the organic acid
transport system in the proximal tubule, Organic base iransport was

also depressed, Small doses of 2,4,5-T were excreted very rapidly, but
large daily doses led to renal depression and retention of the compound.
‘The authors consjder the data to support the conclusion that transport

of phencxy herticides is an active process.

The psychopharmacology of 2,4,S-T does not seem to be a popular
field of study. In the one study found, single dqges of hp to 100 mg/kg
were given on day 7, 8, or 9 of pregnancy. The male offspfing of females
given the highest dose exhibited more exploratory copen field behavior,
but no differgnce was found in fcmales; The highest doses caused de-

creased litter size but no incredse in malformations (Sjodén and Soderberg,

1972).

Poultry seem relatively insensitive to 2,4,5-T. Whitehead and

Pettigrew (1972) found that a single oral dose of‘QBO ng/kg to 4 week old
chicks caused 40% lethality. However, feeding of 1000 éz 2,4,5-T per—kg
dlet%ﬂ'g"or three weeks to chick; >Beginning at one déy.bf age caused |

| only some slow1ng of growth 5000 nézaégdlet was lethal At levels not

caus1ng gross “toxicity, plasma calcium and magnesium were not affected.
Given a choice, the birds fejected the trcated diet'in favor of non-
contaminated fcod. Turkéys fed 2,4,5-f'at a rate equivalent to 62 ng _
-2,4,5 T ac1d dally for 11 days were unaffect d (Roberts and Rogers, 1957).
Bjorklund and Erne (1971) introduced various 2,4,S-T derivatives inta °
watér ana feed of chickenﬁ,:quail, pheasants, and ducks, .Ih water the

LC ;

100 of the triethanolamine salt for chickens over a 29 week period was

1000 ppm acid équiv. (about 200 mg/kg). In the diet of other speciés over

..J

CD
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a 7-day period, the LCc, was in excess of 2000 ppm. Kenaga (1975) has
extensively reviewed avian toxicity and safety of birds in areas treated
with herbicides and concludes that the no obsarved effect levels are

substantially above amounts that might be contacted in a field application.

£/1~8000 M

Effects of 2,4,5-T on Reproduction

The teratogenic potential of 2,4,5-T has received wide publicity
since 1969 when allegations ;ere made that its use as a military defoli-
ant had caused fetal malformations in the Vietnamese population. A
succession of studies over the next three years confirmed the terato-
genicity of 2,4,5-T, but the implication of the herbicide in any increase
in birth defegts has not been supported. The initial report of 2,4,5-T
teratogenic effect (Courtney et al., 1970; Bionetics Research Laboratories,
1970) described cleft palate and cystic kidneys at doses of 46'an¢ 113
mg/kg/day on days 6 through 14 of gestation. Of the two lesions, cystic
kidney appeared to bé a more sensitive.indicatof. The 2,4,5-T used in the
study was found to contain 30 épm 2,3,7,8-tetrachlorodibenzo-p-dioxin
‘(fCDD), and the respective toxicities of the two agents were still unclear
at that time, The data’ya$ also criticized for an unusually hiéh and
variable incidence of embryotoxicity in control animals (Néubert and
Dillman, 1972).

Emerson et al. (1971) evaluated a commercial 2,4,5-T with less than

0.5-ppm TCDD and found that 24 and 40 mg/kg/day through days 6-15 of

gestation caused no teratogenesis in rats. Sparschd et al, (1971)’;§§;/’

found that 50 mg was also nonteratogenic, although there was a slight

_ increase in incidence of delayed skull ossification. (Such alteration in
] j

'

development is not considered teratologic, bccause the abnormality dis-

appears with agc. One criterion of tevatogenic effect is irreversibility.)

7347
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Treatment at 100 mg/day for days -6-10 caused peneralized matcrnal toxi-
city, with only 4 survivors of 25 treated animals. Intestinal hemorrhage,
considercd a/yé?&?nffetotoxic_but not teratologic lesion, was found in
only one pup in this study. Khera and McKinley (1972) found a similar
dose responsd, |
In-mice the effective dose is similar to that in rats. At 50 mg

2,4,5-T/%g/day, through days 6-15 of gestation, the frequency of cieft
palates was increased from 4.7% to 20% and resorption frequency increascd.
The incidence was raised to 73% by a dose of 110 mg/kg/day with a decrecase
in fetal weight (Bage et al., 1973). The high dose also caused a two-fold
increase in rib and vertebrﬁl malformation, but only marginal increase

in dilated renal pelvis. Néubert and Dillman (1972) found increased

”ancleft palate in NMRI mice at doses over 200 mg/kg/day through days 6-15,

ﬁ;ﬂ}ﬂf increased embryo lethality at doses over 45 mg/kg/day reduction in fetal

e

weight above 15 mg/kg/day. Strain differences in mice are significant.
The dose causing at least cne cleft palate in 50% of litters was 25 mg/
kg/day in the most sensitive of 5 strains tésted and 105 mg/kg/day in the
least sensitive (Gaines et al., 1975). Roll (1971) found detectable
teratogenesis at doses above 35 mg/kg/day through days 6-15 of pregnancy.
The no-effect level with respect to teratogenesis was established as 20
mg/kg/day.

Hamsters are less sensitive to cleft palate, but do have a somewhat
higher incidence of delayéd head ossification which is not generally
defined as a teratologic manifestation (Collins and Williams, 1971). The
doses r;nged from 40-100 mg/kg and there was a consider;ble differcnce
among samples 6f 2,4:S-T of different sources and levels of TCDD contami-

nation.



Fetal rabbits are apparently unaffected by maternal doses up to 40
mg 2,4,5-T/kg/day through days 6-18.

Ruminants are apparently also quite resistant to teratogenic effects
of 2,4,5-T. Binns and Balls (1971) fed 100 mg 2,4,5-T/kg to 11 ewes from -
the 14th to 36th day of gestation, and fed 100 mg 2,4,5-T(PGBE)kg to
‘another group.during the same period. No evidence of deformity appeared
in any of the lambs. The TCDD content was 1 ppm.

The no apparent effect levels in rodents reported in th; preceeding

. studies contrast sharply with data in abstracts of reports by Konstantinova
(1974a, 1974b), who is said to have found that 4.2 mg/kg/day of the butyl
ester of 2,4,5-T through the entire gestation period caused embryotoxicity,

_nervous and hematologic change and histopathology in the mother. A dose
rate of 0.42 mg/kg aﬁfeﬁted growth and development, nervous, liver and
kidney functi&ns and lowered fertility. The.succeeding generation was
found to have minor changes'in orgaﬁ weights. (Direct translations of
these papers are not available; data qudted is obtained from Cﬂemical

!
Abstracts.)

‘There has been limited study of the tératogenic effect of 2,4,5-T
in primates. Dougherty et al, (19?5) administered 0.5, 1.0, and 10 mg/
kg/day to groups of 10 pregnant rhesus monkéys from day 22 through 38 of
gestation. The high dose was established after finding that 12 mg or
more 2,4,5-T/kg daily for 18 days caused vomiting and weight loss in
monkeys of both sexes. No teratogenesis occurred, although there were
. : 1 or 2 abortions, premature births, or neonatal deaths in all groups,
mcludmg the control. ) /'WWLU-&A’ ﬂ@ , 049
J/ AM The 1mportanc;451?a¥g[ﬁ)&.: ,:;:teratogenicity of 2,4,5-T was examined
soon after the contamination was recognized. Courtney and Moore (1971)
‘ tested 2,4,5-T with 0.5 and 0,05 ppm TCDD, 2,4,5-T and TCDD together and
e e e A it it e e T 00
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TCDD alone in mice. It was evident that the conccntrations'uscd or ad.li-
tion of 1 g TCDD/kg/day through days 6-15 did not alter the apparent

teratogenicity of 2,4,5-T. Neubert and Dillman (1972) reached a similar
conclusion, suggesting that to potentiate 2,4,5-T effect on pregnant mice

Tad
. cpi‘J at least 1.5 ppm TCDD is necessary. Collins and Williams (1971) observed

~. DOW'008 216

U’J,J additive effects of 2.9 and 45 ppm TCDD contamination of 2,4,5 -T adminis-

G
ﬁ“j?ff’p tered to hamsters, but many of the changes appeared characteristic of pri-
o.

f mary TCDD intoxication.

»m'

2,4,5-T on reproductlve functions. Hall (1972) fed 250 and 1000 Pp®m

P
Nutritional status seems to have little influence on the effect of

2,4,5-T with diets containing 20% and 60% casein. Resorption and still-
birth incidence aﬁd litter size were similar in all groups, although fetal
organ and placenta weights were decreased in the high 2,4,5-T, high pro-
tein group. Effects of low protein intake were augmented by the high
concentration of herbicide. .

Incubating eggs héve been considered to be particularly vulnerable to
herbicides because they remain in one place, and because the eggshell is
porou; A number of studies of 2,4-D effect on eggs have appeared since
1967, with conf11ct1ng results (see section on 2,4-D), but 2,4,5-T has not
received much attention. Somers et al. (1973) sprayed hen eggs with a
formulation containing 2,4,5-T and 2,4-D in a treafment equivalent to 11.2
kg/hectare (10 times normal field application rates} prior to incubation
without effect on hatchability or early sufvivability of chicks. They then
‘treated eggs of the pheasaﬁt, as a genetically more he;érogeneous specices,
in the same Qay, without adverse effect. Entry of herbicide into the egg
was verified gnalytically. The treatment did, howéver,.increase weight

gain in male chicks during the first four weeks of life (Somers et al.,

w o) 0000125
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1974). The LDSO of 2,4,5-T in DMSO, inje-cted directly into the air spacec.
of chicken eggs at doscs up to 125 mg/kg has been calculated to be 62 mg/ ;:
kg, and in acetone carrier, 133 mg/kg (Strange et al., 1976). No tera-’ :
togenic effect was evident. The solvent toxicity was shown to be substan-
tial, but it seems clear that acquisition of an effective dose of 2,4,5-T
by an egg in.the field is highly unlikely.

In fact, immersion of hep eggs in 1% 2,4,5-T was ineffective, and a
5% solution was only moderately effective. The eggs wefe immersed for 10
seconds, then returned to incubation (Gyrd-Hansen and Dalgaard-Mikkelsen,
1974).

Insects may be more sensitive; Davring and Sunner (1971) and Ddvring
(1975) have shown that while Drosophila are highly resistant to lethal
effects of 2,4,5-T ester (LDso = 4700 ppm in the diet), 1 ppm caused
disturbed egg follicle development and chromosomal defects in developed
oocytes, '

. A study on a species of killifish has shown that concentrations of

20 ppm have substantial teratogenic effect. The embryos developed several

cardiovascular anomalies, and occasional eye and splenic defects. The 20

ppm treatment reduced hatchability to less than 50%, and 25 ppm allowed
less than 5% to hafch. No anomalies were found after treatment with 14
ppm 2,4,5-T, and the hatch was reduced only 4% (Schreiweis and Murray,.
1976) .

Carcinogenic and Mutagenic Potential of 2,4,5-T

Probably the most important issue about any chemical introduced into
the environment by human activity is the possibility that it may increase

the incidence of cancer in the human population. The probability of muta-
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genic activity is of almost equivalent concern, both because of the possi-
bility of genetic alteration and because rutagenesis may be a useful pre-
dictor of carcinogenic activity. The relationship is by no means constant.
However, McCann et al. (1975) have assembled data from a number of labo-
ratorics using microbial systems ("Ames test") and find that 85% of known
carcinogens are positive, 10% of non-carcinogens are active. This is not
to say th#t almost every agent identified as a mutagen will be carcinogenic,
but the test shouid become an aid in deciding priorities for direct screen-
ing.

Only a limited number of experimental studies of 2,4,5-T carcinogeni-
city have been made. A screening program for 120 pesticides and industrial

chemicals was reported by Innes et al. (1969). Eleven of the agents caused

"an elevated incidence of ‘tumors; none of the phenoxy herbicides, including

2,4,5-T, caused increased tumor formation at a dose previously determined to
be the maximum tolerable daily.dose over.20 days, without lethality (21.5
mg/kg/day for 2,4,5-TJ. Muranyi-Kovacs et al. (1976) treated two strains of
mice qjth 80 ppm 2,4,5-T (TCDD content 0,05 ppm) in the diet for more than
500 days. Daily dosage was about 12-15 mg/kg. In one strain survival time
was significantly decreased in males, in the other significantly increased
in females. An apparently significant small inérease in tumor incidence
occurred with the increase in life span. The authors are concerned that
altered life span may confound the analysis, but consider that 2,4,5-T
can not yet confidently be considered non-carcinogenic, and requires fur-
ther analysié.

A two ycar study of rats given up to 30 mg 2,4,54T/k;/day has qut
been terminatec ¥y Dow Chemical Company, but the pathological evaluation

7352

had not been completed at the time of this preparation.

¢ v A / LB /&» d
aee Quurg RPAR npapamss gM/n g%ooom

48



One epidemiological study has been made of tumor incidence in a
group of Swedish railrcad employees., It was possible to isolate groups
who had handled phenoxy acids exclusively, and a cohort of 207 persons
with at least 45 days of exposure, totaling 1747 person-years. No in- -
crease in tumor incidence could be detected in these workers although
increased incidence appeared in groups exposed to other herbicides
(Axelson and Sundell, 1874).

Mutagenic assessments have been carried out on a number of systems.
Buselmaier et al. (1973) were not able to show 2,4,5-T induced mutations
in Salmonella typhimurium G46 his-, and Serratggyﬁarcescens a2l Leu- and
a3l his- in a host mediated assay in mice. Serum from animals treated
o;ally with 2,4,5-T also did not induce mutants in S. typhimurium his-
(Styles, 1973).. Amderson et al. (1972) were unable to demonstrate any
mutagenic properties of 2,4,5-T or other phenoxy herbicides when tested
against eight histidine requiring mutants of S. typhimirium.

Sex linked lethal tests of adult male Drosophila showed 2,4,5-T to
be negative, although fertility was decreased (Vogel and Chandler, 1974).
" Majumdar and Golia (1974) were able to show an increase in sex linked
recessive lethal mutations after 15 day feeding on 1000 ppm 2,4,5-T. A
non-significant increase was apparent after feeding 250 ppm.

In gerbils six-day feeding of up to 150 mg 2,4,5-T/kg produced no
increase in chlorosomal'abnormalities, but higher doses did cause some
increase (Majumdar and Hall, 1973). Jenssen and Renberg (1976) tested
2,4,5-T for mutagenicity by seeking hicronuclei in erythrocytes of mouse
bone marrow, which is a high resolution detgctibn system, The sysfem
was cytogenetically negative, although some mitotic .depression was de-

tected. It was noted that only about 5% of circulating 2,4,5-T found its
53
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way into the cells, which was suggested as indicating a limited hazard
due to lack of access.
A limited survey of pesticide applicators who had been in contact

with a variety of agents showed some increase in chromatid gaps and breaks

"~ during the spray. season (Yoder et al., 1975). Recovery in the off season

reduced frequency below that of controls, suggesting an augmented repair
system, 2,4,5-T was the least frequently used agent, and it is not
likely that any observed effect can be attributed to it.

Dow Chemical Company has maintained a program of continuing health
monitoring of 2,4,5-T production workers. Cytogenetic evaluations of
52 men in early 1970 were reported to be negative (Johnson, 1971), and
a second analysis in 1974 also found no evidence of abnormality (Kilian,

1975). An intergsting'finding, however, was that the fraction of each

- exposed group found to have no abnormal cells was above 80%, while of the

control group only 74% had no abnormal cells.

Absorption, Distribution, Metabolism, and Excretion of 2,4,5-T

-
.-

2,4,5-T has a rather short residence time in all species. A cow
given 450 mg of 2,4,5-T acid in four daiiy doses excreted the entire
amount in urine in six days (St. John et al., 1964). Erne (1966a, 1966b)
administered 100 mg of the amine salt/kg to rats and swine and found
plasma half time for the rat to be three hours, and 10 hours for pigs.
Kidney, liver, luﬁgs, and spleen‘concentrations of 2,4,5-T could occa-
sionally be forced above plasma levels, but apparently none of the
material entered the brain or adipose tissue. Tissue Halgptiées ranged
from 5-30 hours. Vhen the agent was administered repcatedly plasma levels
tended to lessen, with increased excretion., Of the 2,4,5-T in blood, about
rﬁ%ng
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20% was in erythrocytes. 2,4,5-T is excreted more slowly by mice than by S
rats, at a rate of 1-4% of the original dose per hour (Zielinski and }2

29

Fishbein, 1967). )’ S0 2

By overloading sheep (four 250 mgjdGsecs) it is possible to produce p
residues in tissues. Maxinum accunulations were about 100 ppm in fat and . ;
muscle. In éach case residues were found in the acid form regardless of
the form in which it was fed (Clark et al., 1970). The latter finding is

at some variance with Clark et al. (1971), in which thqﬂPGBE ester of 2,4,5-T

was reported to remain as the ester in urine and tissues. Cattle fed 0.1S

and 0.75 mg 2,4,5-T propylene glycolﬁﬁ?butyl ether esters/kg/day for 32 :><

[

~

weeks, produced no increase over background residue. Clark et al. (1971)

»

later reported feeding sheep 2000 ppm 2,4;5-T in the diet and finding 1.0
ppm 2,4,5-T in muscle. No residue could be detected 7 days later. Deer
browsing on land treated for reforestation were found not to contain sig- |
nificant tissue residues; measurable 2,4,5-T was found in stomach contents,
urine, and feces up té 43 days gfter herbicide application (Newton and
Norris, 1968). The implication, again, is that sustained field intake
;ill not cause detectable tissue residues, |
Grunow et al. (1971) found about 50-70% of administered 2,4,5-T
in urine, and found that a substantial fraction emerged as derivatives,
one of which was identified as N(2,4,S-trichlorophenqu acetyl) glycine.
The taurine conjugate and 2,4,5-trichlorophencl have also been identified
. (Grunow and Bdhme, 1974). Nony et al, (1976) have measured 2,4,5-T, its
glycine amide and alkaline hydrolyzable conjugates in blood, urine, and
feces. The proportion of metabolites is quite low in blood, and increases
substantially in urine from 24-72 hours after administration of the herbi-
cid;: In-the feces the glycine amide is found in only limited amounts, but

other conjugates may account for as much as 25% of the total recovery.

o 7355
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Resecarch with labeled 2,4,S-T in rats showed that the half-titc

(T/2) of plasma clearance was about 4.5 hours and essentially dose inde-

pendent below doses of 50 mg/kg but increased as dosage increased to 19.4
hrs at 100 mg/kg and 25.2 hr at 200 mg/kg. The T/2Z of a S mg/kg dose in
dogs was much'longer, 77 hours. About 90% of the 2,4,5-T in blood was
reversibly bcund to plaswma protein, over a wide range of conccntrafions. It
was found also that as the dose was elevated, a small amount of fecal ex-
cretion took place, Detectable, minute amounts of 14C emerged in the res-
piratory gases (Piper et al., 1973). Fang et al, (1973) also showed a
non-dose depencent T/2 at lower doses. Nony et al. (1976) found in excess
of 10% of the total excfeted‘material in feces. The extent of protein |
binding has been.fufther defined by Kolberg et al. ,(1973); bovine serum
albumin binds 13-14 moles’ 2,4,S-T/mol ) arR

As suggeste& By the slower T/2, the pefcentage of dose excretéd/day
decreased shérply at the higher doSés, indicating a limit in excretory
vcﬁpacity by the kidney; Rat kidney tissue slices can concentrate 2,4,5-T
about" 15 times, slices from dogs can concentrate about 9 times. Berndt
and Koschier (1973) found an energy dependent uptake of pnenoxy herbicides
by renal cortiﬁal tiﬁsue. ﬁetgbolic inhibitors depress the process.
Acetate and lactate asbsubstrafes enhance the accumulation. Increased
2,4,5-T in the medium slows the concentratihg capacity of the kidney.

The above wbrk.was later carried forward by resorting to intravenous
injection of 2,4,5-T in order to take advantage of uscful pharmacckinctic
models (S#uerhoff et al,, 1976). Doses of 5 mg/kg and 1Q0 mg/kg were used,
and samples weré taken through 36 hours (S mg) and 72 hours (100 mg).
After S mg/kghr;;s excreted about 50% of the body burden every 12 hours,

in spite of a2 4.3 hour plasma T/2, further illustrating the concentrating

¢ 73
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capacity of the kidney. At 100 mg/kg the plasma T/2 was 23.1 hours for the

first 36 hours, then was comparable to the animals given a lower dose,

In humans (Gehring et alyéﬁ973) found that a S mg/kg dose was ex- o

creted with a T/2 of 23 hours for both plasma and whole body clearance.

Essentially all of the aduinistered material emerged in urine unchanned,

~———

The phenoxy acids are relatively(gg;;;;T;;;;;ic acids, which is one
v

of the reasons they are excrgted in large part as the parent molecule.
The possibility of hydrolysis by rumen flora or by tissue enzymatic pro-
cesses was first considered by Wright et al. (1970) who found that after
feeding of 2(2,4,5-trichlorophenoxy) ethyl-2,2-dichloropropionate to shéep,
2,4,5-trichlorophenol residues could be detected in tissues. Clark et al.
(1975) measured phenoxy acid and phenol residues in muscle, fat, liver,vand
kidney of sheep fed .2000 ppm 2,4,5-T for 28 days, and found 1.00, 0.27,
2.29, and 27.2 ppm 2,4,5-T and 0.13, <0.05, 6.1, and 0.9 ppm.2,4,5-tri—
chlorophenol, respectively, Seven days after withdrawal, 2,4,5-T residues
were well below 0.1 ppm or below the detection limit of 0.05 ppm. The
phenol remained at significant levels in both liver (4.4 ppm) and kidney
(0.8 ppm).

According to Koschier and Berndt (1976c) the fate of excretion rises .
almost immediately to about 80% of input in animals treated daily, then
continues to rise for 7-9 days until excretion gpproximately equals input,
whefe it remains through the duration of treatment. The rate-of adminis-
tration was 20 mg/kg/day. As dose rate increased the initial percentage
excreted was less, but 7-9 days was still required to reach a rate equal
to input. .An apparent over-shoot then took place for 5-6 days.

Thglm;;kedly different rate$ of 2,4,5-7 excretion by rats and dogs

was studied in vitro by Hook et al. (1974). They found that kidney of

0000132
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both species actively accunulated 2,4,5-T by a saturable, oxygen dependent
process which was depressed by other organic anions. Rat kidney had a
greater dependence on potassium, and dog kidney increased accumulation

of 2,4,5-T in the presence 6f acetate. The capacity of kidney to trans-
port the standard test anion, para-amino hippuric acid (PAH), can be com-

petitively inhibited by 2,4,5-T, indicating that both are transported by the

"DOWOOOS 224

same mechanism. The authors concluded that the greater capacity for PAH
transport by rat tissues accounts for the difference in retention between
rats and dogs. Apparently lower renal excretion is also responsible for
the extended half-time of 2,4,5-T in new-born rats observed by Fang et al.

- (1973); Hook et al., (1974) have found that kidneys of 10 day old rats are
tuch less efficient than adults. Subsequent work by the same group (Hook
et al., 1976) indicated ‘that plasma binding in dogs was more tenacious than
in rats.

The high specificity of 2,4,5-T in.causing cleft palate has been
investigated by Dencker (1976) as a distribution phenomenon. The sensitive
peridd has been shown to be late in fetal development, during days 12-13
(Neubert and Dillman, 1972)., Palatal closure occurs very late in organo-
genesis and is complete at about day 15.

Dencker (1976) points out that no unusual uptake of 2,4,5-T in these
structures occurs, but overall uptake in the fetus is greatly increased
between days 11 and 18. It may well be that this increase, at a time when
formation of most other structurcs have progressed far enough that they ‘are
not sensitive, is responsible for cleft palate. ‘

It is possible for 2,4,5-T to reach milk if a sufficient level is

P
-

included in the diet. At 30 ppm in the diet for two weeks, -fOTToWEd—by
:><: —pne_week ar amtreated feed, no 2,4,5-T or trichlorophenol was found at
[} . .‘\ﬂ.
0000373

v ¥R

54 ' ADNARS



S

C e e e e e - ——— A at e e ———— —— - — —— e e e —m

CLLTW}f;LLJSIVV\%K
a detection level of 0.05 ppm; at 100 ppm trlchlorppnenol was barely detcc-
table. At 1000 pprmt 0.31-0.54 ppm 2,4,5-T and 0.16-0.27 ppm trichlorophenol
was found in milk, and somewhat less was found in cream (Bjérke et al.,
1972). These figures can be put in the perspective of forage consumption.

APl apppaliid fiinoens.

Residues on grass are on the order of(100-150 ppm/{;/acr%/jﬂorton et al.

1867) .immediately after application. These amounts drop sharply to about
20% of initial levels during the initial two weeks post-application. This

factor, with the rapid excretion characteristic of 2,4,5-T make even limited

human exposure through dairy products or meat highly unlikely unless prod-

ucts are obtained immediately after heavy spraying. (44«7 ’ /97-2) .

Behavior of 2,4,5-T in the Environment and Effects on Submammalian Species

One factor in the hazard potential of an herbicide is determined by
its persistence after application and its movement and reactions in.soil,
water, or in plants.

Appearance of 2,4,5-T in forest streams has been shown to result only
if the herb1c1de was 1ntroduced directly to the stream, and diminished
“from about 0. 1 ppm to less than 0.0l ppm within one day after treatment
(Norris, 1967). Norris (1968) alsc found tha; hgavy rains six months
after treatment did not move detectable 2,4;5-T into streams.

The herbicide is usually deéraded on the forest floor quite répidly.
Norris (1969) found that nearly 90% disaﬁpeared in two.months, althouﬁh
cold weather, sterile soil, and lack_of moisture may extend the period of
degradation over as much as 9 months. The trichlorophenol hydrolysis pro-
duct of 2,4,5-T degrades faster than the parent coypound (Alexander and
Aleen, 1561). Evaluation of several soils from So;th Vietnam indicates
that céhé:ntrations on the ordef of those expected after a typical forest

application should be virtually gone in seven weeks (Byast and Hance, 1975).
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More than 203‘of the radioactive .carbon of labeled 2,4,5-T had become in-
corporated in the soil, but actual residues of herbicide were usually
about 1%. 2,4,5-T has also beeﬁ found short lived in various Texas soil
by Bovey and Baur (1972). Altom and Stritzke (1973) studied 2,4,5-T in
three Okiahoza soils and found half-times of 24, 14, and 21 days. The
shorter time was on grass lands, the others were forests.

Leaching tests show that 2,4,5-T bound in soil remained in the upper
6 inches of test columns even after application of 4.5 inches of water
{(Wiese and Davis, 1964).

The various esters of 2,4,5-T are often intrinsically more toxic
than the pareat acid, probably because they are more fat soluble. In
an aqueous systeﬂ, houever, thev hydrolyze rap1d1y to the acid, and the
rate is enhanced by 5011aand microorganisms (Teasley and Williams, 1870,

as qpoted by Kenaga, 1974). It seems reasonable to expect a fairly rapid

hydrolys:.s in any S)stem with some w1ter present ! (” = /9‘7J

In essence, 2,~,S-T dlsapp°ars relatlvel) rap1d1y after application,
probablv klthln two n01ths in a forest env1ronment The ev1dence also
seens firm that 2 4, S-T depos1ted on the ground w111 not move 1nto a water
course, and will nct leach 1nto deepcr layers. | |

It is d1ff1cu1‘ to separate ph)Sleal behav1or after application from
effects on lower organzsns because there Js a very close lnterface be-
tween an agent bound to 5011 or 1n water, and 1nsects or flsh Lower

organisms are of dzrect 1mportance in asse551ng environmental impact

of any introduced chenmical. _Food chain effects may predlct repercussxons

~ at higher levels, and spec1‘1ca11y sensitive organlsms nay be useful in-

dicators of pollution. Fcolog1cal dlsplacement of any kind must be ac-

cepted only after careful examination, whether secondary to the intended
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impact of the chemical on plant specics or as a result of direct toxic

effect of the applied chemical.

The various derivatives of 2,4,5-T differ in toxicity to fish. The

g 00O MOd

parent herbicide, the amine salts and isooctyl esters are relatively limite
in toxicity, but the propylene glycol butyl ether and butoxy ethanol esters -
are quite toxié to some species. There is a large number of gross effect
studies on various aquatic species; these generally use an end point of
death or immobilization. Shellifish studies measure shell growth as an

index of effect
Standardization of methods has not received as much atfention as
seems justified. Study periods vary from 24-96 hours, water temperatures
sometimes appear outside the normal acceptable range for the species, and
most evaluations seem to be cairied on under static conditions. Nonethe-
less, the relative gross effects can be uséful in reference to a given
application in the field. As a very rough approximation, a 2 kg/hectare
application over a water course would produce a concentration of about 2 -
mg/L or 2 ppm, if an assumption of dilution in the upper 10 cm of water
is accepted. Flowing water will diminish the concentration below detectable
limits in a few hundred yards (Evans and Duseja, 1973), and application
over deeper water will dilute accordingly.
Concentrations of 2,4,5-T or its derivatives found to have no ef-

fect are listed below as acid equivalents:

No Effect
Exposure Acid Equivalent
Species Period Concentration ppm Reference
2,4,5-T killifish 43 h 50 Butler, 1963
: .7 mullet 48 h S0 ~ Butler, 1963
sea lamprey 72 h 2 Applegate et
al., 1957
2,4,5-T bluegill 12 d 46 Hiltibran, 1967
Na salt .
o 57 0000136
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2,4,5-T trout
butyl ester

bluegill
lamprey
2,4,5-T bluegill
isooctyl green su
ester bluegill

nfish

24

24

24

N 00 0o
. 0 A

h

hr

h

4,1
4.1

4,1

O~

7
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Applegate et
~al,, 1937
Applegate ct
al., 1957
Applegate et
al., 1957

Hiltibran, 1967
Hiltibran, 1967
Hiltibran, 1967

Median lethal concentrations of 2,4,5-T derivatives are similarly

tabulated:
Exposure LCso
Period Acid Equivalent

Species  (hours) Concentration ppm Refercnce
2,4,5-T bluegill 48 144 Hughes and Davis (1963)
DMA salt ‘
2,4,5-T bluegill .24 54 Davis and Hughes (1963)
TEA salt _
2,4,5-T bluegill 48 2,9 Davis and Hughes (1963)
Oleic-1,3- s '
propylene
dizmine salt
2,4,5-T ., . bluegill 48 1.7 Davis and Hughes (1963)
isopropyl
ester
2,4,5-T bluegill 48 31 Hughes and Davis (1963)
isooctyl
ester
2,4,5-T bluegill 48 1.4 Hughes and Davis 1963
butoxyethanol
ester
2,4,5-T bluegill .48 17 Heughes and Davis, 1963
PGBE esters spot 24 0.21 Cope, 1965

harlequin 48 1.0 Alabaster, 1969

While the more complex esters of 2,4,5-T tend to greater tbxicity in

water at pH 6.5, they hydrolyze to the parcent acid in about a day: (Teasley

and Williams, 1970, as quoted by Kenaga (1974).

58
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Effects of 2,4,5-T on other aquatic organismsvhave also been measurcd.

In flowing salt water 1 ppm 2,4,5-T caused no mortality in brown shrimp
and 2 ppm was without effect on oyster shell growth (Butler, 1963). The
PGBE ester of 2,4,5-T at 0.14 ppm (0.09 ppm acid equivalent) caused a 50%
decrcasc¢ in oyster shell growth after 96 hour exposure (Butler, 1963).

Studies of terrestrial non-mammals seem to have been limited to
honey bees. Honey bees are an important component of the crop cycle and
in many areas are systematically managed for pollﬁ%&tion. Phenoxy herbi-
cides, including 2,4,5-T, fed in 60% sucrose-water solution at 10 ppm
did not affect hatching, but reduced brood development when fed at 100
ppm (Morton and Moffett, 1972), When sprayed in a wafer carrier at field
application rates, 2,4,5-T was non-toxic. (Petroleum solvents alone
caused high mortality during the first day after spraying.)

Aerial spraying did not result in herbicide accumulation -in honey
sacs or colonies (Moffett and Morton, 1972).- The point was made that the
primary damage would be failure of flowers and loss of nectar, rather

than direct toxicity. When fed directly to newly emerged bees, the

‘phenoxy herbicides were essentially non-toxic at concentrations up to

1000 ppm in the diet (Morton et al., 1972)._

2,4-D

 Toxicity to Humans

For seme reason there have been reported several incidents of 2,4-D
poisoning in humans, but virtually no reports of human intoxication by
2,35%. Probably the best known was a suicide by a single dose of 2,4-D
DMA sélt-éf which more than 90 mg/kg was estimated to have been retained

r'e

by the v;ctim, after extensive vomiting (Nielsen et al., 1965). An

59 7263
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accidental poisoning with a formulation containing §9 __ethxld{niggLL:
w}:{ Eﬁiff“:ﬁf:fif: 9% kerosene, and 36,5% 2,4-D isooctyl ester causcd symp- =
";J * qtcms and laboratory findings attributable to 2,4-D intoxication. Among <:\;,/)
;fJ ﬁﬁkthcse were tWItChlng and paralysis of intercostal muscles, hcmoglobinuria,
[V' gnd myoglobinuria., No evidence of peripheral neurological damage was

evident during 36 months of follow-up observations (Berwick, 1970).

Goldstein et al. (1959) reported on three cases in which 2,4-D esters

Q

53 were absorbed through the skin, resulting in peripheral neurological

9 changes. One patient spilled 60 ml of va 10% solution of 2,4-D ester on
§§ the forearms and did not wash., Unusual fatigue developed in-a few hours,
E; and over 10 days after exposure there was extended nausea and vomiting,
E% with considerable weight loss. A second exposure caused similar symptoms,

then pain and numbness in all digits, loss of skin from the palms, and
within six weeks there was substantial general neural damage. Another
patient eventually developed metacarpal pain and swelling in both hands,
and later became partiall} paralyzed. The third éxperienééd gastrointes-
tina% disturbance and vertigo, then paresthesia in the arms and legs and
péfsistent general muscle fascicula&ions. In two of the cases, there
were second exposures which appeared to cause greater impact than the
initial event. Similar cases have been described by Todd (1962), Berkeley
and Magee (1963), and Wilson (1956).

Seabury (19635) attempted use of 2,4-D in treatmcnt'of a terminal
case of disseminated coccidoidomycosis, on the rationale that the 2,4-D.
as a synthetic plant hormone might alter the course of the fungus infec-
tion. At the time of the treatment (1949) thcre was no Eherapeutic agent
fof the disease; In 24 treatments over a pcriod of more than a month the
dosage was raised to a final treatment of 3G00 mg. No prior doses, up

( %30a

to 2000 mg caused any response, but the final administration causcd

60 0080+



extreme quiescence, and fibrillation of muscles in the face and hands,
followed by deep stupor and reflex failure. The patient recovercd from
the 2,4-D within 48 hours and died of the fungus disease about two weeks

later,

General Toxicity to Laboratory Animals

Onc of the earliest published studies of 2,4-D toxicity was by

. Bucher in 1948, She found an acute LDg, of 280 mg/kg in mice, and fo;nd
that single doses of 150-200 mg/kg would produce a myotonia persisting
several hours. The animals remained awake and alert, but when moved ex-
hibited gross incoordination. They were capable of working out pf the
syndrome with continued exercise, but if allowed to remain quiet the myo-

' ténia would recur. The chemical also caused diarrhea in mice at the
higher doses, and ga;trointestinal and upper. respiratory irritation in
dogs. Mice were able to tolerate daily doses of 1/2 LD50 for three
months. Hill and Carlisle (1947) established LD50 values for several
species: mice, 375 mg/kg; rats, 666 mg/kg; rabbits 800 mg/kg; and guinea
pigs, 1000 mg/kg. They also treated monkeys and were able to give up to
214 mg/kg without severe residual effect. Twice that dose caused vomiting,
incoordination, and loss of muscle tone. Rowe and Hymas (1954) summarized
lethality data on 2,4-D and five salts or esters; in general the lethal
doses were very high, with the exception of a2 few dogs given 2,4-D it-
self, for which the LDg, was estimated at 100 mg/kg. The latter data

6:;1' was apparently derived from the observations of Drill and Hiratzka (1953).

i

g _Lal”"’—ﬂansen et al, (1971) conducted a two-year feeding study on rats, at dosages
of S to 1250 ppm 2,4-D in the diet, without appreci;ble change in growth,
i hematologié values, or organ weight. In the same study dﬁgs were main-
tained for two years with little effect at doscs-up to 500 ppm 2,4-D.
" | 7365
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Drill and Hiratzka (1953) found that.20 ng/kg daily was fatal in 3 of
4 dogs within 49 days of a 90-day study.

Grazing species of animals might be cxpécted to suffer exposures in
the ficld from eating treated vegetation. Palmer and Radeleff (1964)
. evaluated 3 series of herbicides at high doses in limited numbers of
rurinants, One sheep tclerated 481 daily doses of 100 mg 2,4-D alkanola-
mine salt, aﬁother was unaffected by.the same treatmént with 2,4-D propy-
lene glycol butyl ethyl ester. -The first compound was lethal after
7-500 mg/kg doses; the second was lethal after 9-250 mg doses. A bovine
tolerated 112 doses of 50 mg of the alkanolamine salt, but another de-
veloped digestive problems after 80 doses of 100 mg/kg. Palmer (1%63)
administered daily doses of 50-250 mg 2,4-D/kg as the alkanolamine salt
to a group of steers. “The steer given 100 mg/kg developed ruminal atony
after 86 days, presumably as a result of the herbicide, Animals given
200 and 250 mg/kg became intoxicated in 34 and 15 days,.respectively,
with dessicated mucous membranes and tendency to nosebleed when restrained.

= Ruminants on sprayed pasture or cows given 5.5 gm daily did not show

clinical evidence of toxicity, nor did production decline. 2,4-D appeared
in serum of a cow fed 5.5 gm/day for 106 days, but none was passed in
milk (Mitchell et al,, 1946),

Chickens and other fowl also appear relatively insensitive. Bjorn
and Northen (1948) found no impairment in weight gain at doses up to 28 mg
. 2,4-D alkanolarine/kg three times weekly for four weeks; at 280 mg/kg -
there was a marked decrease in gain. Single doses of 765 mg/kg were
lethal, 380 ﬁg/kg was not., 2,4-D did not cause decrease in growth rate
at dose ratés/up to 1000 ppm in the diet, but at 7500 ppm growth essen-

tially stopped (Whitehead and Pettigew, 1972). The acute LDS0 was

("?336 QQDQ\A\
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estimated at 900 mg/kg. Whitehead (1973) tested dietary 2,4-D at concen-
trations up to 100 mg/kg diet, and found that at dietary levels of 10
ng/kg diet or greater, growth rate was depressed. Because food conver-
sion efficiency was not affected, it was suggested that palatability was -
affected resulting in decreased consumption. Chickens will discriminate i
against 2,4-D contaminated food (Whitchecad and Pettigrew, 1972). The
U.S. Fish and Wildlife service tested a number of chemicals by feeding
to various game bird species in the early 1960s. 2,4-D acetamide given
to young quail at 2500 ppm caused 72% mortality in 12 days, the butoxy-
ethanol ester at 5000 ppm caused 28% mortality in 135 days, and 2500 ppm
dimethylamine salt caused 12% death in 138 days. In older birds 2500
" ‘ppm was almost without effect after 50 days, and after 111 days of 1000
ppm feeding, Tests ‘on Coturnix indicated a similar tolerance (Stickel,
1964). More recently, Hill et al. (1975) have shown the LCSO for 2,4-D
acetamide in the di?f of bob white, coturnix, pheasant, and mallard to
be in excess of 5000 ppm. The butoxy ethanol ester and DMA salt have a
-similar low toxicity,

A number of other biélogical effects of 2,4-D have been found ex-
perimentallj; usually at very high doses. Dybing and Kolberg (1967) sug-
gested that 2,4-D was actively reabsérbed, and if so would conpetitively
decrease the clearance of p-aminohippurate without interfering with crea-
tinine clearance., Studies with rabbits given 100.mg priming doses, then 2
mg 2,4-D/min produced decreased PAH clearahce at doses of 62-115 mg/kg.
Chang et al. (1974) studied a number of effects on rat liver following

' . 000 & 5000 »y |4 ‘
treatment with 2-5 gz?kg 2,4-D over 4-7 weeks. Glycogen content was S50-

100% highér, and liver nuclei synthesized RNA more actively iﬂ_vitro than

7367
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did controls. DNA content per liver was decrcased. In this work, 2,4-D

_.was corpared with 2,4,5-T; the latter compound caused increased liver

ﬁégght and protein accumulation, while 2,4-D decreased liver weight and

lessened RNA content, with no protein accumulation. Speculation is jus-

- tified that TCPD in 2,4,5-T was responsible for the difference. A dietary

supplenent of &0 ppa 2,4-D to lambs had no effect on rumen liquor or shecp
or serum proteins. Weight gain‘was slightly decreased over a iz week
feeding period (ABou-Akkada et al,, 1975). The same authors (1973) had
previously found that 2,4-D did not alter ruminal microbial function.
At fairly high doses (80 mg/kg/day, for seven days) 2,4-D increases 1311
intake by.the fhyroid. The effect only occurs in a normally functioning
thyroid gland; it was not seen after hypophysectomy or iodine depletion
(Florsheim and Velcoff: 1962). The effect is apparently due to lowered
thyroxine binding to serum prbtqin (F{orsheim et al., 1963) but whether
this is secondary to 2,4-D binding or is 2 specific pharmacologic effect
is not known. |

There has been limited in vitro study of 2,4-ﬁ. Weiss and Beckert

found stimulated mitotic activity and increased chromatin after cultured

‘monkey kidney cells, Girardi heart cells, and trout gbnad cells were

exposed to 10 or 50 pph 2,4-D for 72 hours. 2,4-D“inhibits mevalonate
incorporation into non-saponifiable lipids of liver, but only at concen-

trations in excess of 1 mM (Olson et'al.,'1974). Oxidative phosphory-

lation in rat mitochondria appears to be sensitive to concentrations

as low as 10'4 M; at 10-3 M respiration was normal but ‘P/0 decreased to

20% of normal (Brody, 1952). In L929 cells in monolayer culture, 2,4-D

pra

causes trigiyceride accumulaticn when present at a concentration of 500
ug/ml (Xolberg ct ai., 1972) and inhibits all growth at 50 ug/ml (Kolberg

et al., 1971)
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2,4-D at high doses is used also as a chemical inducer of experi-
mental myotonia, as a model of the congenital disecase (Iyer et al.,,1977;
Eyzaguirre et al,, 1948). The aétioh is apparently due to an increase iﬁ
membrane resistance and reduced chloride transport. Electrical activi;y:l
of the brain.was found to be reversibly inhibited by doses of 200 mg
*2,4-D/kg, in rats (Desi et hl., 1962). The chemical also produces a
primary myopathy that is useful in study of the family of diseases which
includes white muscle disease in lambs (Heene, 1969). Tﬁese effects are

not of toxicologic significance except in cases of massive acute intake

resulting in myoneural symptoms.

' Effect of 2,4-D on Reproductive Function

As with 2}4,5-1, the possibility that 2,4-D has teratogenic poten-
tial was first studied by the Bionetics Research Laboratories study
(Bionetics Research Laboratories, Inc., 1970). The data were suggestive

that incidence of failed lower jaw formation was somewhat grcater than

that resulting from the DMSO carrier. Schwetz et al. (1971) measured

teratogenic and fetotoxic effects of 2,4-D and two esters on rats. The
q

higher daily doses (75 hg 2,4-D/kg; 75 mg propylene glycol butyl ester

of 2,4-D/kg; 87.5 mg isooctyl ester of Z,ﬁ-D/kg, each just below the

maternal toxic dose) caused decreased fetal weight, subcutaneous edema,
delayed bone ossification and wavy ribs. )ﬂs;fééfftg;sg changes are
fetotoxic rather than teratogenic. The last two aré developmental ef-
fects but have no effect on survivability. No teratogenic responses were
found at any dose. |

There is some difference in definition of terzatogenic response among

authors in the field. A variety of skeletal defects that do not interfere

7369
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with postnatal survival were found by Khzra and McKinley (1972),; most ef-
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fects obscrved were wavy Tibs or fused sternum, The increased incidence
of- these changes was evident at doses as low as 25 mg/kg/day. 2,4-D

'

teratogenesis was studied by Bage et al, (1973) but only in presence of

2,4,5-T. The mixture caused some teratogenesis, but was less effective

‘than 2,4,5-T alcne, so the impact of 2,4-D in the system was difficult

to evaluate,

Hamsters are subject to a teratogenic effect of high doses of 2,4-D.
Collins and Williams (1971) fouﬁd that 2,4-D from three different sources
causéd a low incidence of anomalies, usually fused ribs, at doses of 100
mg/kg/day through days 6-10 of gestation, There was no satisfactory
dose response relationship. Dietary 2,4-D at 500 and 1600 ppm did not
alter reproductive function in a three-generation, 6 litter study with
rats.‘ Percentage of‘pups surviving to weaning and weanling weight was
decreased at 1500 ppn, however (Hansen et al., 1971).

Sheep are appafently not subject to 2,4-D induced teratogenesis.
Biﬁns'aﬁd Johnson (1970) administered 2 grams daily for 30, 60, and S0
Qdays following bfeeding and cﬁused no malformation. There were presum-
abiy 6 sheep per group but the nuﬁbcr in this specific experiment was
not stated.

Eggs are peculiarly vulnerable to exposure to herbicidcs and several
studies have been directed toward defiﬁing the hazard of 2,4-D to chicken
or game bird eggs. An injected dose of 10 hg 2,4-D/egg caused 50% mor-
tality, S5 mg/egg resulted in 30% loss, and at 0.5 mg/egg 90% of the eggs
hatched. N§ deformities occurred at any dose (Dunachie and Fletcher,.'
19673, A iager study by funachie and Fletcher (1970) confirmed these
findings for 2,4-D and 2,4-UB (2,4-dichlerophcnoxybutyric acid).

a
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tumors, but of those fed S, 50, 500, 1000, and 5000 ppt 23 of 50 had

than inducer of neoplastic activity, in view of the usual narrow spec-

ST toadin, ppberg o T

«ﬁgaA~éZ%‘~? 4t«w>-;7 Cluaad ;/ 412«¢7 Ls oL 4A9t741544‘/u4¢ch4k

were examined surgically and any obscrved tumors were biopsied. The diet

with TCDD was then continued through the 78th week and all surviving
7olal cdeze = £.0003 X 7% = 0. 037y .ua/,
L 2AX7P s /56,?/A4 Aow 7 8 st

There were 10 animals at each dose range; all those at 50-1000 ppb -

animals sacrificed at 95 weeks.

od

TCDD died by the fourth weck. In the group given 1 ppt there were no

develcped tumors of several types. No control animals for this or a
parallel experiment developed neoplasms. The great variety of tumors

suggested to the authors the possibility that TCDD is a promoter rather

- ———— . e,

‘i( E“ﬁset 8000 M

hy -
trum of tumors caused by many chemical carcinogens. General pathologic:zz;: B
asna ala—s
| Lo, 2
Two studies of-carcinogenesis in rats have utilized continuous ,4n¢4ﬂ“‘ét

TITRL Agals S
feeding of TCDD over a two-year period. One program has been completed

changes have been described in a previous section.

but the analysis of histopathology and-gross tumor incidence have not
been completed. The other study, by Dow Chemical Company, has been
cogpleted and a preliminary report filed with EPA. Diet;ry levels were
-21, 210, and 2200 ppt TCOD. The maximum d&se caused increased tumor
incidence in some orgaﬁs and decreased ihcidgnce in others.b There was
substantial mortality resulting from generalrtoxic effects.. The inter-

mediate dose caused moderate systemic toxicity but no tumors and the

~~ lowest dose was without effect other than slight liver changes such as

induction of increased drug metabolizing capability. These latter

changes were seen only in females (J. Davidson, personal communication).

The reasons for differences between the Dow and Van Miller studies is
nogvmal

not apparept; it is paradoxical that the Dow work had a highes-incidence

of tumors in control animals, while showing a lower incidence of effcct

271
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Cytogenetic studies of TCDD by Grecen and Moreland (1975) suggested
that the dioxin does not have potential for producing chromosomal ab-
frfﬂ- normalities in bone marrow. The dose schedule provided up to 15 pg/kg/
153“1lhi»daily for 5 days, with sacrifice on day 5. A single injection experi-
ment with sacrifice at four weeks was also negative. Xhera and Ruddick

"(1973), were also \mable to find mutagenic aétivity of 2,4,5-1‘.,4'./\/\0\_ :
Since {fjggét;ﬁpossible to obtain an absolutely TCDD-free prepara-

tion of 2,4,5-T, the studies of the herbicide may also be of value in

considering TCDD effects. Effects of 2,4,5-T and TCDD on dividing Afri-

can blood lily endosperm cells are not explicitly pertinent to animal

bOW G008 190

(9

studies, but the relation shown between herbicide and contaminant is of

25!:.}{,1 interest. Highly purified 2,4,5-T at 10"4 M was not effective, but 0.2

ko~ ug TCOD/L with or without 2,4,5-T, und commercial 2,4,5-T all caused

T 0,035
=25’1}2;dramatic mitotic ‘inhibition and chromosomal aberations (Jackson, 1972

< 25 -
2,4.5? (0.2 ug/L = 200 ppt).

_afo:ﬁ!‘ih* Hussain (1972) found that TCDD was s:omewha.t mutagenic using the
‘T‘Dgp Ames procedure at doses that were intrinsically very toxic to the or-
ganisms. The authors suggested that the limited mutagenic activity
was by intercalation of TCDD into DNA. Seiler (1973) has also obtained
data suggesting that TCDD is mutaéenic in the S. typhimurium TA 1532

strain. There was no indication of the concentrations necessary to

produce effects.

Absorption, Distribution, Metabolism, and Excretion of TCDD

The biological action of a foreign compound is highly dependent on

its logistics. , A.chemical must obviously be absorbed from the environment

 in order to interact, and it must be carried in blood to cells and move

7393
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to or across cell membranes to sites of reaction. The agent in its origi-

nal form may interact with scnsitive systems, or it may be converted to

an active derivative after entering an ofgénism. Such conversion usually
takes place in the liver. A given organ or cell type may have a particular
affinity or sensitivity for a toxicant and thereby be singled out for at- }
taék. The chemical nature of the agent or its product will also dictate
the extent and rate of excretion in urine or bile or respiratory gases.
Even with an active excretion mechanism such factors as sensitivity of
bladder epithelium or an active entérohepatic circulation may result in
toxic effects after elimination seems to have been accomplished.

