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2,4,5-T: POSITION DOCUMENT 1
I. RACKGROUND

A. Chemical/Phygical Characteristics -
The herbicide commonly known as 2,4,5-T (chemical

name, 2,%4,5-Trichlorophenoxyacetic Acid) has an smpirical

formula of 08H5c1303. The pure acid form occcurs as white
crystals and has a molecular weight of 255,49, The melte
ing point is 156.6°C., Its solubility in water is 278 parts

per nillion (ppm) at 259C; it is also soluble in acetone,
ethanol, ethsr, and alkaline solutions (1), The esters of
2,%,5-7 are formulated to be emulsifiable in water and
soluble in most oils, whils its amine salts are soluble in

water but insoluble in petroleum oils (2, 3).

Bs yrpd ) o a

2,4,5-T i3 produced comneréially by a procsss using
1,2,4,5-tetrachlorobenzene as ths starting material which is
reacted with methanol and sodium hydroxide under high temper-

ature and high pressure to give the sodium salt of 2,4,5-tri-

ehlorophenol (2,u,5-rcr).1/

47/ 2,8,5-TCP is the subject of a separate Rebuttable’
Presumption Against Registration (RPAR) Position Document.
It i3 discussed in this document because both 1f and icts
eontaminant 2,3,7,8-tetrachloredibenzo-p-dioxin (TCDD) may
be present in some commercial 2,4,5-T and in 2,4,5«T samples
used in anizal experiments.
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This product i3 reacted with chlorcacetic acid under

mildly alkaline conditlions. Sulfuric acid (Hasoa) is then

addaed to the product of this step to produce 2,4,5-T. The
acid form of 2,4,5<T can be readily reacted with a varisty
of aleohols to produce a large selection of esters and with

amines to produce amine salts (3).

During tha first step in the manufacturing process
of 2,4,5-T, 4if temperature and pressure are not careofully
ceontrolled, highly toxic contaminants, polychlorinatad
dibenzo-p-dioxing, may be formed in large quantitiss, The
particular dioxin formed 19 dependent on the chlorophenols
present (4), The term dioxin does not apply to any one
aompound but to a group of related substances, which are
distinguished by the numbar and orientation of chlorinse
atoms they contain. Dioxin toxicity also varies with the
position and nunmbers of chlorines attached to the phanol

rings.

In the 2,4,5-T manufacturing process an sspecially
toxie dioxin, 2,3,7,8=tetrachlorodibenzo-p-dioxin (TCDD), is

formed when the reaction temperature 1s excessive (8, 9, 10,

11, 12), most commonly at %emperatures adove 160°C,
Halogens at the 2; 3, and 7 poaitions are known to produce

toxic dioxins (13). 1In the case of TCDD, the c¢hlorine atoms
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are attached at the 2, 3, 7, and 8 positions which are
considered the most toxiec positions possible (14), The
dioxin contaminané in 2,4,5-T is of particular.concern
because of its extremely high toxicity, and because of the
apparent inability of manufacturers to produce 2,4,5.7

without the contaminant, TCDD'(T).zf

TCDD oc¢curs as a white erystalline solid. It is
99.5% decomposed at 800°C. TCDD has the following solubility

in various solvents at 25°C (7).

Solvent Selubility (wt. per cent)
Aceione 0.011

Benzene 0.0587

Dimethylsulfoxide <0.03

Methanol 0.001 .

Water 0.00000002 (0.2 ppb)

It has bdeen recognized rfor gquite some time that
chlorinated dibenzoep-dioxins occur as possible byproducts
(contaminants) in the manufacturing of eh;orinated phenols
{15). The formation of TCDD during production of Z,H,S-TdP
was demonstrated by Kimmig and Schulz (16). TCDD was

obtained from the pyrolyzing of 2,4,5-TCP by Higginbotham

2/ 8Since manufactursrs are unable to produce 2,4,5-T
without TCDD, all references to 2,4,5-T in this docu-
mant refer to 2,4,5-T contaminated with some level of
TCDD.