In spite of the enormous capacity for induction of mixed function

e

{

oxidases (discussed below) TCDD is metabolized to a very limited extent. PV,

| T N e
Rats given a single-~dose of 50 ug/TOPD-U-" C/kg by stomach tube excreted;gw X

about 30% in feces during the two days following treatment, and then 1-2% 0

daily over the 19 days following, to a total of 53%. Urinary-14C was
about 13% and respiratory excretion totalled 3.2%, After the initial 2
days, total clearance half-time (T/2) was about 17 days. Residual TCDD at

3, 7, and 21 days was greatest in liver and fat (Piper et al., 1973). The

long residence time and limited respiratory and urinary excretion suggested

——— == s ———

that TCDD was essentially unchanged hut this was not verified. As a gen-

eral rule iipophilic compounds are either sequestered in fat, eliminated as
conjugates in bile, or converted to a water soluble form and excreted by
kidneys. Absence of urinary excretion therefore implies limited conver-

| .
sion. In a later study of rats given a lower single dose of E ug/kg, TCDD

)

-was identified in feces but not urine, and again, liver and fat contained
the highest concentrations. T/2 was 31 days (Rose et al., 1976). ,(In the

same investigation, rcpeated doses 5 days a week for 7 weeks resulted in

ot XN

‘ Jsome urinary loss, but most TCDD was excreted into feces. In this program

21 727
0000100



gt

]
]
!
|
|
i
|

JLD50

192

DOWO0SS

[3 -

Yy

o

F

of essentially continuous intake, T/2 was calculated as 24 days. The
residual radioactivity in the liver was identified as unchanged TCDD,
The report of Vinopal and Casida (1973) is suggestive that TCDD does not

metabolize only because after giving a dose of 130 ug TCDD—sH/kg to mice,

no mention was made of tritium in the urine. Allen et al. (1975) found

- that over a 25 day period about 4.5% of a dose of S0 pg TCDD/kg appeared in

urine, The daily fraction of total intake excreted gradually increased,
which seems indicative of an unusually stable molecule, because at least a
modeést exchaﬁge of tritium with body water should be expected.

The variety of indirect evidence indicafing that TCDD is not metaboli-
cally altered-must be considered in the perspective of other indirect evi-
dence that metabolic change may occur. Beatty and Neal (197S)lhaye shown
that pretreatment Qifh phenobarbital decreases and castration increases

TCDD téxicity. The former treatment increases and the latter diminishes

>
\p'drug metabolizing capacity. The teratology study of Courtney (1976} also

ﬁﬁﬁb PrJJis suggestive that liver metabolism of TCDD occurs.

.\yérpg/kg/day through the organogenesis period caused only 3% cleft palate

among the experimental fetuses, but subcutaneous administration of that

dose resulted in 82%-cleft palates. In view of the apparent affinity of
TCOD for the increased endoplasmic reticulum following induction (Van

Miller et al,, 1976; Poland et al., 1976), it is possible that induction

merely increases the capacity for sequestration of TCDD in a temporarily

An -oral dose of 25 _—
;SUAﬁlA

v

d

s

"

h

non-active system, but the remarkable difference seen by Courtney is ﬁdcoﬂL

difficult to ascribe to distribution differences only. . k’#}ﬁaﬁ

The select1ve distribution.of TCDD into liver and fat has alse been
shown by Fries and Marrow (1975), Allen et al. (1975), and Van Miller et

al. (1976) in rats and by Van Miller et al. (1976) in primates. The

>34
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liver TCDD appeared to be sequéstered on smooth endoplasmic reticulum

(SER), principally that induced by presence of the toxicant (Allen et ul.,

L[‘AI’Y::{JZIWS). While liver storage of TCDD in monkeys was much lower than in rats,

. Vi
‘.luf—"}’b*
\r‘mﬁ‘ ,f

8 JQ‘XM

)

N

the difference appeared to be due to the characteristic lesser prolifera--
tion of SER in the monkey that has been described by Van Miller et al.
(1976). Considering the difference between species in total induced ER
membrane, TCDD appeared to bind to en&oplasmic reticulum to about the same
extent in both species (Van Miller et ai., 1976).

Unlike the behavior of other chlorinated hydrocarbons in fasted or
underfed animals, TCDD is not lost from adipose tissue with fat mobiliza-

tion (Allen et al., 1975). In the case of PCB, for example, the fat

. soluble chlorinated hydrocarbon is liberated with mobilized fat and even-

ML?
wa
1{” -
‘:.‘f»::fw
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tually may reaccumulate in the liver or other target organs. The reason
for the difference is not clear, but it seems possible that TCDD may non-

specifically partition into fat, then selectively bind to adipose cell

rembrane protein. Liver TCDD residues do decrease during fasting, pos-

o

sibly because increased gluconeogenesis makes demands on available labile
protein inéluding the endoplasmic reticulum to which the TCDD may bLe bounl.
Hepatic subcellular distribution has been further &efined by Poland and his
associates (Poland and Glover, 1974, 1975; Poland et al., 1976; Nebert et
al., 1975); ;nd by Chhaﬁra et al. (1974) in studies in which the geneti-
cally determined susceptibility for TCDD induced benzéyrene hydroxylase
induction was found to correlate directly with the extent of TCDD binding
in liver. .

The T/2 for TCOD residence in the body has ranged from about 16-20
d;ys for single dose experiments (Piper et al,, 1973; Allen et al.,.1975),

although Rose et al. (1976) arrived at a figure of 31 days. When TCDD was
| (‘»t .um-ml»& (‘MA?L Aalee . .
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“},Mn the rat. ' There is no data available to indicate whether the thymus of

‘;\E"t Dowoaos 194

ug/kg/day, T/2 was found to be 12 days for males and 15 for females (Fries

and Marrow, 1975) Rose et al. (1976) calculated a half-time of 24 days

h\after a seven week feeding at dose rates of 1-0.01 wg/kg/day.

The concentration of TCDD reaches a maximum at a given dose rate.
Fries and Marrow (1975)_found that after 6 weéks of administration reten-
tion approached a steady state which would be 10.5 times the daily intake.
Rose et al. (1976) found similarly in 7 weeks that a steady state con-
centration of a little more than 10 times the daily intake could be pre-
dicted, agreeing remarkably well with the Fries and Marrow estimate.

The difference in dlstrlbutlon between primates and rats is of in-

terest, Seven days after equivalent doses of TCDD- H livers of adult

monkeys contained 0.09% of total dose/gﬂ tissue, rats contained 4.54%

——
.

0.1§, ratm3:46f sugges;%ng thgt»storage or retention is not strictly re-
lated to binding on inducible membranes. in terms qf”tota;.body“distri-
bution, the rat liver contained 40% of the dose and that of the monkey,
10%. This is a much closer ratioc (4/1) than that of liver concentrations
(4.54/.09). Skin as a whole stored a much higher percentage of adminis-
tered TCDD, because-of the much higher amounﬁ of adipose tissue, in spite
of a concentration ratio (3.5/0.16) that wis also quite unfavorable.

Whether these differences bear any relation to differences in sensi-

o‘spccxes like the guinea pig, which is subject to more extensive TCDD in-

{(Van Miller et al., 1976). In adipose tissue the relationship was monkey,

fJfZ:;”tivity'to toxic effects is not known., The difference in liver is at least

’y“" associated in amount and tlme with the much greater capacity for 1nduct10n

730
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liver in the rat. The thymuS of infant monkeys is expected to be highly
active, but appeared less retentive compared with other tissues, while the
adult rat thymus accurulated more TCDD/unit weight than most organs (Van
Miller et al., 1976), further confusing this issue because liver damage is
thought to be the primary lesion in the rat.

Each of the single administration experiments utilized heavy doses of
TCDD, taking advantage of the long delay in onset of symptoms and death to
obtain improvement in radiochemical detection capability. Studies-in

ku;vLykv which 400 ug/kg (about 20 x LD.,) were ‘administered (Van Miller et al.,

'T 3,600,000
4t 1976) produced liver concentrations of about 3.6 ppm. Kociba et al. (1976)
Z%%pec& élscernable but minor hepatic lesicns at a total dose of 0.65 ug/kg

_CAhIBOOCO MO

given over seven weeks. The expected concentration of TCDD in liver at
this intake is on tHe order of 20 ppb (Rose et al., 1976). A ten-fold
lower dose caused no histopathologic damage. It is not surprising there-
fore that the beach mice studied by.Young et al. (1974) which accumulated

300-500 ppt TCDD in their livers, did not show liver morpholcgic lesions.
" o Lek anta. jualid < ACh _prioadav W127—57.
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Behavior of TCDD in the Physical Environment and in Submammalian Species ;f?’i:
/ e
/JQ’F* The extremely high toxicity of TCDD and the very small amounts of the =
2.4.5

agent present in 2,4,5-T and in the environment present a problem that is

M Atk
1écttzft; different less in philosophy than in scale. There is a tendency on the

¥

Lﬂfz one hand to dismiss TCDD as a pollutant because the amount available at 4‘&25

Jp

¢# any one point or even sector is minute, and on the other to assume that 7/[&n4

lﬁpf . any amount in excess of true zero residue is catastrophic, because of
&p’ the enormous toxicity of the material. The amount of TCDD distributed on
i}q?}p; vegetat1on after a typical treatment is so sma’l as to defy direct analyszs

,J{{’;&} and the quest for residues in biological materials has forced analyt1ca1
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sensitivity closer to zero than has beecn the case with any other pollutant,

o
33 ) In spite of these unique characteristics, TCDD nmust be considered in
)
o) the same way as'any other chemical: How much is present in the human
} g? environment? How persistent is it? Can it move to unintended targets? If
é? so, will the amount assimilated by humans or other organisms reach harmful
: O proportions?
1 Oy ‘

Presensygﬁnufacturg%gg'2,4,S-T contains about 0.02 parts TCDD per
~million parts 2,4,5-T, although manufacturers claim only about 0.0S ppm.

Some lots contain only about 0.0l ppm. A two pound per acre applicatioﬁ

=4
E
k.
b
h

of 2,4,5-T will, therefore, distribute a little less than 20 ug TCDD/acre.
It is necessary to predict what may be expected to Agppen to that material
by examining existing laboratory data.
The environmental persistence of TCDD is highly dependent on the
conditions to which it is exposed. When mixed into soil, degradatioﬂ
,f/UlL was found to be very slow, with a halfgéj&e of one year (Kearmey, 1972). )X(
% '::; Because the material was introduced as an acetone solution there has

},4

been some question about possible crystallization and limited access of

! Aﬂfﬂ TCDD to soil organisms. However, TCDD in 2,4,5-T deposited on leaves and
5léékﬁt exposed to direct sunlight was found to degrade with a half:,;ﬁt of a
r)*”fjf’little more than an hour (Crosby et al., 1977). The latter study shed a
4 “vr\good deal of llght on earlier studies in which pure TCDD was carefully
og,{fﬁﬂéoated on clean glass slides, water, or dry sterile soil for expasure to
q{tv‘) sunlight, and found to be almost insensitive to photodecomposition (Plimmer
fy' et al,, 1973; Kearney et al., 1972). Crosby et al. noted that reduction
would proceed in methanol, and that the reaction slowed significantly in
highly purified reagent. The finding that benzene accelerated the degra-
dation of TCDD in aquedus systems (Plimmer et al., 1973) suggested that a

‘\ TRYE:
26 0000103
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gcod hydrogen donor was essential to photodecompositicn. This conclusion

has beoen verificd in rmore recent work (Croshy et zl., 1977).  In that s

TCDD with 2,4,5-T was also applied or soil, and a half-fife of 50-55 hoursi

could be inferred from the data., This finding provides some suggesiiﬁn
about the reaction time in indirect light, because thz rough surface will
provide shaded areas where reaction must be slower. As yet,_studies of
the effect of various parts o? the spectrum emerging from light trans-
mitted through leaves, or reflected from various surfaces has not been
done. The absorption maximum for TCDD is known (Crosby et al., 1973)
but the relative sensitivity to degradation at that wave length apparently
is not hwmpv -

Accumulation of TCDD in the biota has been studied both in the labo-
ratory and in the field, but there are still many gaps in the needed data.
In spite of the limited solubility of TCDD (Orgﬁ;ﬁﬁTj_iifcan accumu-

late in aquatic organisms to the extent it is available on sediments or

other reservoir (Matsumura and Benezet, 1973). In their experiments,

TCDD was deposited on sand, in solvent which was evaporated to leave the

dioxin as a film on sand particles., The sand was placed in a small con-
fined static aqueous system and various aquatic organisms added. Brine
shrimp reached a coﬁcentration of 157 ppb, mosquito larvae concentrated
TCDD to 4150 ppb and silverside fish accumulated virtually no TCDD. It
may be assumed that the concentration of TCDD in water was maintained

throughout the experiment by the excess dioxin residue on sand.

by algae which were then placed in an aquarium with Daphnia and with Os-

f;:ﬁ tracods, the latter species accumulated TCDD to concentrations of 879 and

b dmtom:xg“_‘:l- ' ) .
/x#ﬂtj,of 279 ppb, respectively, 1hey also showed that mosquite fish concentrate

1§\a

dyv"’

o

EN
: : N 27 0000106
A | _ o

W

A

© 739

AT Onan WOaQ

-, 1,
STULY
.

lhd'xuluL«L% o omdy 0.2 rred !
When sufficient TCDD to represent 162 ppb in the aquarium was ingested
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TCDD to a lesser extent than do the bortom feeding larvae on which they
feed. It is clear that accumulation does occur, but depends on maintaining
saturation of the ambient water..

1973 .

Matsumura and Benezet (1975) also examined movement of TCDD which had

been bound to sand, to a sandy loam soil (inorganic to organic soil). Very

“little TCDD was translocated by a slow leaching with water. Subsequently,

DOWCO0S 188

T

%’

¢

a more complex food chain system of soil, water, algae, duckweed, snails,
daphpids, gambusia, and catfish was assembled (Isensee'and Jones, 1975).
14C-TCDD bound to soil in concentrations varying from 0.0001 tao 7.45 ppm

e
Plhememm———ey
S

was placed in aquaria. The residues found in the various species after

33 days exposure tended to peak at the Daphnia stage. Gambusia were added
at the end of the exposure period with access to water and other organisms
for 3 days. Catfish fingerlings were exposed for 6 days, beginning after
all other organisms were removed. The catfish accumulated TCDD ta toughly
the concentration found in fﬁe first bio;ogical stagé, the algae. None-
theless, at a water concentration of 7 ppt TCDD a terminal accumulation

ratio of more than 10,000 was found in catfish, representing TCDD con-

/J00,000

centrations of about 100 ppb Tisensee and Jones, 1975)., The work also

4 shows, however, that as soil or water concentrat1ons decrease, so also

t,f"do'éoncentrations in the organisms of the system. Toxicity was not studied

although the higher tissue accumulations exceeded mammalian toxic doses,
assumihg uniform distribution of dosage. The authors péint out that
with the long latency of TCDD toxicity, the fish may not have had time
to develop lesions and die. - S , R | 7380
Ward (1976) examined'the persistence of TCDD in lake water and sedi-
ments. As expected, TCDD is almost entirely bound to lake sediments

and is subject to very limited but nonetheless real metabolic degradation

v‘w .
pbfr}mhen microorganisms were present. The slow microbial activity is enhanced

r (\M:) 28 ””L'Jﬂa diivsloed TCOO MQ()OOLO7
\),,)M,»"’ ,
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by presence of nutricnts. Ward suggested that water-mediated evaporarion

of TCDD occurred to a limited extent.

Toxicity of TCDD to coho salmon has been assayed by Miller et al.

(1973). TCDD was administered in thc diet and dosage expressed as ng

;e pph

f“z TCDD per gram organism mass, At 13.1 ng/g only about 30% of the experi-
0
3,10

. qdorr‘ mental group surv1ved for 80 days past exposure, and at S. 4 ng/g almost
5

half the fish did not survive, Deaths often did not occur until 10 days
after the end of exposure, and some lethally affected fish survived 60
days or more. In studies of rainbow trout there were no apparent effects
at intakes of 6.3 ng TCDD/g or greater. Mosquito larvae pupated at a nor-
mal rate in water containing 200 ppt TCDD; snails reproduced normally
_and oligochaete worms suffered some reproductive deficit at the same
concentration. Beatty et al. (1976) found Rana catesbiana tadpoles to
be remarkably-resistant, with no apparent leihal'bffect by intraperi-
toneal doses of 1000 ug TCDD/kg. Doses up to 500 ug/kg did not affect
adult frogs, and no histopathological lesions appeared.

Field studies of fish and mammals have provided evidence both sup-
porting and contradicting claims of TCbD accumulation in higher animal§.
An evaluation of biota in the area used by USAF for training bomber
crews in application of military defoliants showed little accumulation
of TCDD in fish living in the streams of the area. The area was liter-

ally saturated with 2,4,5-T, receiving on the order of 1000 lb/acre during

-

the peak year, contaxnlng up to 2-10 ppm TCﬁB" Mice in the area accumu-

Te e

(/’;;ted tissue burdens of several hundred ppt as mecasured at the end of the
spray program, when the sandy soil had accumulated residues up to 700
ppt. These animals demonstrated no pathological changes (Young et al.,

1974), which is not surprising when extrapolat1ng the data of Rose et al.

L]
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(1976) and Kociba et al. (1976) to relate tissue levels and effective dose

rates in rats. Given the extended period of exposure, it seems possible

that the mouse population could adapt through survival of non-responding

, Strains over the estimated 30 generations of exposures. It may be also

™ that fish strains have evolved similarly as non-accumulators of TCDD, al-
Y 2

- though such adaptation seems unlikely.

;,yy Fish have also been analyzed in dvainages from areas in Texas and

Arkansas which had been extensively treated with 2,4,5-T (Shadoff et al.,

1977) . The Texas samples were from a pond which collected run-off from
a watershed on which the herbicide was used for brush control. The
Arkansas site was a pond into which édjacent rice fields were drained
and from which irrigation water was obtained, iﬁ essence.recycling any
contaminants. Treatment was 1.25 1b 2,4,5-T/acre, 4-8 weeks prior to
flooding. The cycle had been in use for 18 years. Fish from the Texas
site did not contain TCDD, at detection limits of 5-7 pét. Mud at a
detection limit of 3 ppt and water at 0.1 ppt were also.negative. Six
human milk samplgslobtained>frqm the San Angelo area neér the Texas site
were also negative at a detection limit of 3 ppt. No TCDD was found in
the Arkansas fish samples. Meselson and O'Keefe (correspondence to Rep-
resentative James Weaver, 1977) have presented préliminary findings of

about 1 2 ppt TCDD in human milk from the San Angelo area, and from an area

in western Oregon. d N (4 dz : ; W,_f’ )

CowL milk samples from 2,4,5-T-treated areas of Oklahoma, Arkansas,
and Missouri were found to ‘be negatiie for TCDD by Mahle et al, (1977}
with detection limits on the order of 1 ppt. TCDD in beef fat was un;
detectable in two series of animals which had érazed on 2,4,5-T treated
pastures in Oklahoma, Texas, and Missouri. In # third group of seﬁ\;en \?38

\

09
30 00001



animals confined in an entirely sprayed pasture, three samples were posi-

nf\(\

tive at the detection limit of 3-4 ppt.(Kocher et al., 1977). TCDD has

oo Mo

been found, however, in several beef cattle maintained in a field experi- O

)
ment on fields which had received 1, 2, 3, or 4 1bs 2,4,5-T/acre. Average

) o)
TCDD in fat was 20.3 ppt in the 4 lb/acre group, but there were only three ~~

.samples, one of which was extremely high. At 3 lb/acre the average was

12.8 ppt, again derived from.some high values and many negatives. Inter-
pretation ofi;ﬁggjhaté by EPA is still in process, and is subject to some
argument. <§4A§<Q£u«ay waid e plr o .£4oc4a44<4:) .

A number of wild animal samples were obtained in tfeated forest areas
of western Oregon, several of which contgined unusually high.éoncentrations
of TCDD. Thé unique character of the data raises some questions, since
there seems to be few or no samples cbntaining TCDD concentrations in-
termediate between the low background levelfand the 100-200 ppt values in
a few animals. o |

An issue ha$ béén raised about formation of TCDD during Eombustion
of 2,4,5-T, and subsequent distribution in air. Stehl and Lamparski (1977)
ignited grass'treated with 2,4,S-T’in a system where combustion was self
supporte& and found less than 0.0002% converted to TCDD. Combustion of
2,4,5-T and trichloropﬁenolbén filter paper led to productidn of even less
TCDD. If the conversion of a field application were at this rate, about 2

parts of available 2,4,5-T per million would be converted, which is con-

~ siderably more than the residual contaminant level. It should be remcm-

bered, however, that burning would not be done until foliage dries, and

with a 1-2 week half time it is doubtful whether much herbicide would

be available for conversion. Even this maximum level of conversion is

. probably not of great concern, since the product would be diluted with

combustion gases and air in millions of cubic meters of atmosphere. The

0 0000110
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effect of exposure to light on decomposition while in the atmasphere is
unknown. Masking or wavelength shifts'may have an inhibitory influence on
photodegradation, but the duration of atmospheric suspension and light

exposure should enhance the reaction.

Induction of Microsomal Enzymes

TCDD has been found to be a remarkably potent inducer of many enzymes
which act on foreign chemicals. The effect is apparently dependent upon
synthesis of additional enzyme, rather than activation of partially syn-
thesized or otherwise inactive complete protein. TCDD also increases
activity of §-aminolevulinic acid synthetase in some species, resulting in
an accumul;tion of porphyrins in tissues and excretory routes. The potency
of TCDD for inducing some enzymes is between four and five orders of mag-
nitude greate; than that of such classical inducing agents as 3-methyl
cholanthrene oé phenobarbital. According to Hook et al. (197Sa) TCDD
induces cytochrome P-450 at dosés of fewer molecules of TCDD than there.
are of P-450 in the liver. »This property is important because the

induced enzymes may increase conversion of other organic intoxicants

to non-toxic products, or conversely may increase conversion of non-toxic

mgterials to~high1y.reactive intermediates which exert profound toxic
effects. Many carcinogens are activated in this way. The changes in
"drug-metabolizing" enzymes also have becen used to describe profound
genetic differences among animal strains, and their_fespective Tresponse
to intoxication.

Enzfme inducti&n may also serve as a predictor of general toxicity,
since the induction potency seems well correlated with lethal, acneg?nic,

and teratologic potential (Schwetz et al., 1973; Poland and Glover, 1§73a).
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The enzymes which oxidize foreign chemicals have evolved in responsc
to rcactive groupings on molecules found in nature. While natural and
synthetic chemicals may represent an almost infinite variety of struc-
tures, the building blocks are the same, and they exist in relatively
limited rumbers. Consequently, organisms have not had to develop an
infinite numSer of enzymes to survive, but rather have developed en-
zymes specific for reactive groups.

The effects on these systems are among the more sensitive changes

found to be caused by TCDD. To simplify presentation the following table

-identifies specifié enzymes and the TCDD doses at which responses have

been observed. Unfortunately, few explorations of the entire dose res-
adweat. '
ponse curve have been made; the '"no observed effect" intake has usually
not been determined, nor has there been an adequate study of the impact of
low level chronic étudies on the microsomalienzymes. Most of the data in
the table refers to rats. Relatively few studies of mice have been made,
and in the guinez pig the effective doses approach the lethal dose, and
observed changes- are minor. Hook et al. (187Sb) administered 0.175 vug/kg
to guinea pigs and found a slight increase in liver bipﬁenyl-A-hydroxylase
and biphenyl-2-hydroxylase, and no change in aryl hydrocarbon hydroxylase
or UDP glucuronyl tramsferase\‘,‘\_EK:JUV‘-JI-QA ‘

Several generalizations appéar-applicable to the enzyme inductive
properties of TCDD. While most micfosomal-enzymes dre increased aftef
TCDD, the enzymes identified as demethylating aminopyrine, benzphetamine
and morphine are decreased (Lucier et al., 1973).

Females seem to be more sensitive to the-inducing effects of TCDD
(Lucier et al., 1975b). While effects on UDP glucuronyl transfera;es

are substantial, steroid glucuronyl transferases are not changed. The

.

k)

0000(12

Forrooomoad

- (7385

A aYal



b gttt e b b A1) L A LI Mt ALt 10 i B Db s & e g P s s m it e AN L 50 0 M S AL b s A oo A Pttt

DOW 0038 204 |

‘uﬁf,vcﬁy 4‘%%(_ 49ﬂ7/¢4u/ 5..¢12§}..44:¢ -

Induct’ - of Foreign Compound Metabolizifig Enzymes by TCDD (1)
~ Extent of
Initial Duration of Remarks (liver
TCDD Dose Induction Increased unless other
Enzyme (up/kg) (x normal) Activity References . tissue specified)
p-Nitrophenol-UDP glucuronyl K] 14 >34d Lucier et al,, 1975a pregnant rats (2)
transferase 3 7 >34d Lucier et al., 197S5a nconate, (3)
25 - 6 73d Lucier et al,, 1975b male rat
5 5 >28d Hook et al., 1975b
0.2 2.5 -- Lucier et al., 1973
Lucier et al,, 1973
Benzpyrene (aryl hydrocarbon) 3 14 >21d Lucier et al., 1975a pregnant rats (2)
hydroxylase 3 2 Lucier et al., 1975a neonate, (4)
' 2,5 14 - Berry et al., 1976 pregnant rat, (S)
) 2,5 100 -- Berry et al., 1976 fetal liver
g 0.2 7 - Lucier, 1973 male rats (6)
0.2 8 - Hook et al., 1975b female rats (V)
1.0 1.5 -- Hook et al., 197Sb maic (7)
25 3 -- Hook et al,, 1975b maie rat liver
25 >70 -- Hook et al., 1975b male rat kidney (8)
10 180 -- Poland and Glover, 1974 rat kidney
10 10 -- Poland and Glover, 1974 rat lung
)| 100 .- Poland and Glover, 1974 rat intestine
.08 3 - Poland and Glover, 1974 C3tl/HeN mouse
NADPH diaphorase'(dehydrogenase) 90 13 >15d Beatty and Neal, 1976 male rat liver (9)
Aniline hydroxylase 5 2 >15d Lucier et al., 1973
0.2 1.2 -~ Lucier et al,, 1973
Cytochrome P-450 1.0 1.6 -- Lucier et al., 1973 male, 3 day
Cytochrome Bg 1.0 1.4 -- Lucier, 1977 male, 3 day
< Bipherfyl-2-hydroxylase 25 13 - Hook et-al., 1975b rat liver
- E%; 25 18 st Hook ¢t al., 1975b rat kidney (11)
< > . /yzfzb‘
—t C1o /"
(7] wv{k‘/‘
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Induction of Foreign Compound Metabolizing Enzymes by TCDD (cont)

Extent of
Initial Duration of Remarks (liver
TCDD Dose Induction Increased unless other

Enzyme . (bg/kg) (x normal) Activity References . tissue specified)
Biphenyl-4-hydroxylase 25 2 Hook et al., 1975b rat liver
25 40 : Hook et al., 197Sb rat kidney

Amino levulinic acid 25 none -- Woods, 1973
synthetase 25 ' 2 Goldstein, 1973 mouse (11)
1.5 ng/egg 2 ' Poland and Glover, chick embryo

1973¢

11

1This table is selective and is intended to show the variety.of work done, the dose ranges studied, and duration
of effects. In most cases the lowest.dose producing effect has been shown and data for higher doses omitted.
The references noted should be consulted for greater detail,

2Pregnnnt rats, treated on day 10 of 23 day gestation, sacrificed 21 days post partum,

3Mother treated at day 5 of gestation; activity measured at day 21 postnatal. No increase in activity before
parturition,

Sane as 2 except measured at day 8 postnatal.
TCDD at day 17 of gestation, sacrificed at day 20.
Male rats, sacrificed 3 days after TCDD.

N Oh S

Male rats did not respond at this dose; there was a small but significant (P < 0.05) increase in amino pyrine
demethylase and cytochrome P-450 in females at 0.2 ug TCDD/kg.

8Resting activity below detection limit.

9Maximal activity in cytosol at.7 days, still rising in microsomes at 15 days,
105 |1e/kg produced no effect. .

Resting activity very low in these tissues; factor of increase approximate.

S02 -8600MOd
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bulk of induction occurs in liver but a similar but usually lesser in-
crease can occur in the kidney and some other tissues {see table). In
kidney, activity seems concentrated in. the "outer stripe" of the medulla
and in the cortex. This region contains the terminal straight segments
of the proximal tubules, which appear to be the only significantly in-
ducible cells in the kidney (Fowler et al., 1977). |

The induction of aryl hydrocarbon hydroxylase (AHH) by TCDD has been

‘very useful in explaining genetic variability in receptor and effector

mechanisms. TCDD is about.S X 104 times more potent than 3-methylcholan-
threne, producing half maximal stimulation in the rat liver at 0.85
nmoles/kg and in the C3H/HeN mouse (female) at a dose of 0.42 nmoles TCDD
per kg (Poland and Glover, 1974). While the susceptibility to AHH induc-
tion is about the same in the species tested (EDS = 0.4-1.2 nmole/kg), and’

the LD oS differ by about two orders of magnitude, this difference does

5
not detract from tbe value of thé system in studying the genetics of drug
respoﬁse and the great pfoélems of non-homogeneity of exposed populations.
There is knéwn to be a profound differen&é in the responses of various
strains of mice to AHH induction'by 5-methylcholanthrene (3-MC), leading
to a designation of "respénsive"zand "non-responsive' strains. Even at
high‘dosés, 3-MC fails to ;éﬁse induction in the non-responggve animals.
TCDD, howefer, %ill elicif an amplified enzyme activity in such mice (Poiand
and Glover, 1975; Chhabra et al., 1974). ‘
Poland and Glover (1975) and Neubert et al. (1975) have shown that the
genetically'non—responsive mice have the genetic apparatus necessary
for expressioﬁ of the inducible activities and suggest that the difference

arises from a mutant form of inducer-binding receptor with a diminished.

affinity for aromatic hydrocarbons. The induction process is apparently

36
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In contrast, Lutz-Ostertag and Lutz (1970) sprayed pheasant and
grouse eggs with 2,4-D at rates commonly used in the field and caused
embryonic mortality and terata., Somers et al. (1973, 1974) were not able .
to support these findings after spr;ying nixtures of 2,4-D and picloram a;
usual field rates (2.8 kg/ha) and 2,4-D and 2,4,5-T cn hen eggs (1973) -
and pheasant eggs (1974) at 10 times field concentrations (11.2 kg/ha).
They found no "adverse effect on hatching success, incidence of malformed
embryo or subsequent chick mortality”., Kopischke (1972) also found no
effect on pheasant eggs sprayed at field concentrations, but found that

diesel fuel as a carrier blocked hatching completely. Dipping hen eggs

in 1% 2,4-D for 10 seconds, then continuing incubation was similarly

* ineffective (Gyrd-Hansen and Dalgaard-Mikkelsen, 1974},

An interesting observation of 2,4-D dis;ribution in'mouse fetuses
has been made by Lindquist and Ullberg (1971). labeled 2,4-D given late
in gestation accumulated early in the yolk sac, passed on to the fetus
and was almost completely eliminated by 24 hours after administration.
Distribution among tissues was non-selective, ﬁnd concentrations tended
to parallel those of the dam, perhéps explaining in part the lack of

teratogenic effect.

Carcinogenic and Mutagenic Potential of 2,4-D

Innes et al. (1969) screened 120 compounds for tumorigenic properties

in mice. 2,4-D and several of its esters were included; none caused in-

creased tumor incidence. Hansen et al. (1971) carried out a carcino-

genesis study in rats and concluded that although tumors were found,
cme——

the observed incidence did not support a finding that 2,4-D is carcino-

genic. There secmed to be some inconsistencies in interpretation that

~ may have confused the issue. Apparently no other evaluations of cancer

1
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potential of 2,4-D have been made.. A number of mutagenic screens have
included 2,4-D, however. Jenssen and Renberg (1976) feund that 2,4-D

would not induce increased micronuclei in mouse bone marrow erythrocyte,

bdt thegeicompaund did slightly depress mitotic activity. Sex-linked lethality
assay of 2,4-D in male Drosophila was also negative for mutagenic activity
"(vogel and Chandlcf, 1974). Styles (1973) treated rats with 2,4-D, then

!
used serum from the animals in a host mediated assay with histidine-requiring

{ S, [fyphimurium mutants. No effect of 2,4-D was evident. In a screen of

110 compounds with the "Ames test,” using eight histidine-requiring mutant

strains, Anderson et al. (1972) was unable to detect mutagenic activity

by 2,4-D. e )Lf‘/*-d_ e PINAEUD gj‘a AR

@/C{W\ J@g‘“""”

Absorption, Metabolism, Tissue Distribution, .and Excretion of 2,4-D

2,4-D was absorbed rébidly from the lung of rats in which the herbi-
cide was injected intratracheally as 0.1 ml of C.01-10 mM solution. The
animals were sacrificed from one half to 120 minutes later. The half-
time for 2,4-D absorption was 1.4 minutes, and concentration had little
influence on the rate (Burton et al,, 1974). When ingcsted,72,4-D is
absorbed primarily by the portal circﬁlation; the lymphatic drainage
accounts for very little 2,4-D absorption, as might be expected from the
limited fat solubility of the herbicide (Sieber, 1976). Blood concen-
tration of 14C from radiolabeled 2,4-D adrinistered orally to sheep has
been shown to ri;e very rapidly (Clark et al., 1964). The rate of ab-

sorption of 2,4-D from the rumen is not known; the immediate elevaticn

in "blood 14C suggests that at lecast some material was removed directly

from the rumen. However, Gutenmann et al. (1963) fed S ppm 2,4-D to
cattle and found that the concentration in the rumen contents decreased
from 3.5 to 0.% spn over a 24 hour period, which does not suggest rapid( 2

4

€ 0000147
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absorption, but rather dilution with passage of rumen content. The

chemicul did not disappear in an artificial rumen.

: : &

Kohli et al. (1974) gave 5 mg orally to six human volunteers and xS

. o8

found peak plasma concentraticns by seven hours; the average plasma (de)
» .“\\

concentratlop one week later was abost_10% of the peag concentratlon. . { 2

e 2 7‘ K

- \ 1L
Half time for excretion was calculated at 33 hours ~Ne—"" _,AJVVClj-t

—-'..

Clinical observations of human patients who had extensive skin

contact with 2,4-D showed systemic toxic responses within a few hours
4 ¢

. I e o .
(Goldstein et al,, 1959; Todd, 1962), indicating ready absorption

through the skin.

Application of 2,4-D as the DﬁA salt, isooctyl ester and butyl
ester to the body surface of rabbits was relatively ineffective (Kay et
al., 1965). Treatment was with 15 ml of aqueous or oil solution applied
on a 4 x 3 gauze patch, covered tightly with plastic film., Contact was
seven hours daily, five days a week for three weeks; concentrations of
2,4-D were 0.626 and 3.13% acid equivalent. Some animals were treated
on abraded skin. A few animals died during the experiment but the
péthblogy and symptoms were not typical of 2,4-D poisoning; most of the
tfatalities were among the animals with skin damage. No neurological
lesions were found, nor were any other observed parameters changed.

The only lesions observed were at the site of application. '

There seems to be gcneral agreement, other than the report by Kohli
et al. (1974), that significant amounts of 2,4-D do not remain in an- animal
for much more than one or two days. Zeilinski and Fishbein (1967) com-
pared whole body residence times of two esters of 2,41D and the 2,4-D
acid after ﬁqpcutaneous injection of 100 mg/kg to mice. Of the butyl

ester, 95% was gone after 6 hours, and in animals that had been pre-

. ¢ 7391
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treated with five similar daily doses, the rate of disappearance was fur-
ther enhanced. The isooctyl ester was coasiderably slower to disappear,
with a half time of somewhat less-than four hours, and the acid itself
was retained slightly longer. The authors did not specifically note
whether hydrolysis of esters to 2,4-D acid was identified as part of the
‘metabolic proces;, but the method appeared to account for the disappear-
ance of all forms of the cbmpound; As a comparison, the disappearance
half-time of 2,4,5-T acid was on the order of 20 hours.

Khanna and Fang (1966) administered 2,4-0-14C to male and female rats
at very high (80 mg/rat) and relatively low (1 mg/rat) doses and found
tissue residues to be greatest at about 6 hours, and almost undetectable
by 30 hours after treatment. Extremely ﬁigh concentrations were found
in .the stomach but there was no information about separation of stomach
content from the tissue proper. No label was found in respiratory gases.
A very small fraction of urinary label was found to be an unidentified

metabolite, 5ut the data indicate that almost all 2,4-D is excreted with-

out change by rats,

Although 2,4-D binds reversibly to bovine serum albumin (Kolberg et

al., 1973) and therefore probably to other plasma proteins, there seem

to be no specific tissue binding sites as are found in plants. =biesse
(1974} has examined fish muscle and rat liver after exposure to 2,4-D,
secking specific binding sites and has concluded that none exist.
2,4-D apparently does not move into milk of lactaiing animals in
significant amounts, whether treated by direct administration of the
~herbicide or by grazing on treated land (Bjerke et al.,’ 1972; Gutenmann
et al., 1963; Bache et al., 1964; St. John et al., 1964; Klingnan et al.,

1966). Under forcing conditions, however, (1000 ppm 2,4-D in diet), the

70
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level of 2,4-D residuc in cows milk was forced up to 0.06 ppm, and were

o ——

cd

_— - . -_dh.
/ still barely detcctable scven days later, . éé; =
A substantial capacity for conjugation of 2,4,5-T has been des- e

cribed elsevhere in this report (Nony et al., 1976)., Grunow and BShme
(1974) h;ve found that the ability to conjugate 2,4-D with glycine and
taurine exists but is considerably less than that for 2,4,5-T. In dog-
fish and flounder, however, a major fraction of urinary 2,4-D is excreted
as the taurine conjugate (James and Bend, 1976), and in three of the four
dogfish studied 10-20% of the label was found in bile after 48 hours.

In spite of the rapid loss of 2,4-D by fish, persistence of the
herbicide or its products may be prolonged. Treatment of pond weeds with

#;p up to 9 kg/ha usually left no detectable residues in flSh by 28 days

Pe p*f

post-application, e»en at the highest rates (Schultz and Harman, 1974)

il Schultz (1973) has found, however, that some unidentified producfs may

24}

)”ﬁﬂtmﬁﬁ The rapid appearance of intact 2,4-D in urine is apparently mediated

05”1y€ by a presumably active and saturable tubular excretion mechanism (Erne

be present in fish 2-3 months after treatment.

( and Sperber, 1974). The extensive excretlon of 2,4-D in urine has been
- >

’1 noted in steers (Lisk et al., 1963), sheep (Clark et al., '1964), rats
(Sieber, 1976), and humans (Kohli et al., 1974), and apparently is rapid

enough to remove all but massive exposures before significant damage

can occur,

Pryes kuNMM_wLﬁk&‘-()otU'

Behavior of 2,4-D in the Environment and Effccts on Submammalian Specics

This report is primarily concerned with effects of herbicides on
non-plant species, but a cursory qualitative survey of literaturs on
field persistcnce is useful in judging how long a given amount of herbi-

cide may remain available.
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Water concentriations are a major concern, in relation bath to aqua-

— .

tic speries and to water supplies for the human population. 2,4-D ap-

>
A .

plied in a watershed area appears in strears to a very limited extent

DOWGGO8 .24

(White et al., 1976; Krazmes and Willetts, 1964). Movement into sub-

‘'surface water flowvs also appears negligible (khite et al., 1976), In

" aerated lake water 2,4-D persists up to 120 days, but in lake mud 2,4-D

hydroly:zes very rapidly, because of microbial activity (Aly and Faust,

1964). Haif-time of 2,4-D disappearance secms overall to be much less

than two weeks in aqueous systems.

A

For some spplications on water, relatively massive applications of

up to 40 1b§3 per acre are necessary., Iwo reservoirs on the Tennessee

<

River were treated at 20 and 40 1bz/acre depending on the nature of the
vater milfoil infestation.. The treatments did not affect fish or other
fauna, and had little adverse effect on most othef plants. Plankton did
retain significant amounts of herbicide over extended periods, and 2,4-D
was detectable on occasicn in finished domestic water from the reser-
voirs (iWojtalik et al., 1971).
| In soils, 2,4-D has beeﬁ found to have a half-time of 4-5 days by
Altom and Stritzke (1973). Fthite et 51. (1976) found that 95% of 2,4-D
} in the top 0.5 cm of soil would disappcar in 7 days. However, an in

4 0

N
A'ﬁmik vitro study by Alexander and Aleem (1561) indicated that 2,4-D would be

‘\\L
)
. detectable for as much as 94 days in one type of soil and only 23 days

in another. The preparation included 100 ml of nutrient medium and 4

mls of soil as an inoculum; whether such a system represents actual break-
down conditions ‘in soil is possibly questionable. Suffic;ent material

to cause detecta¥le phytotoxicity persists for about a moath, according
to Mullison (1972}. In arcas where 2,4-D is used annually, the break-

down m2y be more rzpid in the later yecars than following the first

‘ 7354
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trcatment (Hurle and Rademacher, 1970). Wicrsma et al. (1972) reported
a 1969 national program for soil monitoring in which three samples from
a total of 28 which had been treated with 2,4-D werc found to have from

0.01 to 0.03 ppm 2,4-D present. It seems unlikely that 2,4-D would per-

-+ eb2 8000MOd

sist in either water or soil for more than a month.

2,4-D has been used extensively in control of aquatic weeds, par-
ticularly water hyacinth and water milfoil, and has probably been sub-
jected to more study of aquatic ioxicity than any other herbicide. A
number of short term screens have been conducted with fish. Alabaster
(1969) reported on 164 compounds, including 2,4-D sodium salt, which
was found to have a 24 hour LCqy of 1160 ppm for harlequin fish, and the
butoxyethylester of 2,4-D which was much more toxic with a 24 hour LDso
of 1 ppm, for the same species.

The 24-96 hr LCg, of PGBE csters of 2,4-D for rainbow trout were
slightly above 1 ppm (Cope, 1964). For mullet and killifish the LCSO
(24 hr) was S5 ppm for both the PGBE and butoxyethanol esters. The parent
acid was ineffective at S0 ppm (Butler, 1963).

O}ster shell growth was 50% inhibited by 3.75 ppm butoxyethanol ester,
but the acid and dimethylamine salt were not effective at 2 ppa (Butler,
1963), Exposure to the DMA salt for 24 hrs at % ppm caused no mor-
tality in shrimp; 48 hour exposure caused 10% lethality. The butoxy-
ethanol and PGBE esters caused no mortality to shrimp at 'l ppm x 48 hour.
The ethyl hexyl ester of 2,4-D caused 38% decreasc in oyster shell growth
at 5 ppm over 96 hrs (Butler, 1965). The considerable differences in
2,4-D effect among various species were illustrated b} Sanders (1970a)

2,4-D acid hds a 48 hour median response concentration (TLSO) of 100 .

o | (7295
73 0000152
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mg/L (100 ppm) for Daphnia and 3.2 mg/L for scud. (Crosby and Tucker

-~

(1966) found the same value for Daphnia.) The PGBE ester TLSO varies

from 0.1 for Daphnia to 2.6 for scud to more than 100 ppm for crayfish.

The DMA salt TL, is more than 100 ppm in bluegill but TLey for the

butyl ether ester in bluegill is 1.1 ppm, and 100 ppm for crayfish.

DOWOUGUCS 244

Stonefly naiads are 1less sensitive to 2,4-D itself (LC50 X 96 hr =

15 ppm) than the butoxy ethanol ester (LC., x 96 hr = 1.6 ppm) (Sanders

50
and Cope, 1968). Sanders (1970b) has also reported a 96 hr TLSO for 2,4-D

amine of 100 ppm for tadpoles.

! The lethal effect on tadpoles is apparently limited, but Buslovich
a and Borushko (1976) found that 2,4-D sodium salt would inhibit metamor-
phoéis of Rana temporaria tadpoles, and blocked thyroidin stimulation of
fhe process. The DMA salt was effective at 2 ppm. The authors specu-
late that 2,4-D antagonizes thyroid hermone.

Few studies of truly chronic exposure of fish to 2,4-D have been
made. Mount and Stephan (1967) compared the 96 hour LCso for 2,4-D butoxy-
ethanol ester (5.6 ppm) with various 10 month exposures, and found that
1/16th of the LCSO’ or 0.3 ppm could be tolerated by fathead minnows
without effect on groﬁth or repréduction. Eggs were much more sensitive
than adults over 48 hour exposurcs., Schﬁltz (1973) placed bluegill,
channel catfish, and largemouth bass in solution of 2,4-D DMA salt, labeled

1

with 4C, at concentratiocns of 0.5, 1.0, or 2.0 mg/L (ppm). Fish and

14

water samples were removed at intervals up to 84 days for analysis of ~ C

; and 2,4-D content.
' &
i ' Considerable radioactivity remained in fish tissues tut apparcntly
P . . . .
none was associated with 2,4-D, suggesting extensive metabolism— The
/47 /”VWM

¢
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first tissue in which radioactivity appecared was the gall bladder of cat-

PR Al

£ish and bluegills, and eventually 14C appecared in every tissuc analyzed.
In both catfish and bluegiil, the amount of radiocactivity in muscle : w e

tended to increase through the collection period. JNo toxicity was evi-

<:£::a ‘,,,“y A'C-"-t‘/,‘C
otz o aZin u%c:m/za-r.znz. % J/—él—om)

To relate concentrations of one ppp to field condition, an applica-

dent in any of. the exposed fish.

tion of 2 kg/hectare (10000 Mz) to water will give a concentration of 2
mg/L or 2 ppm if the water is 10 cm deep. Deeper water will result in
further dilution. If applied to flowing water, water movement will
dilute the herbicide quite rapidly, and that matefial distributed on
soil and vegetation will tend to remain in place. Obviously a spill

or other accident presents different problems.

Among insects, {ﬁe effects of 2,4-D on honey bees has received the
most attention, Palmer-Jones {(1964) has listed 5 numbe; of investiga-
tors vho éoncluded that 2,4-D is safe fpr bees, as well as'otﬁers vho
have shown toxic effects, some of which may depend on the species of
plant on which the herbicide is deposited. In a field investigation of
a three lb/acre application Palmer-Jones found that a 22% mortaiify oc-
curred in 48 hours after dusting. However, when bees at the hive were
heavily dusted directly, there was no mortality, leading to the conclusion
that the bees in the field were acquifing intoxicant by some mechanism i
other than surface contact. Moffett et al. (1972) spréyéd caged bees
directly with various phenoxy herbicides at a one pound/acre rate with
very little effect. When included in the diet at congentrations up to
100 ppm, 2,4-D did not decrease lifetime of bees and the ester used was
ineffective 4t 1000 ppm (Morton et al., 1572). ‘The herbicide.docs cause
cdecressed brood development when fed at 100 ppm but has no reproductive

effect at 10 ppm (Morton and Moffett, 1972),

75 0000154
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Treatment of Coccirellid bectle Inrvae with 2,4-D at a3 rate cqual
to 8 o:z. acid ecquivalent/acre caused greatly increased mortality, re-
gardless of the age of the larvae through day 12 at time of spraying

(Adams, 1960).

SILVEX

There éppears to be a much wore limited accumulation of data on bio-
logical effects of silvex and related compounds than is available for
other phenoxy herbicides., The descriptions of biological effects of
silvex will be categorized in two broader sections rather than the more

detailed entries prepared for the other agents,

Biological Effects of Silvex and Its Derivatives

The acute median lethal dose of silvex and its esters is quite high,
and falls in a relatively narrow range among species and among the deri-
vatives. Rowe and Hymas (1954) summarized data which had been-established
at that time. Silvex and its mono-, di-, and tri-propylene glycol ether

esters vwere of almost identical LD50 in guinea pig of 1200 and 1350 mg/kg.

The lethalities to rats were also similar at about 650 mg/kg. The rat

appears to be most sensitive, and chicks and mice require doses similar to

the guinea pig. |

Subchronic (90 day) studies of rats fed 10-600 mg/kg/day of the PGBE
ester resulted in more than 50% lethality at the highest dose. The time
of death ranged from 15-85 days. Growth was depressed in rats fed 300
mg/kg. ’There is somewhat of a paradox in the findings, because pathology
in the dead #nimals indicated malnutrition rather than herbicide toxicity.
A paired feeding study at 300 and 600 mg/kg/day indicaté; that deprossed

growth was not entirely due to inadequate food consumption. Dosc rates of

. 7398
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30 and 100 mg/kg/day caused an increase in liver weight but 10 mg/kg/day

caused no changix\ Mullison, 1966). The study was followed by a 90-day ‘X:, |
feeding of up to 10000 ppm silvex (sodium salt) in the diet. 10000 ppm is ‘
1% of the diet, and if the animals consumed 10 gm daily and weigh 300 gm,.
the dose rate Fould be on the order of 300 mg/kg/day. That dose rate was
highly lethal and was abandoned, but did produce swelling and granular
degeneration of hepatocytes and ultimate cellular necrosis. Renal tubule
cells were swelled and vacuolated, and seminiferous tubules were degenera-
ted. At levels above 10 ppm (about 3 mg/kg/day) some growth depression
occurred. Mullison (1966)i:2:zr;£§zxuros$i (potassium salt of silvex,
containing 53.3% silvex acid) for two years at concentrations up to 300
-ppm. The highest dose caused a slightly increased kidney/body weight
ratio in males, but 100 ppm and lower dose rates caused no change in food
consunption, growth, gross and microscopic morphology hematology or bone
marrow., 100 ppm was stated by the author to be equivalent to 2.6 mg/
kg/day of silver.

Kuros;f was without effect on beagles at a feeding rate of 56 ppm
(aﬁout 19 mg/kg/day) over 2 years. Females fed 190 ppm suffered some
hepatic degeneration and necrosis after a year of feeding, but at the end
of two years no damage could be found. At the 56 ppm intake, there were
no changes over a very broad spectrum of hematologic, clinical chemistry
and morphologic analyses,

The liver damage at higher levels included hepatocyte necrosis, bile
duct proliferation, and bile pigment deposition throughout the liver and
in the epithelium of kidney tubules. '

In a subchrenic study.in cattle by Palmer et al. (1964), one yearling

Brahma-cross fed 100 mg silvex/kg/daily died after 29 days. Two other

;o 7 7399 0000156



animals given 25 and 50 mg/kg for 73 diays showed no evidence of toxicity.

/~,

A 90-day experiment with 50 mg/kg/day, either by drench or by injection
into a rumen fistula resulted in death of one of the latter group of

three animals. Two of those treated orally developed severe inflammation

in the parotid area, apparently due to local irritation.

P "T’
)7/?’§pf§e ~“Innes et al. (1961) J;rétﬁéd silvex &g&*ﬂ&l two strains

DOWGGO8 248

of mice for 18 months. The concentration of silvex was 121 ppm, which was

the maximum tolerable dose rate, and there was no increcase in tumors in
either strain, The mutagenic screen by Anderson et al, (1972) did not

detect point mutations resulting from silvex treatment in either T4 phage

or S. typhimurium (histidine requiring).
Silvex is teratogenic at high doses. Courtney (1975) found that

/<:%;~ 398 mg/kg/day, on days I2-15 of gestation, caused 3% cleft palate in the
ok
group given silvex in DMSO subcutanecusly, and 7% where given orally in

corn oil, Fetal mortality increased to 25% in the group treated subcuta-
neously,

.The Dow Chemical Co., has also conducted a series of teratology studies
with silvex. Dose rates of-75, 100 and 150 mg/kg/day from day 6 to day 15
caused several cardiovascular anomalies; SO'mg/kg/day caused retarded

ossification in the sternum and skull (Dow Chemical Co., 1972). The no

34... ,,/,-J ‘
! adverse effect level was considered to be 25 mg/kg/day. T‘ PGBE inr /“55*

— pda

caused skeletal changes a2t an intake of 50 mg/kg/daily but no changes 7/AA45‘$

were found after 35 mg/kg/day (23 mg/kg silvex acid equivalent).
Birds seem peculiarly resistant to. the herbicides. For example,

DeWitt et al. (1963) fed 5000 ppm BEE ester of silvex to young bob white

quail, pheasant and mallard ducks. The average lethal intakes were 9350,

9240 and 21,000 mg/kg, and time of death varied from 10 to 100 days.

r 7400 .51
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Mallards were able tc: consune 100 ppm for 100 days with no lethality, but
reproduction was impaired.

.Silvex acid at 5000 ppm in the dict was tolerated for 5 days with
no mortality by Coturnix. The 5 day LD:, for pheasants was 4500 ppm of

silvex BEE ester, for bobwhite quail the LD_, was 30 ppm over 5 days,

50
for Coturnix it was in excess of S000 ppnm, for pheasants LD., was less

than 3000, and no mallards died.after 5 days on 5000 ppm. All birds were
.two weeks old at the initiation of the study (Heath et al., 1972).

Stickel (1964) reported US Fish and Wildlife studies in which boﬁ-
white were fed 1000 ppm of an unspecified silvex ester; 50% were dead by
day 34 with average total dose of 17000 mg/kg. Of a group fed 5000 ppm,
the average daily dose was 2300 mg/kg. Half of the birds survived more
than 4 days, 403 survived more than 10 days, and an additional 4% died
.during the remaining 14 days. The average dose to birds that survived z4
days was 54,500 mg/kg. '

These findings indicate that wildfowl should not be adverSely af-
fected by any field application of silvex, or for that matter even a gross

over- appllcatlon.

<2 B = o el LIV N 87 LY

Effect of Sllvex on Aquatic and Invertebrate Species

Silvex has become an herbicide of choice for control of surface and
underwater water needs. As a consequence, there has perhaps been more
~attention paid to its impact on aquatic species thar any of the other
phenoxy herbicides. There is an unfortunate diversity of experimental
methods and conventions for expressing concentration and other factors

which sometimes makes comparison of data difficult,

e
. Table 1 has been constructed to simplify consideration of the various

reports of toxic?ty to aquatic species,

_ 74010000158
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(tadpole)

4
Table 1. Gross Toxicity of Silvex and Its Derivatives to Fish
AN
Concentration
(Acid Equiv.)
Speccies Form of Silvex’ ~ ppw Effect Period Reference
Bluegill BEE cster 0.36 LCsq 48 h Cope, 1964
BEE ester 1.7 LCso 48 h Hughes and Davis, 1966
Isooctyl ester 1.4 LCsg 48 h
(young) K salt liquid 83 LCsp 48 h Huphes and Davis, 1905
K salt granular 100 - LCso 48 h Hughes and Davis, 1965
(fry) PGBL ester 0.3 tolerated 96 h Jones, 1962
K salt, liquid 100 toleratcd 96 h Jones, 1902
K salt, granular 150 tolerated 96 h Jones, 1962
(cggs) PGRE ester 10 no cffect Wilber and Whitney, 1973
on hatch
(fry) PGBE ester S 100% lethal 36 h - Wilber and Whitney, 1973
PGDE ester 1 no effect 80 days Cope, 1964
PGBE ester 3 livor degen. 2 weeks Copec, 1964
K salt 10 no effect 21/2 mo Cope, 1964
K salt 75 35% lethal 21/2 mo Cope, 1964
Stoneroller K salt .25 95% hatch 72 h Hiltibran, 1967
(eggs) PGBE ester S 45% hatch 72 h Hiltibran, 1967
Chorus frog BEE 20 LCs( 24 h Sanders, 1970b
(tadpole) ~ DEE 10 LCsq 96 h Sanders, 1970b
Fovler's toad BEE 22 LCs0 24 h Sanders, 1970bL
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Among factors that influénce toxicity to fish are the chemical form
of the agent, whether the formulation is granular or liquid, and water
hardness. Generally the esters are more toxic, and liquid formulations

are more toxic. Data on water hardness is contradictory; but the ten-

152’ 8000MOG ,

dency to greater tokicity in soft water seems to be associated with the
salt rather than the esters (Surber and Pickering, 1962).

Distribution rates for silvex treatment of aauatic weeds may be as
high as 40 lﬁioacre. An assumptioq of dilution throughout an 8 foot depth
is apparently conventional, which would give a concentration of 1.8-1.9
ppm. If this ccncentration of an ester formulation were to hold in a
given area, it would ciearly be lethal to many fish. The salt should have
up to a 100 fold safgty factor for fish, depending on mineral content of
the water. Such application is not a consideration in forest operation,
but accidental overwater dilution could occur. Terrestrial application is
at rates at least 10 fold less than ;0 1b/acre but many water courses are
much shallower than 8 feet, theréby,leaving a similar hazard. If flowing,
di)ution will be rapid and periods of exposﬁre should be limited. In
static water the agent will diffuse away from the application site with

. time except in small shallow ponds, where some damage might possibly occur
waer'aquatic organisms have also been weil studied because of
silvex use on water weeds. Reﬁreseqtative though not comprehensive data
is compiled in Table 2. Again, it appears that the salts of silvex are
mich less toxic than the more complex esters. The most vivid contrast
is in the effect on Daphnia magna, which is 50% immobi}ized by 100 ppm
silver potassium salt, and by only 0.18 ppm silvex PGBE éster. Some

species, however, are particularly resistant to even the PGBE ester of

L - 7A03 ho00180
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silvex. The crayfish LC., is in excess of 100 ppm; for a number of other

50

organisms this factor is less than 1 ppm.

It is not necessary to cat. lcgue the entire literature on silvex

o !
R e

effects on either fish or other aquatic species, The range of effective
concentraiions.is well illustrated as well as the extent, if not details,
of species differences,

Effects of silvex on terrestrial insect life have been evaluated
in honey bees by USDA workers at Tucson. All of the phenoxy herbicides
including silvex were found to be relatively non-toxic to be?s when
applied in water at field concentration (Morton et al., 1972; Moffett
et al., 1972), When fed at 100 or 1000 ppm, silvex reduced brood pro-
duction, but at 10 ppm, no adverse effect was found. In each case, when
the toxicant was reméved, the colonies regained their original reproduc-

tive efficiency (Morton and Moffett, 1972).

Metabolic Fate of Silvex in Mammals

There have been few studies of the disposition of silvex after ab-

- ';gﬂ"zz"‘b ALnlyy .u....-c~.4_g§g:;, oo
sorption by mammals. Bjerke et al, (1977) fed silvex at 1000 ppm in feed e

A @luey
and found(D.12 pem mmuk and 0.16 ppm

K4
in cream. In one week off contaminated feed the concentrations decreased

Wbelow 0.05 ppm. Leng (1972) in a review, T @‘Lwork in kzifch 2,4,§-TCP

i

,an/'n429£.¢—~d.nvuua(3
was not detecteg) however, residues of silvex were substantial in the alu’;“i

liver, After feeding 300 ppm silvex 28 days, 4 ppm were found in 11ver,
18 in kidney, 0.6 in muscle and 0.9 in fat. After 2000 ppm in the

diet, 12, 30, 2 and 4 ppm were found in the respective tissues. In a
similar experlment Clark et al. (1975) found roughly similar values, with

T —
traces of 2 4,5-TCP in each tissue. In a single cow experiment, 5 ppm

/lme T
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This is=ue is no nore clowled by those vicwpoints than is any other
dulute over chenienal usage, and we are best served by dealing with the
problen without these extrermes,

without guestion, the {ssue oi phenoxy hcrbicidix/usc has evalved
to coacerns about Tiwe ¢ontatinant TP in 2,4,5-T and silvex. Though
2,4-D has ne such iimpurity, it has become tarred with the same brush,
and it is nct urrealistic to devote more space to the contaninant than
any of the primary chenicals.

Because of the extremely low environmental levels and enormous in--
trinsic toxicity of TCMD, the most critical technical question about
that chemical centers on analytical nethodology. There are few labora-
tories with the sensitivity to deal with concentrations on the order of
10 ppt or less, and there is real disagreement about reliability of detec-
tion or measurement at such low levels. WWhen the data are considered,
some samples in which TCDD was undetectable had high detection limits,
some areas with no spray history were found to have measurable TCDD.
Also, many samples of similar origin differed widely. Nonetheless, the
data';pp;ar to be telling us clearly that some TCDD is present in some
segments of the enviroament, that the amounts are uncertain, and that
existing residue information must be augmented if we are to understand
the behavior of TCDD. With any effort presently imaginable, however, it
will probably not be possible to directly monitor the amouat of TCDD in
the physical environment.

A proper analysis of hazard requires consideration of chemical be-
havior and ambient levels of the potential intoxicant, but in the case

of TCDD we rmust yely on indirect assessment, The extent of uptake in

7421
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The most ditficult prollen of the scveral that are a part of the

rack of sl assgssrent s, ng5in, part of the decision pattern for any
chewical, the risk-%enefit analysis., Risk benefit analysis is an excellent
hasis feor conversatien but nearly useless in decision making, In the
present casc, there secms to be o aeneral conviction that herbicide appli-
cation is i Li;h;} asciul tool in forest production. At the saue tirme,
estimates of differences in actual relative costs of trece production or
retail materials, either near-term or long-term, are difficult to find.
Technically, ccononic benefit should be an accessible factor, but it seems
elusive.

Risk, on the other hand, is not quantifiable unless major and obvious
effects occur; such situations make the decisions for us. If we are able
to show any human illness resulting from environmental practices of cheni-
cals, almost certainly they will be disqualified. An exception may be
in effects which are certainly reversible.

As 2 society we have yet to learn a usable method of determining
whether, or how much, human injury can be considered acceptable.

The assessments of hazard in this report are therefore opinions by
one person about the potesntial for human harm resulting from distribution
of the chemicals at minimum levels that will achieve the forestry objec-
tive. This decument should be taken as a working base enabliﬁg incor-
poration of other opinions, and it should be subject to periodic updating,
based on new findings, existing papers inadvertently missed in review,
and existing papers which may become mbre pertinent in the light of

other new findings.

’
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ex~ecriments_au not praduced a "no observed cffect' dose bhecausce the de-

L\”ﬁrﬁl-

tailed analvses available only throush interinm sacrifice have nbt been
de in primates. The group of monkeys studied in Allen's laboratories
first showed clinical s»iptoms atter three months of exposure to about
d.0l sy TCHE/Re/day, or a total dose of sowewhat less tﬁan 1 pp/ke, but
T e s
there is no way of lnowing whether pathologic examiration would have
detected chunjes at the more thar 10-fold lower dose found ineffective
in the rat and guinea pig. The existing literature also does not provide
access to a useful singzle dose no observable effect level. There is no
useful data that relates specifically to human effects.

It thercfore seems reasonahle to accept 0.06 ug/kg as a subchronic
total dese over a short term, say, onc year below which no effect can
be detected. From this point it follows that some attempt must be made
to judge potential human exposure levels. It is clearly iﬁpossible
to directly evaluate acquisition by'surface contact with treated foliage.
Direct analytical methods for TCDD are probably more sensitiye than for
any other organic compound, but measurement of foliar distribution can-
not.be‘made at field application levels.

.In my opinion significant TCDD exposure by inhalation is highly im-
probable, An intake of G.02 pg of TCDD would require inkalation of onec
g 2,4,5-T containing 0.02 ppm TCDD, along with 10 g of diluent at usual
dilution rates. The volume of air in which the spray is distributed is
very large. Such an intake for a S0 kg person would constitute 1/150
of the assumed no obsevvable effect dose. The potential for inhalation
of TCDD formed during combustion of 2,4,5-T is infiniteiy less, because

of the enormous dilution in air.
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ard assumption of rerfoct retention of TCID or its effect. In point of
t 1 1

8030 N\Ob |

tact, the hieh TCP'D concentrations are in liver and fat and such a hypo-
shetical whole animal concentration would not be approached. &)
A slichtly Jdifferent approach by [Br, George Streisinger makes as-

swptions abeut Yat concentraticn and the percentage of fat in, as an

v
Y . evamnle, rround rent. lle has concluded that cither 78 or 408 (depending //\5%;\
v JOR delewr 2l dived X 100 Aold s falin = 1000 X Loe Thuwy -
e o 1 d . ) o ,#. 7
o , on different no-ciiect assuaptions) half-polind mBals would exceed the lous.
,Y’ 10 Lt Lend —

dangepoarrier. Dr. Streisinger included a 100/1 safety factor, however,

'

€y

( "

and the specified nurber of meals would bring a person to within 1/100th

CThe armtend whil _ gty ecae 9 L ey AveK o
of a possibly harmrul intake. ¢ a‘*‘;}‘*‘ ; i

2,4,5-T is applied on a given forest area only 1-3 times in a timber
crowth cycle. While it is possible for z deer to acquire significant
}csidues in a single year, the likelihood of a long-term continuous ex-
posure of deer wculd require migration among sprayed plots, or repeated
treatment of a single area, ﬁnd is therefore remote. Even range land
is not usually treated annually,

The significance of ‘TCPD in mothers milk is considerably greater than
consumption in meat. The analyses by Dr. Meselson's group indicate the
possibility that TCDD on the order of 1-2 ppt may be present in human

milk, Dr. Meselson has been careful to state that while he has great

confidence in the individual analyses, they are to detection limits,

[ and the data really asks rather than answers the question.

. .
v Jhﬁ For the sake of discussion, a sustained output of 1 ppt in human milk
.ot :

could provide an infant dose approaching the no observed effect level,
Assuming a liter of milk consumed daily at 100 days, total intake would 7424

be 0.1 pg. If the average weight of the infant were € kg, the 10C day 0003702
! . Forraavvman G gore /Ll of
/,JJI 'u:’ . 41,,_9, fn vod 49, all condalen y
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2,12 ppt at 60-00 days. Txposure of a nursing infant will thercfore be
niniual,
It appears to me therefore that the potential for harmful exposure

/of infants thrasgh san milk should be negligible.  This route is none-

SEZ RONH MOA

- tiicless the zost probiable of the several potential means of contact, and
Srnnds o therensh analysis of husman milk in exposed populations.

The data on TCDD carcinogenic potential suggest that it is not a
carcinogen. It has been suggested that TCDD is a promoter of carcinogenic
activity on the basis of a wide variety of tumor types developed over a
long exposure period by thc Wisconsin group. The recently completed Dow
Chemical Co. study indicates that tumor incidence changed only at doses
that were lethal to many animals over the two-year test period. The data
base exists for one and.probably several human epidemiological studies
vhich could answer the ﬁuestion of influence on human cancer incidence.

A recomrendation is made later for such studies,

Of the toxicological data evaluated, perhaps the most disturbing is

that of Allen et al. (1977) suggesting that the lethal dose in monkeys

is similar whether the agent is administered over a short period or over

L}

[ .
¢sJ”15everal months. Time independence of dosage has never been demonstrated
Py : 3 !

‘o ' .
!_L4 for a chemical. 1If it truly exists for TCDD, there is implication that R

the compound leaves permancent damage, even though it has departed from
the body. In this situation, continual low level impact would cause /

- = cosem———

gradually accumulating injury until clinical illness would prevail. In
that sense, the idea of a no-effect level would not be applicable, and
no cxposure would be permissible. As with radiation, however, a small
intake is possible without endangering health over a lifetime. In the

case of TCDD thié amount is not known, but it is finite., In view of a

7425
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v of 2,1,5-T is quite low and in itsclf is not a

factor in the onviremmental hazzrd patential of the herbicide. This scg-

rent is concerncd only with 2,1,5-T; the imnlications of the dioxin con-

taminant have been considered carlier., A wide variety of snecific toxic
changes have tesn Jeund in evperizments with acute or short-term repeated
administration of high doses of 2,4,5-T,

2,4,5-T is terntogenic,’but again, only at high doses. The dose
response to 2,4,53-T is suc%ﬁ%xiirge fraction of the maternal lethal dose
is required to producc birth defects.

There are substantial differences in effective teratogenic doses
armong strains of mice. The .lcwest effective dose is still substantial,
however, and the kind of teratogenic rcsponse remains the same. The dif-
ferences among the genetically very specific mouse strains do raise the
possibility of high individual sensitivity in the heterogeneous human
population. This question applies to any potential effect in humans by
any chemical and really constitutes a common social question that we have
not learned to handle.

The excretion of 2,4,S-T.by mamﬁals is rapid, with relative}y little
conversion to other compounds. Initial residues after application are
high enoﬁgh to possibly cause some temporary slight tissuc deposition of
2,4,5-T in tissues of grazing animals, if susfained for a period of more
than two weeks, but environmental degradation of 2,4,5-T is rapid and the
chemical does not migrate cxtensively, once deposited. For these recasons
and because general ;oxic responses to the herbicide only occur at high

duoses, I do not comsider thut 2,4,5-T as used properly in forestry proce-
: 7

. s

dures represents a general toxic or teratogenic hazard to the human popu-

lation.
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The reproductive effects of 2,4-D do not appear until doses approach-

. ing the lethal level are reached, and there seems to be no reason for

concern in this province.

As a potential carcinogen, 2,4-D has had very little stuay. The
only evalua;ion of which I am aware was negative, in one species, which
indicates that thé compound is not highly carcinogenic. This finding
of course can give no confidence about low level carcinogenicity. Sev-
eral studies of mutagenic potentiél have been negative, adding sonme
confidence.

Perhaps the key information lies in the rapid excretion of intact
2,4-D in the urine. This process is rapid and relatively complete., In
some species a portion of the compound is convertéd to other forms for
excretion, but the process is rapid. Rapid excretion probably is the
factor that prevents 2,4-D or its products from reaching the detcctable
margin in milk after field exposure. It is possible experimentally to
overload an animal to the éxtent that the material will appear in milk.

Because of its short persistence in the environment and the absence
of toiic‘responses at any doses that might be found in the‘field, I be-
lieve the use/ of 2,4-D in practices presently considered standard is
not hazardous,

There are, as with any chemical, some open questions, which are
addressed in the section on recommendations. These relate primarily to

epidemiological needs and clinical surveillance.

Hazard Assessment--Silvex

*

The general considerations applicable to 2,4,5-T may also be applied
to silvex. Theré are some minor diffcrences betwecen the compounds, but

the ranges cf toxicity, the manner u: biological disposition, and the

o - 129 0000208
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RECC CIENPATIONS OF STEPS WIUICH SHOULD BL CONSIDERED TO ASSHRE
THAT FXPOSURE TO TCDD IS MININIZED OR PREVENTED

108 8006M0d

I have statcd my opinion that 2,4,5-T can be used safely, with cer-
tain additional sifeguards. T belicve that opinion should be reviewed

s new data emcrgs;ﬂ A number of clinical questiens now heing asked

hoave accessibd e ansuers, and these must be obtained. In addition, the

toxic nature of TCLD and our inability to measure it satisfactorily in
the environment dictatsf'a very écnscrvative attitude about its distribu-
tion., I see no incomsisteacy in accepting its presence in small quanti-
ties and recommending unique steps to prevent those quantities from
reaching people,

To assurc.public protection and a more compatible relation with the
public, I suggest the fgliowing considerations in designing a spray pro-
gram,

1. With the consideration of health hazard, there is a political
reality that needs more ittention. Every treatment cperation must be
designed to prevent irtrusion of spray onto premises not under control
of £he agency or firm using the chemical, as a matter of principle. 1
would not be surprised if Forest Service policy includes that concept,
but I would also be surprised if its application is somewhat less than
perfect. Personal rights are becoming more and more clearly defined,
and it seems to be time tco decide where such rights begin and end, and
take a visible public position on the issue.

2, As a means of preventing any iﬁvoluntary exposure, there should
be assurances that every residence is identified, with ény water sources

that may be in the Forest. Non-legal residents should also be identified.

B 0000210 742
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in ry mind that poonle compluairine of physical injury are in fact affected,
[ am swopricnl tiae the anplication of herbicide causes these cffects in
rore than a feow incidents, but it is possible. Of more importance, there
ray he sonmc otiier public health hazard oporant in the arca which causes
the symrisms, It is even possilile that other iliness is brought to the
attention of the victims by their immediate concern ahout improper her-
bicide intrusion on their private property.

2. The opinion of Van Viller et al. (1977) that TCDD is a promoter

. L .
Lr% of carcinogenic effect by other compounds seems reasonable according to

L
/54’% their evidence. If the forest application of 2,4,5-T containing TCDD is

4 inserting effective levels of TCPD into the human environment, epidemio-

St logical evaluation should disclose higher than normal incidence of various

’ 3
ot forms of cancer in 2,4,5-T use areas. Lane County, Oregon, has a very

2
JV’V effective tumor registry program, with virtually all pathology cf humen

2 A
/k’}JJH’ provide evidence of any existing difference in cancer patterns from other

fqﬁ;’ areas, A more definitive study should be possible in rangeland or rice-

a

growing areas where the herbicide is used annually. Epidemiological
studies such as these may settle the persistent question of cancer latency,
btecause on an area basis, the pattern of past use of herbicides should be
reasonably accessible,

3. A therough health surveillance should be made of all herhicide
applicators and others with industrial or agricultural exposure to 2,4,5-T
or silvex, Cytoéenetic evaluation through several scasons of the year
should bde an integral part of the study. Design of the iedical compcnents

of the survey shoiuld be by a nationally constituted parel.
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""T-DETERMINATION CF PHEVOAYEHERBICIbES IN BLOOD SAMPLES FROM 2,4,5-T PLANT
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A}
., [)
_____JQQaAaéffvaQ@u@mL~¢£Z$' :
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INTRODUCTION ) é
Human blood samples were submitted by Bud Garfield, Medical —
. ’ boudn
Department, for a determination of phenoxy herbicides - 2,4- -3
dichlorcphenoxyacetic acid (2,4-D), 2-(2,4,5-trichlorophenoxy) :g
propionic acid (Silvex), and 2,4,5-trichlorophenoxyacetic acid <
(2,4,5-T). The samples were obtained from personnel working

at the 2,4,5-T production facility.' _ =

EYPERIMENTAL
The samples were prepared by extraction, hydrolysis, methyl-

ation with diazomethane, and silica gel column clean-up prior
to analysis by gas chromatography with electron capture detection.
The experimental procedure used is detailed in report ML-AL 78-50252.

The silica gel column clean-up was changed slightly. The
column used was packed wit@ 1.5 gram dry silica gel (1l cm x
6 mm i.d., glass). The column was eluted with 60/40 methylene
chloride/hexane. The first 2 ml of eluent were collected and
discarded (waste fraction). The next 13 ml of eluent were
collected for analysis. Then an additional two ml were collected
to check for recoveries (extra fraction). The collected fractions
were evaporated to dryness. Prior to analysis, the sample residue
was dissolved in 1 ml benzene. The waste fraction and extra
fraction were also analyzed by dissolving the residue in 200 ul
benzene.

Validation data for this procedure are also obtained in 9 .,
ML-AL 78-50252. al
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RESULWS AND DISCUSSION
Results are detailed in Table I. Figure 1 shows a typical

=
~I1
~3
<3
ey

(

standard chromatogram and chromatographic conditions used.
Figure 2 shows a typical chromatogram for a blood sample from
an employee at the 2,4,5-T plant. Figure 3 shows the analyzed
waste fraction and extra fraction. Figure 4 shows a reagent
blank.

REFEREMNCES
l. Langhorst, M. L., "Determination of Phenoxy Herbicides

_.in Human Urine and Blood Samples - (Validation Data)",
‘ML-AL 78-50252. ' o

2. Langhorst, M. L., "Determination of Phenoxy Herbicides
in Human Urine and Blood Samples" (Restricted Report), ML-AL
78-50405.

3. Langhorst, M. L., "Determination of Phenoxv Herbicides
in Goat Tissues", ML-AL 78-50080.
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TABLE I

PHENOXY HERBICIDES IN BLOOD FROM 2,4,5-T PLANT PERSONNEL

10,000 MOd

_ CONCENTRATION FOUND (ng/gm blood)
-Sample 2,4-D Silvex 2,4,5-T

023736-75638 ND(3) 1.5 8.8

028737-75631 ND (3) ND (0.5) 1.2

028996-J. Schaefer ND(3) ND (0.5) 1.8

Reagent Blank . ND(3) ND (0.5) ND (1) .
Notes:

1. N.D. = not detectable with the minimum detection
limit shown in parenthesis in ng/gm blood.

2. Mininum detection limits (MDL's) bv GC-EC are:

Compound M.D.L. (ng/ml) M.D.L. (ng/gm blood)
2,4-D 17 3
Silvex 2.3 0.5
2,4,5-T 4.7 1.
(assuming S gram blcod
sample)

3. Any phenoxy herbicides present'in the samples as
esters are hydrolyzed to acids and methylated for
analysis as methyl esters. Results are reported as
phenoxy herbicide acids, although the compounds may
have been present in the original sample as esters
or acids.
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PREFACE

This investigation was carried cut in response to an urgent
request from, Dow Chemical (Canada) L:d. at Sarnia, Ontario, for
such information particularly as it pertained to 2,4,5-T. A research
contract with Dow was signed, and the ccmpleticn of this report by
SRC for them is the culmination of the present contractu;1 arranggdﬁnt.
The report itself must be considered of a preliminary nature as the

time scale did not permit a full meteorological analysis of the airflow

and drift characteristics to be undertakan.

J. Maybank, Head

Physics Division

g/£€800M00
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GITUPATIONAL EXPOSURT MEASUREMENT OF AM AZRIAL SPRAY CREW TO A MIXED SPRAY
- OF 2,4-D and 2,4,5-T

K. Yoshida and K. Vallace

INTRCDUCTION
Aerial spray application of pesticide accounts for only 10% of;‘
the total spray operations in Saskatcheswan, but it does include large
acreages cf bush and community pasture spraying. For these a mixture
of 2,4-D and 2,4,5-T is commonly used.
The operation from which exposure samples were collected was by
a local aerial applicator who was well acguainted with the topography
of the pasture and experienced in aesrial spraying. Thes two flagmen
- were beginners, locally hired. While it is sometimes difficult to
: pursuade such crews to cooperate in exposure sampling, in the present

case they agreed. The entire operation followed routine procedures

commonly practised by average aerial appiicators, with the aircraft
and other equipment being used in an adequately maintained conaition.

The sampling team tried to avoid disturting the spray operation
so the exposure samples collected should te unbiased by sampling

procedure. Standardized methcds of sampling and analysis wers used

(see Appendix 1). The results obtainad throuch analysis are presented,

without interpretation, for the zhsorptica of active ingredient by the

human body.

LLSCRIOMOI



DESCRIPTION OF SPRAY APPLICATION

~t

1) Airzra

-
~-

Two Cessna Agtruck aircraeft werz usad, one a racent model, the

R

other about 10 years old. Nozzle settings of these two seemed adequate

—

I
1Y

for 3GPA application, except that on the older plane the straight back

. . » . .'. - \
nozzle orientation under the belly caused excassive deposition of sppay
k)

i?:fiﬁﬂ

to the centre rear. On the newer aircraft the belly nozzles wers in
the straignht down position. There was no noticeable leak ¢f spray
liguid except occasionally while refilling. Details are given in

Teble 1.

2) Spray formulation

The application rate set by the ownar of the pasture was 24 oz/acre

(acid equivalent) of 2,4-D butyl ester and 8 cz/zcre {a.e.) of 2,%,5-
iso-octy! ester. For improved depositicn, 15 02/500 gal. of adjuvant
(Amway) and 0.5 GPA of diesel oil were mixed with the water which was

pumped from a local slough.

3) Field cenditions

The area sprayed was well develoced pasture with shrubs scatterecd
over a gently rolling terrain. The size of pasture sprayed for the
day was approximately 1,300 acre, being rcughly 2 mf]es in the eas*
to wast direction. The estimated number of swatihs from the geocmesry
of the pasturas would be 20. Each aircraft landed for refilling arcund

25 tires.



L) General weather Conditions

The operation lasted from 5:30 p.m. to 10:30 p.m. during which

time the air temperature remained near 15°C and the relative humidity

around 43-L53, Eg

The wind was from the northwest, initially varying between 8 E?
and 15 km/h, and decreasing toward sunset. . g?

The operation was controlled by a field supervisor who could ‘ éj
decide start or stop spray operation dus to the weather conditions. ;; ‘

He also supervised the action of two flagmen in the pasture, and

checked the deposition pattern of spray chemical occasionally.

7${44
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DESCRIPTICN OF EXPOSURE SUBJECTS

1) Pilot

The pilot A (with recent model of aircraft) has been doing
aerial spray for the past 20 years and seemed to be an experienced
person. He agreed to wear a Gas badge and film badge on his lapell
throughout the operation. He was spraying two days before the saﬁ!ling
day at another field, but did not spray 2,4,5-T. Pilot B has been

doing aerial spraying for the past 10 years and agreed to wear gas

00SC8O0MO0

badge. Due to mis-orientation of belly nozzles, pilet B might have

been exposed to drifting chemical from the belly of aircraft (Table 2).

2) Loading and Mixing Crew
The loading attendant has several year's experience in aerial
spray operation. He refused to wear the charcoal tube sampler or tc
provide urine specimen. but did agree to wear the badge. His duty
was to open the 45 gal drums (2,4-D or 2,4,5-T ;oncentrate) and ty a
hand pump to transfer the concentrate to a mixing tank, then to proceed
in mixing and loading the aircraft. While the aircraft was being
loaded, he stood on the upwind side of the liquid hose. On disconnecting

the hose from the aircraft, there was usually a small amount of spillage.

3) Water truck operator
This person stayed with tha loading attendant except when he was

loading the aircraft or when she drove the water truck to the nearby

7445

slough. She also kapt the reccrds of chemical consumption and aircraft

refills. She agresed to have one of the charcoal tubes in her truck

)
and to wear gas badge and film badge. No urine sample was collected J003549




4) Loading Assistant

This person carried a charccal tube at his lapel pesition, cas badge
and film badge and 2lmost everytime followed the loading attendant and
so likely had an equivalent degree of exposure. He had not been

exposed to any kind of herbicide spray for ths past one year. Urine

samples were coilectad (Table 2).

oMo

5) Flagmen 'O

—

Flagman A was locally-hired temporary help (a2 university student)

10¢C¢€f

inexperienced in asrial spray operaticn. He was exposed to other
herbicidal operations 40 hours before the date of sampling (for 6 hours
operation). He agreed to provide urine samples, and to wear gas badge,
film badge and charcoal tube. Flagman B was also a locally hired
worker with some pilot training. He was also exposed in the same way
as flagman A in the previous operation, however he has no previous
experience of asrial spray operation before he came to Canaca -from
Europe (Table 2).

From the observation of the pasture (field) supervisor who drove
through the field under spraying, thess two flagmen were directly
sprayed at the swath ends before retreating to the adjacent position,

due to their inexperience in field operation.

) Field Supervisor
This person has been supervising bush spray operations each year
asr £ ima : Ixi A
for the past 5§ years. He stayed most of the time near the mixing 74‘48

station except for occasional driving to the field to cbserve the

operation. He agreaed to wear ges and Tilm badgas. Nc urine sample was 0003550

~

collectad (Teble 2




7) Observers

and helped to maintain the landing strip.

liquid and wore gas and film badges (Table 2).

Two observers were always stationed ugwind of the loading sita

They never touched spray

e

-
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SAMPLING AND ANALYTICAL METHGDS

1} Dermal Excosure

Film badges were worn on clothing lapels. A 47 mm glass fiber
filter (Gelman type A-E) was wetted with 1.0 ml of ethyleneglycol by
pipetting and then mounted in a rectangular-based culture dish (Millipor
PDiIS04700). The filter paper was retained in the cell by én o-ringj
The purpose ot wetting the surface of the filter paper is to increase
the reéention of chemical.

The film badges were kept with lids in an air-tight container
with the lids being remcved prior to the beginning of the exposures
period. Afterwards the lids were replaced and the air-tight badges

were transported in a cold box to the lab.

2) Respiratory Exposure

Standard sizs charcoal tubes (Environmental Compliance Corp.
Cat. No. 226-D01, NIOSH approved) were used by the two flagmen, the
loading assistant, the mixer (water carrier), and by one of the pilots.
Tubes were aspirated at 1.7 L.P.M. by personal sampler pumps (MSA
model G), and attached at the lzpel position which is within the
breathing zone (60 cm radium about the nose). The flow rate of each
sump was registered before and after ths sampling pariod to obtain
the mean value of flow rate.

Gas bacge organic dosimeters (Abcor. Inc.) were worn by every

member of the crew and by the supervisor and otservers. Badges were

usad strictly according to the inszructions supplied by the manufacturer.

The expiring date of the activated carbon collection element set by the

ranufacturar was 10 days after tha catz of uss (Abcor. Inc. 1977).

gocealomMan
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}) General Backaground

The degres =f air contaminaticon at the mixing staticn was menitored
by using two sets of midget impingers at downwind side of the staticn
10 meters from the edge of chemical wagon. The inlet of impingers wa;
maintained at | meter above the ground level. The impingers were
filled with 15 ml of ethyleneglycol and aspirated at 2.8 L.P.M. fo!i

the entire spray operation.

L) Urine samples

Immediately after the spray operation started, the two flagmen
and one loading assistant started collecting urineg in a plastic bottle.

Two flagmen completed 24 hour collection with nighttime passing

uncollected. At exactly 24 hours after the beginning of spray operation,

the last passing was collectad. The loading assistant collected the

entire passings of urine for the next 24 hours, and then to 43 hours, and

one passing at 72 hours.

5)  Chemical Analysis

The draft shield and charccal element of the gas badge 2s well as
the filter badge and charcoal tubs were placed in 20 mil ér methanc)
for cesorption in a teflon stoppered test tube. The samples were
poured through a pad of ¢lass viool to rzmove any traces of charcosl,
then evaporated down to 1 ml in & round bottom flask using a rotary
evaporater.

Samples were then methylated using 143 BF3-CH30H (5 m1) at 70°¢C
in a water bath for twenty minutes; after cocling, 15 ml of saturated
sodiun chlorice and 15 ml of hexare were adZed and the sample shaken.

A suitables alicuot (usuzlly 2-4 ul of the hexane) was injected into

Y00eRI0M0
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For the urine samples, 100 mi of urine were passed
through a coiumn of XAD-2 resin for cleanup pricr to methylation.
The urine was acidified and elutriated with 50 ml of 20% acetonitrile
in 0.1 M sodium bicarbonate and extracted with two 25 ml portions of
di-ethyl ether. The ether was dried with Na,S0, (anhydrous) and

2774
evaporated to dryness then methylated with BF_-CH_OH for 20 min. at

373 .
70°C. Hexane and saturated sodium chloride were added and 2 or 3 ul‘
were ingected for quantitation of 2,4~D methyl ester and 2,4,5-T
methyl ester against standards. To confirm the prasence of these
two esters the samples of methyl esters were butylated and the cor-

responding butyl esters of 2,4-D and 2,4,5-T were found and compared

to standards. The procedure is given in greater detail in appendix .

G22ER3NMNN
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RESULTS

1) Lermal Exposure

frem analysis of film badges (Table 3), it is obvious that the two
flagmen were exposed to both droplet and vapor forms of the mixed spray
liquid. They are the highest in density (up to 11 mg/cmz) among the
crew and cbsarvers. The values found for the Z,A-D/Z,A,S-Tu?#ic ara
closer to 2:1 than to the nominal 3:1 of the solution mix; this may be

due to preferential evaporaticn in the field of the higher volitile

component.

93¢ 2001

The loading attendant who was in most cases exposed to the vapor
form of the chemicals received the next highest dosage, which averages
close to the expected 3:71 ratioc of the two chemicals. It would be
primarily received in the form ¢f vepour and not spray droplets as for
the flagmen.

The exposures of other memters of the crew and of the cbservers
viere considerably lower, at least as Eeasured by the badges; they tco
would tend to be primarily vapour.(Tsble 3).

There are two major sources of dermal expcsure, one being direct
contact with the spray solution and the cther being exposure to air-
borne droplets or vapor. The film badce cannot discriminate between
vapour airborne and droplets as the source of contaminztion. herefore
these values must be considered as measures cf general exposurz to
airborne active ingredients (a2ssuming that there was no accidental
contact with the film surface by contaminatad hands or clothing. A

(Hays, 1977).



_]‘-
2) Respiratory Exposure

Both the gasbadges and the charcoal-filled tubes providad & meas-
ure of the inhalation ém0unts; vaiues found for the individuals wezaring
each are given in Tables 4 and 5 respectivdly. It is possible to.
cenvert the latter into resonably equivaletn concentration values but
such is not generally feasible with the former.

It can be seen that gas badge exposures were in the 2-4 mgj range
for 2,5-D near the threshold limit and generally at "Trace' fer 2,4,5-

T (i.e. below the sensitivity limit for this chemical and technique).
The charcoal tube is considered to provide scmewhat more reliable data,
and in Table 5 more of the samples lie above the threshold limiz. Again
it is seen that one flagman at least reczived a consicerably greater
dosage than did the other crew membars. A surprising feature is that
the ratio of 2,4,5-7 to 2,4-D is close to unitf, not 3:1 as in the spray
mix. The reason for this is not clear, but could be due to preferent-
ial absorption, or greater ease of subsequent desorption of the former
chemical.

3) Urine Excretion

The concentration of the twoc active ingradients in the 24 hcur
excretion was up to 5.11 p.p.m. (2,4-D) and 1.16 p.p.m. (2,5,5-T) with
flagman A, and roughly one half thase amounts with Flagman 3. This
is somewhat surprising inasmuch as both the dermal exposure cata
(Table 3) and the inhalation amcunts (Teble 5).indicated higher values
in the vicinity of B than around A. It may be due to uncertairties in

the collection of the urine samplas and the inability to ensure, under

> 2I0MOo(
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the circumstances, tctal collacticn frem each individual. The amounts
of 2,4D and 2,4,5-T found in the urine for the loading assistant were
generally much lewer, would be expected from his exposure data. They
showed a diminution wlth tfme out to 72 ‘holrs as would be expectéd.
The metazbolism of 2,4~D and 2,4,5-T has been reported elsewhere.

(Kutz et al. 1977).

N =

L) General Remarks ! -
=

_ c

One of the most difficult problems encountered in the field work o

ce

was how to persuade the spray crew to be volunteer exposure subjects. o
' [

This is possible only once because some of them happened to ke aware g;

of the exposure problem and they tend to become suspicicus on a second
attempt. They are also exposed to spray chemicals intermittently,
which in turn makes the continuous sampling of urine extemely difficult.

The collecticn and storace or extraction must be done immediately
after each passing or at least irmediately after every 12 hours. This
was impossible with the flagmen who travel a great distanca frca the
filling statfon, where sampling team was located.

The degree of exposure of flagmen is highly dependent on the nature
of drifting of soray solutlon from an aircraft. Had the spraving been
done under significantly hotter conditicns higher vapour ingestions
would have been likaly. This prcoblem has been studied in pravious years
(Maybank, et al 1678). However, furthsr study is needed to delineate
the behavior of drifting spray droplets and vapor in view of exposursz
determinations. (Druham and Wolf, 1662, 1943). Spray application of
2,4,5-T in the Saskatchawan pasture will continue in years to ccre, there-
fore this cculd be practically one of the very few of large o;era:icns,}ioo:;ss»?

Nerth Amszrica whare exposure sampies for 2,L4,5-T could b2 odtainec.
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Table 1 Descripticn of Spray Operation

1)

2)

Aircraft
Model: Cessna Agtruck X2
Cruising speed: 110 m.p.h. Height: 4-8 ft.

Tank capacity: 200 gal

[ T4

Spray nozzles: D6-45 and D10-45 mixed, horizontal

Estimated swath width: 55 ft.

Spray Formulation

Application rate (liquid) sst: 3 G.P.A.

Active ingredients: 2,4-D butyl ester 128, 2,4,5-T iso octyl 112.

Application rate (active) (oz/a): 2,4-D (24), 2,4,5-T (8)

Adjuvants used: Amway (15 0z/500 gal.) Diesel 0il (0.5 G.P.A.)

Field Conditions

Area sprayed: approximately 1,300 acres
Size of Tield: 1 mile x 2 mile
Estimated number of swaths: 80

Number of aircraft refill: 24 x 2 aircrafts

General Condition for spraying: Moderatz to gcod conditicn
Air temperature: steady 15 deg. (C)

Relative humidity: 40-45%

Wind: N4 5-10 (m.p.h.)

Sky: partly cloudy

Cperation period: 5:30 p.m. to 10:30 p.m.

-

L6CE8I0OMON
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TA3LE 2
. Physicai
Crew Sex Age Appearance Clothing Smoking Alcchol
Pilot A M Mid F Coverall Moderate MNc
at
Lo hat
. . | —
Pilot B M Mid Moderate to Coverall Moderatef Mcderate O
30 slim Hat ' =
(o]
Loading Mid Slim Coverall Heavy Heavy ?E
Attendant M 20 mitten o
no hat bt
8]
Water truck Low . <
operator £ 20 Moderate Coverall No Moderate N
no hat
Loading Mid Moderate Fullsileeve 'No Light
Assistant M 1) jacket
no hat
Filagman A M Low Slim Coverall No No
’ 20 no hat
Flagman B M Low Slim Coverall No Heavy
20 no hat
Field Mid S51im Fullsleeve Moderate Modarate
Supervisor M 20 jacket
hat
Observer A M High Slim Short sleeve No Moderate
- 20 shirt
no hat
Observer B M High Sltim Short sleeve Moderate Light
20 shirt
no hat
! K
a p
7“_2 J ?
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Table 3 Analysis of Dermal Exposure (film badges) |

Mass Methyl ester Corrected for Total mass Density in badye
form (pg) (ﬁgf;aCt'on eff in sample (}q) ug/cm?)in ester
Exposure  2,h-D  2,4,5-T 2,4-p 2,4,5-T 2,4-p 2,4,5-T 2,4-D 2,4,5-7
Subjecct
Loading 56.0 19.0 74.4 25.5 87.8 30.0 5.08 1.73
Attendant
Vater truck 6.6 2.5 8.8 3.4 10.4 k.o 0.60 0.23
Opcrator
Loading 1.2 15.0 1.6 20.0 1.9 27.0 0.11 1.66
Assistant L
~1!
: ]
Flagman A 65.6 31.9 87.2 h2.7 103.0 G58.1 6.0 3.36
Flagman B 131.3  65.6 174.6  87.9 206.0 119.5 .91 6.91 ’
Field 1.0 0.60 1.3 0.8 1.5 1.1 0.08 0.06
Supervisor
_Observer A 0.6 0.75 0.8 1.0 0.9 1.4 0.05 0.08
Observer B 0.4 0.19 0.5 2.5 0.6 3.4 0.03 0.20
Correction
Factor (x) - - 1.33 1.34 1.18  .1.36 0.058 0.058
| {
i £acCoa0mM0q



Mass

Table b Analysis of Gasbadges

Hethyl ester

Corrected for

t
Total mass

form (ng) extraction ett. (yg) in sample (y9)
Exposure subject 2,h4-D 2,h,5-7 2,h-D 2,h,5-7 2,h-0 2,h,5-7
Pilot A 2.0 T 2.88 T 3.h0 T
Watertruck Operator 2.0 0.3 2.88 0.57 3.40 0.78
Loading Assistant 2.0 T 2.88 T 3.h0 T
Flagman A 2.3 T 3.31 T 3.91 T
Flagman B 1.5 T 2.16 - T 2.55 T ,
Field Superviser 2.0 T 2.88 T 3.h0 T P
Observer A 1.0 T 1.4l T 1.70 T
Correction Factor (x)  NA NA 1. 44 1.90 1.18 1.56 )
* Total mass in nominal formulations, 2,h-D butly ester and 2,4,5-T isocctyl ester.
yeceol0M00
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Table 5 Analysis of Charcoal Tubes :

¥9S€00¢

Mass , Methyl ester ’ Total mass Concegtration

form (ng) in sample (ng) (pg/m”)
Exposure Subject 2,4-D , 2,4,5-T 2,h-D 2,h4,5-7 2,4-D 2,h,5-T
Pilot A 0.21] T 0.25 T 0.57 T
Lloading Assistant 0.17 0.1h 0.20 0.19 0.45 0.43
tlatertruck Operator 0.25 T. 0.30 T 0.67 T
Flagman A 0.25 0.20 0.30 0.27 0.68 0.61
Flagman 8 0.60 0.45 0.71 0.61 1.61 1.38 7
Correction Factor (x) - - 1.18 1.36 2.26 2.26

-

Extraction efficiency is assumed to be 100%.

1+ Total mass in sample in nominal forms of active ingredients. 2,4-D butyl ester and 2,4,5-T iso-
octyl ester. !

+ Air volume sampled during the total operation is 1.7 L.P.M. x 260 = hh2g.
. .

GETCB8INMON
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Total mass in

Table 6 Analysis of Urine Excretion (Part 1)
Mass Methyl ester Total mass Concentration Total
form (ug) in 100 m! (pg) (PPM) Urine total urine (ng)
[xposure 24 hr.  2,4-D  2,h,5-T 2,4-p  2,h,5-T 2,4-0 2,4,5-T Vol (m!) 2,4-0  2,4,5-T
Subject .
Flagman A No. 1 480 113 652.81 133.37 6.52 1.33 - - -
No. 2 360 83 489.63 97.9h 4,90 0.98 - - -
Hean - - | - - 5.71 1.16 830 6880 1398
Flagman B8 Ho. 1 225 50 306.02  59.01 3.06 0.59 - - -
165 35 224,02 h1.31 2.24  0.M - - -
- 2.65  0.50 550 4818 909

No. 2

Meran
Total mass in 100 ml is in nominal forms of ester, 2,h-D butyl ester, 2,4,5-T Isoocyt] ester.

-

Urine collected from first 203 passings and final 24 hour passing.
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Table 6 Analysis of Urine Excretion (Part 1)

Loading Methy! ester Total mass in Concentration Total Total mass in
Assistant form (py) 100 ml (Hg) (rPi) Urine Total urine (ng)
Time 2,b-0  2,4,5-T 2,h-D 2,h,5-7 2,-D  2,4,5-7  {(ml) 2,-0  2,4,5-T
ellapsed ‘
2h hr. No. | 3.0 1.13 L.08 1.33 0.0h 0.0l - - -
No.2 h.o V.7 S.hh 2.01 0.05 0.02 - - -
Hean - - - - 0.0h5 0.015 1720 26.2 8.7
48 hr. No. 1 2.8 0.6 3.8 0.7l 0.04  0.007 - - -
No.2 3.3 0.75 h.h9  0.89 0.0h  0.009 - - - om
Mean - - - - 0.0h 0.008 2300 17.4 3.5 '
72 hr. No. 1 1.4 0.6 1.90 0.71 0.02 0.007 - - -
No.?2 1.h 0.6 1.90 0.7} « 0.02 0.007 - - -
HMcan - - - - 0.02 0.007 220 0.91 0.32

. Urine collected as total

ginning of operation.

99¢c€oo00
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of 24 hours and the next 24 hours and Lthen one passing at 72 hours

after the be-
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APPENDIX |

Determinaticn of 2.L-D in urine

1. Scope

This method is suitable for the quantitztive cdetermination of 2,4-D

in urine at the 0.C5 ppm level.

-

g

2. Princinle

100 ml urine sample is cleansd up using s cclumn of XAD=2 resin.
following elution with 20% acstonitrile in 0.1 M scdium bicarbonate and
acidification of the eluate, the 2,4-D is ether extracted from the acidic
sclution. The ether extrzct is evaporated to dryness and the residue is
rathylated using diazomethane or boron trifluride-methanol reagent. The
2,4-D methyl ester can then be quintitated using electron-capture gas
chromatography.

3. Special Eguioment .

a) Gas chrcmatograph, Hewlett-Packard, Tracor, etc., equipped with

an electron-capture.detector and glass columns.
t) Chromatography columns, 14 mm i.d. x 400 mm long with stopcock.

L, Reagents

a) Acstonitrile, benzene, n-hexane, methancl, Glass distilled, (Caledon

Laboratories Ltd., Georgetcown, Cnt.).
b) Hydrochloric acid, sulphuric acid, sodium bicarbonate, (reagent grads),
n-butanol, (certified), (Fisher Scientific).
_c) Armkerlite XAD-2 Teﬁin, Mallinckrodt, (Morth American Scientific Co.).

d) Di-ethy! ether (Caladon Laborastories Lid., Ceorgetown, Ontario).

8E6CC3I0MOT
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ConZiticns
(For =P 5713-A with nickel-5%3 detector)

Colum v.v.. 1.5 m x 6 mm 0.d. (bmm i.d.) glass column {cn column injection)
packed with Ultrabond 20M (The R F R Corp., 1 Main Street,
Hope, R.1. 02831.)

GaSeccncannn Argon-methane 95:5, at 40 ml/min

TempP.eeenn. Column and injector 150°C for methyl ester R.T. 3.5 min
1659C for butyl ester R.T. 4.0 min
Detecter 300°¢

5. Standard Curve

Prepare standard solutions of 2,4-D methyl and butyl esters in n-hexane.