at al, (11), They noted that ths specific dioxin formed
dapended on the chlorophenol pyrolyzed.‘ Kearney et al,

" (17), hawever, reportad that TCDD is hisnorigglly associated
with any p?sticida derived from 2,34,5-TCP. ’ﬁnnumbe? of
researchers (12, 18, 19, 20, 21) have reported on the
formation of TICDD by thermal decompositicun of the sodium
salt of 2,4,5-TCP under alkaline conditions during the

manufacturing process,

Since 1950, most of the c¢hamical industry has known
that large quantities of TCDD may be formed as a byproduct
of the 2,4,5-TCP manufacturing process if the procsdures arse
not carefully controlled. At one time 2,8,5-T was produced
'which contained betwsaen 30 to 4Q ppm of TCDD (7T, 22,'55).“
Between 1968 and 1969, one manufacturer had a 90% decrease
in the amount of TCDD presaent in the 2,4,5-T it produced.
Different manufacturers produced 2,4,5-T with different TCDD

contsnés (17).

Aftar concsern aross in 1969 about the extremely toxic
affegts of TCLD, manufacturing smethods wsre changed and
earefully controlled by manufacturers. By 1971 industry
had reduced TCDD content in commercial sapples of 2,8,5<T to
less than I ppm (9, 23, 24). Current U.S, manufacturing

specifications require 2,5,5-T presently being sold to
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contain less than 0.1 ppm TCDD (7). Several countries now
produce commercial 2,4,5-T containing less than 0.05 ppn

TCDD (25).,

C. E:Qnmr]'lai-ign ang g'la:g

Z,H;B-T is clagsed and used as a selective herbicide,
especially for brush control (2). It is formulated in many
forms of salts and esters which are available as smulsifiable
cancentrates containing 2, 4, or & pounds actual acid
squivalent per gallon and as oil socluble concentrates with 4
or 6 pounds active ingredient (AT} per gallon. The most
coumonly used formulations are the low volatile esters (26).
2,4,5-T also ocecurs in registrations mixed with 2, #.D,
Dicamba, Picloram, Silvex, and 2-{(2-methyl-f-chlorophenoxy)

propionic acid (27).

D. 4 o a8 Pr +

2,4,5-T has been preoduced as a registersd pesticide in
the United States since 1948. Acoording to EPA records,
approximately 122 companies held Federal fegistrations and

formulate 424 registered products; =2leven companies have

former state regiatration&3/and formulate 21 produects,

2/ Pesticide products formerly registered under state
pesticide ragistration laws and shipped or distributed

for sale s0lely within intrastate commerce are subject

to Federal pesticide regulations under 40 CFR Section
162.17(a), &Application has been made to obtain Federal
reglstration for intrastate use of these products, For

a list of trade names undsr which 2,4,5-T7T is marketed,

see the registrant/product list attached to this document,
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Section 7{c) of FIFRA recuires menufacturers and
formulators to submit to EPA information on eroduction,
sales, and distribution. Under FIFRA gections 7(c) and
10, this information may not be made available to the
¢ublic.” A confidentizl memorandum containfhg thiz informa-
tion has been se-t to the Deputy Assistent ddministrator for
Testicicdes (28). The Pesticide Review (29) reported chat
11,626,070 pounds o 2,4,.53-T acid, esters, and salts were
produced in the United States in 1969 and 12,335,000 cournds

1670. The Pesticide Review (29) also reported thet the
Mnited States imported 738,907 vounds of 2,4,5-T during
1971 thrcugh 197+, 4/ 0f this total 155,342 pounds wete
irported in 1974. This was down from neirly 392,000 pound-

© 1972 b+t up from the S-vear average of 148,000 peornds.

While T™He Pesticide Review (29) does not repor: export
figures for 2,4,5~T alore, it does report exports of 2,4~D
and 2,4,5-T together. FExport of 2,4~0 and 2,4,3~7 was
reported at 6.8 million pounds in 1972; 21 wmilliop pounds in
1973; and almest 22 million pounds in 1974.