Concentration may range from 0.1 to 1.0 ng/ul. Prepare standard curve of

GESE3I0MO(

peak heights vs concentration.
7. Analysis

Place a small plug of glass wool in the bottcm of the chromitography
column and add 5 gm XAD-2 resin. Wash resin down onto glass woll with dis-
tilled water until the resin in suspended in the water. Allow resin to
éettle to the bottom again. Wash resin with 50 ml -of 20% acetonitrile in
0.1 M sodium bicarbonate. Rinse again with distilled water. Acidify 100 m]
urine witH 10 m]l conc. HCl and add this to the column. Allew urine to pass
througn at about 5 ml/min. Wash resin to neutrallity with distilled water.
Elute with 50 mi of 207 acetcnitrile in C.1 M sodium bSicoarcnate 2 ml/min.
Coilect eluats in a beszker containing 5 ml. conc. HCl. VWash colum with

a3 further 25 m)! distilled water aftar eluatz has passed through and ccilect

’{6yq
0003568

with eluata. Transfer eluzte and wash to 2 separatory funnel and extract
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witH 2 x 50 ml di-ethy]l ether. Check that aqueous phase is stil]l acidic
and discard. Evaporate ether to dryness cn raotry evaéorater. Traces of
water are removed from the flask by azeotroping with equal portions of
methanol and benzene. Quantitatively transfer residue to a suitable con-
tainer and rethylate with diazomethane or boron trifluride-methanol {iagent.
After methylation, take up ester in 25 ml of n-hexane. Inject into gas
chromatograph.

8. Confirmation.

Confirmaticn of 2,4~D presence is obtained by either buytlation of the

cRINM00

residue after evaporation of the ether extract or by trans-butylaticn of

the methyl ester after GLC quantitation.

00y

In the first case, if enough urine sample is available, the column
clean-up and ether extraction of a second 100 ml urine is carried out as
in Section 7. Following the evaporation of the ether extract to dryness,
the residue is transferred to a test tube using a small amount of di-ethyl
ethgr. The ether is evaporated to dryness and 2 ml n-butanel and 5 drops
of concentrated sulphuric acid are added to the tube. The tube is heated
in an oil bath at 100°C for one hour. Add 50 ml distilled water and 25 m}
n-hexane and shake well. Ory the hexane layer over sodium chloride and
inject into the gas chromatograph using 2,4%-D butylester as a standard.

{f urine sample is insufficient for & second extraction, the confirm-
ation may be done by trans butylatics of the methyl ester from the initial

extraction after GLC. A portion of hexane (5 ml) is transferred to tube -y

containing 2 m! of n-butancl and the hexane evaporated off using a rotary

003569
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evaporator. b5 droos of concentrated sulphuric acid are added and the
tube heated 1 hr at i00°C as before. Add 50 m! distilled water and 5 ml
n-hexane and shake. Dry hexane over sodium chloride and inject intc the

GLC. .

9. Recovery Determination

Blank urine samples are spiked at 0.1 ppm with 2,4-D acid. Uring is
then cleaned up and extracted as described in Section 7. Recoveries;shOuld
be in excess of 50%.

10. Comments

a) Recoveries from male urine samples ages 25-50 years have been found

to be 95%.

lOYE€EBINMON

b) Butylation and trans~butylaticn yields have been found to be $0-2853%.
¢) Urine blanks, when subjected to this clean-up and extraction, gave
‘ho interfering peaks on GLC trace.
d) In the procedure for confirmation of 2,4-D by butylation or trans-
butylation it may be necessary to shake the hexane layer with a second 50
ml of water to remove all the n-butanol before drying hexane for injecticn

into the GCL.

L &N
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DETERMINATION OF PHEWOXY HeRBICIDES IN URINE AND BLOOD SAMPLES
2OV 2,4, 5-7 DLANT PEISONNZL - IT,

INTRODUCTICN
Human urine and whole blcod samples were obtained from
personnel working at the 2,4,5-T production facility for a
determination of 2,4-dichlorophenoxy acetic -acid (2,4-D),

ZTSLPOMO#

2-(2,4,5-trichlorophenoxy) propionic acid (Silyex}, and 2,4,5-
trichlorophenoxy acetic acid (2,4,5-T).

J%

The samples were prepéred by extraction, hydrolysis,
methylation with diazomethane, and silica gel column clean-up
prior to analysis by gas chromatography-mass spectrometry (GC-iS).
The experimental procsdure used is detailed in Report ML-AL
78-50252.

The silica gel column used was changed slightly. The column
used was packed with 1.5 grams dry silica gel (v 11l cm x § mm 1.4,
glass). The column was eluted with 60/4Q methylene chloride/
hexane. The first 2 ml were collected and discarded (waste fraction).
The next 13 ml of eluent were collected for analysis. Then an
additional two ml were collected to check for recoveries, (extraz
fraction). The ccllected fractions were evaporated to dryness.

Prior to analvsis, the sample residue was dissolved in 50 31 benzene.

Validation data for this procedure are detailed in ML-AL

78-50252. CONFIDENTIAL - SUBJECT TO INJUNCTION

D.C., ED. MI. 4-4-78; DOW /EPA AGREZMENT 9-79
RESULTS AND DISCUSSION
Results are detailed in Table I. Figure 1 shows a typical ?2?853
&

standard ion chromatogram and GC-MS conditions. Figure 2 shcws

tvpical GC-iS data for a urine sampls from a 2,4,5-T plant workeroof\_hr
viioo

\/775' . %{ 74;-,.__;1\4:’1.7&/ [Prons |3VILDING DATE FINISHMED ~QURS ' SO:JLE s azvusﬁary_
Marsha L, Langhorst -6207] 574 7/13/78| 37 Kﬁd
Data Book AL 1207 . 118
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Figure 3 shows typical GC-MS data for a blood sample from
a 2,4,5-T plant worker.

£T8LYOMOU

The presence of Silvex was asked tc be confirmed. It
was questioned whether Silvex could have an interfering com-
pound by GC-MS six-ion monitoring or whether Silvex or an
interference could be created from 2,4,5-T during the sample
preparation or analysis.

To check the creation of an interference during sample
preparation, a urine and blood sample were spiked with high )
levels (1.85 ug/cm sample) of 2,4,5-T. ‘The sample-was pro-' R
cessed thrcugh the usual procedure and analyzed. No peaks
were found other than 2,4,5-T. See Figure 4.

To check if the ethyl ester of 2,4,5-T might interfere
with the methyl ester of Silvex, (both have parent ions by
MS at m/e = 282) by GC-MS, A sample of 2,4,5-T was ethylated
with ethanolic HCl. The sample was analyzed by GC with
electron capture detection and found to elute at a different
retention time than Silvex. Therefore, it could not inter-

fere by GC-MS and produce a response interpreted as Silvex.

In addition, to check if any ethyl ester of 2,4,5-T
is formed during methylaticn, a relatively high concentration
of 2,4,5-T was methylated. No peaks were detectable except
the methyl ester of 2,4,5-T. This evidence is shown in
Figures 5 and 6.

The identify of Silvex in urine and blood samples is
confirmed by retention time, ions in the mass spectra, and
ion abundance ratios (282/198).

HI’
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Methods are validated down to 3 ng/gm urine

J
O
July 28, 1978 AL 78~50668 <
Cﬁ
-
TABLE I ~31
- (0 9]
RESULTS p—
g1
PHENOXY HERBICIDES IN 2,4,5-T PLANT PERSONNEL
Sample | Concentration found (ng/gm Sample)
No Person Type 2,4-D Silvex 2,4,5-T
U-1 Urine 380 21 540
U-2 Urine 520 4.1 220
U-3 Urine 510 23 310
U-4 Urine 270 11 170
- B-1 Blood < | 2.0 CN.DL(D) |7 eTeL7 T i g
B-2 Blood 8.6 N.D. (1) 5.6 T
B-3 Blood 9.3 N.D. (1) 7.9
B-4 |Blood 3.8 N.D. (1) 2.4
SPIXED SAMPLES FOR RECOVERIES
Sample Spiked with Conc found (ng/gm) 3
No Tvpe 2,4,5-~T 2,4-D Silvex |2,4,5-T Recovery
U-1l| Urine {1850 ng/gqm urine|{N.D. (l)|N.D.(0.5) 1540 83
B-1| Blood {1850 ng/gm blood|N.D. (2)[N.D. (1) 1400 76
NOTES: N.D. = Not detected with minimum detection limits shown
in parentheses.
Minimum detecition limits (MDL's) are:
Comgound in ng/ml in rng in ng/gm urine in ng/gm blood
2,4-D 200 10 1 2
Silvex 100 5 0.5 1
2,4,5-T7 100 5 0.5 1
assuming assuming assuming - »
50 pl 10 gm 5 gram blood o,
final urine sample “‘/1
volune sample

and 5 ng/gm blood.
000¢73CS
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FIGURE * RETENTION TIMES OF PHENOXY HERBICIDE
STANDARD CHROMATDGRAMS AND

STANDARD - PHENOXY STANDARD ~ 245-T .

GC  CONDITIONS . HERBICIDES  AS | AS EMMYL ESER .

METHYL €STERS . ,
ot —~ ¢
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Schweizerische Medizinische Wochenschrift 108(42),
: JOURNAL OF SWISS MEDICINE
1617-25 (1978) 21 OCTOBER 1978

Pathological-embryological investigations in cases of
abortion related to the Seveso accident

by Helga Rehder, laura Sanchioni, F. Cefis, and A. Gropp

Correspondence: Dr, Helga Rehder or Prof. A Gropp,
Dept. for Pathology of the Medical Hochschule, Ratze-
burger Allee 160, D-2400 Lubeck. Dr. Laura Sanchioni
or Prof F. Cefis, Laboratorio di ricerche cliniche,
anatomia ed istologic patologica, Istituti elinici d4i
perfezionamento, Via San Barnaba 8, Milano, Italy.
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Summary. After the explosion accident on July 10, 1976

in Seveso (Italy), material from 30 interrupted pregnan-
cies and from 4 spontaneous abortions was investigated

by embryological and histomorphological studies. No in-
dications of mutagenic, teratogenic or fetotoxic effects
of TCDD could be found. The cases of spontaneous abortion,
albeit more suspect for dioxin damage, showed different
morphclogical alterations due obviously to a variety of
causative factors independent of TCDD. On the other hand

it is not possible to exclude'entirely an embryotoxic

TEEGSE MOG

effect of TCDD because in the majority of cases the fetal

tissues were incomplete.

The explosion in a chemical factory of ICMESA on July 10,
1976 in Seveso, northern Italy, by which the factory and

"large surrounding inhabited areas were exposed to the

especially toxic 2,3,7,8-Tetrachlorodibenzo-p-dioxin
(TCDD) and Trichlorphenol (TCP), has aroused the attention
and interest of world publicity above all on account of

threatened health injuries to the inhabitants.

x

.Factory accidents with the release of dioxin gases were

already known from.earlier years. In 1953, 54 workers

from a chemical factory in Ludwigshafen suffered the

7280
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effects of such an accident [15]. To a large degree



‘their illnesses were longstanding chloracne and injuries
to the inner organs [9,36]. In an explosion in 1963
~in a chemical factory in Amsterdam 50 workers were ex-
posed to injurious dioxin gases [12]. In 1968 79 men,
after an explosion in a chemical factory in Bolsover,
England were affected [23]. Similar accidents occurred
in chemical factories in the USA [2,28] as well as in
Czechoslovakia [17], Austria [31], France [6,7], Russia
[35] and in 1955 in Hamburg [19].

In contrast to these accidents, which are limited to
the factories affected and remain essentially a work
and accident medicine problem, the explosion in Seveso
took on the dimension of an environmental catastrophe
because the toxic dioxin gases were carried from the
factory area by wind conditions and exposed bordering
localities. A health danger to large groups of peOple-
was therefore possible, adults as well as children,
which was already evident shortly after the accident
with the first chloracne cases. In addition, exposure
of animals and planté must be reckoned with and alsp
contamination of the ground in an extensive land area

for many years to come [12,13,14].

2E€S8E  moa



Although at the time of the accident positive, defineable

embryotoxic injuries from dioxin combinations in humans
were not known and in animal experiments as well (5,25,
33,34] were only little known, very quickly assumptions
on possible damages to pregnant females and to unborn
children with regard to the great toxicity of dioxin
combinations appeared. According to one estimate, at
the time of the explosion accident in the area affected,
ca. 150 women were in the first trimester of pregnancy.

Additional women appeared endangered in as far as preg-

€CEG8E moa

nancy had already begun or was in the meantime begun,

by delayed evacuation and insufficient separation mea-
sures. The public discussions, carried out on political,
world view and religous levels, about the risks of these
women bringing malformed children into the world because
of the effects of dioxin, were very lively in the weeks
and months after the explosion accident in Italy and
outside the country as well with the general discussion
about termination of the pregnancies: From this arose
for the pregnant women, doctors and ofher affected per-

sons and institutions, special situations of conflict.

125 women from the exposed area as well as the bordering

regions, in the time up to October, 1976 decided on o

termination. In 30 cases Interruptio was approved - 7482
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" and carried out. Place of living and working of the
appiicant as well as other contacts with dioxin were
taken into consideration. According to the measureable
degree of ground contamination with dioxin, the district
administration divided the southeast area bordering on
Seveso into a heavily exposed Zone A and a less exposed
Zone B (diagram 1). The naming of an R Zone (restrict
area) céme later, when small to nearly no dioxin content
in the ground - and very much later than in the A and B
Zones- was recognized as a biological exposure by cases
of chloracne appearing or domestic animals dying.

As "contact with dioxin" was also considered transit
through the heavily infected area (superstrada) and the
consumption of regionally produced, possibly dioxin-

containing vegetables or meat.

ECCeMOd

The fetuses removed by Interruptio as well as 4 spontaneous

abortions from the Seveso region, which were all regis-
tered in the Gynecological Clinic in Milan, were also
examined embryologically and pathologically-anatomically
in the Department for Pathology of the Medical Hoch-
schule in Lubeck in co—operation with the Laboratoria

di ricerche cliniche, anatomia ed istologia patologica,
Instituti clinici di perfezionalmento, Milan. The

results of these investigations were conveyed in a

© 7485
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summary to the Health Officials of the Lombardy region
on February 25, 1977.

A detailed compilation and ob-
servation appeared also after a long interval on thg

explesion accident in Seveso, especially with regard to
additional untested reports on congenital malformations
by dioxin. The completeness of the documention is

required by the far-reaching significance of the results
and of public discussion.

Material Investigations (see Table 1)
Of the 30 removed fetuses by Interruptio, 3 came from

the A Zone, 5 from the B Zone and 13 from the R Zone.
In the remaining 9 cases the mother's place of living

.was outside of the danger zones, but in 7 cases could

be made valid in connection with place of work, visit,
travel and nutrition.

In 2 cases the Interruptio occurred
for psychic reasons.

The fetuses represented very different gestational ages/

The smallest, of a few millimeters in size, was judged
to be 5 weeks, the largest, with a crown-heel length
of 17.5cm, 20 weeks gestational age. In the majority

of the cases the- developmental ages were between 10 and
12 weeks.

7434
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In the 25 cases with gestational age of 5 to 12 weeks

the Interruptio was by instrument curettage. There was
an uravoidable dismembering of the fetus and a loss of
fetal tissue during the suction during the action. As

a result there were, in these cases only a few fetal
organs available for pathological-anatomical examination.
In one case only a foot and a small piece of liver, ih

another only a head segment and a vitelline sac were

9££48€ moda

present. In the fiwve larger fetuses of a total length

of 13-17.5cm the Interruptio was introduced by intra-
amial prostaglandin ins?illation and in some of these
ended by extraction. Therefore here also were artificial
lesions on the fetuses, for example, widespread skin
defects or opening of the cranium cavity with losé of

the brain. The 4 spontaneous abortions had occurred

in the 11-24th week of pregnancy in the A and R Zones.

In three of these cases fetuses of 11-19cm crown-heel
length were-present. in the fourth case there was

merely an empty amniotic sac with placenta tissue.

A majority of the Interruptio and abortion material
was, at the end of September, 1976, in formalin, Bouin-
sic solution or Carnoy solution sent to us. Thereby 7485

the useable examination techniques were limited from

the beginning to the paraffin histology. Histochemical or

0002524



.electron optical investigations could not be carried
out since they require fresh material or a differentiated

fixation technique.

In the cases in which only incomplete fetal tissue frag-
ments were available, they were examined with the Lupen
microscope* for form and for the position of the organs

or organ segments within the organ assemblage. Each

LEEGEEMOd

piece of tissue was photographed for §6cumentation.
measured and described. The material was finally im-
bedded in paraffin and in stages - or a series of cuts-
completely worked up. Many times well over one hundred
cuts were made. .For the histological examination the
following dyes were used; Hematoxylin-eosin, connective
tissue-, Elastic- and PAS- dye, aldehyde-fuchsin dye,

Esterase proof and Berlin blue reaction.

The larger, more intact fetuses were examined by X-rays
for skeleton changes. This was however, unsuccessful
in the 2 Carnoy-fixated cases, since the lime from the

bones was dissolved by the fixative. A regular obduction

*Lupe means magnifying glass, whether this is a special
type of microscope the translator does not know.

7486



with organ section followed with help of the Lupen
microscope. Each individual step was documented photo-
graphically, the organs were weighed, worked up for the
paraffin histology and as described above, dyed. The
brains were, in as far as they were intact, sent to
Professor GULLOTTA, Neuropathological Institute of the

University of Bonn (Dir. Prof. Kersting) for examination.

e££G8EMOd

In a to a high degree autolytic fetus of 4cm in length,
cross sections were taken and examined macroscopically

and histologically in series cuts.

Findings and Evaluation

A. In a first group, to which the majority belong,
namely 23 of a total of 30 Interruptio cases (Table 1)
the macroscopic and histological examinations revealed
no malformations; likewise no tissue mis-differentiations
or degenerative organ changes were shown. .The tissue
differentiation degree and the size of the fetuses were
largely compatible with the length of pregﬁancy. Small
differences of 1-2 weeks were not counted since the -
exact conception ?ate is only seldom possible and also
the pathological and anatomical criteria allow only an
approximate estimate of the developmental age. Normally

individual variations exist in the course of development.



‘Determination of sex was possible only in cases in which
the material contained differentiated gonadal tissue or
differentiated Wolffian or Muller ducts allowed an opinion

(see Table 1).

B. In a second group of 6§ interruption cases, changes
of a different kind were morphologically detectable
(see Table 1). They can be identified as artifacts,
development retardation to a slight dggree or as within

the range of variation of normal development.

So in case 6 there was a secondary obliterated duodenum,
through epithelium bridges, a condition which can appear

in this age of development as a temporary appearance [10].

- In case 15 over the coccygeal bone there was a subepi-
derman cyst, whose lumen was no longer in contact with
the véntriculus terminales above it of the spinal cord.
The cyst consisted of a so-called "coccygeal medullary
vestiée" which, after formation of the Filum terminale
on whose distal end, therefore in the area of the fear
neuroporus, which in the meantime has closed, persists
sometimes for a while. [21]. In the same case there

was a defect of the ventricle septum underneath the

6£E€G8E MOd
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septum membranaceum. Because of the parietal tissue
tearing and the missing endothelium lining it was under-

stood as artifact.

A prolapse of the retina in +he area of a lateral rup-
ture of the sclera was seen in cases 8 and 17 after
localization by the presence of fresh bleeding and

the lack of a tissue reaction in the surrounding area
as artificial, occurring at the earlieét, during the

curettage.

Case 27 showed, in a male decapitated fetus of 16.5cm
crown-heel length, a rotation of the liver in a counter-
clockwise direction to the left with fixation lacking
on the right diaphragnm.

Displacement of the cecum in the right upper abdomen

as well as partial intrahepatic gall bladder. 1In addi--
tion there were widespread bleedings in the lumen and
wall of individual intestinal loops in the sense of

a beginning hemorraging infarction. This together

with the decapitation, is seen as an indication ogltrau-
matization duriﬁg Interruptiom which also led to rupture
of the Lig. trigonum hepatis and to}dislocation of the
liver and secondarily of the intestine. The fact is
thus considered that a congenital misplacement of the

liver is hardly isolated in appearance: either it takes

gregge MOd
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place primarily within the boundaries of a syndrome,

as in Ivemark-syndrome, gr it is observed secondarily
in connection with a stomach wall or diaphragm defect,
an omphalitis or hernia. The partly intrahepatic posi-
tion of the gall bladder was also a normally frequent

anomaly with no essential significance.

Case 18 showed, in comparison to the size of the fetus
a still widened kidney pelvis calyx sysfem. This can
be seen as physiological up to the 10-11th week of
gestation. Here it is a result of a slight development
retardation.  Also the differentation of the elastic

fivers in the trachea seemed retarded.

C. A third group contains the 30th case as well as the:

4 spontaneous abortions (cases 13,29,31 and 34: Table 1),

in which with regard to a possible dioxin damage, the
question of the cause of the spontaneous fetus deaths

is especially urgently asked.

In Case 30 there was a great discrepancy in the anamestic
data. The Interruptio took place in the 27th week of
pregnancy. The female fetus, decapitated by the manipu-
lation during the action showed a nape of the neck-heel
length of cnly 4cin. It was to a high degree autolytic,
shrunken and mummified, the placenta tissue clearly
regressively changed, so that in this case a spontaneous
previous death of the fetus with retention in utero

a "missed abortion" must be assumed. At the time of

the explosion accident the mother was in the 9th week

of pregnancy. The fetus death occurred surely shortly
thereafter, without morphological proof of its cause.

T+€S8€E mod
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In case 13 was a female fetus of 17.5¢cm length from

the 15th week of pregnancy, whose good condition of
Treservation points to a fetus death shortly before

or during the Abortus. The numerous fresh areas of
inner bleeding spoke for hypoxia as the cause of death.
Widespread hematcma of the cranial soft parts obviously
as a result of labor pains following amniotic sac rup-
ture, had developed before the fetal death; the intra-
cellular hemosiderine deposits in the region spoke for
this. An indication for the cause of the early labor
or the sac rupture was not to be determined from the
morphological picture of fetus and placenta.

In case 29 a male fetus of 19.5cm length from the clini-
cal 24th week of pregnancy, an infarct placenta was
seen as the cause of death. The placenta was small

and 4/5 of its volume was interspersed with widespread
older and fresh infarctions. The fetus seemed, with
regard to the given length of pregnancy, underdeveloped.
This can be traced back to lack of sufficient oxygen

as a result of the older placenta changes. A "missed
abortion" can be excluded because of lacking maceration
signs. The pronounced autolytic changes of the inner
organs in this case were the result of a misplaced
fixation.

»pogeMod

Case 31 was a female fetus llcem in length from the 12th
week of pregnancy, which already had definite maceration.
Here there was an anomaly in the region of the heart

with an aorta valve defect as well as a longitudinal
swelling of the aorta wall next to the pulmonary artery.
This began directly above the aorta valve commisure

and reached to the aorta curvature. Histologically

there was a circumscribed texture disturbance of the
elastic fibers of the aorta wall. The fetus showed,

in addition, a serration anomaly of the right lung as
well as a peculiar Facies with inclined lids, flat

nose, a large capped on the point, tongue, as well as

a receding chin. The skull was stretched, the occiput
flat with a neck edema above a guestionable strangu-
lation ridge. It was to be assumed that the interpre-
tation of the outer phanotype was injured by the advanced
autolysis, so that the characteristics named can not

be evaluated alone. In connection with the inner anomalies
however- with all retention- it can be seen as an indica-
tion for the presence of chromosomal aberration. The
fetus was strangulated by the umbilical cord and retained
in utero. The placenta showed regressive changes as

74931
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well as fresh chorioamnionitis, which apparently developéd
after the fetal death.

Case 34 has to do with an abortion in the clinical 14th
week ¢f pregnancy. The abortus material contained,

in addition to decidua tissue, however, only a small
hazel nut sized amniotic sac, without content, that is
without a fetus. The scanty placenta villi were hardly
vascularized, hydropically swollen and showed only
slight trophoblast proliferation on the surface area

as well as individually inflated and vacuolized histiositic
" giant cells in the villi. The histological picture
spoke in favor of an early abortion with resorption

of the embryo as well as degeneration of the placental
tissue by primary tissue unworthiness of the embryo
placement. FPHILLIPPE and BOUE ([27] described such
changes of the placenta during chromosomal aberration
in early abortion so that in this case the assumption
of a chromosomal anomaly of the embryo placement seems
possible. .

epecgg MOd

Discussion

The attempt to evaluate the described findings and the
discussion of a possible embryotoxic effect of the
dioxin, especially with regard to conclusions made in
fear, zeal and emotion, require cool consideration.

The eridemiological as well as the anamnestic and clini-
cal data must be taken intoc consideration, which are

partially stated in Table 1.

So, in 4 of 5 cases (cases 29,30} 31,34) with spontaneous

fetal death, it is shown that the mothers came from the

1A case of Interruption in which, however, an intra-

uterine fetal death had occurred earlier.
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-sofcalled R zone (restrict area) or had visited them.
Although the question is asked especially urgently in
these cases about dioxin damage, they are of a zone
which, to be sure showed a biological infection; in
which however, the chloracne cases appeared in isolated
instances and very much later than in the primary exposed
zones A and B. In addition, the women affected could

give no information on possible contacts with dioxin,

PPES8E  mog

namely neither consumption of regional vegetables or meat
nor actual time spent in the heavily exposed regions.
Only in Case 13, belonging to the group of spontaneous
abortions, had the mother resided until the evacuatioﬁ
on July 27, 1976 in the most heavily exposed A zone.
The abortus occurred 4 weeks later and was attributed
to the lack of older morphological changes in the pla-
centa and fetus causing an early rupture of membranes.
Information on symptoms as possible clinical indication
of an intoxication of the mother was not present in
these cases of spontaneous abortion. In case 31 a
hyperemesis during the pregnancy as well as fever at
the time of the abortion were present. This complgint
coincides with the pathological-anatomical finding of
chorioamnionitis. A slight rise of the 9 -glutamyl-

transferase in case 30 can be seen in connection with

7493
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the long retention in the range of a "missed abortion”.
As a whole the causes for abortion seem very hetero-
genous. If it is taken into consideration, that normaily
the comprehensible abortion rate of all conceptions is
about 10% [8], even if the majority are early abortions,
one must consider that some of these miscarriages would

also have occurred without dioxin damage.

SPESBEMOQ

The Committee for the Organization of Health Affairs

of Brianza Seveso [4] has, in a situation report on
abortion frequency in the area around Seveso, taken the
position, that proceeding from a general spontaneous
abortion rate of 10%, in the pregnancies with terms

in July to September, 1976 in some areas around Seveso,

a slight but clear rise of the spontaneous abortion rate
occurred, in>Seveso itself nearly 20%. For the pregnancies
with term in October-December, 1976 the increase of the
abortion frequency became still more clear and reached
almost 23%, which was also true outside of Seveso. The
absolute figures are, to be sure -corresponding to the
individual areas- relatively small, so that smaller devia-
tions already cause large relation variations. Neverthe-
less the distribﬁtion pattern of the abortion frequency,
‘with a rise above all in Seveso, can be seen as a possible _
causal connection with dioxin injury, without final f74$}4

conclusions being drawn at this time.

0002533
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-In the larger group of those cases, in which contact
with dioxin was to a greater extent, there were no
morphological changes in the accesible Interruptio
material for examination. Also, in case 19, in which
the mother had shown mild symptoms of chloracne, the
fetus seemed normal by embryological-morphological
criteria. Certainly the evaluation of the negative
pathological-anatomical findings can be given only with
the reservation that the Interruptio material, for the
most part was incomplete and that the methodology of
the paraffin histology imposed certain restrictions

of interpretation.

A toxic substance can, depending on the time of its

becoming effective during the pregnancy, exhibit different

injurious patterns. It can, as a mutagen, in the embryo

cells, induce a gene change or cause structural chromo-

some aberrations or division defects, from which chromo-

some anomalies of the embryo arise. An embryo cell
injury of this or that type by dioxin can however, .

be discussed only in the cases in which conception

occurred after the explosion. This excludes a case such
as the one in December, 1976 where a child with Ichthyo-
sis congenita (on which, as on many others under similar

circumstances, many cases have been reported in the press)

IFEG8E MOQA
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was said to have a series of possible gene mutations
caused by dioxin. In both abortion.cases 31 and 34,

in which a chromosomal aberration is regarded as possible
to probable, conception did not occur until September.
One can, however, on the other hand, not fail to take
into consideration that chromosomal aberrations in spon-

taneous abortions are also normally frequent. Among early

LHECEE MOT

abortions- case 34 would fall in this category- they

can make up as much as 60% [21]. In animal experiments

TCDD has produced, in addition to a positive mutation

test on bacteria [32] only in one plant [16] and mammal
species [24] chrosome aberrations. A dominant lethal

test on rats was negative [18]. TCDD is therefore seen
only as a potential mutagen [30] with high species
specificity, whose mutagenic effect in humans seems -

questionable.-

An injury by a toxic substance can be called teratogenic
which affects embr&o development in the early stages

and can lead to the lack of certain developments. Since
in humans the formatlon of most organs is completed

by the 6th week of gestation, a teratogenic effect of
dioxin would be possible only in cases in which at the
time of the accident the pregnancy was not older than

5-6 weeks. A child that was born in January, 1977 with 74&98
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‘a rectum atresia in the region around Seveso can therefore
only with difficulty be seen as as a valid victim of
dioxin contamination, since the teratogenic determi-
nation period for the rectum atresia is before the 7th

week of gestation.

To be sure, for TCDD in animal experiments and also

8Y€S8¢ mog

with regard to its teratogenic effect, a high species
specificity seems to exist. Cleft palate as well as
hydronephrosis could only be produced in the mouse [5,
25) but not in rats [5,33,34], rabbits [37], and sheep
[1], while only in the hamster were eye deformities
brought by TCDD [3,26]. In the cases we observed there
were no deformities of a comparable type, a statement
which, to be sure, is again an indication of the in-
ccmpleteness of most of the embryos examined. The slight
broadening of the kidney pelvis in case 18, which is
still seen as physiological up to the 10-11 week of
gestation, was identified as a slight developmental

retardation and not as a malformation.

Only the anomaly of the aorta valve with the valve
defect and texthre disturbance of the aorta wéll in

case 31 is understood as 'a deformity in the narrow

7497
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"sense. The aorta wall lesion could occur as a result

of a disturbed division of the arterial heart cham-

ber or secondarily as brought on by the mechanical
overload because of the valve anomaly. Within the

range of chromosomal syndrome, aorta valve changes occur
especially frequently. The additional degenerative

signs present are regarded as proof for chromosomal
symptom complex and the heart anémaly therefore not

seen as caused by a teratogen, or at least not definitely

caused by a teratogen.

A fetoxic injury is finally to be assumed if a substance
influences a fetal organism after the 6th gestation week,
therefore during tissue differentiation and the growth
of the organs. To be expected are growtﬁ retardation,
that is organ hyplasis or degenerative injuries to inner
organs with cell necroses. These changes are especially
difficult to identify in the fetus since they happen
without reaction. Only in widespread necroses are clear
defect formations, especially as observed in the brain,
the result. Although in the material examined from
Seveso, no morphologically tangible proof for such
injuries existéd. the difficulty lies in recognizing

the real and essential limitation in the early or middle

fetal stages, which works against a definitive interpre-

erecee  mod
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tation or even a complete exclusion of fetoxic injury.

In the animal experiments TCDD in mice produced a toxic
liver cell fatty degeneration as well as liver cell
necroses, bile duct proliferation and a raised iron
content, without histologically tangible siderosis
[22,39]. These changes stand in connection with a

hepatic porphyry, which is seen by POLAND and GLOVER

0cesge MO

(29] as the result of a strengthened induction of the
a-Aminolavalin acid synthetase by TCDD. In addition,
there was an atrophy of the thymus and of the lymphatic
system within the picture of a "lymphocytic depletion”
(11,38]. With high TCDD doses in rat fetuses intestinal
bleeding was caused [34]. In the material present,
degenerative changes in the liver and thymus, also
compared to fetuses of the same age not exposed to

TCDD, could not be proven.

It is difficult, the present findings in hand, to make

a statement on the embryo or fetotoxic effect of dioxin

in humans. To be sure it can be clearly stated that

an actual proof of such an effect was not accomplished;

however a mutagenic, teratogenic or fetbtoxic effect

of TCDD can not, on the grounds of the reservations

named- incompleteness of the material and limited exami- L7499

nation techniques- be completely eliminated. This is

0002538
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" valid especially for the increased spontaneous abortion
rate which is reported from the region around Seveso

(see above) for whose cause however, on the few examined
fetuses of spdntaneous abortion in this report, no uniform

morphological substrata could be found.

Nevertheless it can be shown, with the present investi-

gation, which aspects are to be considered in the evalua-

TGEGRE MOd

tion of malformations in the cases observed in the region
of Seveso, before a connection with a dioxin injury

can be substantiated. In addition it must be considered
that stateﬁents without knowledge of the deformation-
statistical and epidemiological situation in this region
before the 10th of July, 1976 can cause a false judgment

on those affected as can publicity.

- 7500
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1(,\,:25 " UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
1 saott® WASHINGTON. D.C. 20460
& BAY W7
. . .. . ' ‘u‘/./o 74»
SUBJECT: Dioxin: Position Document ) . ]
- W‘&,&"?mml )
TO: Dioxin Implementation Task Force wpdeet el F
. - V7
FRO: Edwin L. Johnson

/
Deputy Assistant Administrator 'V“f,ﬂ
for Pesticide Programs

When we met last fall I agreed that the Agency would put
together a summary of what it had learned since withdrawal
of the hearings in 192974. You have been cooperating with

EPA in the conduct of a monitoring program to determine

the extent and frequency of dioxin (ICDD) residues in the
environoment as a result of the use of 2,4,5,-T and related
pesticides. The attached document is a draft of our '
evaluation of phase I of the Dioxin Inplementation Plan

and a summary of our plan for proceeding with phase II of
the program. As I indicated to you last fall, this docunent
is being provided to you in advance of a formal release for
comment and suggestions. It has zlso been made available to
the Adoinistrators Pesticide Policy Advisory Committee for
the same purpose.

GOCESONN

Ve intend to make the document final and release it generally
in the latter part of llay and we therefore would appreciate
you subnitting any comments or suggestions you have for
modifying this document by May 19, 1977. All correspondence
should be forwarded to ¥r. W. Thomas Hollaway WH-566, OFffice’
of Special Pesticide Reviews, Environmental Protection Agency
401 M Steet S.W. Washington, D.C. 20460 (Telephone No.
202/755-9336). Your cooperation in this program in the past
and your suggestions for this documnent as well as the future
directions of the program will be greatly appreciated. °
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‘\. .
ENVIRONMENTALISTS ATTACK PROPOSAL TO REDUCE THE SCOPE OF RCRA
~ Ny
En:d;onmental groups have told Environmental Protection Agency Administrator
Dough_; M. Costle that easing up on hazardous waste regulations to exempt
generators producing less than 1,000 kg/month of hazardous wastes from the rules
would "pose a severe threat to health and the environment" (See Dec. 6, Page 20),

In a Dec. 5 letter to Costle, the Environmental Defense Fund, Environmental Action,
Environmental Action Foundation and Citizens for a Better Environment said that
attempts to modify requlations under the Resource Conservation and Recovery Act
(RCRA) in this manner "leave the public unprotected from clearly hazardous waste and
run contrary to the intent of Congress as expressed in RCRA."

9261y MOO®

Moreover, they argued that by relaxing the rules to exempt generators producing ase
much as 1,000 kg/month of waste would mean that 4.6 billion pounds of hazardous ==

waste would be disposed of without the benefit of environmental safeguards. =)

W

The environmentalists also objected to a proposal to exempt six industries, Do

N
electroplating.and metal finishing, mercury production, wool scouring, wool fabric ©
dyeing and finishing, knit fabric dyeing and finishing and hydrofluric acid productlon‘"
from the RCRA regulations because, they said, some wastes from these industries
are linked with cancer. For example, waste from the’ electroplating industry contains
heavy metals which cause renal and neural damage as well as cancer, their letter
said. And the fabric dyeing industry often uses carcinogenic aromatic dyes, they
added.

Also emphasized by the environmentalists was the costs of cleaning up improperly
disposed hazardous waste which, they said, far exceeds the cost of proper disposal.
Finally, they argued that RCRA doesn't authorize the EPA to exempt {ndustries from
regulation “"solely on the basis of economic concemns.”

L
HUMAN BIRTH DEFECTS NOT CAUSED BY 2,4,5-T OR 2,4-D EXPOSURE, REPORT SAYS

A Consultative Council appointed by the Minister of Health, Victoria, Australia,
has concluded that 2,4,5-T or 2,4-D exposure did not cause a cluster of birth
defects among babies In the Yarram district in 1975-76 (See Dec. 6 Page 5 and 9).
Specifically, the Council concluded in its report

“Analysis of all information available showed no evidence that these birth defects
were caused by exposure to 2,4-D or 2,4,5-T. -

"The normal agricultural use of 2,4-D and 2,4,5~T has not been shown to cause
birth abnormalities in domestic animals nor is there evidence to connect such use with
human birth abnormalities.

"Victoria lacks organized research on the epidemiology of birth defects and lackb 00263
an adequate system of surveillance of those birth defects which are not rapldly i9
lethal."
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Environmental Protection Agency officials could not be reached for comment on the
conclusions and observations in the "Report of the Consultative Council on
Congenital Abnormalities in the Yarram District. "

The report said “Regular sampling shows that 2,4-D and 2,4,5-T donot occur in
food or water supplies in Victoria." It continued:

"Both 2,4-D and 2,4,5-T have now been used in Victoria for

almost 30 years with no known detrimental effects on the health

of the general public. They have a similar safety record overseas
when used as alds to agricultural production. Any adverse effects
which have been reported are concerned with personnel involved in the
production or agricultural use of these compounds.”

0L26TH g0

In the report, the Council noted that it had compared birth defect numbers in two
statistical divisions with similar numbers of births and where 2,4,5-T and 2,4-D
use was considerably higher {in one division than in the other and found that there
were no differences in the rates or types of defects. "Hence there does not appear
to be a relationship between herbicide usage and perinatal death rates or type

of birth defects, " according to the report.

T* noted that the average level of TCDD in 2,4,5-T offered for sale in Victoria over
2 past two years was 0.06 p.p.m. and that the legal maximum was 0.1 p.p.m.
The report said, "It is noted that one sample (of 2,4,5-T acid) reported on in Victoria _
" in 1977 contained 0.2 p.p.m. of TCDD in the formulation. No other sample has : ﬂ
exceeded this figure." Observations on human effects of the pesticides discussed

in the report Included:

"Although {solated reports of i1l effects have been noted in

connection with the agricultural use of 2,4-D and 2,4,5-T,

broad experience over the thirty years in which the compounds

have been used suggests that the dangers are minimal. It is

noteworthy that substantiated ill effects in the general population .
potentially exposed to residues of the compounds have not been

observed. This is not unexpected in view of the lack of 2,4,-D or

2,4,5~T residues in foodstuffs after normal agricultural usage. . .

"Definitive ill-effects in connection with 2,4-D and 2,4,5-T are.

almost wholly related to people involved in the manufacture of

the compounds and to those affected by industrial accidents, e.g.

explosions in manufacturing plants. It appears that those connected

with the manufacture of the compounds are at greater risk than the

sprayers involved in the agr}cultural use of the herbicides.” i 7 5 1 1

JCP 5SUSPENSION REQUESTED BY HEALTH RESEARCH GROUP; NO RESPONSE FROM EPA

Suspension of all uses of dibromochloropropane (DBCP) was requested last week by

the Health Research Group (HRG) which anticipates having intervenor status in the

cancellation hearing (See Dec. 6, Page 35). The Dec. 8 suspension request had not 000:5'2 ¢
been answered by the Environmental Protection Agency at press time.
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-Of Mice and M.en‘(——The Troubles of(2, 4, 5-T

Voo
{ . F ALL FORESTLAND controver-
sies, that over the use and abuse of
herbicides wins a gquestionable
srize for being the most enduring.
Now that public fears over clear-
‘autting have abated, anxieties seem
o have transferred nicely to the
i practice of aerially spraying her-
‘bicides in forest management. For
‘this development, one must thank
newspapers and television for their
timely accounts of tumor-ridden
mice and malformed fetuses, all
brought on by exposure to phenoxy
therbicides of one kind or another.
‘Those who keep themselves cur-
‘rent on the varied horrors we're
capable of inflicting on ourselves
will have surely heard of sleepy

; Oregon valleys sprayed with chem-
1cals likened to Agent Orange, the

i defoliating compound once used by

; the Pentagon in Vietnam. @here 1s

; indeed something insidious about
- ¢hemicals that cause plants, ani-
! mals, and even humans to drop
dead. It wasn’t for nothing that

pone joined thalidomide as a-~

' pousehold word in our disaster lex-
*icon.
Aside from the irresistible appeal
: such stories have for reporters and
; broadcasters, there are good rea-
" sons we are hearing more lately
" about forest herbicides. @Appar-
* eritly the same people who give us
, poisonous compounds are refining
atheir techmques for measunng the
. levels of poisons in them. Ten
years ago the state of the art was
fairly primitive. Biochemists.could
- detect, say, only one part of poison
i in a million parts of herbicide. But
" today, Harvard University scien-
tists claim they can detect one part
in a trillion parts of herbicide, thus
turning up traces where there once
were thought to be none. It’s called
progress: science obliges us with
- lethal poisons. and finally with
sophisticated means of measuring
their toxicity, too.

P R

€1978 SoCIETY OF AMERICAN FORESTERS

Against this background of pub-
{ic-suspicion and scientific progress
comes 2,4.5-T. It is to forest pes-
ticides what Ali is to boxing—the
meanest and the greatest. For the
past thirty years or so T, as the
chemical is affectionately known to
applicators. has proven useful for
killing off brushy. broadleaf plants
which often invade a forest site and

. then compete successfully with

commercially valuable conifers for
sunlight and nutrients. T works, all
right, but not always where in-
tended, and it can be harmful when
it drifis onto non-target crops. One
spokesman for Dow Chemical
Company. which manufactures it,
said, ** You can stand in a vineyard
and think of 2.4,5-T and the leaves
will wither away.”* He isn't refer-
ring to the power of suggestion,
either.

The use of T also happens to be
relatively cheap. The reported
costs of aerial application sound
suspiciously low —under $50 an
acre according to many users—but
aerial spraying is still considerably
cheaper and perhaps more effective
than manual attempts to control
vegetation. And even if the costs
are somewhat higher than stated,
the payoffs from a judicious use are
undeniable. According to accepted
estimates, chemical control of veg-
etation can on average produce a 40
percent increase in timber volume
at the time of harvest. Today, when
more than half the commercial
forest is growing wood at less than
optimum rates, many argue that
herbicide use becomes essential 1o
meeting our long-term timber
needs. A major cause of this loss
[of growing capacity] is competing
and undesirable vegetation,™ said a
recent statement by the Society of
American Foresters.

W ONDERFUL, SAY CRITICS. but
encouraging trce growth by spray-

“r-m

ing phenoxy herbicides is like cur-
mg a2 headache with a frontal
{obotomy. .In fact, not since
paraquat  was used o ruin
marijuana fields in Mexico has
chemical spruying been so roundly
attacked.

Actually, it’s not so much the
herbicide itself that-is causing the
outcry. but.the toxic impurity,

- called dioxin (TCDD), that is con-

tained in T. Dioxin sneaks into the
compound accidentally in minute
amounts, during the manufacturing
process. It is not a necessary ingre-
dient, and contributes nothing to
the effectiveness of the herbicide.
But it’s extremely poisonous to
humans; some say the most
poisonous synthetic compound
made. From Harvard to the Uni-
versity of California at Berkeley,

. tests are confirming the draconian

characteristics of dioxin, and the
associated consequences of giving
T to test animals in relatively mas-

sive doses. Curiously, the astonish- ..
"ing number of tests run on the her-

bicide has led to no consensus on
its long-run effects on humans,
animals, or the environment. The
findings are sometimes contra-
dictory—Texas Tech University
scientists say dioxin isn’t present in
soils sprayed with T: others dis-
agree. A U.S. Air Force study says
dioxin doesn't accumulate in water
or animals, Berkeley says it does,
and so on. If anything, tests seem

to add to the confusion; what's safe .
is sinister to

to one scientist
another,

Press and television accounts
generally haven’t served us very
well. Two major networks recently

dug up old Vietnam war footage to"

tighten the link between T and
Agent Orange,
foliant. (Orange was comprised of
about equal portions of T and
2,4-D, and applied in heavy doses.)
Perhaps more than anything else,
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ulc.d th. puhlu outery agains hu-
bicides. In the past two yeurs,

‘ Senators Dale Bumpers (D-Ark.)

and Gaylord Nelson (D-Wisc.)
have proposed legislation to ban
the use of phenoxy herbicides on
public lands. The Environmental
Protection Agency (EPA)—which
wrested herbicide jurisdiction from
the Agriculture Department and

. now regulates such compounds

under the Federal Insecticide,
Fungicide and Rodenticide Act
(FIFRA)—has in the past moved
to ban the use of T. changed its
mind, but is now taking a second
look at registration. With its testing
procedures under fire, EPA initi-
ated on April 21 its Rebuttable Pre-
sumption Against Registration
(RPAR) process for the phenoxy
herbicides T, 2,4-D, and silvex, a
mixture of T and D. By invoking
this process, EPA permitted con-
tinued use but only until all in-
terested parties submitted evidence
to rebut the agency's presumption
against registering the herbicide. In
plainer English, RPAR means that
the continued use of T is in doubt.

Meanwhile, the Agriculture De-
partment sought to head off a major
~onfrontation by imposing strict

1idelines on the streamside use of~

T. It later liberalized them under
pressure, but required each pro-
posed spraying on national forests
to be cleared by Assistant Secre-
tary M. Rupert Cutler.

,-

VV HILE POLICYMAKERS debate
the merits of more orless herbicide
use, and their tireless counterparts
in the laboratories decide just how
toxic herbicides are, it's a sure bet
that the media will exploit the con-
troversy for ail it's worth, mixing
creative new concoctions of fact
and fantasy. Amid all this conjec-
ture and hairpulling, important but
seldom reported facts tend to belie
the impression created by the
doomsayers.

For exam in the casually re-
ported link ﬁezwecn T and Agent
Orange the differences are greater
than the similarities, yet never get
equal time. Dioxin was of course

sent in Agent Orangc but only

-ne sense that heat is present in
both blast furnaces and body tem-
peratures. The amount of diexin in
production-grade. T is legally lim-

How v pail e sldapon ol b
wle, whieh runs to about | ounce
dioxin to 312 tons of T. And the

Council for Agricultural Science

and Technology (CAST) says that

the dioxin umount in the T cur-
rently being manufactured is con-
siderably less than that: Moreover,
the volume of T -used in Agent
Orange applications was about 30

times greater per year per acre than :

that used today in forest manage-
ment. All in all, taking the dioxin
levels and volume applied per acre,
the dioxin level in Agent Orange
was anywhere from 3.000 to 30.000
times greater than in domestic use.
Even given the {tremendous
amounts of dioxin sprayed in Viet-
nam, where the eradication of veg-
etative cover and the destruction of
the enrivonment were deliberate
military management objectives,
the environmental impact is still
not clear. Phillip Handler, presi-
dent of the National Academy of
Sciences. summed up the findings
of a NAS study on herbicidal war-
fare in Vietnam in March 1974:
*“The volume of merchantable
timber Kkilled by herbicide spraying
proved to be strikingly smaller than
previously reported in preliminary
estimates by others . . ..
and 2,4-D are rapidly excreted in
unchanged form by most animals,
and there is no evidence for ac-
cumulation in any tissues or in the
food chain.”* As for reports of mal-
formed fetuses, the NAS report

found “‘no conclusive evidence of

association between exposure to
herb:cxdes and bmh defects in hu-
mans.’

As more refined laboratory mea-
surements turn up traces of dioxin
in humans and in the soil. it’s useful
to recall the remark social com-
mentator Irving Kristol made about
class conflict in modemn-day soci-
ety. “*If you have to measure class
conflict to find it.”" Kristol ad-
monished his fellow sociologists,
**then there isn't any class con-
flict.”” Similarly, the reason dioxin
is so difficult to measure in the soil
is simply that there isn't much
there. Studies suggest dioxin de-
grades fairly quickly-anyway, by as
much as 50 percent in a vear. Nor
does it seem to appear in plant
seeds, or readily dissolve in water.
It disappears rapidly in vegetation
too—some tests show that 80 to 95
percent vanishes within a month.
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2,4,5,-T

1 Aaroe o
bo :UTE is the amount of di- “jsledgeha:
oxin W . T that some experts have . !1pects. B
concluded that only people with *:Jcent ‘stuc
suicidal tendencies and enormous - % bicides,"
appetites would ever become ill :igrcultural
from T. A one-hundred-pound hu- “Afshould ¢
man, say these experts. would have *¥strained
to quickly consume all the dioxin' .-
on one acre of sprayed forest to “i

Y -

‘(The F

suffer any ill effects. While this wri- “} gusr 19
ter is not anxious to lose 65 pounds ‘3§ of "the
and test that claim, the example Techne
does dramatize the unlikelihood of 23 A dios
harmful side effects from proper-:Yformed in
applications of the herbicide. -4~ =f10 make -
Caution should be exercised, Xcance of
too, when taking lab test results at i years ago
face value. It is obviously uncon-: ¥ centration
scionable to dismiss or ignore such, =¥« fficient
results, but it is also hazardous 10 “¥§industrial
infer from them that humans would.. “J eliminate
suffer the same effects as animals.: “‘Jtion meth
Despite the painful similarities; routinely -
men really are different from mice ::*4\ith occa
and rats. For example, humans <4ppm.. The
don’t develop the propensity. to’: productior
grow tumors that laboratory ani- 4 To have re
mals often do when they're sub-""s%an impurit
" jected to relatively high, regular ““Fpublic anc
doses of herbicides. In one test, 75. 3 ufficient
percent of the male mice injected -- Fpecome ar
with T developed tumors, but 50 3 chemicals
'did 78 percent of the mice who. ¥ing the co:
were given nothing at all. In fact, "¥amount of
the female mice which developed, Jinto the en
tumors outlived those that did not.. -§* TCDD
These results are cited by Richard: {life. and it
Ellerby, president of the Oregon ..'- oral L Dso
Society of Clinical Oncology, .to «: pigs to 115
allay the Orwellian speculatlon, 3 are less ser
often fostered by lab tests. Besides,* *§- Among
lab tests also show that tumors; i3Kemorrhag
spring from steady diets of egg f brganisms
yolk. bracken fern, and even water. - $saveral we¢
So the old Aristotelian maxim. “iis absorbed
**moderation in all things™ 1ppl|e r and elimina
here, too. S through the
At any rate, organisms in the : s eliminate

field never receive anywhere near.

the dosage of either T or dioxin that ;3
lab animals get. In terms of practi=;: 4
cal application, therefore, many; ;;g

lowed in production-grade T, the . §TCDD is c:

lower rates usually achieved in~§ .- The evide
practice, and the fact.that most -.§500.000 time
stands are sprayed intermittently, idepending o
say about once every 30 years. . :jthe Environ:
Whether these facts. or any, 4TCDDincc
others, influence EPA’s judgment - fin 10 million
on registering T next spring is any-,  fabout I parti
one’s guess. The arguments both’ §dose of TC!
£ 7514 " 420, 000 toxic «
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Cind con will be dehivered wath detractors, whe
Jochammer subtlety, one sus- purse «
«xts. But the conclusions of a re-
nt study. *“The Phenoxy Her-
cides,”” by the Council for Ag-
.ultural Science and Technology
o' ° check some of the unre-
ar . mvective. CAST has its .

independent

POt T ne beesy
Austrial money behind
its research program. But CAST's
member-scientists
choose their own rescearch projects
and count among their number
some well-respected
the herbicide field. The abridged

POl TP iied DU iy
tuhions, whi 1 deletedy Lurgels
concerns thek .ndings on the tox-
icity of T, probably the aspect most
crucial to the continued use of the
herbicide.—Luke Popovich
authorities in

'The Phenoxy Herbicides, Second Edition, Au-
© gust 1978, puges 20-22. Reprinted by permission

of the Council for Agricultural Science and

Technology, Ames, Iowa.)