A great deal of variazbility exists in reports on
usage of 2,4,5-7T. Agricultural end-use data obtained
from the Yational Study of Agricultural, Governmental,
andéd Industrial Uses of Pesticides, conducted by this
‘gency (30}, indicated the following uses of 2,4,5-T in

the tInited Srvates in 197¢.

4/ The lovel of TCDD in the imported 2,4,5~T was not
reported.

-‘*



| | . pounds AI- | § total |
[Crom ! applied | agriculture]
jRangeland ané Pastures | 968,000 | 37.24 |
lnic a/ | 18,000 | 1.54 |
' ] f !
[Nursery Crop ) { 12,000 i 7 1.20 f
! { ! f
Frurd and Ornamentals | 200 f 0.02 |
| | * |
‘Blueberflesgf , 8 ! - l
! ! !
|Estimated total use | 996,000 | 100.00 1

| j i

iin agriculture for 1974
2/ The Agency has jlooked at effascts on aguatic organ-
isms representative of species likely to be exposed
from application of the &Lriethylamine formulation of
2,4,5-7 %¢ rice. The calculated concentration of this
formulation in a 6-inch layer of water at the highest
regommanded use rate is 0.9 pom. The LC=-30 biocassay
values for bl:.:egil1 and c24fish are well abcve this
1e¢el (rangine Erom a 24-hour LC-50 of 53 ppm for
cluegill to a 36-hour LC=50 of >72 poe for bluegill
and channel catfizh). Rainbow trout, which canrot be
considered "reprasentative of the corganisms likely t¢
De exposed™ in if: geograghic aress where rice is grown,
have a 96-~-hour LC-30 ranting from 0.7 to 0.07 pem.
3/ Thi= is no longer a reagistered use,

In addition, t=hig svrvey reported that 324,491
pounds of active 2,4,3-T were used by federal and state
agencies and 633,463 pounds by industry.

2ther sources have reported usagés for 1974 as
follow: rights-offway, 4 million pounds; rangeland, 1.3 to
2.3 million pounds; rice, 220,000 pounds; and forestry,

30,000 pounds.

E., Metzbolism i{a SZxverinentzl Svsiams

in

Foy

Several studies have demonstrated =hat 2,4,5-TC?

r
e

the primary degradation product or metabolite formed in
breakdown of 2,4,3~T, by either shysical or biclogical

—T- L



mechanismsg. Crostv and Woag (31l) feund thaw 2,4,3-7C2

was one of the major dacomposifion prowucts in the photcde~

eamposition of 2,4,35~T in water., <Sharpee (32) found thac

microbial degradacion of 2,4,3-T in culzurs, soil, and
aquatic'scosystams resul=ed in the formation of small
' 4

amounts of 2,4,5-TC2.



Shafik et al., (33) dosed Sprague-Dawley rats by
gavage with 2,4,5-T at 50, 5, 0.05, zand 6.005 ng/kg for
'three days. Two rats wers dosed at sach level, The zuthors
found that, at 0.005 mg/kg, axeretion of 2,54,5=-T Lin urinse
was complete Ltwo days aflter the final dose. They also found
2,4,5=-TCP excrsted as a mstabolite in %Re urine of rats
given 50 mg/kg, but no detesctable 2,4,5-TCP was found at the
two lowest doge levels, A hydroxylated Srichlorophasnoxyacsetie
aceid and a2 hydroxylated Srichlorgphenol ware idencifiad, by '
unconfirned maszs spectrometric analysis, as possibly being

tWwo additional netabolitas of 2,4,5-T.

Grunow 2t al. (3%) Studieq seven male Wistar rats fad
a single z;n,sﬁr dose at 50 z2g/ka body weight., Thsey found
that the daily renal axcretian of free 2,2;5-T was, in
2enaral, at itfs maximun oﬁ the second day aftesr feeding.
After seven days, free 2,4,5~T in the urine dscreased to 3
value pelow 2% for alil animalis., In addition to 2,4,57
sxereted in %the free forz, the authors found it £o bé
eferetad a3 derivatives whicech could be convertsad ilnto
2,4,5.T by acid hydrolysis, They wers able to identify one
" of these as N(Zt#;grérichio;oﬁhanoxyace:yl) glyeine.