A dioxin contaminant referred to as TCDD is
rmed in the manufacture of the trichlorophenol used
» make 2.4.5-T and silvex. The presence and signifi-
ance of this impurity first became known about 20
s ago. 2.4.5-T formerly contained TCDD at con-
entrations of 1 to 70 ppm, the higher levels being
+fTicient to cause skin eruptions called chloracne in
«Justrial workers. Although it has not been feasible to
liminate this contaminant entirely, present produc-
an methods are able to reduce the dioxin level
wtinely to less than 0.01 ppm in commercial 2,4,5-T
ith occasional batches containing as much as 0.05
pm. The average level of dioxin in present U.S.
-oduction of 2.4.5-T appears to be about 0.01 ppm.
o have reduced to a thousandth of its original content
n impurity in a chemical already widely used by the
ublic and recognized as safe would appear to be a
afficient solution of this problem. However, it has
ecome apparent that TCDD is one of the most toxic
yemicals known. This poses the complexity of assess-
1g 1~ consequences of the presence-of a very small
mc¢  of a very toxic substance in mixtures sprayed
‘1o the environment.

TCDD is toxic to laboratory animals at all stages of
ife. and it also is a weak teratogen in mice. The acute
ral LDso ranges from 0.0006 mg/kg in male guinea
‘igs to 115 micrograms per kilogram in rabbits. Dogs
re less sensitive to TCDD than rabbits.

Among the effects are skin damage, liver damage,

—-emorrhage and reduced ability to cope with disease
rganisms. Death from a lethal dose is often delayed
averal weeks. Following ingestion by the rat, TCDD
» absorbed from the gut, localized in the liver and fat,
nd eliminated largely via the feces but to some extent
arugh the urine. About half of the ingested material
» eliminated from the body in the first 17 days

Birth defects develoP when the chemical is adminis-
cred during the time of pregnancy when fetal organs

‘e forming. The effect is directly upon the developing
2tus rather than on the genetics of the mother. TCDD
< more of a toxicant than a teratogen. It usually causes
‘vath of the fetus rather than abnormalities. Because
" the narrow range of dosage between the no-effect
:vel on the fetus and the lethal effect on the mother,
'CDD is classed as a weak teratogen.

The evidence shows that TCDD is from 5,000 to
10,000 times more toxic to mammals than 2,4,5-T,
‘enerding on species. Under current standards set by
e ironmental Protection Agency, the content of
"CLw in commercial 2,4,5-T must be less than 1 part
1 10 million parts of 2,4,5-T. In_practice the content is
hout 1 part in 100 million. On this basis, a single toxic
ose of TCDD would be contained in from 200 to
'0.000 toxic doses of 2,4,5-T, depending upon the test

species. Thus, the current level of TCDD in 2.4,5-T
does not contribute significantly to the toxicity of her-

* bicidal preparations of 2.4.5-T.

For a person or animal to be poisoned with TCDD
without first being poisoned with 2.4,5-T would re-
quire the existence of a mechanism in nature that
would separate TCDD from 2.4,5-T, greatly concen-
trate it and make it accessible for consumption in food
or feed. Any postulated mechanism must take into ac-
count what is known about the environmental fate of
TCDD.

The amount of TCDD distributed in the United
States in 2,4,5-T and silvex is probably no more than 1
ounce annually. This material is distributed over ap-

proximately 5 million acres at the rate of 5 micrograms

per acre. The most sensitive species known is the
guinea pig, which has an LDso of 0.6 microgram per
kilogram. If we assume that we have a grazing animal
about the size of a sheep or deer (175 Ib or 80 kg) and
the sensitivity of a guinea pig. this animal would have
to consume, without excretion, all of the treated vege-
tation on more than 9 acres of land to get a lethal dose.

If the animal had the sensitivity of a rat, it would have’,

to consume, without excretion, all of the treated vege-
tation on more than 400 acres.

TC DD falling on foliage is not absorbed appreciably
by plants but is rapidly decomposed by sunlight. When
TCDD on leaves is exposed to sunlight, most of the
chemical decomposes the first day. Washing into the
soil by rainfall plus additional slight losses by volatility
serve further to dilute and disperse the remaining res-

idue. There is evidence also that TCDD is not formed

when 2.4,5-T is subject to ultraviolet radiation and that
it is not formed in significant quantities from 2,4,5-T
when treated vegetation is burned.

Once in the soil, TCDD residues become firmly
bound to soil particles and are not appreciably taken
up by plants. The residues do not leach downward but
remain localized in the surface soil. Microbial degrada-
tion then comes into play and decomposes most of the
remaining chemical to basic materials over a period of
probably a year or two.

TCDD sprayed into waters rapidly disappears, duc
to vapor distillation into the atmosphere and to de-
composition by sunlight provided the waters contain
small amounts of organic compounds. Its low solubil-
ity in water (0.0002 ppm) causes it to migrate rapidly
out of solution and to adhere to any available surface
on which it may be degraded in place. When sufficient
supplies of the chemicul are present for a long enough
time, TCDD can accumulate in algae, snails-und-fish
at concentrations exceeding those in the ambient wa-
ter. This property is not believed to be of practical
concern, however, since herbicide spraying does not
lead to a substantial amount of TCDD in the environ-
ment subject 10 accumulation. Analyses reveal that
accumulation in food-chain organisms is not a prob-
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s COMPENDIUM OF M:JOR &
CABLE LOGGING SYSTEMS [}

® Comparative description of the major cable
logging systems being manufactured.

® All specifications are given in the
International System of Units and are
directly comparable.

" @ Specifications for 59 different winches-
yarders and 16 different carriages giving a_
representative cross-section of what is
available.

® Summary tables giving specifications forthe  §&1
-eight major cable varding classifications and B
for carriages. '
® More than 60 descriptive illustrations.

@ All of this information is concentrated onto
112 pages, in English.
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operations as well as universities.
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has been widely invey—ted using methods seasitive
to as little as 10 pdn( or trillion (ppt). Amounts of J
TC DD sufficient to cause direct toxicity or birth dc- &
fects, however, have never been found in food. or-] §$

L\

In an Environmental Protection Agcncy—durected
test of 85 samples of fat from cattle grazed on pqsturcs B
sprayed with 2,4,5-T, one contained TCDD at a con- ¢
centration of 60 ppt, two had approumately 20 ppt,.4
five had S to 10 ppt (lower than the test’s rehabmxy), ) Timberlz
and the remainder had no detectable TCDD. The sig- /{ Decemb
nificance of the posmve values in this survey is ques-% Continu
tionable for various reasons including (a) lmdcquale~ sored b
information on the sources of the samples,. (b) the dif-"; GCOVP"
ficulties of analyzing samples for such low concentra-; gia Kra
tions of TCDD in the presence of mlcrfcrmg sub-" g lns.ututse
stances and (c) the failure to identify TCDD in any of. %‘: '

3.Cooper:
the correspondmg liver samples (TCDD normally, acn'i Georgia
cumulates in the liver concurrently with accumulation. 4] tion. -Su
in the fat) In any event, the average levels of TCDD’A: ‘Plannin;
found in the fat and, indeed. even the highest level; & :Manage
represent concentrations well below the no-effect levél x4 will be t
established by EPA. In the only formal cxpenment ¢ with not

. des:gned to test the accumulation of TCDD in animals* ="{f 1= %‘
in the wild, no detectable amounts of TCDD [\\erc ; }E-dll;cali
3

found] in tissues of mountain beaver at the end of 45 to . Athcns

60 days of feeding on vegetation that had been sprayed ;:}.
with 2 Ib of 2.4,5-T per acre at the bcgmmng of lhe-- Noﬂh
feeding period. AR ‘Nongan

Because the general public first became aware of | Workst

TCDD as a very toxic contaminant in 2,4,5-T, recent , '-5‘;_“ H"
poisonings by TCDD from other sources have been:§ ;’.(;:_‘::I

improperly linked to herbicides. There have been sev-"} me 1
eral accidents involving high-level exposure of persons - fﬁ? the
to TCDD. One was an incident in Missouri involving -1 pabitat-
waste oil used to keep down dust in stables. A recent { hirds a:
and more serious incident involving TCDD occurred :{.cal cor
in Seveso, Italy. Herbicides were not involved in s}.tacr: R
either of these poisonings. The incidents involved far '{ Service
higher levels of exposure of man and animals.ito. J:Ave..:
TCDD than are encountered in the field use of 2,4,5-T- ‘5'
and serve to document the safety rather tham the - g"“f:;
hazard of 2,4.5-T. In the Seveso incident, for example,-, | d:::n
TCDD was released in a village at rates per acre that ; #tac Ret
were millions of times greater than those that occur.: "SponS(
from 2.4,5-T treatments. People continued to live jn ‘F
the contaminated area for about 2 weeks after the’ ac- ' ling,
cident. A number of animals were killed by the fall-ouf f.
of phenolics and possibly by other chemicals, and §: .
there were numerous cases of human chloracne. No :{:
cases of severe human illness were attributable to ex.

posure to TCDD, however, nor was there an in- -}
creased incidence of human birth defects. $ 1

Evaluating the hazard of TCDD in the cnvnronment o
poses the problem of comprehending numerical values
far removed from common experience. One is likely to
be so overwhelmed by the very great toxicity of -
TCDD that he fails to comprehend the infinitesimal
levels of exposure. One must recognize also the long. .
history of safe use of 2,4,5-T containing a thousand or :
more times as much TCDD as at present. The evi-
dence indicates that the TCD D contaminantin 2,4,5-T !
and silvex is well below levels hazardous to humans g

and other organisms. B
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CARCINOGENICITY.IESTNG OF CHEMICALS WITH PARTICULAR
REFERENCE TO ORGANOCHLORINE PESTICIDES

aEm————
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211014 Swensfieid Road, Colurmirie, MD 21044 (U.S.A.) -

(Received Oczaber 14th, 1977; in Ainal form February 2nd, 157%)
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. ABRSTRACT

The organochlorine chemicals comprise 4 large number of pesticides that are used .. :
widely throughout the world, The organochiorine pesticides given in the diet to mics .
are carcinogeaic for the hiver. They induce aot only carcinomas of the liver, parzie. . :

ularly at the higher doses, but also carcinomas and sarcomas in other organs in rats.
They cause acute and chronic liver and kidney injury, which interferes with -the
development of carcinomas and sarcomas iz rats.

The testing of chemiczls for carcinogenicity, with particular reference to organc~
chiorine pestcides, includes discussions ¢n the following topics: classifieation of
hepatic lesions in mice and rats, diagnostic criteria for malignant tumors of the liverin
mics and rats, toxicity versus carsinogenicity in the testing of chemieals, 2 comparison

of carcinormas and cirrhosis of the liver in experimental animals and husmazs, and the
 significance of laboratory carcinogenicity Andings to human heslth, -

INTRODUCTION

The organochiorines comprise 2 large sumber of chemicals that have anesthetic
and nareatic 3cien, many of which are highly toxic! =, There has beest wide distribu-
tion and use of the organochlorines as agricultural pesticides throughout the worid.
They areapplied by all the conventional mezns using the common types of equipment
on vegetabies, fruit, forage, and fber crops. Examination of large numbers of sampies
of spezific food product classes eollected in retail food stores haveshown that they are
coataminated by organechiorines.

The organochiorines are absorbed into the system following mhzhnan. ingestion,
or contact with the intact skin. After iagestion into the system they are stored to some
extent in the fat and [iver and to lesser extent in the kidney, muscle, and other organs.

The focus in the toxicity 2ad carcinogenicity studies has beesa primarily on the
reaction of the lives to the organochicrine pesticides. Cartainly in the mouse, whers
we Zave the greatest amount of sxpesimrental data, this is the focz! peint of the

* Preest address: NCI Frederick Cancer Researes Cemter, Fredesick, MD 21701, USA.

sp9Lge MOC

75

-

1

0002180

8



bt

107

distinguish between hyperplasia and carcinomas, rather than to use the term “hepat-
oma”™ as employed by some pathologists. The widespread and varying use of this
term over mapy years has left it, in my opinion, unacceptably vague

1t should be noted in reports from feeding studies that metastases from carcinomas
of the liver to lung or to other organs are not reiiable uniess, among other things, serial
sections are done, Serial sections were ot doge in any of the studies on the organo-
chlorine pesticides. In addition, multiple sections of the liver are 2iso necessary to

properly evaluate the lesions, particnlarly local invasion of veins of the liver by -
carcinomas. Small carcinomas less than § mm, for example, might be overlooked on.
gross examisation. _ o

-

THE IMPORTANCE OF RYPERPLASTIC NODULES OF THE LIVER

Carcisomas develop in the liver of animals only after the cails pass through stages
of hyperplasia. The earliest stage, referved to as “areas™ of hypserpiasia or as “hyper-

plasia™ is seen during the early wesks and months of the administration of certzin .

chemicals. The change at this stage may not progress to that of carcinoma unless the
chemical or “stimulus™ continues to be administered. If these hyperplastic czils
contisue to grow, they form hyperplastic nodules. The ceils appear much the same,
but bave increased in numtber enough to form a nodule. This nodule is 2 mass which
compresses the adjacent tissue and can be se=n on careflul gross examination of the
ltver. This hyperplastic nodule is precarcinogenic and has the capability of developing
into 2 carcinoma evea if the chemical is no longer gives to the animaj3$=29,

Cells in hyperplastic nedules grow in shests. Additionally, the c=ils are also charae.

* terizad by the following: the cells are increased in size, there are dauble nucieated

calls, and there are mitotic figures. In nodules which progress to well-differentiated
carcinemas, the cytoplasm tends to be eosinophilic; whereas in nodules which progress
to pocriv-differentiated carcinomas, the cytopiasm tends o be basophilic.

The rate at which the hyperplastic czlls become hyperplastic sodules 2n0d carci-
nomas depends upon the potency of the chemical as 3 aarcinogen, the dose of the
chemical, the leagth of administration of the chemical, and the route of administra-
ticn. Growth 2iso varies with the species of animal, the strain of animal, the age and
sex of the animal, and hormones, as well as lack of protein ia the diet. This changs
of byperplastic ceils to nodules 2ad of aodules into carcinomas is also dependent
upon the health and sutritional status of the animal. If there are acute toxic effests, the
amimal will die from secrosis or instant death of ceils and organs, or from acute
infertious disezses, The animal can also die as a result of malignant wmors in organs
other than the liver, or from chronic diseases, other than malignant tumors, in the liver
or other organs.

In the analysis of dara, the sumber of carcinomas of the Liver is not the oniy'

indication that 2 chemical is carcinogenic. Animals may have bypersiastic nodules in
the fives or other cianges of importance in other organs. A full evaluation, thereiore,
shouid invoive an analysis of variants king into consideration all avaiiabie data®4,
Ia the case of the liver, this includes the mest advancsd lesicns of the liver, ie.,

- - - o - came e . -® o o atmm—. - ooom -
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Hepatocallular carcinomas arise from parenchymal csils and oftea retain the
vesicular guclei and sometimes the eosinophilic cytoplasm. Poorly-differestiated

hepatoceilular carcinomas grow in shests and generally can be fairly easily recognized. .

The criteria are those for anaplasia: (1) size and shape of nuelei and cails; (2)
presence of abnormal mitotic figures; (3) cytoplasm usually basophilic, but caa be
darkly ecsinophilic; and (4) nuclei vesicular with promineat nucleoli. :
Welldifferentiatad hepatocellular carcinomas are more difficuit to recognize and
often are incorresdy diagnosed. Histologically these carcinomas retain mauny of the
characteristics of normal liver calls. Criteria for well-differentiated hepatocsilular
carcinomas nesd pot be those of anapiasia, but are the following: (1) formadon of
cords, two or several layers in thickness, with the formation of canaliculi and often
prominent sinusoids with lining csils; (2) cytoplasm usuvally darkly eosinophilie, but
can be basophilic; (3) cytoplasm either decreased or increased in amount; (4) nuelei
vesicular with prominent nucleoli; and (5) absencs of double gucieated cells or

. mitotic figures, Formation of cords with canaliculi can oftea be the most heipfial

indicztion of well-differentiated carcinomas. Occasional carcinomas may be made up

predominantly of canaliculi and can conuzin bile casts, Glycogen is rarely presest. -

Cholangiocarcinomas retain may of the characteristics of bile duct e=lls, ie.,
columnar ceils with lightly basophilic cytopizsm azd oval suelsi.

Well-differentiated cholangiocarcinomas are fairly easy to recognize. Well-
differentiated cheolangiocarcinomas: (1) form ducts sometimes containing mucia in the
cytoplasm or lumen; (2) cyropiasm is lightly basophilic; (3) “desmoplastic™ back-
ground of fibrous coanective tissue; (4) nuclei are oval with inconspicuous nucleoii;
and (5) lack of mitotic figures.

Pooriv-difiereatiated cholangiocarcinomas grow in sheets and have: (1) oval cells
and nueiei with some mitoses; (2) lightly basophilic eytoplasm; and (3) fbrous
connective tissue stroma®”. They appear to be attempting to form docts.

Undifferentiated carcinomas grow in sheets, They are more anapiastic than pooriy-
differentiated carcinomas aad have: (1) great variation in size and shape of nuclei and
eells; (2) basopailic cytoplasm; (3) [requent abnormal mitoses; and (4) nucleoli
prominent and often more than oze.

The most frequent sarcomas of the fiver are hemang:oeadotheﬁzl sarcomas.

Well-differentiated hemangiosarcomas retain many of the characteristics of endothelial
ceils?3, They are made up of (1) spindle-shaped cells with spindle-shaped nuciei; and
(2) vaseuiar spaces filled with red blood ceils, Lesser differentiated sarcomas are easily
diagnesed besause of the anapiastc characteristics. They also form some vascular

" spacss. More anaplastic sarcomas withour vascular spaces c2n be refesred w0 as

Kupifer ceil sarcomas,

The liver must be examined carefully for bemangioendothelial sarcomas. They c22
be smail and grossly resembie an area of receat hemorreags Somstimes the cailuiar
areas are iisa_obscured by the red biood cslls on the histalogic sestion.

Malignant lymphaomas, partenlarly the resiculum csil types, are 2iso se=n in the
iver**. Rezdenium esils ars large with 2 large ueisus with promineat nuciesius and an
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from those obrserved in rats appeared in print. Before this statement could be corrobo-
rated, it was repeated with greater emphasis being placed upon it each time. Several
years ago | carried out 2 transplant experimesnt in mice, repeating previous work i
rats, to ses what differencss existed betwesn these hepatic lesions in mice and rats?3,

Carcinomas of the liver developing in mics are no different, histologically, biologi-
caily, and in other respects, than carcinomas of the liver in rats and hamsters. Varying
stages of hyperplasia precede the development of carcinomas of the liver in all thres
species. Hyperplastic lesions cannot be transplanted; carcinomas cao be transplanted.
The histoiogical patterns of the carcinomas are the same. They kill the animais with
or without metastases. '

Carcinomas developing ia the liver of animals closely resemble those seez in
humans®!. The gross and histologic parterns are the same. The well-differsatiated
hepatocsiluiar carsinomas in animals and humans both metzstasize to the pora
hepatic lymph nodes and to the lungs. The peoriy-differentiated hepatocsilular
carcinomas spread more widely throughout the body. Carsinomas in both humaans and
animals can cause death by rupturing and blezding into the peritoneal cavity. Hyper-
plastic Jesions are sometimes se2a in humans. If humans, like animals, die from some
other cause earlier in the course of the disease, hyperplastic nodules can be obsarved:

in the liver. Terminally, though, hyperplastic nodules are rare in cither animals or.

humazs,

The role of cirrbosis in the development of carcinoma of the fiver in animais
depends upon the chemical and the carcinogesic potency of that chemical. Chemicals
thar cause both carcinomas and cirrhosis, such as aminofluorenes and carbon tetra~
chioride, need to be given in large doses, sometimes over 2 long period of time. If the
dose is to0 large, the animals will die from cirrhosis before they get-the chance to

- develop carcinomas. Cirthosis often acsompanies the deveiopment of carcinomas in
bumans. That situation then is similar to that in animals, except that the toxic agent in
humnans is usually aicohol or viruses. -

Chemicais that cause carcinomas only and aot cirthosis generally are extremely
poteat and can be given in much smaller doses; the leagth of time depends upon the
chemical Here again, the animals die early from acute diseases, such as hepatic or
renal necrosis, when larger doses are administered. The organochiorine pesticides
would appear to fall in the jatter category with regard to amimais. Chemicals such as
carbon tetrachloride and mercuric chioride, when ingested in large doses by humaas,
cuse death by either hepatic or rznal aecrosis. Chemicals in this group that cause
aarcinomas of the liver only if given in the lower-doses for longer periads of time ia
humans have nct yet been identified.

SICNIPICANCE OF THE LABORATORY CARCNOGENICITY FINDINGS TO HUMAN HEALTH

Carcinogenesis in man can be detezed or reliably predicied in either of two ways:
(1) by direes observation of two groups of human beings, one exposad to 2 suspesed
carcinogea afd the other prote=tad from such 2geat; aod (2) by one or more bicassays
in experimeatai animals. The first type of study, labeled 2n epidemisiogical study, is
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species should be desmed to have relevages for other mammalian spesies — igcluding
masz. :

Quantitatively, one must assass the relationship betwesa the daszge required to
produce tumors in test animals and that required in man. This assessment, difiicult as
it is, is complicated by the fact that “man” is much more variable in his physical
characteristics than are most other species of mammals. One can state, however, that
it is quantitatively impossible to establish any “safe levei™ of distribution of 2 carci-
nogen in the environment, A safe level may exist for a particuiar human being, but
because there is such 2 variation among human beings, it is impessible to establish
such a level for 2 community. Furthermore, review of the literature ca carcinogenicity

tests suggests that a0 such “oull effect™ threshold or “safe levei™ has beendetermined .

in test animals — much Jess for man - forany known carcinogen.

Given the state of carcinogenicity testing and knowiedge, thers can be oaiy one
safe tojerance for 2 carcineges = an absolute 2210 tolerance — and the ounly way a
substance shown to be carcinogenic in test znimails will sot be a threat to human

" heaith is simply to prevent that substance from entering the eavironment To the -
exteat that it does enter r2an’s environmesnt, it will constitute 2 very real threat to his
bealth. Furthermore, acknowledging the dificulties involved in detecting carcinogens’

in the buman population, this threat may not be manifested for up to 30 or 4Q years,
given the long latent period of many kaown human carcinogens. _

Baszd upen this statzment of principles of carcinegeniciry testing and the signifi-
eance of such tests for man, one must conclude that sincs the organochiorine pesticides
bave besn shown to be carcinogenic in mammalian test animals, they must be consid-
ered as potential carcinogens for man.

m ON TOXIQITY AND CARCINOGENIITY OF QIGANOCHLO)J.‘I! ETICRES

The organochlorine pesticides given in the diet to mice are carcinogeaic for the
Hvert?, These hepatic tumors are malignant, isvade and metastasize, and grow on
transplantation to isologous hosts. Dieldrin given in the diet inducss significant
aumbers of malignant tumers in mice at every dose tested, including the very lowest
dess of 0.1 ppm®.

The organochlerine pesticides induce not only malignant tumors of the Liver in
rats, particularly at the higher doses, but aiso carcinomas and sarcomas in other
organs at doses as low as 0.5, 1 or 2 ppm in the diet397 34, Rats at the lowest feeding
leveis also develop noticszbly eariy hyperplasia, as well as hyperplastic nodules, and
oceasional cirvhosis and carsinomas of the liver.

Tae organochlorine pesticides, whes given at high doses, cause considerable acute
and chronie liver and kidney injury in rats#4=¢¢. Necrosis of the liver 2ad kidneys or
chronic neparitis not only resuited in death of rawm, but also interfersd with the
development of carcinomas and sarcomas. Hyperplastic nodules in the liver would
most likely have progressed 1o carcinomas of the liver, had the rats besn aeaithier or
survived for 2 longer period of time.

The carcinomas of the liver and other crgans and sarcsmas observed ig rats and
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STUDIES ON 2,3,7. 8-TETRACHLORODIBENZQ-p-DIOXIN-INDUCED
IMMUNE SUPPRE. C ED RESISTANCE TO

INFECTION: ENDOTOXIN HYPERSENSITIVITY, SERUM ZINC
CONCENTRATIONS AND EFFECT OF THYMOSIN TREATMENT
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SUMMARY

Sublethal doses of the highly toxic chemical 2,3,7,8-tetrachlorodibenzo-p-

dioxin (TCDD) cause thymus atrophy in several species and induce suppres-
sion of cell.-mediated mmumty as measured by different parameters. The
selective effect on thymus is not likely caused by a cytotoxic effect on
lymphocytes or by an effect on pituitary or adrenais. In the present study,
mice received daily injections with thymosin in order to study whether
reduced production of thymic hormones could be involved in the atrophy.
Also, serum zinc concentrations were measured. As thymosin injections
did not increase thymus weight and mitogenic responsiveness of thymocytes,
and zinc levels were not depressed, the mode of action of TCDD-induced
thymus atrophy remains unknown. It has been reported that TCDD marked-
ly decreased resistance of mice to infection with Saimoneila bern. In this
study, dala are presented that indicute that the increased susceptibility is
likely due to the endotoxin content of the bacteria: pre-treatment of mice
with single or repeated doses of TCDD markedly enhanced their suscepti-
bility to endotoxin even at dose levels that did not produce thymus atrophy.
Finally, possible cffects of TCDD on macrophage functions were studied. As
treatment with TCDD did neither impair non-specific killing and phagocyto-
sis of Listeria monocytogenes, nor macrophage reduction of nitro-blue tetra-
zolium, it seems likely that the immunosuppression is only due to a, to date
unknown, effect on T.lymphocytes, and not due to a combined effect on
both T-cells and macrophages, and that the endotoxin hypersensitivity is not
the result of alterution in phagocytic function of mac:rophages.

INTRODUCTION
2,3,7.8-Tetrachlorodibenzo-pdioxin (TCDD) is & chemical that can be
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formed in small, but significant, amounts in the production of some chio-
rinated phenols or chemicals synthetized from chlorophenols, such as the
herbicide 2,4,5,-trichlorophenoxyacetic acid. It is one of the most toxic
chemicals known [1], it is a teratogen [2,35], it is associated with chick
edema disesse in chickens [4] and with several industrial incidents resulting
in cases of chloracne in man [5,6]. TCDD exposure has been shown to
induce thymus atrophy in rats, mice, guinea pigs [{7—12] and monkeys
[McConnell and Moore, in press]. Thymus atrophy appeared to be one of
the most consistently sensitive parameters of TCDD exposure. Since lympho-
cytes derived from the thymus (T-cells) play a central role in cell-mediated
immunity, several funciton studies of the thymus-dependent immunity have
been carried out in mice, rats and guines pigs. TCDD exposupd did result in
functional impairment of diffferent parameters of cellular immunity (delay-
od type hypersensitivity, sllograft rejection, graft-versus-host activity and
responsiveness of lymphocytes to the mitogens phytohemagglutinin (PHA)
and concanavalin A (Con A) [11,13, Moore and Faith, in press] but the
suppression of the cell-mediated immunity seems to be an age-related pheno-
menon, at least in the mouse and the rat where TCDD exposure during the
ontogeénesis of the immune system seems to be pre-requisite in order to
; ) obtain immune suppression. TCDD mimics in this respect the effect of
- . neonatal thymectomy. _

. Since the TCDD-induced atrophy of the thymus can be explained in
many ways and no clear-cut mode of action has been described, we were
interested to examine whether a reduced production of thymic hormones by
thymus-epithelial cells could be involved. Therefore, in the present study,

. the effect of daily administration of thymosin on TCDD-induced thymus

: strophy was studied. As shown by Thigpen et al. » TCDD exposure

| . markedly decreased the resistance of mice to infection'With Salmoneils bern,

. whereas TCDD has no significant effect on mortality in pseudorabies virus-
. infected mice. In the present study, data are presented that indicate that the

3 increased susceptibility to Salmonella infection is very likely due to the

. endotoxin content of the bacteria. Since on the one hand zinc deficiency can

' result in severe atrophy of lymphoid organs [15,16] and on the other hand

parenterai administration of zinc increases the registance of mice to endo-

toxin [17], serum zinc concentrations were also measured in TCDD-exposed
mice. Finally as macrophages play an important role in the immune response
and in the detoxification of endotoxin, function studies of macrophages

(non-specific phagocytosis and killing of Listeria monocytogenes and reduc-

tion of nitro-blue tetrazolium by macrophages) were also included.

¥¢19890M0Q

MATERIALS AND METHODS
TCDD
2,3,7,8-Tetrachlorodibenzo-p-dioxin (purity 98.6%, Lot No. 851:144-II,
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kindly provided by Dow Chemical Company, Midland, Mich., U.S.A.) was
dissolved in resgent grade acetone at a concentration of 50 ug/ml. For the
animal experiments, this stock solution was diluted with at least 9 parts of
arachis oil to provikie the different concentrations, Mice were mtubutod
onlly with 0, 1.5, 5, 15, 50 or 100 ug TCDD/kg body weight.

Animals

Specific pathogen-free outbred Swiss mice were reared at the Institute.
They received food and water ad libitum. Because of the high toxicity of
TCDD, all animal axperiments were carried out under non-sterile itjons
in plastic Trexler isolators, and all contaminated material was inci ed at
temperatures over 800° C (N.V. Roteb, Rotterdam, The Netheriands).

Zinc analysis

For the determination of zinc in serum, an atomic absorption spectro-
meter with acetylene-air slot burner and zinc hollow-cathode lamp was used.
Fifty ul of serum was diluted with 500 ul of distilled water. After mixing
thoroughly 100 gl of the smple was aspirated into the flame and the result-
ing atomic absorption signal was recorded. Peak heights were compared with

‘resuits obtained from the aspiration of aqueous standard solutions under the

ssme conditions and zinc concentrations were calculated.

- Experiment with thymoein

The effect of thymosin injections on TCDD-induced thymus atrophy was
studied in mouse pups that were exposed to TCDD by postnstal maternal
treatment. At birth the number of neonates was standardized to 6. Groups
of 5 nursing mice received 0 or 10 ug TCDD/kg body weight (in a volume of
0.1 mi/30 g), postnatally on days 1, 4, 8, 11, 15 and 18, Calf thymosin
(fraction 5, Lot No. BPM 390, kindly provided by Dr. A.L. Goldstein,
Galveston, Tex., U.S.A.) was dissolved in sterile saline at a stock concentra-
tion of 15 mg/ml, passed via Millipore bacteria filter and aliquots stored at
~20° C. Just prior tqQ injection, s dilution (1 mg/ml) was made in sterile
phosphate-buffered saline (PBS). In the first week, groups of 2 pups per
litter received dsily subcutaneous injections of a high (50 ug) orlow (15 ug)
dose of thymosin. In addition, 3 pups per control litter received PBS. In the
second and third week, the doses were doubled and tripled respectively. The
endotoxin content of the thymosin (1 mg/mi) solution was estimated with
the Limulus assay [18] and contsined between 12.5 and 62.5 ng endotoxin/
ml. After the 22-day experimental period, the animals werekilled. Zinc concen-
tration was measured in serum.

The thymus of half of the number of mice was removed under sterile
conditions. Cell suspensions were made by using a glass homogenizer, the
vubxln:y was determined with a dye exclusion test and the final suspension

7
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was adjusted to a concentration of 3 X 10° viable nucleated cells/ml in
minimum essential medium (MEM, Gibco F14) buffered with Tris (0.025 M)
and supplemented with 20% inactivated fetal calf serum, streptomycin (100
ug/ml) and penicillin (100 IU/ml). A total volume of 1 ml was cultured in
polystyrene tubes (Nunc, Denmark) and 12.5 ul reconstituted phytohemag-
glutinin (PHA, Wellcome Labs., Beckenham, Kent, UX.), 6 ug concanavalin
A (Con A, Pharmacia, Uppsala, Sweden) or 50 ul reconstituted pokeweed
(PWM, Gibco) were added. After 24 h cuitivation, 10 aCf of [6-’H]thymi-
dine (specific activity 600 mCi/mmole) was added. Twenfiy-four hours later
the cells were harvested on glass fiber filters using a mauitiple cell culture
harvester (Skatron, Lierbyen, Norway). After drying, the filters were placed
into scintillation vials and 2 ml of scintillation fluid were addéd. Counting
was done in a Packard liquid scintillation counter. Results (median value of
triplicate cultures) were expressed as the difference between stimulated and
non-stimuisted cultures (in counts/min (cpm) per 3 X 10° cells).

Experiments with endotoxin

In 3 experiments, the effect of TCDD on the susceptibility of mice to
endotoxin was studied. Since there is no major difference in the biological
activity of endotoxins of Saimonella and E. coli species, E. coli endotoxin
was used in the present study. Endotoxin (lipopolysaccharide, E. eoli, O
127: B 8, Difco Labs, Detroit, Mich.) was dissolved in sterile saline. In two
studies, 3—¢ week-0ld male Swiss mice were intubated orally, once a week
for 4 weeks, with 0, 1.5, 5, 15 or 50 ug TCDD/kg (0.1 ml/10 g body weight).
Two days after administration of the final dose of TCDD, the mice were
injected intravenously with 10, 20, 100, 250 or 500 ug endotoxin in 0.1 ml.
The mortality due to endotoxin shock was scored after 48 h. Surviving
animals were killed and examined macroscopically.

In the third experiment, 3—4 week-old female mice received a singie oral
dose of 0 or 100 ug TCDD/kg body weight (0.2 mi/10 g). Animais were
challenged with endotoxin 5 days after intubation. In the second and third
experiment, additional animals were intubated and killed to determine the
effect of TCDD on body weight and on the weight of thymus and spleen.
Also, serum zinc concentrations were measured in the third experiment.

Clearance of Listeria monocytogenes

The resistance of Listeria monocytogenes is a combination of non-specific
phagocytosis and cell-mediated immunity: non-sperific phagocytosis and
killing can be measured shortly (within 2 days) after the intravenous inocula-
tion of Listeria monocytogenes [19]. Male Swiss mice (3—4¢ weeks old) were
intubated orally, once a week for 4 weeks, with 0 or 50 ug TCDD/kg body
weight, Four days after the last intubation the animalis were inoculated intra-

venously with 2.4 X 10° Listeria monocytogrnes organisms (Strain L 242/73 -

type 4b). One or two days after the injection, the spieens were weighed,
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homogenized and serial dilutions were plated to determine the viable counts
of Listeria {20]. The number of bacteria was expressed as '°log/spleen.

Reduction of nitro-blue tetrazolium

Lymphokine activated macrophages show increased glucose oxidation via

the hexose-monophosphate pathway; an increase that can be quanditated by
the reduction of soluble nitro-blue tetrazolium (NBT) to insolublexormazan.
Krueger et al. [21] demonstrated a correlation between delayedtype hyper-
sensitivity skin tests and NBT reduction by lymphokine-activated magro-
phages. Similarly Engel and Sekhuis (unpublished dats) showed an incs;‘te
in NBT reduction in macrophages of mice that were injected with Coryne-
bacterium parvum, without the addition of lymphokines to the culture
chamber. In the present experiment, the effect of TCDD on NBT reduction
of macrophages was determined in order to study an effect on the baseline
activity of non-activated macrophages. For that purpose, 3—4-week-old male
Swiss mice were intubated orally, once a week for 4 or 5 weeks with 0 or 50
#g TCDD/kg body weight. Five dsys after the last intubation, peritoneal
macrophages were harvested in 2 washings with 2.5 ml Eagle’s Basal Medium
(Gibco, G 13) supplemented with 20% inactivated calf serum, 40 mM

Lglutamine and § U heparin/ml. Of this suspension 0.5 mi was added to an -

8-chambered tissue culture slide and incubated at 37° C in 10% CO, in air

- for 2 h. At this time chambers were washed 3 times t0 remove non-adherent

cells. Of each mouse, one chamber was used for the identification of macro-
phages (Giemsa stain); the other was used for the NBT assay according the
technique described by Krueger et al. [21]. One hundred cells were indi-
vidually scored at 1000 X on the quantity of formazan precipitate as a
measure of NBT reduction (no precipitate = 0; slight precipitate = 1; mode-
rate precipitate = 2; strong precipitate = 3). Resuits were expressed as the
sum of the scores per 100 cells.

" Statistical analysis

Studént's t test was used to make one-sided trestment—control compari-
sons. : .

RESULTS

The effect of daily thymosin injections on body and thymus weights of
22.day-old mice is given in Table 1. Body and thymus weights of the 3 TCDD
groups were significantly lower when compared with the control group.
Treatment of TCDD-exposed pups with thymosin significantly reduced body
weight, but did not alter thymus weight. Serum zinc concentrations were the
same in control and TCDD-exposed pups. The responsiveness of thymus cells
to the mitogens PHA, Con A and PWM is presented in Table II. In general,
the response of the TCDD groups to these mitogens was approximately half
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TABLE]

BODY AND THYMUS WEIGHTS' AND SERUM ZINC CONCENTRATIONS OF 22-
DAY-OLD TCDD-TREATED MICE THAT RECEIVED DAILY INJECTIONS WITH

THYMOSIN® )

Dose of TCDD Thymosin Body weight Thymws wiight  Zinc

(=g/kg) | treatment ® (mg) - (mgA)

0 ) 131209 .. 85: &35 11:02 T
10 0 124:08° . $0:10° - 12: 06 =
10 low dosss* 1121 1,0°4 €0z 10* 4 '

10 high dosse®  112:12%4 53 70 N =
S Mean valuss : 8.D. (body weight §—10 animals, thymus weight and sinc ansiyses of C)
thah).liammdbOormuNDmewwtmm
nhllyoadm

1,4,8,11, 15 and 18. o)
Sipmenﬂy(r<OOS)MMQMMWMP(RDNDDMM&M)

¢ Significantly (P < 0.001) different from control group (no TCDD and no thymosin). —

‘Wﬁy(?‘OJIS)dncmthnnﬁymmtrdmp(wumndno(a)
thymosin). oo

® Por schedule see text. .

of the response seen in the control group. Since the resuits are expressed on
a cell-for-ceil basis and thymus weight was reduced by TCDD treatment, the
total response per thymus is likely even more decressed. Thymosin treat-
ment of TCDD-exposed mice did not result in a significant increase in the
mitogenic responsiveness of the thymus cells.

The resuits of the first two experiments with endotoxin are given in Table
II1. Pretrestment of mice with TCDD markedly enhanced their susceptibility

TABLE T

urroamc RESPONSE OF THYMUS CELLS FROM 22-DAY-OLD TCDD-TREATED
MICE THAT RECEIVED DAILY INJECTION WITH THYMOSIN®

Does of Thymeain A PHA ACon A a WM
TCDD treatment (cpm) " (epm) (cpm)
(ne/kg)

0 (] 19,001 £ 10,774 20,895 : 6,517 6,454 ¢t 2 647
10 0 8,097 ¢ z.'m' 10,779+ 6345 2,108: 1879
10 low dosss® 9985: 8248 14,616 : 4,989 S$.714 1 1488
10 high dosss® 11,878+ 4,677 11,244 2 2595° 2,542+ 1,138°

& Mean values ¢t 8D., 4—5 animals per group, Mice were exposed to 0 or 10 xg TCDD/kg
by maternal trestment postustally on days 1, 4, 8, 11, 15 and 18. Resuits are expressed
as the difference betwesn stimuilated and non-stimulated cultures (in cpm/3 X 10° cells).

® Significantly (P < 0.08) different from control group (a0 TCDD and a0 thymosin).

¢ For schedule see text.
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TABLE III

EFFECT OF 4 WEEKLY DOSES OF TCDD ON THE SUSCEPTIBILITY OF MICE TO
ENDOTOXIN

Dose of TCDD Incidence of mortality®
(ug/kg)* .
10 ug endotoxin 250 ug endotoxin
0 0/4 0/5
1.5 0/4 } 1/8
5. 0/4 6/6. A
18 1/4 6/6 2
80 2/4 ND*
10 ug endotoxin 100 ug endotoxin 500 ug endotoxin
0 0/8 o/6 2/6.
1.8 0/6 1/8 3/6
80 2/5 . 5/68 8/6

* In two experiments, male mice (3=4¢ weeks of age) were intubsted orally, once a week
fort weeks, with TCDD in acetone-arachis oil carrier.
® Intravenous injection with endotoxin (E. coli. LPS) two days after last intubstion. Mor-
tality scored after 48 h.

€ ND = not done.

to endotoxin. After the injection of 10 ug endotoxin, 2 out of 4 animals
died in the 50 ug TCDD group and 1 in the 15 ug TCDD group. Injection of
250 ug endotoxin was lethal for all mice in the 5 and 15 ug TCDD groups
and caused one death in the 1.5 g TCDD group, whereas ali controls surviv-

TABLE IV
EFFECT OF 4 WEEKLY DOSES OF TCDD ON BODY AND ORGAN WEIGHTS OF
MICE*

Does of TCDD Body weight Thymus weight Spleen weight

(ue/kg) (s) {mg) {mg)

0 30.7: 2.2 66: 20 106 = 13
1.5 28.7: 2.5 65z 12 97: 23

50 26.0z 2.3¢ 341 10° 89: 8®

2 Mean values : S.D., 6 animals per group. Male mice, 3—¢ weeks of age, were intubated
orally, once a waek for 4 'oo'h. with TCDD in acetone-arachis oil carrier,

b p < 0.025.

¢ p < 0.005. *
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TABLEV

EFFECT Oi’ A SINGLE ORAL DOSE OF TCDD ON BODY AND ORGAN WEIGHTS
AND ON SERUM ZINC CONCENTRATION OF MICE*, AND ON THE SUSCEPTIBI-
LITY TO ENDOTOXIN

Dose of TCDD Body weight® Thymus weight® Spleen weight* Zinc*

(ng/kg) (s) (mg) (mg) (mg/)
0 19.3: 1.8 70+ 15 120 = 23 1.0: 0.2
100 < 187124 51: 14° 97+ 19 . 14205
g Incidence of mortality® ° : d
20 ug endotoxin 100 ug endotoxin 500 ug endotoxin
] Npd 0/8 8/8
100 5/5 ° 5/5 ND

8 Mean value : 8.D., 7 animals per group. Female mice, 3~4¢ weeks of age, were intubated
. oncs onlly. with TCDD in acetone-arachis oil carrier and killed after 5 days.
P < 0.05.
¢ Intravencus injection with endotoxin (E. coli, LPS) § days after intubation. Mortality
scoved after 48 h.
4 ND = not done.

ed. In the second experiment, animals were given 0, 1.5 or 50 ug TCDD/kg
body weight and were challenged with 10, 100 or 500 ug endotoxin. The
10 ug dose of endotoxin caused 2 deaths out of 5 animals in the 50 ug
TCDD group, and a similar mortality (2 out of 6) was scored in the controls
injected with 500 ug endotoxin. This, the susceptibility to endotoxin was
approximately 50-fold enhanced in the 50 ug TCDD group when compared
with the controls. Even at the 1.5 ug TCDD level there was a slightly increas-
ed mortality after injection of endotoxin. This latter dose of TCDD being
more than one order of magnitude Jower than the dose that caused thymus
atrophy at gross inspection. As shown in Table IV, body weights and weights
of thymus and spleen of mice of the 50 ug TCDD group were significantly
decreased, whereas these parameters in the group intubated with 1.5 ug
TCDD/kg body weight did not differ from the controls. A single oral dose
of 100 ug TCDD/kg body weight significantly reduced thymus and spleen
weight of female mice, killed after 5 days; but body weights and serum zinc
levels were not aitered (Table V). Also, this treatment enhanced the suscepti-
bility to endotoxin: a 100% mortality occurred in the TCDD-exposed

animals after injection with 20 ug LPS, whereas a similar mortality was seen

in controls receiving 500 ug LPS.

The results of the study of the effect of TCDD on non-specific phagocyto-
sis and killing of L. monocytogenes are given in Table V1. The number of viable
Listeria organisms, determined one or two days after inoculation of this
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TABLE VI

GHTS '_' EFFECT OF 4« WEEKLY DOSES OF TCDD IN MICE ON BODY AND SPLEEN
’TIBI- } WEIGHTS AND ON DAY 1 AND DAY 2 SPLEEN COUNTS OF LISTERIA
i MONOCYTOGENES* . ‘
1wt ! Dose of TCDD Body weight Spleen weight Listeris count? '-
) ! (ug/kg) ) (mg) (**log/spleen) -.
)+ 0.2 2 Day 1 p.i. -
1205 0 234:14 140 : 10 489:040 [ ]
80 . 21.7» 0.6¢ 96 ¢+ 184 4.58:024  } P 2
p ? .
X Day 2p.i ] - ;
Jtoxin 0 217+ 1.5 178 : 28 5.13: 0.31 o
: 80 21.2+ 2.4 124 = 294 5.08 : 0.27 o
* Mean values : 8.D., 5 animals per group. Male mice,3—+¢ weeks of age, were intubated g
- orally, once a week for 4 weeks with TCDD in acetone-arachis oil carrier, <D
ibated ® Animals were inoculated intravenously with 2.4 x 10? Listeria monocytogenes organisms J—_
4 days after the last intubation; the number of viable Listeria organisms per spieen was <+
rtality determined after 1 and 2 dsys. -
€ P < 0.05.
4p <001

, organism, was the same in spleens from treated and control mice. Spleen
D/k weights were significantly lower in TCDD-exposed animals. In addition,
g . body weights of mice killed one day after inoculation were significantly

: oThe ~ 1k reduced in the TCDD group. Finally, as shown in Table VII, in two experi-

‘t “: B 4 . ments TCDD did not alter the number of peritoneal macrophages, nor did .
: ::u ) 1 it cause a significant effect on the macrophage reduction of NBT.

ared ] TABLE VIl

'Teas- § |
Jeing EFFECT OF 4 OR 5 WEEKLY DOSES OF TCDD IN MICE ON NUMBER OF PERI!- i
/mus : TONEAL MACROPHAGES AND ON MACROPHAGE REDUCTION OF NBI* ‘
ights ‘
intly Dose of TCDD No. of peritoneal Reduction of !
5 ug i (ug/kg) macrophages (x 10°) NBT®

dose ] -
. a our doses

leen ‘ o 1.94 - 0.68 322222

zine 50 © 2.23:0.35 370 8.9

epti-

osed Five doses .

seen 0 1.81+ 0.54 238 - 171

50 2.08 - 0.31 57.0 - 14.0

?yto- ® Mean values - $.D., 4=3 animais per group. Mule mice, 3— weeks of age, were intubat-

lab!e ed orally, once 8 week for 4 or 5 weeks with TCDD in acelone vil carrier.

this © b Fur details see text.
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DISCUSSION

From the present results it can be concluded that thymosin treatment of
mice at the employed doses does neither protect the animals from thymus
atrophy nor from a reduced mitogenic responsiveness of thymocytes. The
presence of a minor quantity of endotoxin in the thymosin solution could
not conceal a possible increase, since treatment of mice with E. coli LPS
has been shown to increase the PHA and Con A responisiveness of thymo-
cytes [22]. Thus, it seems unlikely that the depletion of lymphocytes in the
thymus, as induced by TCDD, is caused by a reduced production of thymic
hormones, since calf thymosin has been shown in several studies to potpnti-
ste various parameters of thymus-dependent immunity [23]. Neither s¢ems
zinc deficiency to be a cause for the thymus atrophy. A direct cytotoxic
sction of TCDD on lymphocytes is also unlikely, since the mitogen respon-
. siveness of mouse or rat lymphocytes was not reduced when cultured in the

presence of TCDD at concentrations up to 0.02 zg/mi medium [13]. Even .

the presence of 0.32 ug TCDD/ml medium has been reported to be not toxic
for human lymphocytes [24], whereas concentrations that are two orders of
magnitude lower do induce aryl hydrocarbon hydroxylase activity in human
lymphocytes [25]. In another study [26] a cytotoxic action of TCDD ata
concentration of 0.48 ug/ml was reported for several mammalian cell types.
These results make it unlikely that TCDD does need metabolic activation,
but they do indicate that the lymphocyte depletion of the thymus and the
thymus-dependent lymphoid tissue are not caused by a direct effect on
lymphocytes, but rather by an indirect way. There are several conditions
that can cause thymus atrophy [27]. Regarding the selective effect of TCDD
- on thymus, it is not likely caused by an effect on pituitary, on adrenals or
by reduced food intake, since thymus atrophy did occur in TCDD-exposed
rats that were hypophysectomized or adrenalectomized and in rats that were
piaced on a restricted diet [Van Logten, Gupta and Moore, in preparation]
though it is still possible that TCDD masy impair the absorption and trans-
port of certain nutrients. In addition, serum a-fetoprotein levels are not
elevated in TCDD-exposed rats [Vos and Boekestein, unpublished data],
thus the observed immunosuppression is not due to a a-fetoprotein induc-
tion. In conclusion, the mode of action of the TCDD-induced thymus
The resuits of the present experiments with endotoxin show & marked in-
crease in susceptibility to endotoxin of mice treated with a single or with
repeated doses of TCDD. This sensitizing effect of TCDD for endotoxin
offers a logical explanation for the decreased resistance of TCDD-exposed
mice to infection with (endotoxin-containing) Saimoneila bacteria as observ-
ed by Thigpen et al. [14]. Another explanation for the increased suscepti-
bility to this type of infection, which is primarily dependent upon cell-
medisted immunity [28] is by general suppression of the thymus-dependent
immunity. This explanation is, however, less likely since increased mortality
by Saimonella occurred at dose levels of TCDD that did not produce thymus
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atrophy. The endotoxin hypersensitivity, which has to date only been studi-
ed in mice, is & phenomenon of particular interest when considered in
connection with: (1) terminal hemorrhages that were seen in TCDD-exposed

rats and gumea pigs [8,29] and mice [12,30], (2) thmmbocytopenu,..

observed in rats and guinea pigs [10,31], and (3) presence of thrombi in
blood vessels of heart and lung in the rat xfter a lethal dose of TCDD [7,8].