Grunow and 3okme (35), in a8 scudy usiang Wistar rats
and NMRI mice, fod dosss of 2,4,5-T at 200 =gr/kz dody

weigh%. These2 ayuthors isolated N(2,8,5-trichlorophanoxy

“8‘



acetyl) taurine as 2 cetadolite 0f 2,4,5.T, in addition to

the netabolites naned above,

. Clark et al. (36) found residues of 2,4,5-TCP in the
muscle; liver, and kidney of sheap whicen wer; fad rations
containing 2,000 ppm of 2,4,5=-T for 28 days. The 2,4,5=T
us2d in this study had a purity of 99% and contained no

detectable dioxin (detection limit: 0.5 ppm).

Leng (37) conducted a feeding study during 1969 and
1870, in which dairy and beef catitle and sheep wers given
2,4,5-T at levels from 10 to 2,000 ppm in the total diet for
intervals of two to four weeks at ceach level testad, The
author reported thét-n;—ézsidues (<0.05 ppm) occurred in
milk er cereanm of cows ingesting 10 to 30 ppm 2,4%,5-T, 4% 100
ppm 2,4,5-T in the diet, traces of 2,3,5-TCP (0.06 ppm) '
appeared in milk and eream, When given high levels of
Z,R,SfT, equ;valent fo 300 and 1,000 ppm in the total dist,
residuses of 2;#,5-T and 2,4,5«7C? ranged froa 0,05 to 0.5

ppm in the ailk of individual gows.

Fitzgerald et al, (38), studying the degradaction
of 2,4,5-T in woody plants, reported that colcerimstric
analysis suggzested, and chromatographic analyses confiraed,
that the n-buctyl ester of 2,4,5-T is degraded in swest
gua (Liquidachar stvrasi®ina) and southern red oak (Quersus



Feo = T a
(1) a a-s 41

‘Soil surflace and foljags are ths magqt‘recip;ents of
phenoxy herbicides (39) whether applied by ground spray
systegs or from aireraft. Once 2,4,5-T resaches the soil it
may pe degraded chemically or biologically, volatilized and
zoved to other areas, absorbed on soil collaids or in

organic natter, or leached to depths or locations wherse

it cannot be absorbed by plant roots (37),

Norris et al. (176) reported on the persistencs
of 2,4,5~T in a Pacific Northwest forest. The authors
found that six months after application of 2,%,5-.T at 2.2%
kg/ha (2 pounds/acre), the level of herbicide in the féreat'
floor declinsed 90%; after ocne y2ar, less than 0.02 kg/ha
repained in the forest floor. The authors found little
leaching of 2,4,5-T from the forest flseor ints seil, and
no residues were found deeper than 15 ¢m (maxioum residue_
found was 0.08 ppm) despite rainfall of 24 om the firsc
nonth and 70 ¢m the first three months after spplication,
Norris et al, (176) stated that the rapid disappearancse
af 2,4,5«T from the forest floor suggests adundant Zie
erobial aetivity., Norris (40) reportad microbial ac-
tivity to be japortant in the disappearznce of 2,4,5-T

from forest-floor material in the laboratory.



Wiese and Davis (341) found that, in an agricultural
soil, 2,4,5-T remained in the upper six inches even after
application of 4.5 inches of water over a short period of

time,

Helling et al. (39) found that 2,3,5-T is relatively
mobile in szandy soils but that movament decreases as organic
eontent inereases, Thus 2,4,5-T is moderately mobile in

elay soils and only slightly mobile in mueck (32).

Yoshido and Castro {43) studied the degradation
of 2,4-D, 2,4,5=-T, and Picloram in two Philippine soils
undar upland and sdgméggeahconditions. The authors found the
degradation of 2,4,5-T to be rapid in Maahas clay. Slightly .
more 2,4,5-T residues were racovered in submerged than‘
in upland Maazhas soil. In Luisiana soll undsr submerged
conditions, 2,4,5-T deéraded rapidly in eight weeks after a
four-week lag period, while it degraded gradually under
upland conditions, with only about L80% of .the 2,4,5-T

rgeoveared after 12 weaks.

Morton et -gi. (43), using technical grade 2,4,5-T
labelad in the carbexyl position with carbon-l4, found that
its apparent half-life averaged 1.6 weeks in green tissuses
of native grasses at College Station and Spur, Texas, and

1.7 weeks in litter tissue, The authors stated that the

wlle



amount and frequency of rainfall wers conducive both to
leaching and microbial decomposition of the heébicide, and
to growth of sidecats gramma plants, all of which were
factors contributing to rapid reduction of herbicida concen-

trations. - e

When considering the parsistencs of 2,4,5-T, the
persistence of its manufacturing contaminant, TCDD, nust
2130 be considersd. Helling et als (39) found‘that TCDD was
not photodecomposed on soil, TCDD was found to be lmmobile '
in MNorfolk and Lakeland sandy ioams, Hagerstown sgilty clay
loam, Barnss clay loam, and Celeryville nuck, and was not
leached further into soil by rainfall or irrigation.

During surface srosion of so0il, howaver, lateral iranse-

port of TCDD could oceur.

The persiatencs of TCDD in Lakeland loamy sand and
Hagerstown silty clay loam at 1, 10, and 100 ppm was studiad
by Kearney et al, (48) for 360 days. After one year Sthese
researchers recovered 58 and 63% of the originally applied
TCDD in Hagerstown and Lakeland =0ils, respectively.

Helling et al., {39) obssrved that TCDD'3s persistsnce was

predictable asince it ix inscluble in water.

(2) P $atanpg Yarar

Current information indicates that, although some

2,4,5=T may enter streams flowing througa or adjacent to
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areas being sprayed, residus levels in streams will be

very laow, Norris (47) raported the results of an intensive
study of stream contamination from spray projects on range
and forest lands in Oregon which showad that.ﬁeak gconcentra-
tions of ﬁhenoxy herbicides seldonm exceadeﬁ'g.l bpﬁ and that
herpicide residues persisted for only a few hours in nearly
all streams. WNorris (47) speculated, howasver, that applica-
tion of herbdicides to marshy areas may result in high-level,

long persistence of chemical residues in nearby streams,

The Report of the Advisory Committese on 2,4,5-T
to the Adpinistrator of the Environmental Protection
Agency (48) stated that all available data indicated that
the amount of 2,4,5-T entering water i1s small and does not
persist long. It is adsorbed on c¢lay or absarbed bf biota-

within a matter of days.

Phenoxy chemicals entering water may be lost by
volatlilization, degradation, ads&rption on sediment, adsorp-
tion by biota, and dilution as additional stream water
passes through the site., 4Almost all authorities agree that

there is adsorption on bhottom sediment (48, &9, 50),

Kenaga (51) stated that esters of 2,4,5-T in mest
kinds of water, except highly acidic waters, are usuyally

hydrolyzed within a matter of days. When the 2-ethylhexyl
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ester of 2,4,5-T was applied to water in the laboratory at a
concentration of 1 ppm for an hydrolysis study, 58% remained

after 4 hours; 33%.after 8 hours; and 124 after 16 hours,

- Trichell et al, (52), studying the loss of herbicides
in runoff water, found 2 ug/ml of 2,8,5-T in runoff water 24
hours.after 1t was applied at 2.28 kgrsha, arfter whieh 1.3 cn
of rainfall was simulafted on sode-covared plots af 3% slape.
Four months after application, concentratisns of 2,4,5-T in

runoff water had diminished to 0.04 ug/ml.

Edwards and Glass (53) monitorsd runoff and percola-
tion of 2,3,5-T at Coshocton, Okio, for 14 months following
application of 11.2 kg/ha of 2,4,5-T and found that 5.5
g/ha, or over (,05% of the herbicide, was lost from the
treated area., Most of the 2,4,5+T was removad in runoff
wataer during the rirst four months after application, 2and
more than half of the loss occurred the first month after

treatoent.