These lesions are also seen in endotoxin shock and since TCDD, at least in
the mouse, also induces endotoxin- hypersensitivity, one has to consider
endotoxin shock as a possible cause of death. Regarding the mechanism of
endotoxin hypersensitivity, several possibilities exist (see review of Capk
et al. [32]). With regard to the endotoxin hypersensitivity produced by
TCDD it would be worthwhile to investigate the role of the enzyme gluta-
thione-S-transferase B, a cytosolic glutathioneconjugating enzyme, since
sulthydryl containing enzymes are necessary for endotoxin inactivation.
TCDD has been reported to increase the activity of both hepatic and renal
glutathione-S-transferase B [33].

Finally, as treatment of mice with TCDD did neither impair the non-
specific killing and phagocytosis of L. monocytogenes nor the macrophage
reduction of NBT, it seems likely that the TCDD-induced suppression of
the cell-mediated immunity is only due to a, to date unknown, effect on
T-lymphocytes and not due to a combined effect on both T-cells and macro-
phages. Similarly, the remilts of the experiment with L. monocytogenes
indicate that the endotoxin hypersensitivity is not the resuit of alteration

_in phagocytic function of macrophages but, as discussed in the previous

paragraph, perhaps due to impaired endotoxin detoxifying properties of
macrophages.
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Medical Problems Raised by the TCDD Contamination
in Seveso, Italy

G. Reggiani

Cinical Rescarch, F. Hoffmann-La Roche & Co., °
Grenzacher Strale 124, CH-1002 Basal, Switzeriand
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TOXICOLOGY
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Review Article
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Abstract. The Seveso accident, where TCDD was produced and released on an
urban area, raised several medical problems linked with the non-specificity of the
clinical features of the effects from the exposure and the wide variety and sever-
ity of lesions and symptoms caused this toxin in the animal experiment. The
assessment of the heaith hazards had to rely on the detection by chemical analy-
sis of the toxin in the environment and on the definition of an area contaminated
by the toxin. Evacuation of the population was the oaly possibie preventive
measure for preciuding or at least strongly reducing further exposure. Of the
known clinical symptoms of the TCDD toxic effects on humans, the typical skin
Jesions (chloracne) appeared almost only in children and young people. The
degree and intensity was mild and spontancous healing occurred in the majority
of the cases.

Transient decrease of the lymphocytes and passing signs of impairment of
the fiver functions have been detected by the immediately established monitoring
of the heaith condition of the population. No overt pathology of the liver, the
kidney, the blood reproductive organs. the central and peripheral nervous sys-
tem, the carbohydrate, fat and porphyrin metabolism has been registered up to
now.

Close control and thorough examination of the current pregnancies and their
outcome did not reveal any embryotoxic or teratogenic effect imputable to the
<chemical.

Comparing the picture of the medical injuries caused by the Seveso accident
with that of similar accidents occurred in the past in USA and Europe, both in
respect of the short as well as long term toxicity, one should conclude that the
TCDD exposure in Seveso has been less severe than in the previous acci-
dents. ) '

Key words: TCDD rclzuse — Delimitation of contamination = Human health
protective and preventive measures.

Paper prescnted ot the Sth International Conference on Occupational Health in the Cheminal

A
&%

Ny )

© Springer-Vertag 197 [/\A':,_)
' hlf®;

=¥
11
¢

2o, 4=

K

0003663



\So



AL ey P «d""’.‘:—f‘?‘;ﬂ'— Feos PB 276 &71

National Cancer Institute

CARCINOGENESIS 8

Technical Report Series i
No. 23

1978 e

p—t

. Qo

P o

m_cggﬁ” oF 3

COMPANY
RECD ALC.

BIOASSAY OF MAY 12 1578

PICLORAM
FOR POSSIBLE CARCINOGENICITY

CAS No. 1918-02-1
NCI-CG-TR-23

U.S. DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE
Public Health Service
- National Institutes of Heaith

. 7540

0002506



4 . et ———

o e

BIOASSAY OF

PICLORAM

8208TS poq

FOR POSSIBLE CARCINOGENICITY

Carcinogen Bioagssay and Program Resources Btanch
Carcinogenesis Program
Division of Cancer Cause and Preventiomn
National Cancer Institute
National Institutes of Health
Bethesda, Maryland 20014

U.S. DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE
Public Health Service
National Institutes of Health

; -
DHEW Publication No. (NIH) 78-823 7E41

00029G7

i
:
r




R

BIOASSAY OF
PICLORAM
FOR POSSIBLE CARCINOGENICITY

Carcinogenesis Program
Division of Cancer Cause and Prevention
National Cancer Institute
National Institutes of Health

CONTRIBUTORS: This report presents the results of the bioassay
of picloram for possible carcinogenicity, conducted fcr the
Carcinogen Bioassay and Program Resources Branch, Carcinogenesis
Program, Division of Cancer Cause and Prevention, National Cancer
Institute (NCI), Bethesda, Maryland. The bioassay wvas conducted
by Gulf South Research Institute, ©New Iberia, Louisiana,
initially under direct contract to NCI and currently under a
subcontract to Tracor Jitco, Inc., prime contractor for the NCI
carcinogenesis biocassay progranm.

The experizental design was determined by Ors. J. H.
Ueisburserl-z and R. R. Bn:eslv3; the doses were selected by Drs.
T. E. Shellenbergcr“ts, Js H. Weisburger, and R. R. Bates.
Animal treatment and observation were supervised by Drs. T. E.
Shelleunberger and H. P. Burchfield4, with the technical
assistance of Ms. D. H. Monceaux® and Mr. D. Broussard®...

Histopathology was performed by Drs. E. Bernal® and 8. Buta:to“f;

and the diagnoses included 4in this —report represent the
interpretation of these pathologists.

. Animal pathology tables and survival tables were complied at EGS&G

Mason Research Institute®. Scatistical analyses were performed
by Dr. J. R. Joiner/, using wmethods selected for the biocassay
program by Dr. J. J. Gartd.- Chemicals used in this bioassay were
analyzed under the direction of Dr. H. P. Burchfield, and the
analytical results were reviewed by Dr. S. S. olin’.

This report was prepared at Tracor Jitco under the direction of
Dr. Marshall Steinberg’, Director of the Bioassay Program; Drs.
J. F. BRobens’ and R. W. Foglcman7. toxicologists; Dr. R. L.
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Schuelet7, patholigist; Ms. L. A. Haitz7 and Ms. Y. E. Presley7.
technical writers; and Dr. E. W. Gunberg7. technical editor,
assisted by Ms. P. J. Graboske’.

The statistical analysis was reviewed by a member or members of
the Mathemstical Statistics and Applied Mathemstics Section of
NCI (Dr. John J. Gart, Mr. Jun-mo Nam, Dr. Hugh M. Pettigrew, and

Dr. Robert E. Tarone served as reviewers on an alternating
b.st’)o

y
The following other scieantists at the National Cancer Iastitute

were respousible for evaluating the biosssay experiment,
interpreting the results, and reporting the findings:

Dr. Kenneth C, Chu
Dr. Cipriano Custo, Jr.
Dr. J. Fielding Douglas
Dr. Dawvn G. Goodman
Dr. Richard A. Griesenmer
Mr. Harry A. Milman

- Dr. Thomas W. Orme
Dr. Robert A. Squire9
Dr. Jerrold M. Ward

1Ca:cinognnesis Program, Divison of Cancer Cause and Prevention,
National Cancer Institute, National Institutes of Health,
Bethesda, Maryland.

2Now with the Naylor Dana Institute for Disease Prevention,
American Health Foundation, Hammond House Road, Valhalla,
New York.

3Now with the Office of the Commissioner, Food and Drug
Administration, Rockville, Maryland. -

4Gulf South Research Institute, Atchafalaya Basin Laboratories,
P. 0. Box 1177, New Iberia, Louisiana.

SNow with the National Center for Toxicological Research,
Jefferson, Arkansas.
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6EGAG Mason Research Institute, 1530 East Jefferson Street,
Rockville, Maryland.

7Tracor Jitco, Inc., 1776 East Jefferson Screet, Rockville,
Maryland.

8Mathematical Statistics and Applied Mathematics Sectionm,
Biometry Branch, Field Studies and Statistics, Division of
Cancer Cause and Prevention, National Cancer Institute, National
Instituces of Health, Bethesda, Maryland.

INow with the Division of Comparative Medicine, Johas Hopkins
University, School of Medicine, Traylor Building, Baltimore,
Maryland.
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SUMMARY

A bdloassay of technical-grade picloram for possible carcinogen-
icity was conducted by administering the test chemical in feed to
Osborne-Mendel rats and B6C3Fl mice.

Groups of 50 rats and 50 mice of each sex were administered
picloram in the diet at one of the following doses for 80 weeks.
Time-weighted average doses for the rats were 7,437 or 14,875
ppa; those for the mice were 2,531 or 5,062 ppm. The rats were
then observed for 33 weeks, the mice for 10 weeks. Matched
controls consisted of groups of 10 untreated rats or 10 untreated
mice of each sex; pooled controls, used for statistical
evaluation, consisted of the matched-control groups combined with
30 untreated male and 30 untreated female rats or mice from
similar biocassays of three other test chemicals. All surviving
rats were killed at 113 weeks; all surviving mice were killed at
90 weeks. Survival wvas adequate for meaningful statistical
analyses of the {incidences of tumors in rats and mice of both
sexes.

Mean body weights of the high-dose rats were lower than those of
the matched controls during the first part of the study; however,
beginning at approximately 80 weeks, mean weizhts of coatrols
were lower than those of treated animals. Body weights of the
mice were unaffected by the picloram.

In rats, a relatively high incidence of follicular hyperplasia,
C=cell hyperplasia, and C~-cell adenoma of the thyroid occurred in
both sexes. However, the statistical tests for adenoma did not
show sufficent evidence £for association of the tumor with
picloran adaministration.

An increased incidence of hepatic neoplastic nodules was observed
in treated male and female rats as compared with untreated
animals. This lesion is considered to be a benign tumor. In
male rats the lesion appeared only in three animals of the
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low~dose treatment group and was not significant when compared
with the controls; however, the test for positive dose-related
trend in females was significant (pooled controls 0/39, low-dose
5/50, high-~dose 7/49, P = 0.016) and the incidence in the high-
dose group was significant (P = 0. 014) wvhen compared with that in
the pooled=control group.

There was also one hepatocellular carcinoma in a low-dose male

" rat and one in a high-dose female rat. In both males and

females, there was a possibly treatment-related lesion of the
liver diagnosed as foci of cellular alteration. The incigences
of this latter lesion were, female rats: matched controls '1/10,
low-dose 8/50, high-dose 18/49; male rats: matched controls 0/10,
low-dose 12/49, high-dose 5/49. Thus, there is evidence that
picloram affected the livers of rats of bdboth sexes, but more
particularly those of the females.

No tumors were found in male or female mice or male rats at
incidences that could be significantly sssociated with treatment,
and {t is concluded that picloram was not carcinogenic for B6C3Fl
mice or male Osborne-Mendel rats.

In female racs, however, the incidence of neoplastic nodules of
the liver, benign tumors, was associated with treatment with
picloram. It is concluded that under the conditions of the
bioassay, the findings are suggestive of the ability of the

compound to induce benign tumors in the livers of female

Osborne-Mendel rats.

viil

) pa 4
JUAR

00029.i2




LGl

v v

DAVIS v. DOW
Exhibits 151 - 200




| S'1

\ S|



(:eleased into a building of z factory which was thea occupisd by workers
used for tke ongoing procuction of other chszicals.

..~ -".throuzh a brcken security

2 o

..o ous haze

-

Cocriinatiin cf evidea. ologicul studizz on the lony tirz

mazoris 0f chlorinstsd dibenzodidxin.... .

o —
Forking Grous of the NIZHES znd the IARC, Lyox, 10, azd il1. Junuar 1;E§L!=
-2

b
’ Y - - . - o w °|
Mortality Stucy oi »ersons e&x0z:8 TO Diciine aftzr w:m zccideat eon 3 °
Novezber 15,- 1535 iz Ludnigshafen, Ger-sny. w T
. = 3
Introductica: 5 ©

According to the Voluzme 15 of the IARC-lMcrograpas and to
several accidents have occurred curing the rast decade
caze into contact with trlchloroanencl-a‘oxin yet ;hsr
prozpective ep*demlologlcal studies coxyieted on per
TCDD. This report describes ' the findings

study after an accizental chezical reaction during whica

(.)

sons
¢? a. leocag-terz

and also lateron was

Event description: -
The event happerfd on Nov.17th,
about tke acute and sub-acute sequelae

1653 and was described in

During the hydrolization of 1,2,4,5-tetrachlorodeazol into 2,4,5 -

trichlorophenol, which

exrosed to

of the event as follows (2:

cur iknow lecge,
in wkich per=on.
hzve teer no

fellow up
TCZD hzd been

a zublication

was carried out in methanol-sodiu= hydroxide

o o} - s .
by temperature of 120 C and hkizh preszure, an accidental reaction

took placs. Due tc ths explos
within the zutcclave an uncomirolled reaction led to

- ted carbohydrates'". Thiz occurrsd in a building four
*in which the
ard ovenirzs for tubes and connectiozs.
_.in tha second floor, dut also cf
-first“floor, fro= which the fezeding tubszs went us tc
floor and to the autoclaves. The
“covered by a metsl sheet.
" The reaction

-

reached nerts

©oeee

325 followed
valve thich tur
which filled tae autoclave
also invaded the o*her roons

connécting &1l foux lcvel-.o; ths

Tooxz in shcrt
l Jour flcors
te

(4D

=n

ths cloucds wers dizperssé or had bs-n prec*n'tkt ing iz ks

& visitle 1lzy:r, covering the =
doors,and ota

"' clazzr to b2

thrt

CO Veda,

7543

hagole Rl

ive :.ncra :5¢ 0f dorecsure and

The autoclave:z
the ceiling of

31it cpening for these tube:

by the anve103:ent of a st

N’-J

- 060671

teuneratur:
"toxic chlorina-

stories aighk

different stories are coannected vy several "windows"

werz locsted
thas

tihe

=sliancsz, wallz, Tizdow zlasz:es,

reasonably



v, .‘ o -2 -

The ¥ V~nou or autoclave roo=’ waz situated in = fire-precf vart of the

builcding which had, throughout the Iouxr *torle-,,a onec'al,maso:r'.
“In this specizl vart of the building zeveral industrisal hygisne zeasurse:

Y
were taken.subzequently, beczuce of the i::ediat: ingidence of cases -
with chlor-zcne in the workers e:ozed to the event.
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tion., 4 cecond layer of Cpparol foil was folloed by zeveral washingﬂsg'
with cleariag and aeutr =1171,g chemicals. ASter this procedurs -
(:the total surface, ve.- flared and the aytoclaves were noil =d Tith EE?
tenzerns. _ . -3
Dezpite this elatorate cleaning prograxzsne tisse oeasures had been &3
ineffective as rwas found out lateron. 7 Eg

a

Tre zedical nistory oi a worier who was expozed to thes contacinz ted area
iive years 2fter the event g=ve evidence of a ztiil renzining hzzzrd at
thiz zite. In the interiz time no casez of illnees had been observed zrcong
the =mploy=zd persbns, dcsg te th

U
h

C

fgct tazot & full prcoducticn programne

had been going on in the roozs,zalting uszs of the autoclaves, teo.
The perticular hrdroliz atﬂo" orocess dezcribed above vhich mrecizitzated

the adverse cheuaical reaction hzd bsen discontinued zizce lovesber 1833,
and also had ths aroduction of trichlorc»ihenocl besn abzndoned.

T(_'oﬁe incideént czce of a health dazagze ia 1%
becalse of its fatal outcoze of the illnesz of the zeckazic, who had been'74§
exposed to the subatance. ;. . The 57-ysar old sz used a weldiag kit i
curing the'repair at one of thz autcclave and therziorz wors zll the nrot- ;

sctive cloth and zack. Thile heating a bearing of the ctirring ::cnanlziﬁiﬁ'

he zeveral tires lifted the —ask to wipe off the guesat {roz his forehsad
The heat developed by the welding fla=s caussd a vaporizat:

iy

oa of the
can~ of th- bezrinz., Four cay after this work acuie ce -to’o" cal anc
ncuroloaical syaptons develosed. Six zontls later +k ,er-on bs ane n :plt-
“lized for pancreatitis and liver ealargez:ant. itz nine —onths a tu;ou"
-1 tae lert uper abdozen and cyuztoz=s of an acute inflaxzztory srocesz” - -
caused another ho cpitalization, during whkich the =zercon éisd. Au.ov:v '
revealed pancreatic necrozsis and pexisrztion of stossch anz b ud du odehi,
liver ebscesses ard cklor-acns of the trunc. OQCGOG7LL-

usri-

1
d “'-:_',....-.
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‘. In 1968, “en yecrs after this incidence, sufficient lmowledze availzble
. ihen necessitated the totzal dizsrutioz of the whole building which wzas

effected in early 1969 according to a detaziled dlan. This activity re-
patned so fzr witrout any detectable hesalth ssouelaz or acutg syzptoz=z.

The experiences witk the acute and subacute clinical reactions have besn -
presented and published at the MEDICERM - Coagresszes in Ludwigshafen (1572)
Zaifa (1976),aad recgntiy in San Francisco as fz> as =ertzlity was
ceterzined. '

The presentation im Ezifa conzidered only the zedical hiztories of 42 -
resp.>5 syuptoz carrisrs for evaluation. i

L. 1
There .-wzs no =ention.o ;

f any exposure data aad Zeasurezentz beiagz miszsing
=ay be cdue to the fact that in 1933 the sudbstance :
and cauld only be deterzined amnd tected in anizsl studiez after tha
I was,.hoﬁever, suggested that the typical eifscts seen in the cases
would not 3zesex to be caused by a substance or cozpound vhich was an
internediate or tranzient xroduct forzed only_durinz the uﬁints_ded-

2l rezction but that the subli-zte~lilte subdstzncs hzdi to ve zucrecsed

0
5
;
O

harsfore, not be exclucded that individuszl =ultirpie
exposure occurrsd he uaszuccezzfully rezoved suclizat

|

=

=

gquant yericd. —
- - R w

g

o

o

0@

-

The enideniolcyical investization was initizted a= a ccncequence o tae
iz t

Lscuzzion of these dezcriptive, clinical prazsatations aznd was furtiser
»i_zpted by the recant svent at Seveso. | R
The fatal incidence in 1958 ceezed to be incdicztion of lomz-tearm
persictence of the substance in the orizinzlly coxtezIiazted arsa and
therefore a cohort corld nave been cozposed :

4
E"’
5
& cF
b.‘
O
()
(6]
J
[0)
v
(2]
o
8]
- )
o
B
(o]

begip ths. follow-up ctudy with t
during the accident azand during the iazedis
Zhiz cohort commxsrizsd 75 per=zonz. Thz ¢

zen e8:7oszd

clszninz endé repalr wonk. <77
c

elzost exactly 24 ysa>z at the closing é-ta
23 succexzziwlly carrizd through for 2ll 73 »
€0-z0n axper .ence given the rezistration syst
In Table 1 the nuczber of perzon ysars iz given tozzt!
) -

™ r.

erconc Thlich iz quite a 2
A e

e (e
S

Jears of a co.gz>izon zroud (uatched referesnce colost). e T
Ine follou-up tschzique cBn be deucnsirated.



£ soon az a person haz left the factory o the last rezideace, thz
£0llow up dis extendec a5 many Tizes as recszrary to deterzine the
vital status.Froz all decsa:ed

2
requested :ro_ the pudlic health officaz of adzinistrative ¢

The total of 1525 verzcn years reilects an =zverzze ob:eﬁvation perioc
of alzoz=t 20 ysarc per indivicdual, e

been calculzted on “he person-year principle, the refesence sTouns
for the pojpulation =ortality. ' ’

In thiz study one.=zjor pitfzll has been avoided thich iz calied the
(:nealthy worzer ffecu, because two asnects of thic oftea fallaclious
elezent of cokort ctudies did not 23317 |
Hzny of the workers wers elrsady expozdd for sonme tite a3 vein
e:aloyea in the fzctory sxd the exgosure to diommin was en adiitionzl

Fbr th_s reason of the obcerved desths —ith the total popiiztion
- zortality can be cone tnout corractior for durztioz of exmosire.
This baz been shown to bs inifluencs £ 1 3 stucisc

vhere loaz tera expocure naceszarily recguis

erswl Moa

€
in the cokzortz thich zre rnot to be anticipated in T2
sopulatica in the sace tize . Y2 me not ble, ko,:var, tc comgider

. M‘ b g 6C OV “‘"&NI-&-‘ '<
the dozcible aultizle e"no...u.eA}:e o zh. aiter the accident acds ?c..-..e_

(_lj. It is ‘hoped, though, that the com pa.i on == with a» intermal -
_ rezerence group hzlps to overcoze this pocsible influsznce of zultiple
‘..ezno“u¢e uader the "~~u.ntion that alzo ia this zrouy there axizted ta

m

saxe pqs:ihle exposures to other substances as the.study group.' oo
The selection of cosparison persons at randon was done manuzlly for 'fﬁﬂ
f reason of convenience;a uch Zore efficiert and Srorer yprocedurs . -
.mould have been the use of a randoz igit generator, and the auto; tic
fselection of per sons a“tchea by age and dats of entry into the, factorJ.

One pitfall generally encouztsred in such ieind 02 gtuaies-ls'the"*"”*'gz
probisn of validity of the diaz.oses od the dozth czrtificatec.

'.The attezpt wac Jade to validate the cisgnoses, ezsscizlly when concer

S zentionsd. The result of the data collection for validéfion iz
chown in Table 3. .. 0006713. .
- S NP

Ve
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Conclusions:
Takirg into account thece problezs and »itfzlls and the fzct, that
results of epideziolozical studiez are usuzlly not zble to »-ove =

cauzel but czn be coasidersd as pointers indiccting

to‘be

- —
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T T Talychlorinated &ibenzo-p-aioxins (PCIDs, structure ses Pigare 1) are a group of <
compounds that have Desn the subject of Buch conoers &uring recent years. They are known -3
a8 highly stabls minor contaminantc in a variety of preducts liks chlorinated phetols,
phenoxy acids and bexachlorobenzens. They were invelved in several indunstrial accidents,
the most recest ocowrring st Sevesc, Italy. Morecver, they have been identified in fly =
ash add flue gases fros mumicipel incinerators sad industrial bheating facilities.)*? '
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. . 3 7 T
. . . clx 4 0 L] cly . - .

Pigure 1 Siructure and punbering (Chemical Abstract Systea) of polychlorinated
&idenso-p-diozins (PCODs). . : } = -
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In all, 75 pceitional isamers exist for the PCIDs contalning one to eight chlorine
atams, and s mmber of ttese are kmown as extrensly hazardous compounds. Recent work of
MeComnell st al. 7, Poland st al.® and 2radlev” bas shown that positional isomers vary
greatly iz acute toxicity azd bdiological activity., Yactors of 1000-10 000 are found for
elosaly related isomers 1iks the 2,3,7,8- ad the 1,2,3,8-tetra~CID. Consequantly, it
bocomes important to iilsntifly ths discrete isomers found in various products.

This jdentificaticn is difficult to obtain using normal analytical techniquss. With
e excepticn of mass spectromstry, other spsctToscopic methods use larger amounts than
are very often svailable snd many times th-aucuodtnmomno'rm.u‘h
erystals. Very often, identificaticns have to rely on GC retenticn times, especially in _
alrtures vhare mary and different PCIDs are present. This is especially true for bioclogical
and esvirczmental sacples wbere the PCIDs are present cnly in minute quantities together
with a multituds of other compounds. Bven ths best separaticn techniques suck as high-

. sesclution G using glass capillary columns may de insufficient to separate all positiomal

iscmers of scme PCIDs. In Pigure 2 is & mass fragzentogman of & synthetic saxple showving
the elution of 10 Aifferent tstrs~CIDs, all containing 2 chlorine atoms iz each of the .
carbos rings of the dioxin molecule. Although this column gives a Teascnadls separation of
these isomers, its efficiency for ssparating all 22 tatra»=ClD isczers would be still far

%00 lovw,.
2378~ 13.7.8-
>

.. ) 1376~

/

SR — i 'YL TS -
1268-
1289~ 127 1
]_A’ '

1 ] i

18 . 10 min

Pigure 2 Mass fragasntograa (n/e 320) showizg elutios of 10 tetra=CID isomers with
212 chlorins substitution patismms preparsd by cicroscale pyrolysis of
different trichloruphesates; SO0 a 07-17 glass capillary eolumm, zoo'c.
dsothermal; colum efficiency 140 000 thsoswtical p-lun.

- - . LA

L

0002557

£3LL6¢ MO

T e v € @ S S T APt o 1oy W

()
(]
(=p]

. "



B I

Ty

C oy ———

Bo. 2 201

Much interest bas beed dsvoted to tha 2sss spectrometry of PCODs. The electroneispact
(EI) mass spectsa allov an easy idemtification of PCIDe snd distinguishing then frez
othar polychlorinated cocpounds such as didenzafurans, dipbenyl ethers, biphenxyls and
naphthaletes, This identification is based on the intense molecular ioms (M*) with the
expected ion clustering dus to tbe chlorine isotcpes snd ta charmcteristic fragoentation
with fornation of N°~COQ and N'-2 coc1.®

In the kigh mass regica (m/e > 200) usually used for the MS fdentification of PCIDs,
&ifferent positicnal isomers shov mo proasunced differences. However, iz previous papers
7.8 wve hn Teparted dome observations concerning differences in the ‘lower mast zange of -

. _dm.ant isocaers for the tetra~ and bexa=ClDs. The protlems were rulated to impurities in

industrisl poodusts (un-ms) nd an enviroroental contaminstion at chno. Iy
(tetza-CDe). :

In this paper, we repart a BoTe general approach that allows the {dsmtificstion of a
substituticn pattasn of a PCID by observation of its lower -mass iocos. As substitution r
Patiern e defins the mumber of chlorine stocs i each carben Ting of & diexin molecules
(ses 235. 1), Prom Zatle 1, it 15 evident that the suaber of positicnal iscmers of a FCID

'-_uaho muummwcmoummmmmmum ennqmtl:.

the mmber of possidle lscmars can be reduced leading to a more sizple unn.uut.oa.
Maawnuummmcznumnuzuamumu
hasardous cosmpounds. awm-memaumzmstmmm\m
of this nev technigque is {llustrzted in some applications related to receznt FCDD probleas
ecncezning ezvircuaental polluticn and industrial procucts.

Sadle 1 > 0 ceers bytdtuti tiesn o
w Junber of chlorines Thmber of %otal oumber
BT "'_‘ iz aach sarbon ringt isomeTe of iscmers
ST - 4 -
- . sono-CIDe 1 0 .2 2.
- =y @iaClDa ? o '
. ° b R é 10
==t drd-ClDe 3 0 2 .
_ .. 2 12 U
T T teta-Cie 4 ° 1
. 3 1 8
. b 2 e 13 2
yenta-LIDs 4 b 2
3 2 12 u
“Deza~CTDe 4 2 4
N eTre.es W 3 3 ¢ 10
bepta=CIDe 4 ) 2 2
0c1e~CID 4 4 b 1
& goe Pigure 1 ‘
’...‘q-sr.: ) TTT e - -
-';H.- e e - -
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Relgrance ccomzvmnde

e PCOD ifsczers used in the presedt study are listed in Tadle 2. Some of these
dsomers vare obtaizsd as refersnce compounds from the souzces listed, othbers vers prepared
by microscale pyrolysis of different potassiun polychlorophenates under conditions
previcusly tue.:ibod.’ PCID isozars prepared by this route were chaTacterized by M5 wittout
actual isolation. Dlute solutions of PCOD: in sethylene chloride st concentrations of
$=20 ng/nl were used for GC-MS analyais.

So=I5 sngivels
& Piznigan 4000 qualdrapole CCMS imstroment equirped with FI souree and Pimaigun 6111

data systea was used. T8 fon souree conditions weze 76 o7 aad zso"c. Sazples wers injected
(1% a1, splitless) ca & 50 8 0,36 =2 ID OV~17 glass capillasy column coupled to. the M5 via
s platimm capllisry interface., Tha coluzn wvas tezperature progmazmad from 100 to 160°¢
vith 20°/ain and to 250°C with 2°/ain. The elation tezperatuzes of the differest PCID
iacmers are given in Tabls 2, Mazs specira ware recordsd by repetisive scamning (m/e 35—460;

1.4 sec/scan) using ths dats syster

.

Resuilts and Discuasion

exp) ryermgwis om maes etzozes>y of PCDDs

‘As previcusly saztioned, PCIDs are readily identified by I mass spectromstry. Throuvgh
the presence cf molecnulas ions, the ion clustering dus to 4he chlorine isotopes acd from
the typical fragmentation one can distinguish then frowm other chlorinated poliutants. The
stability of the PCID systen is indicated by intense (ususlly bass peaks) K'-lons and also
V7 fairly strong doubly charged moleculor foos (M°7). Major fragentatica lesding to icns
in the higher zass Tange is dus to the expulsicn of CO azd Cl°with formatiom of K'-COC1
sad X'~ 2 COC1. Minor fragmentaticn is by loss of Cl°, Cl, and sometines ECL from X' and
3o major fragasmt lcus with formatiem of X'-Cl, M'<0l,, M'-COC2-Q2, X'-COCA-C1,,
K'-2 0001~ ot2.® Taomers of varicus PCIDs give vezy siailar spectzs in this mass range
snd differentiation Detween iscmers o the basis of ions in this regica {s_izpossible.

Ia the lower zass range, the major ions present iv the EI mass spectra of PClDs are
’ C‘-, Cso and C‘-md.u. ths latter formed by fission of the cathon-oxygen buods of the
dloxin systes and followed Dy the lces of Cl°* and prefersdly cxz ote. The resuliing loas
.40 ocontain informatiocn on the oumber of chlorine atoms presect in sach carbon ring of the
original PCTOD, lscmers 3f 3 PCID vith the sazs chlorine substitution patters give in this
Tegion very aimiiar mass gpectra too, dut clearly differsnt from those of iscmsrs vith a
different sudbstitution pattern. Thxagh vo exact {ragnentation modas wers dsduced from thess
sass spectral dats, the presence or sdeencs of charactuzistic ious allovs an idestification
of the chlorine eudsiitution pattezsa of PCIDe,

\
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PCOD lscmers irvestionted

Table 2

Soures or route of mmucn"b

Rution

Chlorine

substitution tecperature

DOW 397+72¢

pyrolysis of 2,3.6—&1-&

[ ]
Fy=olysis of 2,3,4-tTiel?
2 a
pyrelysis of 2,4-di-JP+PCP
2
*2

prrolysis of 2,4,6=tri-CP
[ ]
Pirastone
a

Civaudan
Givazlan
L] .
Givaudan
Andarsson g
H{lason
lins
PYrolysis of 2,3=41-CP+PCP

ooooooooooooooooooooo

% KRR 8% RRRSRERRE 853553

(50 a 0V-17)
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pattern
10
0
1
b
(]

.o
' 1
0"
1
2
2
2
F
2
H
2
1
1
2
F
2

3 iscmery

a r:a " gl.l
q.. g“ﬁ.lll.'- § -
3°3 tdda .
*edddAdatd Jvir:i’

...................

|| 1 ?
. i:u It diededddag Wi

......

pyrolysis of 2,3,5,6-tetma~CP+PCP
pyrolysis _Of a;’v‘o""ﬂ‘l‘@t’@

CIIINRRAR ST -

dd

® -~

glll:‘::‘:?l .
LA i g.s;-
dadeaada S22

..........

U e 2
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o Cilvaudan Ltd., Dibendor?, Svitserland

s Givaudan
AnderTeson =

Dr. K. Andarsson, University of Umes, Swedsn -
[ ]

Xllsson o Dr. C.i. Xllsson,

Pirestons =
Lins

[ ]
Dr. D. Pirestozs, PFood and Drug Adn., Washington, D.C., USA

o Stickstoffwerks Lins, Austria

-

tetra- and pentachlorophenate

k“.

»

Abbreviations 1 &L-CP, trilP, tatra=CP, PCP o di.,
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It should be poirted out that a careful cobservatisa of zass Spectra in this aass range
is fequired and nay be ccxplicated by the presence of background peaks from sazples or GC
- eclumns, This 3ay be circuzvezted Dy using such features as background subtraction and e i
running gpecific mass chrocatograms to dctermine the presence or absencs of a charscteristic
dem 4in the spectrum of a PCID.

- W

nees 4he lover 2ass runse of =ass spectra ¢f PCIDs

MOQg

Bonoe, die and tri-ClDs

- In Pigure 3 we report partial mass spectra of mono-, di- and tri-liDs with di’ferent w---
exlarine substituticn patterns. . . T I
e - I -
N -
~ .
. ™ -
.o : { - .-e -
n
he ° - e S~ v
- o >
- - e . o
0 0o
Pigure 3 Partial mass spectra (n/e 40-130) of momo=-, di- and tx1-ClDs. a) 2-Mono-CID -
(1:0)s ») 2,3=(210) snd ¢) 2,7-41-COD(1:1); &) 1,2,4=(3:0) aad @) 2,3,7-tri-CID ’
. .. (211). Chlorine substitutios pattern in parenthesis. - ol

Iz case of the 3ono-ChDs, 2 {sccers exist with 1:0 chlorins substitution. The partial maes
spestrum of 2-mono=CID is pressnted in Plgure J a. Chlorine contalning ions {n ths lower mass
Fange sees to play & Qinor role with the exception of w* at a/e 109 snd 110. The none
balogenated carbon ring with 4 hydrogen stoms (4 E) yields icos at a/e T6 (C‘!“) and

7360:
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2 (c‘n ) Zach of these ioms i3 accozpanied by peacs that Tesult rm the loss cf one
and twvo Heradicals. These fons vers observed frog all PQDs eeaf-un.iu a non=halogenated

. {4 K) carben ring. momzmmeuzmmcx-nummom. the ton
st /e 75 (c‘:.’ ) wte. .

In case of ths &1-CIDs, iscmers of two groups exist: a first group contains doth
chlorins atoms in 4he same carbon wing (2:0), s sscemd grevy ome chlorine atos 4o each of
the rings (111 substitution). Marked differences ia the mass spectra of iscmsrs of these
two gToups exist. 2,3-Di-CD (nm 3 b), an isomer with 2:0 chlerine substituticz, yislds

. 4oms at n/e 76 (c‘x Y, %2 (C 2, *) and their accompanying ions frca ths moo-halogensted
- (2 I) cardon ring. The di-hlemtcd (2 E) carbos ring y:..u. ioms st ./c 109 (C‘!zCI .
“mizer), §7 (CgE,C1%) ant 74 (CR,").

2,7-Di=CID (111 sudbstitution, mass spectruz Piguse 3 ¢) yields loms at m/e 110
(c‘x3c1* mizer), 715 (CE,"), 5 (CE,") ete. from the mono=balogensted (3 E) carben rings.
These ions vers present in the spectm of all PCID: coatu.nsa‘ a:bca rings substituted by
8 single chlorine etcm. - . .

2ri-CIDs exist with 310 and 211 chlorine ‘substitution. 1,2,4=Tri-ClD-(Figure 3 &, 3:0
substitutiin) yields lons at a/e 76, 52 eto. from the nco-balogenated (4 E) carben ring.
T tri-balogenated (1 E) carben ring yields a charecteristic lon at a/s 108 (CE01%).
This {on is found in the mass spectra of all PCIDs containing a tTri-halogunated sarben ring.

_ 2,3,7-Tr3~CID (Pigure 3 o, 211 sudstitstion) yields iczs at w/e 75 (c‘x,"), 51 (¢ 53’)
etc. fruo the mancehalogenated (3 E) carbon ring. Peaks vhich aypear at n/s 105 (C 6E,C1%s
aizor), 97 (cssza“) sod 74 (CGE,*) are eharacteristic of a &i-palogenated (2 B) casion ring.

RELLEEMOT

Figure ¢ Partial mas spectrs (a/e 45-165) of tetra-CIDs. &) 1.2,3,40(410), b) 1,2,3,8
T T (312) and ¢) 2,3,7,8-tetra~CID (2:2).
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A total ef 22 tetra-CIDs exists with 410, 3:1 and 2:2 chlorine substituticn. The mass
spectna of 1,2,3,4etetra-LID (Pigure 4 a) is from the only iscmar of the 410 growp. o
- Jons at /e T4-76 and 50-52 are indicstive of & pon-halogenated (4 E) carbon ring. The O
fully balogenated carbon ring yields chlorine containing icas st m/e 142 (c‘az’). 1%
(csaz’) and 118 (C ‘czz‘): these ions are found in the Dass spectrs of all PCIDs containing
& fully halogonated cardon rirg.
T= 102,3,8+Tetza=CI0 does belong to a group of 8 iscmers with 311 chlorine substitution.

acno-balogenated (3 E) earbon rinmg. The tri-halogensted (1 E) carbon rzing yields the
ahaTacteristic 1on at m/e 108 (C.EC1"), common to all PCIDs containing this substitutica.
The largest group of all PCDDs are ths tetra-CIDs with 2312 chlorine substituticn °
7 aiffererses. In Pigare 4 ¢, the partial mass spectmim of 2,3,7,8-tetra~CID is reported.
e di-halogesated (2 E) carbon rings yield the characteristic ioms at a/e 109 (csxzcz").
” (csuzci*).' 74 (CGE,*) and 50 (c‘xz’); the fon st a/e 74 vas the mest iztsuse ica in this
mass raage of all lscmers of this gromp. - ’

Panta~ and haza~CT0s

Penta~CITs exist vith 431 (2 isomers) and with 3:2 chlerine sudstitutics (12 iscmers).
In Pigare S a, v present & partial mass spectruz of 1,2,3,4,7-penta=Co0D, an isomer with

. 411 chlorine scbstitution. The sono-halogerated (3 E) carben ring is indicated by intense
teas at a/e 75 (CE,%), M (C,E,") etc. B fully halogenated carben riag is indicsted by

. the charscteristic iom st a/e 142 (C‘Q.:). -

_ The mass spectrmn of 1,2,4,7,8-pesta~CID (Pigure 5 b) sbove ioms at /e 109 (CE.Q%),
97 (c,zzcz‘). 74 (c(E,") 2 50 (c,2,") dus to the &i-balogenated (2 E) earbon ring. The
tri-balogenated (1 E) carbon Ting is isdicated by the intense ion at w/e 108 (CEC1®) and
the icn st n/e 96 (csm’).

-~ Bexa~CODs exist in two groups: 6 isomers wish 3:3 and { lscmers with 432 chlorine

sudbstitution. Jour i{scmers of the first group and all 4 of the second group were availsble.
Iscmers of the same group yield virtually L_untied. Rass gpectra. In Figure 5 ¢, the mass
SPectTus of 1,2,3,4,6,8-bexa~CTD (412) 1 shows. The di-halogezated (2 E) carbon ring ie
“indicated by n/e 209 (CE,C1°), 97 (csxzcx’) and the intense lon at w/e 74 (C(E*) and

%0 (c‘sz’); the fully halogenated carboe ring is indicated by the characteristic ion at
a/e 12 (c00,"). '

Ia Pigure 5 4, the zase spectruz of 1,2,3,6,7,8-bexa~CDD, an feamer with 313 chlorine
sudetitution, is shown. Tri-halecwaated (1 B) carben rings are indicated by ions at a/e
143 (CG261,°%), 1R (C,BCL,%) and the very intesse fon st n/e 108 (C.ECL™). Isomezs of this
group are easily distisguished from those having a 412 chlorine substitution pattern.

e D | . 0002563
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Its mass spectrum (Pigure 4 b) shows icns at afe 75 (068;). 5 (0‘1;) etc. from ths . “%'
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Pigore 5 Partial mass spectra (m/e 40-150) of penta~ and hexa=ClDs, a) 1,2,3,4,7=(4:1)
and b) 1,2,447,8-penta={ID (3‘2)3 e) 1v2|374'505‘(432) and &) 1,2,3,6,7,8-heza=

CID (3:3).

Hevta= and octa=~ClDs

Hopta=CDs (2 isomers with 4:3 chlorine substitation) and octa~CID (4:4) are suffi-
ciently charactsrized by their highsr mass icns. Nevertheless, their lower Tange Zass
spectra are lincluded for cozpletenses. The featuces ocutlined for the lower PCIDs axe
forthar validatsd by the Sass spectTa of ths hepta~ and octs~ClDs (Figuze 6).

Both hepta=ClD iscmars yisld virtually identical zass spectra with the tri-halogenated
(1 E) oarbon rings indicsted by the intense iocn at z/e 108 (csm’); ths fully halogenated
cachon Ting is indicated by the fons at 3/e 142 (C,C1,%) ete.

In case of the octa=CID, the icm at m/e 142 (csciz’) beccmes the largest pesk in the
lower nsss range. Its Dresences and that of icas at 2/e 130, 118 ete. i3 indicative of fully

balogenated catbon rings.

7563
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) Pigure € Partial mass spectrs (n/e 45-150) of a) 1,2,3,4,6,7,8-hepta-CID snd b) octasCOD. 3
Iay Jov mass iome of PCTDs ’ _ <o

In Tadble 3, wo summarise some of the characteristic icns of PCIDg iz the lower mass
" range, thst are indicative cf the 4ifferently chlerinated cszbos rirgs and allov a deter-
ainatien of ‘ﬁn chlorine substitution pattern of an individual PCID iscmer.

Table } gt tive of the ""e;ont orinste ) of PCID
Sumaber of chlorines a/e Talues and composition of scoe characteristic ioms ®
en carbon ring °
o T(ea?)
] 52 (") |
e s OB L w0 (cEAY) —
' .. = (e2") o _,
iy O TN (X A 109 (e 22"
——— % (e") 97 (cx,a%)
) . o . 8 (cza")
- e T T T e (egm®) U3 (e,
] o e 9 (c1°) 1 (e,2,°)
. . - ' . & (czn’) ]
e 8 : a0 (e@®) a2 (c.”)
« o —— . ] . 0. ¢ ee - ,, (csat) 1’0 (55‘-'13‘)
- - : ‘
. 18 (c‘czz )
& asjor ions wderlined - mee 4
J

s N - = 0075;25'6'5
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FCUDs and PCTPs ranging fTuz the tetra- to the octachlore copounds were identified in
several fly ash sazhles from s mumicipal inciserator and an industsial heating facility.2
s majer PCIDs were idantified as isozers fotwed in the pyrolysis of the most ecamon
).uly\:b.lomhantu (244,6tzi=, 2,3,4,6=tatre~ and mtcnhlomhnh).’ Thase identifi.
eations vers besed on chlorins substitution patter=s froa mass spectral data reported on
bere snd by comparisca of retestict times of Tefersnce PCODs on higheresolution glass
mmmeelm.;nr‘.gm'!uumomtopuu;flyuhmhrSun.
industrial beating facility showving the eluticn of tetra-, penta~ snd beza-ChDs. The two -

" majer tetra-CIDs bad 252 chlorine substitution (1,3,6,8- and 1,3,7,5=tatra<CID rom 2,4,6~
trichlorophanate). 4 minor tetTa-CID had also the 2:2 substitution pattern szd the sazs
Tetazticn tine as 4ibs sxtramely toxic 2,3,7,8-tetzea=~CDD. The thizd major tatre~CI0,
eluting immedistely after the 2,3,7,8-isccez, could nov be dantified as 1,2,3,8-(or
1,2,3,7=) tetra-CID, This iscmer with 3:1 chlorins substitution is a condsnsation product
in ths pyrolyais of 2,4-dF and 2,3,4,6-tatrachlorophenats.

eflb |» wzgg | wes-
©2ass8- 1238~

T e e - e - .

o —— "

m/e 388 ~ m/e 354 —— m/e 320
20 18 10 min

Pigare 7 Vass frapentogras (m/e 320, 3%4 and 358) of a fly acgh sa=ple showing slutiocs
of tetra-, penta~ and hexa-CDs; S0 a OV-17 glass capillary columm, 2@-240%.
 2%/atn; sample injecticn in tetradecase.

i
i

=z . <. e -t . .. - .

1€LLEE MOg




a0 . No, 2

The three malor penta-{0Ds (peaks a, b azd ¢, Piguse 7) found in fly ask hed a 312
chlorine substitutioz patters. They were the condensaticn products iz the pyrolysis of
*2¢4y6=tTie and 2,3,4,6-t0%achlorophenate. An additicnal penta-ClD had & 411 ehlorine
gudstitution pattern and an identical retestion tise as 1,2,3,4,7-penta~{ID. This ischer
48 the condenssticn product ia the py=olysis of 2,4-4i- and pentachorophanate. In case
of the beza-CLTs, ths tain isome= had & 412 chloring substitution pattern. It was
4sntified as 1,2,3,4+5,8=hexa~CID, a condansation product feraed in the pyrolysis of
2,4,6=txi- and peptachlorophenats. Pour sdditional bezs~CIDs in £y ash bad the 3:3
chlaorins sudbstitaticn pattern. They were the dimerisaticn products formed in ths pyrolysis
.t 203'4'&t‘w°m‘. (llzl"‘l709.l 10203l"a'9-l 1'=.”"1'.- “ 102'3|7'als.
hexa-CID). '

ICDs_in Seveso sof) . .

i-, tri- and tet=3~-CDDs were observed iz ths soil at Seveso, Italy aftar an accidant
at & chamical plast producing 2,4,5-trichlorophancl.’ s reperted, the majer tetze~CID
found hal an {dsatical mass spectrua (2:2 chlorize substitution) and it &id eo=chromstograph
vith 2,3,7,8-tetre~"I0 on sevaral differsnt glass capillary columns. Bo idastifications of
sthar PCIDs were given in that repoezt. It vas nov abown that the minor tetTe-CID pressnt at
aa approrizate level of 4% relative to the 2,3,7,8-iscear has a 212 chlcrins sudstituticn
pattarn, indicating its formation from trichlorophanates, presumadly from 2,4,% apd an
isamric tTichlorophenste iwpurity present or formed in the reactor at the plant., Its
formation vas ovnfiraed by microscale Pyrolyses vith mixtures ef 2,4,5 and othar
trichloropbanstes (2,3,4=5 2,3,5=, 2,3,6- and 2,4,6-x5-CP). The main condsmsaticn product
of 2,4,5 =4 2,3,% o 2,4,6-trichlorsphenste (1,3,7,8-tetza-CID) bad an {demtical
retention time (50 ® 07-17 at 200°C) as the ainor tetrs~CID fouwnd in Seveso soil.

The di- end tzi-LIDs present in this soil had 1:) and 2:1 chlorine substitution patterns,
Tespectively. The 44-CID 414 co~chrumatograph with 2,7- and 2,8«81-CID, two igomars not
separated on & %0 & OV-17 column under the conditions used. The tri—COD di4 co-chromatograph
with the 2,3,7-subetituted iscasr, Die and tri«CODs could have been forasd in the reactor
iteelf, poscidly froa tri- and tetrachlorobenzene, or by photolysis of 2,3,7,8-tetre=-00D in
ths enviruement. An analysis of ths Teactor contant left after the ascidant oould tl.y- the
final answer.

e hoto 8 of ozte-CD
Dechlorination to lower PClDs vas shown to oceur by UV-photolysis of oo%a~"2D in organic
solvents. 201 ms magor bepta<CID formed was the 1,2,3,4,6,7,5-substituted Laomer,
1ndicating & prefeveatial loss of lateral (2,3,7- or 8-) chlorize atons.l! The photolysis
products wer nov analyred to deterzins the chlorine sudstituticn patterms of the lowsr
PCIDa formed. The sajor heza~COD formed dad & 313 patters and an identical retentiocn tine as
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- ~142,4,6,7,9- (or 1,2,4,6,8,9) Rexa<CDD; two minor isomers had 3:3 azd 412 chlorics

— sadstitution patteTns. A majer and s :izor penta~COD wers fo=med doth having 3:2 ehlorine
substitution pattesnsz; the major is expected to be the 1,2,4,6,9- substituted iscmer.
In cass of the tet>a=Clle, a majtor snd a Einor isomsr ware formed, botd with 212 chlorina

:_uhctttuun. The major tetra-ChD did co-chromatograph vwith 1,4,6,9-tetra~CID formed in
the pyrolysis of 2,3,6=trichlorophenate. Sunlight photolysis of octa=CDD did yield the

_Ba3s isocars. The reastion scheas deduced froa the data above shows that chlorins atozs
are removed prafersbly from s lateral position ca the carbon ring with the higher

" ehlorine substitutieon. It further indicates toat the extremely toxic 2,3,7,8-tetra<CID is

NP 20t 1ikely being foimed from the photolysis of highsr PCIDs.

PCODs _in commercial pentachlerosbencl )
- 4 series of cormarcial PCP and PCP-Ea saumples vas analyzed for the presence of PCOIn

== and PPs.? Sazples wits high PCTD content shoved, in sdditicn to hapts- and octa~CID,

the presence ft 3 hexa=CIDe in nearly constant iscnsric ratios. These 3 isamers had 3:3

_ehlorine sudstituticn patterns and were léentified as 1,2,4,6,7,9- (er 1,2,4,6,8,9-),

7 102:30608,9= (o7 1,2,3,6,7,9+) and 1,2,3,6,7,8-keza~CID. Unexpectedly, soms PCP-Ea sazples
“wo; . abowed the presence of & tetra-CID at levels of 0.1 to 0.3 ppa. This iscaer ad a 410
. oklorizs sudstitution patterz and $dantical retention tinmes on several glass capillary

- eclumzs as 1,2,3,4-tetre~CID, a very unsymmetTical isowsr. At present, we Dave Do
sxplanation for the presencs of this isoesr,
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T 19-0428. Kitchin, K. T Waowds, J. S.* (Lab. Environ.
Y Texicol, NIEHS, Research Triangle Park, NC 27709)
-0 .23.7.8-Tetrachlarodibenzn. sidinxin induction of aryl hydro-
’1,‘ carbon hydroxylaye in female rat liver. Evidence for de nove
: , syathesis of cylochrume P-MB. Aol Pharmacol 14(5):

<. 890-899; 1978, (54 referencen)

Wit - The effects-of 2,3.7.8-tetea chlaredibenes- pdioxin
* (TCDD) on heme synthesis and the synthesis of cytochrome
P48, as reflccted in aryl hydrocarbon hydroxylise activity,
were determined in female rat liver, TCDD trextment did not
increase the acuvity of S-aminolevulinic acid synthetase, the
rate limiting enzyme in heme brosynthesis, In contrast, a
23-{old increase in the lovel of cytochrome PR mediated
aryl hydrocarbon hydroxyluse 'was observed 24 hr after
TCDD treatment. Actinomycin D and cycioheximide, but
not CaCl.. completely prevenied the induction of new cyto-
chrome I'$4% and increased aryl hvdrocarbon vdroaviase

28P680 MOQ

activity by TCDD. /n vitro recomstitution of cytochrome

P'450 and increases in enzymaticully active aryl hydrocarbon

hydroxylase levels were achieverd by adding hemin 1o whole

liver homogenates from ras given TCDD (a2 hemoprolein

inducer) and CoCl, (a henie depleter). Thewe results suggest

that TCDD induves de now protein syathesis of apacyto-

chrome P48, which combines with heme 1o yicld new cyto-

chrome P48 and a concomunant increasc in aryl bydrocar-

ben hydroxylase aciivity. Therefore it s concluded that . ,
* TCDD selectively induces the formation of eytochrome P4IR

eading 10 increased aryl hydrocarbon hydrosylase activity, Y

and (that protcin synthesis, rather than heme synthesis, is the

rate-limiting cvent in this procos. (Author abstract by per-

mission of Academic Press)
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Summary

Information from both published and unpublished sources considered rele-
vant to the understanding of the genetic toxicology of chlorinated dibenzo-p-
dioxins is summarized in this review. Interest in writing this paper was stimu-
lated by the fact that this class of compounds, particularly 2,3,7,8-tetrachloro-
dibenzo-p-dioxin (TCDD), has gained notoriety as an extreme environmental
and industrial hazard. The potential for human exposure occurs in the work
place when dioxins are formed during the synthesis of a number of commer-
cially important compounds such as 2,4,5-trichlorophenoxyacetic acid, hexa-
chlorophene, and pentachlorophenol. Environmental contamination may result
from manufacturing processes and from dioxin contaminants in marketed
products. .