Kearney ot al. (46) concluded tnat‘ccntaminaticn
af undergraound water suppllies with TCDD seemad very unlikaly,
since vertical movement of TCDD did not accur in a wide
range of soil types, The fact that no leaching oecurred,
however, would not preclude runoff loss when 30il aerosion 1is

significant (39).
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(3) Iransport

Isensas and Jones (5%) measured uptake of TCDD from
soil by two crop speciles. Oats (Avenz sativa) and soybeans
(Glycine max) were grown in Lakeland sandy loam soll treated
with 0.06 ppa TCDD. The concentration of TCDD in soil
was approximately 4,000 times greater than the amount that
would be deposited in soil from an application of 2,4,5-T
(with 1 ppm TCDD) at a rate of 2 pounds/acre in the top
1/3 ineh of the soil surface, The tops of these plants
were harvested at intervals to maturity. Mature oats and
soybsan tops contained less than 1 part per billion (ppb)}
TCDD, TCDD was deftectad (with a detection limit of 1 ppb)
in mature cat grain, while no TCDD was found in the bean of
soybeans, The authors coneludsed that 30il uptaks of TbDD by
plants was highly unlikely, sinee little or no TCDD was
taken up by ocats or soybeans under the conditions of this

experiment (54).

(4) RBloaccumulation

Woolson et al. (55) conducted a study to determine if
TCDD residues could be detected in bald cagle (Hallasctas
Jeucoceohalus) tissue extracts, as a represeﬁtative of the
top of a food chain. Secientists at the Patuxent Wildlife
Center (U.S. Department of the Interior, Laurel, Maryland)

¢ollected, and furnishsd to these researchers, 19 bald eagle
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carceasses from Alaska, Maine, North Dakota, Wisconsin,
Michigan, Minnesota, Arkansas, Illinois, Hissodri, Maryland,
Virginia, lIowa, New York, New Jersey, ;nd Florida betwean
1966 and 1971. Th;se states were selacted as sampling

sites in order Lo provides 3 widely dlspersed-sampls population.
The 9agle tissues were prepared and extractsd as described
by Mulhearn et al. {56). Woolson et al, (53) detected no
dioxin reaiduea at a lavel of 0.05 ppm TCDD, the lowsr linmit
¢f detection for most pesticides in tissue samples run by
the Patuxsnt %Wildlifs Research Center at that time. Ths
authors stated that the non-detection of dicxin residuaes
eould imply that there waz no dioiin build-up in the foad
ehain; that the build~up was less than the [then] eurrant
detectable level of 0.05 ppum {50 ppb]l; that the sagles
exanined were not contaminated although other samples hight
bs; ar that other species could feed on a different food

anain £¢ accumulite dioxins.

Isensee and Jonsg (57) exposed sevaral organisms in

a pode)l aquatic ecosystem %o 13 1abeled fCDD for up to 31
tays to determins the distribution and bloacumulation
potential in the aguatic environment. Soil containing from

0.0001 to 7.45 ppm adsorded 1uC-TCDD was placsd in aquaria,

eontaining eight snails (2hvea sp.), a few strandsg of alzae

(Jedogonium cardiacun), and 10 ml of old aquarium water



containing various diatoms, protozoa, and rotifers., Fifteen
duckweed (Lempa minor) plants were alsc added éo one aquarium. -
Samples of daphnids were taksn for analysis at 30 days, and

two mosquito fish (Gambusia affinis) were added to each

tank. Three days later all of ths organi#mémwere éemoved

for analysis, and ¢wo fingerling channel catfish (Jgtalurus
puncktatus) were added to each tank and exposed for six

days.