Research on dioxins as potential mutagens was initiated because of their
structural similarity to acridines, a class of known intercalating agents. To date,
only 4 dioxin compounds have been evaluated for mutagenicity: the di-, tetra-,
and octa-chlorinated derivatives and the unsubstituted dibenzo-p-dioxin. Since
only a few of the many possible structural forms of dioxins have been tested,
no definite conclusions can be made about their potential mutagenicity. Fur-
thermore, the positive mutagenicity and cytological effects reported thus far

* Work sponsored by the National Institute of Environmental Health Sci der Inter y
Apeement 40-247-70 and the Toxicology Information Program/National Library ' of Medicine
under Interagency Agreement 40-274-71 under Union Carbide Corporation contract W-7405-eng-
26 with the U.S. Department of Energy.

Abbrevistions: BP, benzo[alpyrene: DCDD, 2.,7<dichlorodibenzo-p-dioxin; OCDD, octachloro-
dibenzo-p-dioxin; 2.4.5-T, 2.4.5-trichlorophenoxyacetic acid: TCDD, 2.3.7.8-tetrachlorodibenzo-p-
dioxin: TCPE, 2.4.5-thrichlorophenox yethanol.

66EPLE MOQ




142

with the few dioxin isomers examined seems to depend on the position of chlo-
rine substitution. The most active form of the molecule is the 2,2,7,8-derivative

{(TCDD).
Data available for assessing the mutagenic potential of TCDD are conflicting O :
and scarce. Differences in testing results reported in these studies could be v
attributed to solubility problems with the test chemical, treatment protocols,
purity of test samples, or toxicity. Because there are conflicting data, addi-
tional experiments are needed before the mutagenic potential of TCDD and o ¢
other dioxins can be determined. Studies exploring the promoting effect of i
dioxins on the mutagenicity of other compounds are also recommended because O .
experiments have shown TCDD to be an extremely active liver enzyme i
inducing agent that enhances the mutagenicity of certain polycyclic hydrocar-
bons such as 3-methylcholanthrene in vitro. Lo
The importance of discerning the hazards to human health from dioxin com- ~1 A
pounds became apparent after an accidental release of TCDD from a chemical = @c
plant contaminated the Seveso, Italy area in July 1976 *. This accident oy oBENZO=r
revealed that insufficient data were available to properly evaluate the long-term 8
health risks posed by dioxin compounds. Several research projects were there- Fig. 1. Struct
fore initiated after the Seveso incident; it is hoped that many of the questions
concerning the mutagenicity of TCDD and possibly of other dioxin congeners stimulatec
will be answered as a result of this work. dealing w
analytical
summariz
Introduction rently be
mutageni
Chlorinated dibenzo-p-dioxins are a group of chemical compounds which are a result ¢
among the most toxic and hazardous pollutants in the environment. These review th
compounds, collectively referred to as dioxins, are impurities associated with The o:
" certain end products resulting from the treatment of chlorinated benzenes at _ effect is
elevated temperature and pressure under alkaline conditions. The most notable - was proj
contaminant of this group is 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) (See ™ (see Fig.
Fig. 1) which may be formed along with other dioxin compounds during the acridine:
manufacture of several commercially important products such as the herbicide Acridine
2,4,5-trichlorophenoxyacetic acid (2,4,5-T) [25], the fungicide pentachloro- The t
phenol [39], and the germicide hexachlorophene [39]. of chem
Suspicions of the possible long-term health hazards of dioxins arose after it dioxin,
was found that 2,4,5-T was teratogenic in the rat and mouse [15]. Shortly cally pe
thereafter it was discovered that the 2,4,5-T sample used in this study con- festatio:
tained about 30 ppm TCDD [15]. It was primarily the report implicating tural co
TCDD as a contaminant of 2,4,5-T [15] that led to its further evaluation for tive has
teratogenicity [16] and its eventual testing for mutagenicity [21]. These and Becaust
other similar reports published during the late 1960's and early 1970's also -
Ser
* In January 1978, a joint International Agency for Research on Cancer (1IARC)/US National Insti- ¢h-
tute of Environmental Health Sciences ad hoe Working Group was convened on the Coordination th.
of Epidemiological Studies on the Long-Term Hazards of Chlorinated Dibenzodioxins and Chiori- Y
nated Dibenzofurans. The participants recommended that JARC coordinate the follow-up of the e* At
accident-exposed individuals from five countries (IARC International Technical :Reyon No. 78/ di.
001, 1978). ve
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Fig. 1. Structura) comparison of acridines and dioxins.

stimulated toxicological studies on other dioxin derivatives as well as studies
dealing with issues such as environmental contamination and movement and
analytical detection of these compounds. Detailed state-of-the art reviews
summarizing work in these areas have been published [35—37,39] or are cur-
rently being prepared for publication [10,20]. Since the question of potential
mutagenicity, carcinogenicity, and teratogenicity of dioxins has been raised as
a result of the incident in Seveso, Italy * [51,69], we thought it important to
review the information available on the genetic toxicology of these compounds.

The only theory proposed to explain how dioxins may exert their mutagenic
effect is the suggestion that these compounds intercalate DNA. This mechanism
was proposed due to the similarity in structure between dioxins and acridines
(see Fig. 1); therefore, information comparing the mutagenicity of dioxins-and
acridines has been included (see ‘“Comparative Mutagenicity of Dioxins and

“Acridines”).

The basic dibenzo-p-dioxin nucleus is nearly planar and has 8 possible points
of chemical substitution. From the monochloro- to the octachloro-dibenzo-p-
dioxin, a variety of derivatives are possible and some have proven to be chemi-
cally persistent and biologically active [30]. The lethal dose and toxic mani-
festations are structure- and species-dependent. Of all the possible dioxin struc-
tural configurations, TCDD is the most widely known and tested. This deriva-
tive has been called one of the most potent small molecule toxins known [30].
Because of its extreme toxicity and potential mutagenicity, carcinogenicity **,

* Seveso, 1aly (population approx. 17,000) is located near the city of Milan. In July 1976, the
Seveso area was uccidentally exposed to high levels of TCDD as a result of an explosion in a nearby
chemical plant. For a comprehensive description of this accident, the reader may wish to consult
the book by John G. Fuller entitled *The Poison That Fell trom the Sky*, Random House, New
York,1977.

** At least 24 Jong-term experimental carcinogenicity studies are in progress on various chlorinated
dioxins (M-, Ghess, H, Barisch, J.E. Huff, and L. Tomatis, IARC Information Bulletin on the Sur-
vey of Chemicals Being Tested for Carcinogenicity, Number 7, Lyon, January 1978, 460 pages).
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and teratogenicity [16], laboratory use should be carefully controlled and a et al.
rigid safety protocol followed [8]. Wistar
There are several general articles which refer to the possible mutagenicity of and R
.dioxins [4—6,68], but the bulk of the material reviewed came from a number rats tr
of published papers that contain experimental results {7,13,17,27,28,38,40,41, 2 7-dit
43,57,64] describing the evaluation of these compounds for mutagenic and/or multin
related cytological effects. Information from unpublished sources is also had be
included [9,49]. Summaries of all these investigations are presented in the fol- Vos
lowing section. carcint
: . liver. \
Genetic toxicology testing : of TC
. induce
Jackson [40] evaluated highly purified samples of 2,4,5-T * and TCDD for studies
cytological effects in the African blood lily (Heemanthus katherinae Baker). treatec
Treatments involving both compounds in varying proportions were studied. In 25 pugj
contrast to the no-effect result with a highly purified sample of 2,4,5-T, dra- ploidy
matic inhibition of mitosis was observed in cells exposed either to 10™* molar Gret
2,4,5-T containing 0.2—1.0 ug. TCDD per liter of water ** or to a 10™* molar dibenz
solution of 2,4,5-T containing an unknown level of TCDD as a contaminant. induce
Similar results were obtained when treatments were limited to TCDD alone ments
(0.2 ug and 1.0 ug TCDD per liter of water **). These treatments also induced doses
formation of dicentric bridges and chromatin fusion with formation of muiti- 5-day
nuclei or a single large nucleus. Because these effects were not evident in the 6 h aft
pure 2,4,5-T sample, Jackson concluded that the cytological effects produced was di.
were due to the TCDD contaminant. peritot
Davring and Summer [18] reported results obtained with a commercial sam- receive
ple of 2,4,5-T in which dioxin contamination was less than 0.1 ppm. This ing the
formulation was evaluated for cytological effects in a wild-type Drosophila 29 day
melanogaster population by exposing adult flies, 24 h after eclosion, to 250 of chr.
ppm 2.4,5.T in food. Results indicated that this 2,4,5-T formulation affected studies
early oogenesis and caused sterility. However, it was not unequivocally stated dichlo:
that the observed sterility was of genetic origin. tia} fo
. The formation of multinucleated cells after treatment with TCDD has also group
" been observed in mammals [12,29,42]. For example, Greig et al. [29] treated ° admini
female Porton rats with single oral doses (50—400 ug/kg) of TCDD dissolved in a statis
dimethylsulfoxide or arachis oil. Histological examination of liver cells 60 days contro
after treatment with 100 ug/kg TCDD revealed that parenchymal cell structures inala
were altered and many were multinucleated. No mitoses were observed in any mosorr
of these multinucleated cells. The only other abnormality detected was an tocol -
occasional pyknotic nucleus. These results were interpreted as indicating that rats re
TCDD had interfered with the capacity of liver cells to maintain their correct weekly
e B morphology, thus leading to death and/or structural disorganization. Buu-Hoi consist
-:4 , treatec
5 . . * Further information regarding the cytologica) effects produced by 2.4,.5-7 will be available soon in tions.
& paper entitled “The Genotoxic Effects of 2,4.5-T" being prepared for publication in Mutation an eff.
Res. by W.F. Grant. for ct
** Jackson [40] reported that the maximum solubility of TCDD in water was 0.2 ug/! and that the increas
1.0 uz/! treatments were therefore probably subjected only to a water-saturated solution (0.2
ugh). The tr
. 7
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et al. [12] have reported similar observations in liver and myocardial cells of
Wistar rats after single intraperitoneal injections of TCDD (10 mg/kg). Khera
and Ruddick [41] observed that mitotic figures in myocardial cells were rare in
rats treated in utero during days 6—15 of gestation with 250—2000 ug/kg of
2,7-dichlorodibenzo-p-dioxin per day. Kimbrough et al. [42] have also reporied
multinucleated cell formation in the livers of New Zealand rabbits whose ears
had been painted daily for 4 days with 0.2 m] of a 20 ug/m! TCDD solution.

Vos, Moore, and Zinkl [67]) have suggested that TCDD could be a hepato-
carcinogen due to its specific cytological effect on the proliferating cells of the
liver. When 58-week-old male C57B1/6 mice were treated with single oral doses
of TCDD (100, 150—200 ug/kg), an enlargement of liver cell nuclei was
induced. The LD;, in these studies was calculated to be 114 pg/kg. In subacute
studies, 100 4-month-old male mice were divided into two groups and either
treated for two or six weeks with weekly TCDD doses of 0, 0.2, 1.0, 5.0, or
25 ug/kg. Liver cells of mice treated with six doses of 25 ug/kg showed poly-
ploidy, vacuolization of nuclei, and an increased mitotic rate.

Green and Moreland {27] were the first to test dioxins (TCDD, 2,7-dichloro-
dibenzo-p-dioxin, and the unsubstituted dibenzo-p-dioxin) for their ability to
induce chromosome aberrations in mammalian cells. In one of their experi-
ments {27] the dioxin compounds were dissolved in dimethylsulfoxide and
doses of 10 ug/kg were administered daily by intubation to male rats for a
5-day period. Analyses of bone marrow preparations from animals sacrificed
6 h after the last treatment were negative. In a second experiment {27], TCDD
was dissolved in an anisole/corn oil solvent (1.5% v/v) and administered intra-
peritoneally to rats in doses of 5, 10 or 15 ug/kg. Another group of test animals
received 20 ug/kg of TCDD orally from the same test solution. Animals receiv-
ing the higher doses, 15 ug/kg intraperitoneally and 20 ug/kg orally, were killed
29 days after treatment. Again, bone-marrow preparations revealed no evidence
of chromosomal aberrations in any of the animals. As a result of these two
studies [27], the authors concluded that the test compounds (TCDD, 2,7-
dichlorodibenzo-p-dioxin and dibenzo-p-dioxin) appeared to possess no poten-
tial for producing chromosome aberrations in the bone marrow of male rats. A

-group of positive controls treated with triethylenemelamine (0.375 mg/kg),

administered intraperitoneally and orally, and used as positive controls showed
a statistically significant increase in chromosome abnormalities over untreated
controls. In contrast with these earlier results, Green, Moreland and Sheu [28],
‘in a later study, found that TCDD significantly increased the number of chro-
mosome aberrations in rat bone marrow when a different experimental pro-
tocol was used. In this experiment [28], male and female Osborne—Mendel
rats received TCDD doses of 0.25, 0.5, 1.0, 2.0 or 4.0 ug/kg by gavage twice
weekly for 13 weeks. The TCDD samples used were dissolved in a solvent
consisting of one part acetoné to 9 parts corn oil. Bone marrow from the
treated animals was assayed for mitotic inhibition and chromosome aberra-
tions. No change in the mitotic index was observed at any dose, however,
an effect was found in cells from both male and female animals when assayed
for chromosome breaks. The treated female groups showed a significant
increase at the 4 ug/kg level as compared with the 0.25 ug/kg level (P < 0.01).

The treated male group showed a significant increase at the 2 ug:and 4 ug/kg
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levels as compared with the 0.25 ug/kg Jevel (P < 0.01). The authors cautioned
that even though the results were significant, the observed activity should be
regarded as only weakly positive.

Czeizel and Kiraly [17] compared.the frequency of chromosome aberrations
in the peripheral lymphocytes of 76 workers employed at a chemical herbicide
producing factory in Budapest (Hungary), along with that of 33 control indi-
viduals. The manufacturing process at this factory favored the formation of
dioxins. Of the workers surveyed, 36 had been exposed to 2,4,5-trichloro-
phenoxyethano! (TCPE) or Klorino! and 26 to Buvino! (a combination her-
bicide containing TCPE and 2-chloro-6-ethylamino-4-isopropylamino-1,3,5-
triazine). The remaining 14 workers had never been engaged in the production
or use of either of these herbicides. TCDD contamination found in the final
herbicide products has been reported to be less than 0.1 mg/kg and generally
not more than 0.05 mg/kg [66]. The frequency of chromatid-type and unstable
chromosome aberrations found by Czeizel and Kirdly [17] was higher (P <
0.001) in the factory workers than in the controls, regardless of whether or not
they had been directly involved in production of the herbicides. However,
aberrations were more frequent in workers preparing TCPE and Buvino} than in
the other factory workers, but the difference was significant only for the chro-
matid-type effect. Chromosome aberrations have also been reported in studies
of Vietnamese populations exposed to the herbicide 2,4,5-T in which TCDD
was present as a contaminant [32]. In these studies, a higher incidence of chro-
mosomal abnormalities was reported in individuals brought in contact with this
herbicide as a result of forest defoliation. These studies, however, have been
criticized as being statistically unsound (see Hay [31,32)).

Preliminary results of a cytogenetic investigation of TCDD-exposed indi-
viduals from the Seveso, Italy population have been reported by Tenchini et al.
[64]. Examinations of the affected population were confined to women who
became pregnant immediately before or after exposure to TCDD and who had
chosen to abort because of the possible teratogenic effects of this compound:”
Chromosome analyses of maternal peripheral blood and abortive fetal tissue
were scored for the presence of numerical and structural chromosome varia-
tions; no significant change was found in the chromosome number of any sam-
ple analyzed. Also, no significant increase was observed in the frequency of
structural chromosome aberrations from matemal blood samples. There was,
however, a higher number of structural aberrations in the fetal tissues than
in maternal blood samples or fibroblasts from adult tissues, but the frequency
of these aberrations did not appear to be greater than that expected to occur
spontaneously in cultures of comparable cell types. Tenchini et al. [64]
pointed out that these preliminary data do not answer the question of whether
the higher frequencies of chromosome aberrations found in fetal tissues were
due to chromosome damage caused by TCDD exposure. In another preliminary
cytogenetic study related to the Seveso incident [46], no chromosome abnor-
malities were found in the peripheral blood cells of 90 workers selected from
the chemical plant which was the source of the TCDD contamination in Seveso.
Likewise, no abnormalities were found in chromosomes from peripheral blood
cells of Seveso residents located in the area most severely contaminated with
TCDD [46]. Hay [31] has cited results from a study done at another industrial
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-uthors cautioned concern regarding the frequency of chromosome abnormalities in workers pre-
st should be sumably exposed to TCDD during the production of 2,4,5-trichlorophenol. In
this study, 800 workers with chloracnz presumably caused from TCDD expo-
some aberrations sure were investigated and the frequency of chromosome abnormalities deter-
emical herbicide mined. The abnormalities observed among these workers were reported to be
33 control indj- not greater than the statistical norm.
ne formation of TCDD was first evaluated for mutagenicity by Hussain et al. [38] because of
2,4,5-trichloro- its structural similarity to acridines (Fig. 1). The assay systems used were (1)
>mbination her- Escherichia coli strain Sd-4 which measures reversion from streptomycin
pylamino-1,3,5- dependence to streptomycin independence, (2) Salmonelila typhimurium strains
the production 'TA1530 and TA1532 which measure reversion from histidine dependence to
ind in the final independence, and (3) prophage induction in Escherichia coli K39 cells. TCDD
g and generally was mutagenic in E. coli Sd-4 and in Salmonella TA1532. TCDD had a weak
e and unstable prophage-inducing effect and did not show any mutagenic activity in Salmo- o
as higher (P< nella TA1530. Parallel studies with acridine orange in E. coli Sd-4 and acridine 0O
whether or not mustard in Salmonella TA1532 were used as positive controls. Corollary results
ides. However, with these control compounds, coupled with the well-documented knowledge
3uvinol than in that Salmonella strain TA1532 detects frameshift mutagens, seem to indicate
y for the chro- that TCDD was mutagenic via intercalation with DNA, 3 -
rted in studies Seiler [57] evaluated TCDD and octachlorodibenzo-p-dioxin (OCDD) in ~
which TCDD ' Salmonella typhimurium strains G46, TA1530, TA1531, TA1532, and TA1534
dence of chro- and found TCDD to be a strong mutagen in strain TA1532, a doubtful mutagen
1tact with this in TA1531 and TA1534, and a nonmutagen in G46 and TA1530. OCDD was
‘er, have been reported as a questionable mutagen in strains TA1532 and TA1534 and as a
nonmutagen in strains G46, TA1530 and TA1531 [57]. McCann [49] (per-
:Xposed indi- sonal communication) tested TCDD in the Salmonella system using a spot test
enchini et al. and the standard plate test with strains TA1532, TA1535, TA1537, and
w  n who TA1538, both with and without metabolic activation. In all experiments, nega-
dne. .ho had tive results were obtained. The results [49] found with TA1532 are in conflict -
> compound. with those obtained by Seiler [57] in this strain. McCann'’s negative results with —
- fetal tissue TA1532 cannot be directly compared with Hussain’s et al. positive studies
osome varia- because these authors [38] used a liquid incubation procedure in their test
of any sam. protocol. The negative response which McCann [49] observed with the other
‘equency of Salmonella strains (TA1535, TA1537, and TA1538) adds further to the diffi-
.There was, culty in understanding the potential mutagenicity of TCDD, especially since
-Issues than strains TA1537 and TA1538 are sensitive to the action of frameshift mutagens.
2 frequency Nebert, Thorgeirsson and Felton [53] have also reported negative findings with
:d to occur strains TA1535 and TA1538. The differences in results for TA1532 could be
't al. [64] due to many factors, such as the solubility of the TCDD sample, its purity,
_of whether treatment protocols, and the problems involved in handling such a toxic com-
Ssues were pound. Table 1 summarizes results from these studies.
reliminary Commoner [13] tested the unsubstituted dibenzo-p-dioxin in four of the
‘me abnor- Ames Salmonella strains (TA1535, TA1537, TA1538, and TA100) by the
‘cled from standard plate test to determine the reliability of the test system in distinguish-
In Seveso. ing carcinogens from noncarcinogens. Negative results were reported for all
cral blood strains with the concentrations tested (1.0, 10 and 100 ug per plate). Dimethyl-
ated with sulfoxide was used as the solvent in the preparation of all test samples in this
Industrial study.
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MUTAGENICITY OF DIOXIN COMPOUNDS IN Salmonella typhimurium 8
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Further evidence for the possible intercalating reaction of TCDD with DNA
has been reported by Kondorosi et al. {43]. These investigators checked TCDD
and several electrophiles (methyl methanesulfonate, ethyl methanesulfonate,
diepoxybutane, and ethylene dibromide) for their effect on the transfection of
QB RNA. The loss of transfectivity in this system indicates a reaction with
single-stranded nucleic acid. Intercalating agents which do not have active side-
chains (e.g., alkylating groups) would be expected to give negative results in
this test because they react primarily with double-stranded DNA. All the agents
studied gave positive results except TCDD. Using TCDD at concentrations
reported to be mutagenic in Escherichia coli Sd-4 and Salmonelia typhimurium
TA1532 [38], Kondorosi et al. [43] found no effect on the transfection of QB
RNA. The authors stated that these results confirm the assumption that TCDD

" forms a physical complex (intercalation) with DNA rather than reacting chemi-

cally with the nucleic acid.

Toxicity and dominant lethal studies with TCDD have been reported by
Khera and Ruddick [41]. Groups of 20 male Wistar rats were dosed orally with
4, 8 or 12 pg/kg TCDD per day for 7 days before mating (survival results are

~ shown in Table 2). Surviving males were caged with two untreated virgin

females for 5 days and this regimen was followed for 7 sequential mating trials.
Females were killed 9 days after separation from the males and viable embryos,
resorption sites, and corpora lutea were counted. No evidence was found for
the induction of dominant lethal mutations during post-meiotic phases of
spermatogenesis although the incidence of pregnancies from all mating trials in
each treated group was reduced. Histological examination of surviving males
showed normal testes, but the epididymides were inflamed with sperm granu-
Joma formation which is analogous to changes seen in the autoimmune reaction
following bacterial infection or the response of tissues to foreign bodies [41].
Other evidence that TCDD produces adverse effects in the testes has been
reported by Van Miller and Allen [65]. In this study, male Sprague—Dawley
rats were fed diets containing various levels of TCDD for 65 weeks. Animals
receiving 0.05, 0.5 and 1.0 ppm of TCDD in their food died within 4 weeks,
and autopsies showed a noticeable decrease in spermatogenesis. Seiler [58]
reported that 2 0.4 mg/kg dose of TCDD administered intraperitoneally to male
mice produced an approximate 50% reduction in the rate of testicular DNA
synthesis. TCDD and other dioxins have also been implicated in causing adverse
effects in the testes of a number of other animals (mice [50], chickens [54],
guinea pigs [50]), and monkeys [54]). The fact that TCDD apparently reaches
the testes [41,50,54,58,65] and the report that TCDD has a weak chromo-
some-breaking effect in rat bone-marrow cells [28] support, to some degree,

TABLE 2
SURVIVAL IN MALE WISTAR RATS AFTER TCDOD TREATMENT &

Dose (ug/kg) " Dead animals Survivaors Mean survival time (days)
12 20 0 17.7

s 11 8 20.1

4 2 18 36.5

4 No mortalities were observed in the contrzol group. Source: Khera and Ruddick {41},
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TABLE 3

THREE-GENERATIO) REPRODUCTION STUDY OF MALE AND FEMALE SPRAGUE~DAWLEY
RATS INGESTING XCDD

Daily dose T{ntmem Observations
ingened time prior
(ue/kg) & 10 mating Fo F’ Fz
(days)
0.1 ’ 90(Fp) Decreased fertility: c P
- 105116 poor survival in F;
-(F) and F3) b oftspring
0.01 80(Fo) No effect on Significant decrease in Significant decrease
109—-116 fertility; F) offspring fertility ; Fo offspring in fertility: F3 off-
(Fy and F3) ® and litter size appeared had decreased survival spring had decreased
normal rate and reduced growth  survival rate and
rate; smalier litter size reduced growth rate;
smaller litter size
0.001 80(Fp) No effect on fertility No effect on fertility No effect on fertility
109—116
(Fyand Fy) b

2 Animals were maintained continuously on diets containing sufficient’ TCDD to provide the dase leveh
shown.

b Offspring comprising the F; and F3 generations were pounth!ly ‘exposed to TCDD during u:unon via
placental transfer and during lactation. Animals from these groups began ingesting ‘X’CDD diets at 14—
21 days of age and were mated at approximately 130 days of age.

€ Due 1o adverse effects observed in Fo parents, treatment was discountinued. Compiled from Murray et
al. [52]).

’

the possibility that TCDD may have the capacity to act as a weak dominant
lethal agent. Further preliminary results reported by Murray et al. [52], in a
three-generation reproduction study of Sprague—Dawley rats ingesting various
levels of TCDD, adds some additional support to this possibility (Table 3). Mul-
tigeneration studies, however, are not proper indicators of dominant lethality,
nor is the production of adverse testicular effects an indicator of mutagenicity.
These data [52] and the data cited previously [41,50,54,58,65] suggest a need
for further testing. Even with the present evidence and speculation, it is not
clear whether the adverse effects produced by TCDD in the testes are the

result of direct TCDD activity or the result of some other toxic response trig-

gered by TCDD.
Modifying effects on mutagenesis

The importance of metabolism in mutagenesis studies has been considered
because many compounds thought to be nonmutagenic are converted to muta-
gens after metabolic activation. Polycyclic hydrocarbons are a notable example.
Inducible enzymes in various body organs, particularly the liver, are invoived in
the metabolic conversion of promutagens. Agents frequently used to increase
these enzyme levels include Aroclor 1254 (a polychlorinated biphenyl), pheno-
barbital, and 3-methylcholanthrene.

TCDD has been reported to be a potent stxmulant for hepatic aryl hydro-
carbon hydroxylase activity in male rats (Sprague—Dawley), chick embryos
(Leghom), and female mice from several inbred strains (C3H/HeN, C57Bl/6J,
and BALB/cJ) [55]. When compared with results obtained in the rat with
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3-methylcholanthrene, TCDD is 30 000 times more potent in inducing aryl
hydrocarbon hydroxylase activity [55]. Felton and Nebert [24] used liver frac-
tions from C57B1/6N and DBA/2ZN mice pretreated with TCDD at doses rang-
ing from 0.1 to 100 ug/kg to assay the in vitro mutagenicity of 3-methy)-
cholanthrene and benzo[a]pyrene in the Ames Salmonella test sytem using
strain TA1538. A significant increase in 3-methylcholanthrene mutagenesis was
observed in test samples pretreated with liver fractions from TCDD-induced
mice. The mutagenicity of 3-methylcholanthrene followed quite closely the
hydroxylase activity and cytochrome P,-450 (P 448) formation. The muta.
genicity of benzo[a]pyrene was not affected when subjected to this same pro-
tocol.

Berry et al. [7] reported that TCDD appears to be an exceptionally potent
and broad-spectrum splacental inducing agent for carcinogen-transforming
enzymes found in~#farious tissues. Pregnant Sprague—Dawley rats were given
single intraperitoneal injections of TCDD (0.2—6.0 yg/kg) dissolved in corn oil on
day 17 of gestation. Animals were killed on day 20 of gestation, and homogenates
were made of maternal livers, lungs, kidneys, adrenals, and placentas and of
fetal livers, kidneys, and skin. These homogenates were then treated with
[*H]benzo[a]pyrene (BP) and were assayed for the effects of TCDD pretreat-
ment on the tissue-mediated covalent binding of BP to DNA. Tissue samples
from the livers, lungs, and placentas of TCDD-pretreated dams, as well as sam-
ples from livers, lungs, and skin of their fetuses, showed an increased capacity
to covalently bind BP to DNA when compared with tissue samples taken from
noninduced control animals. Berry et al. [7] stated that ““The nature of the
TCDD enhancement appeared to be tissue-specific, and moreover, the data
from the binding in vitro appeared to correlate well with the metabolizing capa-
bilities of the tissue and the metabolites formed (BP-7,8-dihydrodiol, BP-4,5-
dihydrodiol, BP-9 phenol, and BP-3 phenol)”.

The effect of TCDD on the covalent binding activity of benzo[a]pyrene to
DNA and the mutagenicity of 3-methylcholanthrene raises the question of
whether TCDD can influence the biological activity of not only other poly-
cyclic hydrocarbons but other compounds as well. The significance of this
possibility will not be fully understood until additional data are available.

Comparative mutagenicity of dioxins and acridines

The testing of TCDD for mutagenicity and its initial classification as a muta-
gen was brought about by its structural similarities to acridines (Fig. 1). The
following sections summarize and compare the mutagenicity of acridine and
dioxin compounds as measured in identical test systems. These results neither
prove nor disprove the possibility that TCDD may act as an intercalating agent.
The exact mode of action of TCDD and other dioxins will be clarified only
after further experimentation.

Bacteria

Salmonella typhimurium
Tests with several genetically defined histidine mutants of’SaImonella typhi-
murium are presently used in a variety of applications for the evaluation of
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chemicals for mutagenicity [1—3)] (Table 4). Salmonella strains used in the
evaluation of TCDD, OCDD, and the unsubstituted dibenzo-p-dioxin are shown
in Table 5, along with results for several acridine compounds.

Escherichia coli Sd-4

E. coli Sd+4 is a mutant derivative of E. coli B and is used to detect rever-
sions from streptomycin-dependence to streptomycin-independence. Documen-
tation of the molecular mechanism resulting in this mutation was not found
but reportedly results from a base-pair substitution mutation [10]. See Table 6
for comparative results of TCDD with acriflavin.

Bacteriophages (prophage induction)

A search of the Environmental Mutagen Information Center data base
revealed no information on the ability of acridines to activate lambda phage in
E. coli K39 cells which were used to test TCDD [38]. Reports noting activa-
tion of lambda phage in another E. coli strain and negative findings for phage
induction in Salmonelia thompson were found and are shown in Table 7.

In an extensive review on prophage induction in lysogenic bacteria, Heine-
mann [33] listed acridine orange as having a moderate prophage-inducing abil-
ity. Hussain et al. [38] stated that TCDD had a weak prophage-inducing effect
and that such results agreed with data obtained from studies with acridines.
The data in Table 7 indicate that acridines, considered as a group, could be
classed as weak when tested for prophage activation. Presently, insufficient
data are available at this writing for a true comparison.

TABLE 4

CHARACTERISTICS OF THE AMES SALMONELLA TEST STRAINS USED TO EVALUATE THE
MUTAGENICITY OF TCDD AND OTHER DIOXINS

Strain Mutation Other charscteristics Type of mutation
(site in detected
histidine

- - operon)
G46 his G46 Normal lipopolysaccharide coat; DNA excision-repair Base substitution
present .

TA1530 hiz G46 Partial lipopolysaccharide coat present: DNA excigion- Bass substitution

repair deficient

TA1531 his C207 Partial lipopolysaccharide coat p DNA excigl Frameshift

repair deficient

TA1532 his C3076 Partial lipopolysaccharide coat p t: DNA excisi Frameshift

repair deficient

TA1534 his D3052 Normal lipopolysacchride coat; DNA excision-repair Frameshift

Present
TA1536 his G46 Lipopolysaccharide deficient; DNA excision-repair Base substitution
. defective .

TA1537 his C3076 Lipopolyssccharide deficient: DNA excision-repair Frameshift

defective

TA1538 his D3052 Lipopolysaccharide deficient;: DNA excision-repair Frameshif

defective

TA100 his G46 Lipopolysaccharide deficient: DNA excision-repair Base substitution
. defective; R factor plasmid present

Compiled trom Ames et al. [1,2] and Simmon [60].
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TABLE S

MUTAGENICITY RESULTS WITH Solmonells typhimurium ®

Reference

No.

Strains deteéting frameshifts ©

Strains detecting base-pair substitutions ®

Chemical
tested

TA1536 TA100 TA1531 TA1832 TA1534 TA15317 TA1838

TA1830

his G486

49
as
53

TCDD

57

57
13

a
e
[ %]
e

¢
£2
83

34.56

Trypafavine
Quinacrine

11,14.44
11.48

.

Proflavine

>

3 .

11,39.45.48
2.11,14.48

-4+

ICR-170 ¢
ICR-191

Acridine
orange

® See Table 4 for supporting information.

“b 0, Not tested in the papers screened; —, negative results; +, positive results; ?, doubtful mutagen. Results shown were obtained using different experlmental proto-

eols.
€ Acts as both an intercalating and an alkylating agent,
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f TABLE 6
- MUTAGENICITY RESULTS WITH Escherichio coli Sd-4
Chemica) tested Results * Ref.
%
' TCDD - as
Acriflavine + 19
- A +, Positive results.
TABLE 7
PROPHAGE INDUCTION
Chemical tested Host organism Results Ref.
TCDD Escherichio coli K39 38
Acridine orange Escherichia coli 18 + 61
Proflavine Salmonelle thompson 19 - 62
Ethacridine Jactate monohydrate Salmonella thompson 19 -— 62
& 4+, Positive results; ~—. negative results.
TABLE 8
MAMMALIAN DOMINANT LETHAL STUDIES
Compound kepon;d results & Rel.
TCDD - 41
Acridine orange - 47
Acrifiavine - 22
$-Aminoacridine - 22
ICR-170 b + 63
Quinacrine hydrochloride - 22
Trypaflavine - 22
7 8 — Negative results: +, positive results.
k b Acts as both an intercalating and an alkylating agent.
N
o
TABLE 9§
4 CHROMOSOME ABERRATION STUDIES IN CULTURED MAMMALIAN CELLS
) Compound Cell type Reported Ref.
% results 3
- TCDD b Rat bone marrow cells + (weak) 28
! TCDD ® Rat bone marrow cells -— 27
3 2. 7~D|chlorodlb¢n:o-p-d)oxin Rat bone marrow cells -_ 27
s Dibenzo-p-dioxin Rat bons marrow cells - 27
Proflavine Hela cells - 88
Acridine Human diploid fibroblasts + 58
Acridine orange Human diploid fibroblasts “+ 58

& 4+, Positive results; —~. negative results.

b Results from these experiments [27.28) were obtained using different experimental protocoh especially
in the dose range tesied, dosing schedule, and solvents used.
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Mammals -

Dominant lethel studies

Malling and Wassom [47] in their review of the mutagenic action of chemi-
cals reported that only 6 acridine compounds had been evaluated, at the time
of their review, in the dominant lethal test. Results from these tests are shown
in Table 8. :

Positive results in the dominant lethal test are believed to be due to chromo-
some rearrangements rather than point mutations. Therefore, 8 mutagen that
induces predominantly point mutations would go undetected in this test.
Freese [26] stated that acridines produce point mutations via intercalation by
adding or deleting bases in DNA. Thus, negative results would be expected if
the activity of TCDD resembled the intercalating action of acridines as sup-
ported by the negative results reported by Khera and Ruddick [41]}. However,
the results obtained by Green, Moreland and Sheu [28] in the rat bone-marrow O
test, coupled with the evidence that TCDD does produce adverse effects in the O SRR
testis [41,50,54,58,65], still leave the unresolved question of whether TCDD 2 g
can act as a weak dominant lethal-inducing agent or cause some other type of S
damage to the genetic material of mammalian germ cells. Several acridine com- L0 TR
pounds are known inducers of chromosome aberrations in plants, Drosophila, ~} B
and mammalian cells in culture {59], but no reports on the evaluation of acri-
dine compounds in the rat bone-marrow test were found. Results from other ‘™ T
mammalian studies with acridines are shown in Table 9. ; T

Mutation research in progress

The Seveso incident revealed .a lack of information concemning the health
effects of TCDD. As a result, a number of research projects were initiated in

" an attempt to obtain a better perspective of the hazards posed by TCDD .-

exposure. Most of these investigations are taking place in laboratories in Italy

and other European countries. Information is also being collected on people-or

domestic animals exposed to TCDD as a result of the accident at the chemical j
plant [46] which caused the contamination of the Seveso area. Projects under LN
way include fertility studies, dominant lethal studies in rabbits, translocation . e
tests in mice, point-mutation tests using hamster cells, cytological examinations * .
of peripheral blood from exposed individuals and exposed animals (cattle and

. rabbits), cytological examinations of fetal tissue from abortuses, and mitotic

crossing-over and recombination studies in yeast.

Discussion and conclusion

Of the many structurally possible dioxin configurations, only 4 have been R
tested for mutagenicity or other related effects. These are the di- [27], tetra- sl

[9, 27, 28, 38, 41, 49, 53, 57], and octa- [57] chlorinated derivatives as well
as the unsubstituted dibenzo-p-dioxin [13,27]. Of these, TCDD has been the
most frequently tested but the results obtained from these studies have not
been conclusive. For example, positive results were reported when TCDD was
tested alone for cytological disturbances in the African blood lily [40] or for
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mutation induction in Salmonella typhimurium [38,57) and Escherichia coli

Jes
| 38). Positive results were also reported. when 2,4,5-T test samples contami. ::!:pacti(
nated with TCDD were evaluated for cytological effects in Drosophila [18] and being S¢
the African blood lily [40]. On the other hand, negative results were reported gtrains ¢
with TCDD in Salmonellg tvphimurium conflicting with those studies reporting only on
positive findings (see Table 1). The octachloro derivative (OCDD) was a doubt- such as
ful mutagen when evaluated in the Salmonella test and the unsubstituted Ames S
dibenzo-p-dioxin was nonmutagenic [13]. or testir

Mammalian studies with dioxins are scarce. The only data found showed that genetic
TCDD gave negative results when tested for dominant lethal effects in rats dioxins
[41] and weakly positive results when assayed for the induction of chromo- also be
some aberrations in rat bone-marrow cells [28]. These data, coupled with prediox
studies showing that TCDD does reach the testes [41,50,54,58,65], indicate dichlorc
the possibility that TCDD could act as a weak dominant-ethal inducing agent in this ®
or could cause damage to the genetic material which manifests itself in some ward m
other way. The dichloro derivative (DCDD) and the unsubstituted dibenzo-p- 2,3,7,8-
dioxin were both negative in the rat bone marrow test [27]. TCDD,
The cytological effects produced by TCDD in the liver of treated animals vatjons
[12,29,42,67] may be attributed to the toxic effects produced by the short- detect 1
term high dose levels administered in these studies and the fact that TCDD desirabl
tends to concentrate in the liver. of cert:
-; Preliminary results obtained from cytogenetic analyses of maternal blood promot
: and abortive fetal tissue taken from persons exposed to TCDD during the pounds
Seveso, Italy accident are inconclusive [64]. Inconclusive results have also been are pot
-reported [31] from studies of peripheral blood cells taken from individuals TCDD,
exposed to TCDD within the chemical plant which caused the accidental expo- the Sev
sure at Seveso as well as from individuals residing in heavily contaminated
areas. On the other hand, workers exposed to the herbicides Klorinol and Acknoy
Buvinol, which may have varying levels of TCDD contamination, had a higher
incidence of chromatid breaks in peripheral lymphocytes than did nonexposed The
individuals [17]. Increased frequencies in chromosome aberrations were also ronme!
reported in Vietnamese exposed to TCDD-contaminated herbicide 2,4,5-T, but F. Gra
~ these studies have been chalienged and are of limited value [32]. Labora
The information implicating TCDD and other dioxin compounds as mutagens - Joyce .
is scarce and conflicting; therefore, more work is required before the mutagenic Intemn:
potential of these compounds can be determined. Factors which have con- Health
tributed to the difficulty in understanding the experimental results with Specia:
dioxins, particularly the TCDD derivative, include the extremes in toxicity of
these compounds and their varied sensitivities to different treatment protocols.
Solubility * seems to be one of the more outstanding problems encountered 'i‘
when working with dioxins. To obtain comparable data, all future studies 1e
should be done under similar treatment conditions whenever practical and with oo :
; e-.-,,_. ’ ° m
- . * Information on the solubility of TCDD can be found in Table ] of the paper by W.B. Crummett m
-, and R.J. Stehl entitled “Determination of Chiorinated Dibenzo-p-dioxins and Dibenzofurans in &
* - Various Materials”, Environ. Health Perspect.. 5 (1973) 15—25. See also the paper by C. Botré, A. se
S Memoli and F. Alhsique entitled *TCDD Solubilization and Photodecomposition pn AQueous Solu- m
e tions*, Environ. §ci. Technol., 12 (1878) 335—336. T
| ;4 000ZH41
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samples of known purity *. Mutagenicity assay systems that are sensitive to
the action of intercalating agents should be considered first when systems are
being selected for additional tests. For instance, reexamination in sensitive

strains of Salmonella, particularly TA1532, is needed since this strain is the . -

only one which has shown a positive response (Tables 4 and 5). Experiments
such as these will help resolve the conflicting results observed thus far in the
Ames Salmonella test. Likewise, retesting for dominant lethality in mammals
or testing in other in vivo mammalian systems which measure damage to the
genetic material of germ cells should also be given consideration. The testing of
dioxins using the multipurpose Saccharomyces cerevisiae strain MP-1 would
also be of interest since Fahrig, Nilsson and Rappe [23] have found that the
predioxins, 4,5,6-trichloro-2-(2,4-dichlorophenoxy)phenol and 4-chloro-2-(2,4-
dichlorophenoxy)phenol induce forward mutations and mitotic crossing-over
in this yeast strain. Pentachlorophenol (isomer purity 99%) induced some for-
ward mutations and mitotic gene conversion in this same yeast strain, but
2,3,7,8-tetrachlorodibenzofuran, a compound which is structurally similar to
TCDD, did not induce any genetic activity in this organism [23]. These obser-
vations make further testing of dioxins in this or other yeast strains which
detect mitotic crossing-over, gene conversion, or forward and reverse mutations
desirable (see Zimmermann [70]) **. Evidence that TCDD is a potent inducer
of certain microsomal enzymes points to the need for additional studies on the
promoting effect which dioxins may have on the mutagenicity of other com-
pounds. Particular attention should be given to formulations in which dioxins
are potential contaminants. A better understanding of the mutagenicity of
TCDD, and perhaps other dioxins, will be obtained once studies stimulated by

the Seveso tragedy have been properly evaluated. .
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CHAPTER 6:

COMPARISON OF THE HEALTH EFFECTS
OF AQUATIC HERBICIDES

£28£0 MO

Based on absorption and metabolism, it is possible to determine a
comparative index of likelihood of injury to internal organs due to
environmental exposure to aguatic herbicides. 1In order or increasing
risk:

1. Endothall is poorly absorbed through the skin, lungs, or
gastrointestinal tract unless the membrane is first damaged. It is
minimally metabolized by animals or intestinal bacteria, is not lipid
soluble, and has not been reported to alter metabolism.

2. Digquat is poorly absorbed through the skin, lungs, or
gastrointestinal tract unless the membrane is first damaged. It is
not metabolized by animals, but is metabolized by intestinal bacteria
to unknown products of unknown toxicity which are partially absorbed.
It is not lipid soluble and does not accumulate in the body. However,
it alters metabolism 1n many, if not all, organs by its ability to be
reduced to a free radidal at the expense of NADPH and to then autooxi-
dize, producing hydrogen peroxide or superoxide free radicals.

3. 2,4-dichlorophenoxyacetic acid is lipid soluble and rapidly
absorbed through membranes of the skin, lungs, and gastrointestinal
tract. It is not metabolized by animals, but its derivatives (salts,
esters, etc.) are hydrolyzed to the acid. Although it is degraded by
soil bacteria, it apparently is not changed by intestinal bacteria,
possibly because it is absorbed too rapidly. Up to 32% of absorbed
2,4-D is found in cell nuclei. It is rapidly distributed to all
tissues and is not excreted as soon as the above lipid-insoluble
herbicides.

4. Dichlobenil is lipid soluble and rapidly absorbed by all
routes of environmental exposure. It is metabolized by animals to a
variety of known and unknown products, some of which are highly toxic
uncouplers of oxidative phosphorylation.

It should be noted that this approcach to risk assessment gives
exactly the oopos1te order from an assessment based on the acute oral
LDgg. LDsg is not relevant to low-dose chronic exposure, but is the
basis for the hazard levels assigned to pesticide labkels: caution,
warning, danger, in order of decreasing lethal dose. Dichlobenil and
2,4-D formulations used for water milfoil are labeled "caution,"
diguat is labeled "warning,” and endothall is labeled either "warning"
or "cdanger" depending on its concentration.

None of the four herbicides has passed all of the currently
accepted tests for the determination of safety of lcw-level asxposure
to humans. Endothall has been subjected to adeguately designed
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—~testing, but the final results of the mouse carcinogenicity test are .
-not in yet, and an outside investigator has detected mutagenic poten- Ci
-blal in a very sensitive but reliable assay properly performed.
o Diquat has not been adequately tested for teratogenicity in mam-
‘mals, but inadequate tests suggest possible hazard, and one study in
amphibians shows teratogenicity and embryotoxicity at concentrations
lower than proposed for Lake Washington (Anderson and Prahlad, 1976).
Chronic feeding tests have shown that diquat induces cataracts in rats
at 2.5 mg/kg/day and in dogs at 5 mg/kg/day orally. Diguat was posi-
tive in one short-term carcinogen-screening test, the induction of DNA
repair synthesis. It was negative for carcinogenicity in both rats
and mice in less than adequate tests, which could give false negative
results. :

2,4-D was found to be both teratogenic and embryotoxic, with
effects noted as low as 0.5 mg/kg/day. This injury was induced at
even lower concentrations in the presence of a primary microbial
breakdown product of 2,4-D, 2,4-dichlorophenocl. 2,4-D was shown to
cause poxnt mutations in anlmal cells, to damage DNA in a manner simi-
lar to ironizing radiation, and to stimulate cell division. Testing
of 2,4-D for carcinogenicity is inadequate according to present stan-
dards, but those inadequate tests demonstrate significant tumor
increases, oartlcularly in sarcomas of the lymphoret1cular system in
both rats and mice. (Inadeguate studies can give false negative
results, not false p051t1ves ) ©One study for tumor promoting activity
was highly positive, using the mouse skin system. The breakdown pro- (i
duct, 2,4-dichlorophenocl, is also a good promoter of skin carcino-
genesis.

Dichlobenil testing for teratogenicity and carginogenicity is so
inadequate that no conclusions are justified. An adequate reproduc-
tion study indicated that dichlobenil inhibits growth of young rats at
50 ppm and decreases fertility at 100 ppm. It has not been tested for
mutagenicity in any animal systam, and microbial system are notor-
iously unreliable for chlorinated aromatic compounds.

. Present testing standards are certainly minimal for the deter-
mination of safety to humans. They do not assay for tumor promoting
ability or for effects on the functioning of the higher nervous system
such as loss of intelligence, loss of ability to concentrate, or
induction of emotional instability.

Since only the manufacturer of endothall has met these minimal
standards of testing for health effects (one test not yet complete,
however), but all four herbicides are registered by the Znvironmental
Protection Agency ?nd aporoved for use in public waters, an attempt
was made to determlne whether ZPA files contained additional relevant
unpublished studies which would justify registration. <Catalogs of
documents in the EPA files on dichlobenil and digquat were obtained
from Friends of the Earth, and a request was sent to £PA under the L.
freedom of Information Act for all of the documents listed under G
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neurotoxicity, oncogenicity, chronic feeding, reproduction, and tera~- &.

tology. This totaled one document on dichlobenil (chronic feeding)

and eight documents on diquat (neurotoxicity, oncogenicity, chronic ég'
feeding, and reproduction). oo
o

After two months, two documents on chronic feeding of diquat were
received, and after six months the EPA closed the request without
sending anything more. The two documents received are .reproduced in
their entirety below:

#123373-0007 Chronic - Oral _
Rat: 500 ppm. w/w. for 16 months did not affect the rate of
growth, during the growing period, and no toxic signs have,
been observed.

£123370~-0034 Chronic toxicity
Chronic toxicity studies show that 500 ppm in the diet of
young rats of both sexes produced no detectable effect.

It should be apparent even to the casual reader that these do not
contain the minimum essentials of an abstract (species, strain, sex,
number of animals, doses, formulations, route of administration, dura-
tion of study, effects looked for, methods of analysis of data,
conclusions) and certainly provide no data appropriate for regulatory
decision making. It is possible that the two reports above are from
the same study, not repeated studies, reducing even further the total
number of relevant studies in the EPA catalogs.

Since the primary argument of other government agencies which
routinely expose the public to these herbicides is that they are
registered with EZPA and therefore must be safe, it should be deter-
mined whether EPA really has no data on the health effects of dichlo-
benil and diquat, or merely defies the law. The Federal Insecticide,
Ffungicide and Rodenticide Act states:

Sectiom 10.(d) (1) All information concerning the objec-
tives, methodology, results, or significance of any test or
experiment performed on or with a registered or previously
registered pestlcxde or its separate ingredients, impuri-
tles, or degradation products, and any information con-
cerning the effects of such pesticide in the environment,
including, but not limited to, data on safety to fish and
wildlife, humans and other mammals, plants, animals, and
soil, and studies on persistence, translocation and fate in
the environment, and metabolism, shall be available for
disclosure to the public.

Much of the id?égmation used in this report was obtained from the
chemical companies and has not gone tnrough the process of peer raview
required before publication by reputable scientific journals. This is
also true of the unpublished manuscript and publications of government
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agencies. The reader should consider this when using such information
- for decision making.

L One final conclusion of this study must be that published reviews -

- of th@s.subject are extremely unreliable, guoting other reviews with
no original data -and thus giving the appearance that many more studies
have been.done than in fact have. This author welcomes correspondence
concerning any additional relevant studies which may become available.

‘s
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Pesticide”™

use is still

n@t issie

By mchard C. Klenitz
Journal Madison Bureau

Madison, Wis. — The state’s pub-
lic intervener urged the Agnculture

Department Thursday to- write
stronger protections for ground wa--
ter into proposed rules for pesticide °

use,

“Pesticides do not belong in our
waters,” Asst. Atty. Gen. Thomas .
Dawson stated.

At the first of a series of hea.nngs
on revision of the state’s pesticide

regulations (Ag 29), a spokesman for
the state’s vegetable processing in- -

dustry argued that the proposais on
overspraying, posnng of treated
fields and pre-spraying nou::e were
impractical. .

Alvin Randall, executive secretary
of the Wisconsin Canners and Freez.
ers Association, said it was not prac-
tical to try to eliminate all risk for all
people.

Adverse eflects_

* ikewise Russell Weisensel, exec-
-2 director of the Wisconsin Agri- -

Business Council, suggested that as
rules become more rigid they ad-
versely affect more small farmers.
He said his group wondered whether
there was much benefit to be gained
from the revisions.

“People have to take some of ‘the
risk themselves,” Randall said.

George Klacon, of the Green Giant
Corp., said people should be educated
to recognize that there are pesticides
being used in flelds.

He said, [ don't believe people can
put up enough signs for those pass-
ersby who might want to take a few
ears of com.” Weisensel added that
normal trespass laws should suffice.

Wants to know

Carole Ann Barth, a researcher for
Citizens for.a Better Environment
(CBE) who said she was asthmatic,
also commented on the matter of
posting and prior notice.

*] don't expect the world to stop

around me.” she reasoned,-* but [
want to know what is happening

around me so I can arrange my own
activity.”

Dawson, who intervenes for the
r ‘ic interest in environmental mat-
t asked that the rules be written
to prohibit any application of pesti-
cides that would enter the state's
waters.
-- He noted that Wisconsin relied
heavily on ground water for domes-

Turn to Hesring, Page 7

Hearing

- Controlled pestzczde

use dejfended

“FromPagel

. tic use. He proposed that whenever

the agency received credible evi-
dence that a pesticide had been iden-

tified in ground -water,” an order -
should be issued prohibiting its fur- -
_ther use in the recharge zone of the

ground water basin.

Dawson said that aldicarb — a
chemical used to treat a potato pest
and which has caused problems in

New York — has been detected in °
the Wisconsin Central Sands region. -

He pointed out that his proposal
would ban its use until it could no
longer be detected. :

The proposed Department of Agri- . '

culture, Trade and Consumer Protec-
tion rules would require that resi-

" dents of adjacent land be given notice :

of aerial spraying if requested. The
same provision would apply for bee-
keepers when sorayine_is conducred

within three miles of their hives.

Other revisions would restrict day-

time spraying where crops or weeds

visited by bees are in bloom; require -
a permit for use of chlordane; include -

municipalities as commercial applica-
tors, and require its and en-
closed storage of pesticides.

Dawson ‘objected that the rules did

not require annual reporting of pesti-
cide use. He said the information was .

needed to properly monitor human
and environmental effects.
Weisensel described Dawson’s
proposals as unbalanced and said
they caused the agency a great many
problems in drafting the rules.
Dennis Dixon, Elkhorn, president
of the Wisconsin Agricultural Avia-
tion Association, said he “was not
surprised that the activxst minority is

not satisfied.”
yanmmgy‘mb Lamsea srcloh

the statement in the proposed rules
that any use resulting in overspray
was negligent. Dixon said some pro«
_vision should be made for equipment
failure, adding that aerial application:
should not be singled out because
‘there was no evidence of harm to
human health.

Dixon said notice should be hnutecr
to toxic materials. _

Ray Geymann, of Oconomowoc.
Canning.Co., proposed that beekeep-
ers be required to own or lease for-
aging rights in order .to qualify for:
the prior notice protection. Furthes-
more, he said all beekeepers should.
be licensed and a fund should be de-
veloped from honey receipts to fi-
nance a system of coordinating appli-
cation information and notice. .

Geymann aiso said a 1.5 mile radi.
us for beekeeper notice seemed more

veasennahia, et o -
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CHAPTER 2:

BEALTH EFFECTS OF 2,4-D
(2,4~-dichlorophenoxyacetic acid)
AND ITS DERIVATIVES

»

18Les0l M

a. Introduction

The herbicide 2,4-D was prepared in 1941 by the interaction of
2,4-dichlorophenol, monochlorocacetic acid and sodium hydroxide, and a
similar process is used in its commercial production. 2,4-D is a
systemic herbicide widely used for site preparation and conifer _
release in forestry, for control of broadleaf weeds in cereal crops
and sugar cane, and on turf, pastures and non-cropland. It is also
used to control the ripening of bananas and citrus fruits, to delay
prenarvest dropping of some fruits, and in some countries as & fungi-
cide for the control of Alternaria rots when lemons are to be held for
storage. As a component of "Agent Orange," 2,4-D was used to defol-
iate jungle areas in South Vietnam (IARC, 1977). The EPA has approved
the use of 2,4-D, marketed as "Aqua-Kleen" by Amchem Products, Inc.,
for control of several aquatic plants including water milfoil. Label
requirements include a "caution" against accessibility of the product
to children; applying to water used for irrigation, sprays, dairy ani-
mals or domestic use; or contact with skin, eyes, and clothing.

B. Metabolism of 2,4-D

A total of nine human male "volunteers" in two different studies
have been f£ed a single dose of 5 mg/kg of 2,4-D (Kohli et al., 1974;
Sauerhoff et al, 1977) to determine its metabolism. Essentially all
of the 2,4-D was absorbed from the gastrointestinal tract. It was
distributed widely through the body and excreted in the urine
unchanged. No metabolites were, detected. No symptoms of illness or
abnormal blood chemistry were cdetected. 95% of the dose was recovered
from urine in six days.

\ The metabolism of isotope-labeled 2,4~D in rats has been deter-
mined and is in agreement with the human studies above (Khanna and
Fang, 1966). Radiocactivity was found in all organs and tissues exam-
ined, with 9% to 32% in the nuclear fraction. All was unchanged
2,4-D, suggesting that the chemical in the cytosol was not peptide-
bound as found in plant tissues.

2,4-D is 1i§id-soluble and therefore rapidly absorbed from the
lung (Burton et al., 1974), when assayed in rats.

/

2,4-D amine salt administered orally was readilv absorbed bv
rats, pigs, calves, and chickens, but 2,4-D butyl ester was much more
slowly absorbed and the circulating chemical was all in acid form,
indicating that the ester was hydrolyzed during absorption (Zrne,
1955). Absorbed 2,4-D was distributed rapidly through the dody with
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highest levels in the liver, kidneys, lungs, and spleen. It is

readily passed through the placenta in the pig and into chicken eggs. fl:

C. Impurities and Breakdown Products <

~ CHLORACETIC ACID
OH . OH OCH,COO!
e Cl
Cl | C
CH LORIN_AT'ON CHchOH -
of - el
- PHENOL ) :
2,4DICHLOROPHENOL
2,4D

Synthesis of 2,4-D

Technical 2,4-D available in the United States is about 98% pure
(IARC, 1977). The primary contaminants are bis (2,4-dichlorophenoxy)
methane, bis (2,6-dichlorophenoxy) methane, and 2,2', 4,6'—-tetrachlor
odiphenoxymethane (Huston, 1972). No toxlcologlcal lnformatlon was
found on these; they are not listed in NIOSH's Registry of Toxic
Effects Qf Chemical Substances 1977. Incomplete reaction of 2,4-di-
chlorophenol durlng synthesis of 2,4-D would leave some of this pre-
cursor contaminating the product, but no published evidence of this
was found.

2,4-dichlorophenol is a major product of the breakdown of 2,4-D
by microorganisms (Paris and Lewis, 1973). No. 2,4-dichlorophencl was
detectable in mice which had been injected with 2,4-D acid or its
butyl or isooctyl esters (Zielinski and Fishbein, 1967), but this
route of administration bypasses the intestinal tract. 1Intestinal
bacteria may be able to hydrolyze 2,4-D to 2,4-dichlorophenol also,
but the metabolic studies above in section B would indicate that this
does not happen. However, the abstract of a Russian study which is
not available in the United States, states "in pregnant rats receiving
a single 50 mg/kg oral dose of 2,4-D the metabolite 2,4-dichlorophenol
was detected in the placenta, the amniotic fluid, end the embryo and
in the mother's milk after delivery" (Antonenko, 1977). 2,4-D during
its breaxdown in fhe environment must contain 2,4- dlchloroonenol and
lead to human exposure through food and water.

20% 2,4-dichlorophenol promoted the appearance of skin tumors in
mice following a single initiating dose of dimethylbenzanthracene (13%
with papillomas and 11% with carcinomas after 15 weeks, vs. 7% and u%(-
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in initiated controls). After a longer period of application to the romy
skin, it was able to induce tumors without prior application of the "ﬁf
initiator (75% with papillomas and 6% with carcinomas after 24 weeks) . .
After 39 weeks of treatment with 2,4- dlchloroohenol, 62% of the mice
had carcinomas. The test substance was dissolved in benzene in these o
experiments, and control animals were treated with benzene alone cn
' (Boutwell and Bosch, 1959). This indicates that 2,4-dichlorophencl is QO
arskin carcinogen in mice, or at least a cocarcinogen with benzene

which is not carcinogenic by itself in this system.

hydroxy

€82

butyl ester of 2,4-D -
butanol ! dyoxylate —e| rmralonic e alanine ,i:
semialdehyde @
24D 14,910 601240 1% ____ 35 dichiorocatechal <hloromuconic acid et
N‘ - iy
‘ﬁEEEL""ﬂ’ ZAqidﬂonxitnd.,iﬂ“ .
3, 5dichiorocatechol 4chlorocatechal
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Fig. 1

SOURCE: Doris F. Paris and David L. Lewis, "Chemical z2nd Microbial
Degradation of Ten Selected Pesticides in Agquatic Systems,"
107.

Residue Reviews, Volume 45, 1973, p.
2,4~-dichlorophenol, like other polychlorinated phenols, can form

chlorodibenzo-dioxins when heated (Zpstein, 1970), but not the infa-
mous TCDD (2,3,7,8- tétracnlorocloen’o-o-dloxln) found in 2,4,5-7
(Gribble, 1974). The most likely dioxin produced by heatlng 2,4-di-
chlorophenol would be 2, 7-clcnloroc1oenzo-p—cloxln, which is reoorted
to be minimally toxic (Schwetz et al, 1973, Dow Chemical Co.). No

(w Ceaths occurred in four male mice civen 2000 mg/xg or in two female
Yo sicns of toxicity were observed in these

rats given 1200 mg/Xg.
7601
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animals. This dioxin was negative in the rabbit ear assay for
chloracne. Rats treated with 100 mg/kg/day (gavage) on days 6 through
15 of gestation gained sllghtly more weight during pregnancy than
controls but showed no toxicity. There was no effect on fetal body
measurements, or incidence of resorptions, or gross, soft tissue, or
skeletal anomalies in seven litters examined at Dow.

L)

-: However, Khera and Ruddick (1973) of the Health Protection

<3 Branch, Department of National Health and Welfare, Canada, found

I+ significant teratological injury to the heart muscle in fetuses of

i~ rats given 2 or 1 mg/kg/day of 2,7-dichlorodibenzo-p-dioxin orally on
gy days 5-14 of gestation. Microscopic examination of the heart revealed
€ edematous separation of myofibrils that had resulted in compression
«= thinning and fragmentation of myofibres. Mitotic figqures were rare,

indicating that growth of the cardiac tissue was suppressed. Such
=4 lesions were not found in rats given 0.5 or 0.25 mg/kg/day or in the
o controls given the solvents anisole and corn oil.
Wi
w 2/7-dichlorodibenzo-p-dioxin should not be formed during produc-
~ktion of 2,4-D because the reaction is carried out at a lower tem-
perature than is required for dioxin formation. BHowever, it could be
W formed from residual unreacted 2,4-dichlorophenol if heated durlng

storage or transit, and from the microbial breakdown product during
fires in treated brush or slash.

One author has reported detecting a trace of hexachlorodibenzo-p-
dioxin (HCDD) in one of 28 samples of 2,4-D tested for content of (;
higher dioxins (Woolson et al, 1972). This was probably an artifact

of laboratory contamination since there is no apparent way for this to
form dlrectly from 2,4-D production.

Other products of microbial or plant degradation of 2,4-D (Paris
and Lewis, 1973; Ashton and Crafts, 1973) are not listed in the NIOSH
directory (NIOSH, 1977). Microbial products include 6-hydroxy-2,4-D,
various chlorocatechols, and various chloromuconic acids before
finally becoming succinic acid, a normal physiological component of
all cells (Paris and Lewis, 1973). Catechol has been shown to be an
efficient cocarcinogen for mouse skin in the presence of minute

amounts of benzo(a)pyrene, but the chlorocatechols were not tested
(Van Duuren and Goldschmidt, 1976).

Esters of 2,4-D are split by microbial action to release 2,4-D
acid which is degraded as described above (Aly and Faust, 1964).

D. Acute and Subacute Toxic Effects e

The acute oral LDgg of 2,4-D for humans is reported to be
30 mg/kg, and for Fats it is 375 mg/kg (NIOSH, 1977). Five incidents
inm which agricultural workers were poisoned by 2,4-D when they
returned to the fields from one to 14 days after spraying were
described by Radicnov et al, 1967. Symptoms reported were consistent
and included headache, weakness, dizziness, nausea and vemiting, sore Qj
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throat, irritation of the nasal mucosa, substernal pain, and loss of
consciousness. Recovery took four to nine days.

Workers engaged in the spraying of 2,4-D and its derivatives from
aircraft for three to five years and longer complained of rapid
fatigue which usually cleared overnight. They periodically had
headaches, pain in the liver and epigastric regions, and poor appe-
tite. They had impaired taste sensitivity to salty, sour, bitter, and
sweet test solutions. There was a deterioration in sensitivity to
odors also. No changes in blood chemistry were found (Fetisov, 1966).

GBLESO | Mg

In addition to the symptoms above, peripheral neuropathy has been
reported in humans hours or days after exposure to 2,4-D on the skin
and probably simultaneously by inhalation (Goldstein et al., 1959; .
Berkley and Magee, 1963). The symptoms progressed through several -,
weeks until pain, paresthesias, and paralysis were severe. Disability=
was protracted, and recovery was incomplete even after the lapse of
years. Numbness and aching had extended proximally from the fingers
and toes, and the patients became unable to walk because of pain and-"
weakness. They also suffered moderately severe sensory deficits on .=
tests of touch, pain, and temperature.

-

-
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Autopsy of a human fatality due to»ingestion of 2,4-D revealed
widespread plaques of acute demyelination in all parts of the brain,
with central petechiae (Dudley and Thapar, 1972). Multiple petechiae

. were seen throughout the white matter of the brain, and the kidneys

were hyperemic.

The nervous system of rats, cats, and dogs was studied after
2,4-D administration parenterally (Desi et al., 1962). A reversible
inhibition of cerebral electrical activity was observed in the acute
experiments, and in chronic experiments the same was present to a gra-
dually increasing degree. According to conditioned-reflex experi-
ments, the higher nervous activity suffered severe damage. The point
of attack seemed to be the reticular formation. Lesions in this
region paralyze the function of the cerebral cortex.

* Pretreatment of rats with 250 mg/kg 2,4-D three hours prior to
administration of 9 mg/kg l4c-2,2-D greatly increased the level of
l4c in rat brain and spinal fluid as compared to plasma level (Elo and
Ylitalo, 1977). The increase was much more striking in the brain
(11-fold) and spinal fluid (39-fold) than in the liver (4.5-fold).
The likeliest explanation of this is that 2,4-D impaired function of
the blood-brain barrier by causing capillary injuries.®

Cattle and sheep which died after 5 to 34 dailv oral doses of
2,4-D alkanolamine s2lt were necropsied (falmer and Radeleff, 1964).
Lesions included liver and kxidney degeneration, the heart usually con-
tained hemorrhages, and there was usually an ezcessive quantity of
pericaridal £fluid.

20~
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Mice acutely poisoned with 2,4-D had dark and mottled liver, kid- (}
eys, and spleen, blood-stained fluid in the upper intestine, and wide .
ilation of the blood vessels of the lungs, liver, and kidneys

Bucher, 1946).

In dogs that died two to nine days after a single dose of 2,4-D,
ymptoms included ataxia, progressive increase in spasm of the hind
egs, and myotonia (Drill and Hiratzka, 1953). Sneezing, eye rubbing,
.nd diarrhea were observed, but not vomiting, and some dogs showed
ividence of meningeal irritation. Autopsy showed inflammation and
iecrosis of the intestinal mucosa, hepatic necrosis, and renal tubular
iegeneration.

Myotonia in animals exposed to acute and subacute treatment with
',4-D has been described extensively (i.e. Bucher, 1946; Heene, 1975;
yanon et al, 1978). Injection of 2,4-D into adrenalectomized and
iydrocortisone-treated rats did not cause the myotonic response seen
ifter injection into normal rats (Buslovich and Koldovskaya, 1872).

_ Myotonia was present in an elderly man after ingestion of a
lethal dose of 2,4-D (Dudley and Thapar, 1972).

' 10-4M 2,4-D caused uncoupling of oxidation and phosphorylation in

isolated rat liver mitochondria (Abo-Khatwa and Hollingsworth, 1974),

ané 2,4-D. inhibits synthesis of cholesterol and fatty acids in rat

liver (Olson et al, 1974). It increases the quantity of RNA and pro- (;
tein in rat liver and stimulates RNA synthesis in isolated rat liver

nuclei (Chang et al., 1974).

. Tests for.Develoomental Toxicity

t

1. Summary of Research

Five assays for developmental toxicity of 2,4-D in rats have been
published, using widely different doses and different strains of rats.
Knera and McKinley of the Food and Drug Directorate of Canada used
oral doses of 50 to 150 mg/kg of body weight/day during organogenesis
and found skeletal malformations at 100 mg/kg/day and above. Schwetz
et al of Dow Chemical Company used oral doses of 12.5 to 87.5
mg/kg/day during organogenesis and found skeletal anomalies at 75
mg/xg/day and above. They also found an increase in fetuses with sub-
cutaneous edema at all doses, and general growth retardation.,

Konstantinova et al. of the Scientific Institute pf Rural Hygiene
in Saratov, USSR, tested 2,4-D and its breakdown product, 2,4-dichlor-
ophenol, separately and together, and found developmental toxicity in
the form of internal pemorrhages after 50 mg/kg/day of 2,4-D and after
1 mg/kg/day of 2,4~dichlorophenol and also after a mixture of 0.1
mg/kg/day of each. AKeksashina et al of the Byelorussian Scientific
Research Institute of Sanitation and Hygiene in Minsk, USSR, did two
different experiments. One used intraperitoneal doses of 0.1 or 0.5 P
mg/Xg/cay throuchout pregnancy and found growth retardation and L
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hemorrhaging into the abdominal cavity at the higher dose and vascular
distention at both doses. The other experiment tested single doses of.
1/2 LDsg given intraperitoneally on various days of gestation, and
found increased resorption of fetuses with reduced litter size, growth
reduction with increased size of brain ventricles, and hemorrhaging
into the abdominal cavity. 'E:
A test for developmental toxicity in hamsters was done by Collins:EE
and Williams of the U.S. Food and Drug Administration. They used oral
doses of 20 to 100 mg/kg/day during organogenesis and found a dose- ==
dependent increase in fused ribs at 60 mg/kg/day and above which was =™
significant only if repeats were pooled. §

. Two studies of the teratogenicity of 2,4-D in mice have been
done. A large series of tests using different strains of mice, dif- :QP
ferent doses, and different esters of 2,4-D was completed in 1968 by >
Bionetics Research Laboratories, and has now been published. —Oral =~ -:/
administration of 100 mg/kg/day of 2,4-D acid during organogenesis v
caused a significant increase in fetal mortality and percent of
abnormal fetuses, with most of these being eye and jaw malformations.

2,4-D acid produced a significant increase in fetal abnormalities
in four of six adequately-sized groups of three strains, when given
subcutaneously at 100 mg/kg/day. Subcutaneous administration resulted
in a significant increase in abnormal fetuses in one strain after 48,
94, 100, or 130 mg/kg/day of the isooctyl, isopropyl, butyl, and
isooctyl esters respectively. This was a repeat of a previously nega-
tive study. The anomalies were mainly of the eye and jaw. All of
these subcutaneous administrations were dissolved in dimethylsulf-
oxide, which-is a teratogen for the nervous system of the hamster
(Ferm, 1966). Eowever, the DMSO controls in this mouse study showed
no significant increase in developmental toxicity over untreated
controls.

The other mouse study was done by Courtney of the U.S.
Environmental Protection Agency. She used oral doses of 150 or 250
mg/xg/day of 2,4-D and four of its esters during organogenesis and
found growth retardation at both doses and cleft palate at the higher
dose. Other malformations were not assayed.

Two developmental studies on pigs have been done by Bjorklund and
Erne of the Swedish Royal Veterinary College and National Veterinary
Institute. A pig was fed 500 pom of 2,4-D amine while pregnant plus
six weeks after. The fifteen piglets born were underdeveloped,
apathetic, and did not want to suck, and ten died the first day. No
malformations were observed. 1In the second study, eight-week-old pics
were fed 500 ppm of, 2,4-D amine for 12 months. After one month, 2 out
of 5 in the exoerxﬂental group developed malformations in the hooves on
the forelegs, making walking difficult

CG03340
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2. Conclusions

g;f The four manifestations of developmental toxicity have all been

sggdemonstrated in animals treated with 2,4-D or its esters or amines.

Lﬁb Malformation: skeletal at high dose (60 mg/kg/day or above),
€reripheral circulatory system distended at low dose (0.1 mg/kg/day)
gﬂ?nd after single high dose (1/2 LDsg), eye anomalies at 100 mg/kg/day.

) f“ Malfunction: subcutaneous edema at 12.5 mg/kg/day and above,
. emorrhage into soft tissues and body cavities from 50 mg/kg/day to
L 0.5 mg/kg/day.

v Growth retardation: prenatal at 0.5 mg/kg/day and above. Post-
.natal after 50 mg/kg/day or when treatment continued during lactation.

Lethality: pre-implantation not reported. Post-implantation at
100 mg/kg/day and above, or after a single high dcse (1/2 LDsgp).

Postnatal in progeny of rats fed 150 mg/kg/day, or in a pig fed 500
ppm.

The above summary includes both oral and intraperitoneal
treatment. 2,4-D is rapidly and completely absorbed from the gastro-
intestinal tract and is not metabolized in animals, so the serum con-
centrations should be similar by the two routes. Erne, 1966, has
demonstrated the ease of placental transfer of 2,4-D in the pig.
2,4-D also rapidly penetrates the placenta in rats; 24 hours after a
single dose, 16.8% of that dose remains in the uterus, placentas,
fetuses, and amniotic fluid (Fedorova and Belova, 1974).

The effect of 2,4-D on the circulatory system was synergistic
with that of its microbial breakdown product, 2,4-dichlorophenol.
When the customary 100-fold safety factor is applied to the effective
dose (Wilson, 1873, p. 156), the acceptable tolerance is equivalent to
a 50 kg woman drinking 40 ml of treated water (2.5 ppm) daily during
early pregnancy at a time when 50% of the 2,4-D has been degraded to
2,4-dichlorophenol. The situation is not quite that simple, however,
because breakdown continues to other untested compounds, and part of
the \2,4-D would be degraded in plants where 2,4-dichlorophenocl is not
part of that pathway (Ashton and Crafts, 1973).

Many of the studies reported here were done in other countries,
raising the question of the similarity of synthesis and contaminants.
No studies indicated that the synthesis and purity of these products
is different ‘elsewhere. 2,4-D caused developmental toxicity in all
four species tested, including studies dcne in four countries. It is
interesting to note that the hemorrhaging found in all of the Russian
rat studies using lowsdoses was not found in any of the high dose
American studies. *hls may be a strain olfference in rats, or a aif-
ference in the protocols of observation.

8
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F. Tests for Effects on Reproduction and Fertility

7.

1. Summary of Research

3

A study by Schwetz et al., of Dow Chemical Company, claims to sth E

that 2,4-D has no effect on fertility, but it actually contains no o
such experiment. P
O

The only study of the effect of 2,4-D on reproduction and fer- ~gn
tility was done by Hansen et al., of the U.S. Food and Drug K
Administration. They used rats for a three-generation study and found =&
no effect on fertility. gg

2. Conclusions

On the basis of a single study in a single species, there is no
indication that 2,4~D might interefere with reproduction and fertility
in mammals.

G. Tests for Mutagenic Effects and Other Short-Term Tests for Cancer

1. Summary of Research

Assays of 2,4-D for both forward and reverse mutation in bacteria
and bacterial virus are consistently negative (Fahrig, 1974; Shirasu
et al., 1976; Simmon et al., 1977: Andersen et al., 1972). These
included tests run in the presence of an activation system prepared
from the livers of rats or mice. This is to be expected since 2,4-D
is a chlorinated nydrocarbon and these as a class are negative in the
Ames test., -

2,4-D caused a significant increase in recessive lethal mutations
in Drosoohila melanogaster when it was fed to male flies at 1000 pom
for two weeks (Magnusson et al., 1977), but was negative when the flies
were treated with a 9mM solution for 3 days (Vogel and Chandler, 1974)
and after unspecified treatment (Fahrig, 1974).

. 0.001l mM to 1.0 mM 2,4-D with or without rat liver activation
induced unscheduled DNA synthesis in SV-40 transformed human fibro-
blast cells in culture (Ahmed at al., 1977a).

0.01 mM 2,4-D in the medium of primary human fibroblast cultures
caused DNA damage leading to increased removal and reinsertion of
bases. The type of repair was that seen following ionizing radiation

(Bart et al., 1977).

0.01 mM 2,4-D yn the culture medium cauvsed a significant increase
in forward mutatiodn’to ouabain resistance in the Chinese hamster V79
aneuploid lung cell line (Anmed et al., 1977b).

0.0l mM or 0.1 mM 2,4-D in the culture medium of bovine fetal ,
muscle cells causad the mitotic cells to exhibit unipolar and tripolar
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spindles and a variety of other abnormalities 1nclud1ng malorientation .
of the mitotic apparatus in relation to the axis of the cell. Myo- T
blasts in initial stages of myogenesis were noted to be in mitosis

in treated cultures, suggesting that 2,4-D may have a stimulatory

effect on myoblasts which normally are in a post-mitotic stage (Basrur

et al., 1976).

No evidence of nondisjunction or chromosome loss was found in
Drosophila after both males and females had been fed 100 ppm 2,4-D for
their entire larval period (Magnusson et al., 1977). Chromosome aber-
rations were not detected in human lymphocyte cultures (Fahrig, 1974)
but no methods are given.

CELY
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No chromosome breakage activity was found 24 hours after intra-
=r= deritoneal xnjectlon of 100 mg/kg 2,4-D in mice, as indicated by no
detectable increase of micronuclei in erythrocytes of bone marrow

s (Jenssen and Renberg, 1976).

gQﬂv

2. Conclusions

2,4-D causes point mutations in animal cells without liver acti-
vation, damages DNA in a manner similar to ionizing radiation, and
stimulates mitosis. It does not cause chromosome breakage or
nondisjunction. - -

06LES0

E. Tests for Carcinogenic Effects

1. Summary of Research

Only three laboratory studies for the detection of carcinogeni-
city of 2,4~D or any of its derivatives appear in the literature. All
other reports are discussion or reanalysis of the data of these three
studies, none of which uses optimum methodology according to the
guidelines in Chapter 1. All doses used were lower than the 1500 ppm
used in the 3~generation reproduction study in which adults tolerated
chronic feedlng and even pregnancy without lethallty (Bansen et al.,
1971). This study indicates that the MTD for rats is at least 1500
ppm. If mice are equally tolerant to the chemical, as suggested by

their similar LDgg, the MTD for mice should be at least 750 ppm (mice
eat twice as much per day in relation to their body weight).

The study done at the U.S. Food and Drug Administration in the
early 1960's comes closest to being adequately designed, with a maxi-
mum dose of 1250 ppm, 25 rats/group, and two years duration. However,
only a few of the animals had adequate pathological examinations at
the end of that time, so small tumors would have been overlooked.
There was a high incidence of tumors in controls, which could ezsily
disguise a carcinoggnic effect in such small sampies. Increased inci-
cence of tumors was statistically 51gn151c=nt in tetal malignant
tumors in males, in lymphosarcoma in both males and females, and in
breast neoplasms in females. This study is described and analyzed by
dansen et al., 1971, and Reuber, 1979. ' Q::
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A mouse carcinogenesis study was sponsored by the National Cancer
Institute, also in the 1960's, and the data published years later. It
consisted of both oral feeding studies and single dose subcutaneous
injection studies. Two strains and both sexes were studied, but only
18 mice were included in each group and all were killed by 18 months.
In the original study, strains and sexes were pooled to give a large
enough sample size for statistical analysis by the chi-square method,
and a significant increase in total tumors and in reticulum cell sar-
coma was found after subcutaneous administration of 2,4-D isooctyl
ester. No other tests were postitive using this approach, which hides
strain and sex differences in sensitivity. Analysis of the data by
strain and sex, using the chi-sgquare method, indicates a carcinogenic
effect of feeding the isooctyl and butyl esters of 2,4-D to females of
one strain, with the reservation that the method is not totally
reliable with such small samples. Analysis of the data by strain,
sex, and organ system using more elegant statistical methods indicated
that the induction of reticulum cell sarcoma by injection of the

T6LESO | ppa

isooctyl ester is most significant in females of the other strain. Eg‘
However, the importance of this observation to human health is limited .7j
by the injection route of administration and the knowledge that 2,4-D i:
esters taken orally are probably split into the acid form before )

absorption (Erne, 1966) so that circulation of the ester might not 5
happen after contamination of humans. This study is described, ana-
lyzed, and discussed in Bionetics, 1968, Innes et al., 1969, Reuber,
1979, Mrak report, 1969, and Jurek, 1974. 1Its primary defect is its
short duration, but the small group size and less-than-optimal oral
dose given the adult animals could also contribute to false negative
results. This study also had a rather high background level of tumors
in the control animals.

A study at the Institute of Nutrition of the USSR Academy of
Medical Sciences included three experiments. The first experiment
used adequate numbers of rats and duration of feeding 2,4-D amine, but
the dose was not over 1/2 MTD. The background was very low and the
tumor increase insignificant. Huwever, the publication (Arkhipov and
Koslova, 1974) does not state whether the rats were autoosied and
whether histopathology was done, so small tumors might not have been
found. A similar experiment with mice (100/group) was also negative,
with no tumors in either the control or treated animals. The third
experiment ‘involved application of the herbicide to the skin of mice
(100/group), with or without prior application of a low dose of an
initiator of skin carcinogenesis. Animals treated with either the
herbicide alone or the initiator alone did not develop any tumors, but
17.7% of thdse given the sequential treatment developed skin papillo-
mas, the premalignant lesion of skin carcinomas, indicating strong
tumor-promoting act1v1ty of 2,4-D. Again, there is no report of
histopathology, so ig would be impossible to distinguish conclusively
between papillomas” and carcinomas.

~26-



-Ribyee

d

2. Conclusions

2,3-D has not ‘been tested for carcinogenicity according to pre-
sent standards, but two less-than-adequate experiments give statisti-
cally significant increases in malignant tumors when analyzed by organ
systems. In both mice and rats, the lymphoreticular system was most
sensitive to 2,4-D carcinogenesis, but other organs also showed
increases.

The high incidence of tumors in the controls of both of the
American studies is of concern in discriminating between a complete
carcinogen and a promoter of existing unintentionally-initiated pre-
neoplastic cells. This situation suggests that, unless the strains
used have a genetic pred15p05¢tlon to cancer, something in their
environment was mildly carcinogenic. This could be air-borne carcin-

— ogen from other tests in the same room, chemically-polluted drinking
¢r water, or contaminated feed.

W

-3

. It has recently been shown that small amounts of the strongly

O carcinogenic nitrosamines are present in several varieties of labora-

tory animal feed conta1n1ng contaminated fish meal, with the hlghest
level in the diet which is recommended by NIH for use in carcinogen-
icity testing (Edwards, 1979). The 2,4-D testing was done too long
ago to have used this particular feed formula, but the diet used also
contains fish meal. 1In this author's laboratory, a single injection
of dimethylnitrosamine causes lymphosarcoma in those Wistar rats which
did not die earlier of kidney or lung carcinoma, the primary and
secondary sites of action of the carcinogen when given intraperiton-
eally. A very minute amount of initiator is needed when the
aporonrlate strong promoter is present.

The Russian rats and mice were apparently very resistant to spon-
taneous carcinogenesis or lived in a very clean environment. Although
the dose used was only 1/2 MTD, the number of animals used was twice
the usual number, making it likely that a carcznogenlc effect would be
detectable._ This suggests that the carcinogenic effect demonstrated
in the American studies may be primarily promotlon, an effect clearly
demonstrated in the third Russian experiment in the mouse skin system.
Cancer initiators are tlssue—sneclfxc, although the most sensitive
tissue may differ between species. Promoters may be less specific,
affecting more different tissues.

3oth phenol and 2,4-dichlorophenol, compounds used in the synthe-
sis of 2,4-D, are also efficient promoters of mouse skln carcinogene-

sis (Boutwell and Bosch, 1959). 2,4-dichlorophenol -i's the first- ~level

product of the breaxdown of 2,4-D by microorganisms in the environ-
ment. Second-level products are chlorinated catechols, and their
zarent compound catechol has teen sktown to be a carc1nogen on mouse
skin (Van Duuren and Goldschmidt, 1576), so these compounds shoulid be
nighly suspect.

C4U53345
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The conditions of the American experiments approximate the con-
ditions of American people: wide exposure to a variety of cancer ini-
tiators and a 25% spontaneous cancer rate in lifetime studies. Over
such a background, the presence of additional nonphysiclogic chemicals mea
which can stimulate the rate of development of cancers from premalig-

MOq

nant cells must be considered a significant hazard. Eﬁ
I. Conclusions About Health Effects of 2,4-D Eg
' o
2,4-D is lipid soluble and is rapidly and completely absorbed (RS
through all normal routes of exposure. Its butyl ester, and therefore
probably all of its esters, is hydrollzed before absorption from the
gastrointestinal tract. It is not metabolized in animals, but rapidly
penetrates the placenta. —
2,4-D as normally manufactured does not contain chlorodibenzo-~ zj
dioxins because the reaction is not heated sufficiently to form them. .
However, 2,7-DCDD (also known as 3,8~DCDD) could be formed if the cx

reaction mix was overheated or if partially degraded 2,4-D were heated .7
during storage or disposal. This dioxin is far less toxic than the

TCDD found in 2,4,5-T, but has been shown to be fetotoxic to the heart
muscle in rats.

Many cases have been reported of human poisoning by inhalation or
absorption through the skin. Damage is primarily to the nervous
system, and some such symptoms are not readily repaired. Gastrointes-
tinal symptoms and irritation of mucous membranes are also seen.

Laoorato:y tests have shown development toxicity of 2,4-D in four
species of animals. These include all four classes of oeveloomental
toxicity (malformation, malfunction, growth retardation, and lethal-
ity) but not all four in any one experiment. They include tests of
the esters and amine of 2,4-D as well as the parent compound, and both
pre~- and postnatal adverse effects. A synergistic toxicity of 2,4-D
and its primary microbial breakdown product, 2,4-dichlorophenol, on
the fetal circulatory system was demonstrated in rats. The abstract
of a Russian study, which is not available in the United States,
reports a survey of workers in the production of herbicides of the
2,4-D family and finds that "substantial menstrual and child-bearing
functions arise manifested as higher rate of miscarriages, premature
births, toxicosis of second half of pregnancy, and the menace of
miscarriages during the whole pregnancy period" (Elina, 1974).

An adequately designed study indicated that 2,4-D does not inter-
Lere with fertility in rats, although other studies have shown that it
auses point mutations in animal cells, damages DNA in a manner simi-
lar to ionizing radi%ttion, and stimulates cell division.

Carcinogenicity testing of 2,4-D has been limited to three
studies, none of which meets to cday's minimum standards. In spite of
the inadequate experimental cesign or assay, two of these studies
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demonstrated carcinogenicity to the lymphoreticular system in rats ang -

mice. The third study was negative for complete carcznOgene51s, but

demonstrated the strong tumor-promoting ability of 2,4-D in the mouse ;

skin system. In a separate study, 2,4- dichlorophenol, the breakdown
product of 2,4-D, proved to be a strong promoter and probably also a
weak initiator in the mouse skin system.

The positive carcinogenicity studies had high background inci-
dences of tumors in the unexposed animals, similar to the rate in the
human population of the United States, while the negative test had a

n& negligible background. This could mean that 2,4-D is only a promoter
of previously initiated, premalignant cells, not a complete carcinogen
by itself. If so, it is still a significant hazard because of the

'+ similar circumstances of the human population to the high-background

experiments. Several human epidemioclogical studies showing increased
cancer rates after 2,4-D exposure have all included persons exposed to
other herbicides as well, making it impossible to prove that any par-
ticular chemical was to blame.
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INTRODUCTION

Recenfly, concerns have been expressed by Minnesota
residents that the use of 2,4=D in forestry management may
have an impact on human health and on the en?ironment. This
report_is a quantitative assessment of possible human health

effects reéulting from the use of 2,4=D in forestry management.

v82620l MO0

It does not contain an evaluation of the possible effects of
2,4-D on the wildlife population, except as a route of human
exposure, or of possible effects on human health resulting frdm
the use of 2,4=D in agriculture. |

The scope of this assessment includes a literature review
of the toxicology of 2,4~-D and an estimation of 2,4-D exposure
by a "maximally exposed individual". From this, conclusions and
concerns are drawn on potential health impacts from exposure
to 2,4~D and recommendations are made on the use of 2,4-D in

forestry management in Minnesota.
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" The herbicide 2,4~-dichlorophenoxyacetic acid (2,4-D) is a

PHYSICAL AND CHEMICAL PROPERTIES OF 2,4-D

-

=5
merber of the majcr chemical class Chlorinated Phenoxyalkanic _;;g
Acids (see Talle 1 for a partial list of other herbicides in = ™. e '
this cless). N ]
. Lo
. : A
Table 1. Chlorinated Phenoxyalkanic Acids _ gg
Common HName . | ) . .
or Designation - © . - . Chemical Name
1. 'Z,R-D ‘ - (2,4=dichlororhenoxylacetic acic
2. 2,4=DB T 4=(2,4=dichlorophencoxylbutyric acid
3. 2,4,5-T (2,4,5-trichlorcphenoxylacetic acid
4. Dichleroprop 2=(2 ,4~dichlorophenoxy)propionic acid
5. MCPA - K4=chloro-o=-tolyl)oxy| acetic acid
§. Silvex 2-(2,4,5=trichlorcphenoxy)propiocnic acid

The chemical formula of 2,4-~D is shown below:

AN

0
n

c1 - -0 -CHy - C=-CH

\

Cl

Chemical and physical properties of pure 2,4-D are given below:

a.

b.

' Description: Odorless white crystals

Boilingupginf: 160°C at 0.4 mm .

Melting point: 150-141°C

Solubility: . Soluble in 9§% ethanol and in .acetone,
dioxane, and jsopropyl alcohol; solubility in water is
540 ppm at 20°C

Stability: Stable up to and including its melting pcint

Reactivity: Torms salts that are soluble in water

CGGGGZZ
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‘Synthesis of 2,4-D o - | RER

The syntheses of 2,4-D and 2,4,5-T are considered together

because of their similarities in their production and also because

of an important difference that has resulted in some confusion over
-.u

v

the toxicities of the two herbicides. : ' ,}v4

-~ The method of synthesis of 2,4-D is as follows (see fiéure L,

.o

ﬁdnochloroacetic acid is reacted with 2 u-dichlorophenol'in the

~-

presence of an aqueous sodium hydroxlde to form 2,4=-D (U S EPA 197u)
The productlon of 2,4, 5-T is s;mllar to that of 2, T D except that

2,4, 5 trlchlorophenol is requlred as a starting material and %ils is

manufactu:ed py the baszc hydrolys;e of l,z,u,S-tetrachlorobenzene.

Hydroiysis is cerried-out undef'pressure at an elevated tempereture
that must be carefully controlled to avoid formation of a toxic
impurity, 2,3,7,8;tetrachlorodibenzo-p-dioxin (TCDD). TCDD ie one.
5>f the most toxic chemicals known. As an example, the LD50 value

for a single dose of TCDD to guinea pigs is on the average 0.0006
mg/kg (Schwe%z; et al., 1973). As a contaminant of 2;u,5-T, TCDD

has generated considerable concern oﬁer the use of phenoxy herﬁicides.

However, TCDD shculd not be confused as a contaminant of all phenoxy

2

herp3c1des. | S o e
Contaminants of 2,4-D ) : 8% :
' -
Of 28 samples of 2,4-D tested for content of chlorodibenzo- %;
¢

para-dioxins (this includes TCDD), no TCDD was found in any of
the samples (Woolson, et al., 19872). However, hexachlorodibenzo-
p-dioxin (HCDD) was-féund in one sample at a level of 10 ppm. HCDD
is toxic but much less toxic than TCDD. Schwetz, et al.,(1973),

a . .
'bserved ter ogenesis in the offspring of rats treated with 100

mg/kg/day of HCDD. Maternal toxicity was also noted at this dose

level. In a concurrent study, chick edema was produced 75”24
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ACETIC MONO= SOGIUM /
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ACETIC CHLORO
ACID ACETATE| \
2,4,5- 7T
se T TETRAS] [2.4.5° /
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' BENZENE| \ LEHENOL

\

TCOD

Figure 1. Diagrammatic representation of the niajor steps in
the production cf 2.,4-D, 2,4,5-T. Also shcwn is the step where
TCDOD (2,3,7,8-tetrachlorodibenzo-para-dioxin) arises. No ccn-
‘parable material is forred in the 2,4-D process because of the
cifferent. conditions -for the production of the dichlcro- and
the trichlorc-phenol.
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in birds treated with 10 and 100'mg/kg-day.of HCDD. | va_".iéf
Another dioxin that may be associated with 2,4-D is .
~2,7-dichlorodibenzo-p-dioxin (DCDD). Schwetz, et al., (1873) ::f
‘found DCDD to be limited in toxicity. DCDD failed to cause o
- déath in female rats given oral doses of lg/kg. DCDD was neither.
teratogenlc or embryotoxic at 100 mg/kg/day

" The herblclde 2, 4-D may be contamlnated with isomeric 2 6 D

s

(2 6- d;chlorophenoxy acetic acld) unless careful control of the
process lS malntalned 2,6- D is mcre resxstent to blologlcal

degradatlon than is 2,4-D (U S. EPA 197u)

e

815(2 U-dlchlorophenoxy)methane has been 1dent1f1ed as the
major contamlnant of 2,4=-D (Huston, 1972) An analysms of a com-
mercial sample of 2, 4-D lndlcated that 1t contalned 30 ppm of this
contaminant. Smaller quantities of bis(2,6-dichlorophenoxy)
methane and 2,2', u,u'-tetrachlo:odiphenoxy methane Qere also
found. The toxicological significangg'of these three compounds.as
impurities iﬂ-production gradévz;ﬁQD is ﬂot.kﬁown;.'

Formulations

2,4-D is a strong acid (pka 2.64) that is only slightly scluble
in. water and petroleum oils. -Although the acid is the active form,

it is normally converted to water-soluble amines or oil-soluble

" -esters for convenience in handling and application and also to

improve the effectiveness of the herbicide. To indjcate the nature

- of the different formulatlons, the phenoxy group is de51gnated as R.

/

R | CGTEIRS

Then examples of the various salts and esters are as follows:
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éodiun salt, R-CH2CCONa

’ Potassium salt, F-CK,COCK

Ammonium salt, F-CH2COONHu
Triethylamine salt, R-CHZCOONH(C2H5)3

6856201 MOD-

" Triethylolamine salt, R-CH,COONE(C,H, OF) ,
| Alkyl Esters

Methyl ester, R-CH,CCOCH, '
§ ° cH

Isopropyl ester, R-CH,COOC 8
o s

. Butyl ester, R-CH,CO0C, Hy °

Octyl ester, R-CHZCOOC8H17

Heavy cor Low Volatile Esters

gutoxyethanol ester, R-CH2C00C2HQ-0-C”'Hg

Fropyleneglycolbutylether ester, R-CH,COOCHZCH(OH)CH?O-Cqu
H O

Tetrahydrofur furyl R-cazcoon’ CH,
ester _ . é - ¢
B, K,

These fcrmulaticnes are then mixed with other ingredients, such
as solvents, emulsifiers, thickeners,and wetting agents, to make
commercial formulations for specific uses. The salt and amine forms
are diluted with water and srrayed on foliage or injected undiluted

into trees. EIsters are sprayed a2t o0il solutions or as emulsions

with water.

€

The strength of commercial formulations is expressed in terms of
+the equivalent &ontent of the parent acid. Kowever, different pro-
ducts are not equally effective even on this basis. Esters generally

have greater herbicidal activity than the amine forms.
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Other studies also suggest that under normal use 2,4-D per- - -
‘ists in scil'for about a month. In moist loam soil 2,4=D applied

at a rate of 1/2 to 3 lbs./acre persisted fecr 1 to 4 weeks, under

{

- summertirne conditions in a temperate climate (Klingman, 19€g).

e

Alexander and Aleem (19261) repcrted that 2,t-D, at normal recom-

"oé;e;eml.mou

mended dosages, persisted for about 1 month in two types of soil -
andéd for abou* 3 months in a third type. |
Cegracation of 2,4-D has also been studied in foresr litter. S
. In one study with red alder forest flocr materia1 o4% of the 2, u D
was degraded in 35 days (see Figure 3)(Norris, 1871:. Compared to B
.other herbicides studied in this investigation, degradation of 2,4-D

" was rapid.

720 _ .
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&0
= )
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Figure 3. Recovery of 2,4-D, amitrole, 2,4,5-7, and picloram
from red alder fcrest ‘loor material. Amltrole, 2,4-D, and
2,4,5-T applied 2t 2 pounds per acre and picloram at 0.5
pcunds per acre in water (Norris, 1971:
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PERSISTENCE IN THE ENVIRONMENT

The persistence cf 2,%=D in the soil and water is an impeortant
facter in its potential to occur as residues in foods and water or
to come in centact with nontarpet organisms.

Fersistence in Soils

The persistence of 2,4-D in soils appears to be a function of

several factors. These factors include concentration, soil typé;

formulaticn, temperature, moisture content, organic matter, and

'pcséibly microdbial ecology at the site of applicaticen.

.remain intact.

?herefore,
it is difficult to assign any finite-limits on the time Z,F-D will
'A mcre reasonatle approach is fo assign a time fange
in which 75 to 100% dissipation has occurred. The persistence cof
2,4-D, when aprlied at recommended rates, is about 1 month. This is
a relatively short time when compared to other herbicides (see fig-

ure 2)(Kearnev, 1970).

PICLORAM
2 ,u,S-T

|

MCPA
[2,4-D

5 i\ [} 1 i N [} I A 1 [ 1 1 3 % 1 'Y {
0 2 6 8 10 12 14 16 18

MONTHS
Figure 2. Persistence of herticides in soils. Length of bar

represents time required for 75 to 100% loss of the compound
(Kearney, 1870).
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Norris (196€) noted similar results in anléaflier study where
degracation of triethanol amine Qalts of cabbonlu-carboxyl labeled
2,4~ appliec¢ to an alder was measured as liberéted Cluoz. More
.'than 88% of the applied 2,4=-D coﬁld-be accounted for by'the liber;
aticn of radioactive coé in'3lslhours. .

in the 501l in the presence of mﬁisture, even at relatively
low levels, thé esters of 2,u-D are reacdily convéftgd (hydrclyzed)
into the acid form (Sﬁith,'19725, The degradétion of 2,4-T acid
' :can'té.shown to Le cdue primarily to the action of soil micro-

q :5f8§niSmS-(Al1¢bone, ef al., 19758).

Fersistence in Water

In water, 2,4-D Lbreaks down either photochemically or under
the action of aquatic micro-organisms. Light provides the energy
for a variety of degradative reactions including oxidation, reduc-

- tion, ané hydrolysis (Allebone, et al., 1¢75).

In'ghr}ace waters, levels of 1,000 ppdb were degraded to 10 ppdb
within 20 days of application (House, et al., 1971, cited in Allebone,
.et al., 1975).

DeMorco, et al. (1967), investigating the persistence of 2,4-D
“in natural lake waters, found that in "warm" aerobic waters the
herbicicde was degraded within & days whereas in "cold" deoxygenated
waters it persisted for up to €0 days. .

Low levels (0.02u ppm) of 2,4-D were found in pond water 1 day
after applicatigq,of 1.33 ppm granular material (Frank and Comes,
19€7). The concentration in water increased to a mayimum of 0.067
ppm after 18 days and 2,4-D could no longer be recovered after 2

days. Eigher qoncentrations (4.96 ppm) were found in the hycrosoil

I11-3 coacoey (030
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after 1 day, and there tended to persist longer. Negligible

};gs;dues ( 0.05 prm) were detected after 55 days in the soil.

.1,

”~T

g@é:increaseé persistence of 2,4-D in sediment was also noted
f}’ : .
by Smith and Ison (19€7). They recorded and isolated significant

» ~

concentrations of 2,4-D (58.8 ppm) in sediment samples removed

E e

fr§m a reservoir scme 10 months after treatrent.

; Degfadation in soil appears to be rapid, occurriné in éeveral
weeks in most soils and forest litter. Degradaticn in wéter is
also rapid; however, 2,u-b appears to persist longer in bottom
sediments.. The two main pathwayé of microbial degrédation are
théught to be-via a hydroxyphenéi&acetic acid intermediate or via
the corresponding ﬁhenol (Allebone, et al., 1975); -Apparently
degradation gces to completion (CCz) although the exact mechanisms
':e not well understood (Norris, 1966'. No information is avail-
able on the toxicity of intermediate metabolites.or other possitle .

-

end products'gf microktial or photo degradation.
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