The authors stated that all organisms in both treat-
ment and control tanks prospered during this exposure
period, indicating that TCDD was not toxic at the concentra-
tions useds TCDD accumulated in all organisms. AL the
" highest TCDD concentration (7.45 ppm) algae accunulated
6,690 » 960 ppb TCDD; snails, 1,820 =~ 170 ppb; daph&idé,
10,400 = 480 :ppb; and Gambusia, 1,380 = 220 ppb. Catfish
were not analyzad for TCDD residuss. At the seceond highest
TCDD concentration (3.17 ppm), howsver, catfish accumulated
720 &£ 130 ppb TCDDe The authors stated that accumulation in
all of the test organisms from soil containing 0.1 ppb TCbD
i3 important since this concentration approaches the concen-
tration whieh would occur under normal field use of 2,4,5-T.
The authors eoncluded that the data suggested that under

certain circumstances (discharge of storm runoff from
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racently treated rangsland into a small pond), water-groded
surface 30il or debris =may contain enouéh TCDD for measurabla
residuas (parts pe; thousand (ppt] quantities) to accumulate
in fish or other aquatic organisms. Bowavart”tns authors
speculated that TCDD, orginating from 2,4,5-T applications,
discharged into large lakes, streams, or sstuaries would

probably become sufficiently diluted seo that no measurable

acounulation would oceccur.

As part of a broad study to determine whethar 2,4,5-T
use leads to TCDD accumulation in the environment, Shadorf
et al, (58) collseved samples of fish, mud, water, and human
milk from areas in IéEﬁs and I}kansas. Thes Teaxas samples

‘ﬂof watar, mud, c¢atfish, and walleyed pike were collacted
from the San Angelo Reservoir, an lapoundment of ths Noerth
Concho River, The authors stated that this watershed has
;Ezge acreég;s that have bean sprayed with 2,4,5-T at 0.5
pounds/acrs (2,4,5-T acid =quivalent) for brush cantrel,
Thesas reaearchers also obtained six samples of human aiik
from mothers raegiding in tﬁe gensral area of the San Angslo
Reservoir, In—-addition, bass from a l25-acre pond 1a the
heart of the Arkénsas rigce-growing area weres collsoted,
Watar from this pond is used to flood rice fields treated

with the equivalent of 1,25 pounds/acre of 2,34,5-T acid,

four $o eight weeks prior to flooding. The water is
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later drawn off the fields and pumped back into the pond for
re-use, In addition, the pond is supplenented‘by water from
wells and by water collected as run-off from surrounding
rice'fields during the painy season, The authors stated
that this'cyole had been in use (including‘éze proﬁer use of
2,4,5=T) for 18 years up to the time of their study.

The authors stated that no TCDD was deteceted in the tissues
samplad, using a Gas Chromatography=Maas Specﬁrometry
procedure with a detection limit which averaged less than 10
ppt. No evidence was found that TCDPD is accumulating in the

environment from the use of 2,4,5«T desceribed in this

study.
G, IQesidyes
(1) Seil

Woolson et al, (55) studied lLaksland sandy soil
go determine if TCDD residues could be detected in soil
receiving exceedingly large application of 2,4-D and 2,4,5=T,
fg;“heaviest rate of 2,4,5-T application was 947 pounds/acre
applied aerially during 1962 through 1964, while the
lightest rata was 160 pounds/acre appliad aerially during
1968 and 1969. During this period, it was not uncommen

for commercial samples of 2,4,5-T t{o contain levels of

30 to 40 ppm TCDD.
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The authors were able to detect small amounts of
2,4,5-T in the soil samples. They observed that the pesidue
lavel decrsased with time after application and stated
that lLeaching and microbial decomposition could acccount for
this deacrease, Using a dstection limit of less than t ppbd,

the authors did not datecet any TCDD at any depth in 38-ineh

. copre samples of the soil.

(2) Haler

In Octobsr 1965, the U.S5. Geological Survey 4initiated
g limited program of pesticide menitoring on i1 waterways
in the westsrn United States (59), The stireams, represseanting
agricultural areas wharse thawﬁrobability of observing
pesticide regidues would be greater, included the Miszsouri,
Brazes, Ysllowstone, Sacramento, Colorado, Arkansas, !#kima,
Rio Grande, and Snake Rivers, Pssticides chosgsen for analysis
4neluded tgg insacticides aldrin, DDD, DDE, DDT, dieldrin,
endrin, heptachlor, heptachlor epoxide, and lindane, and
the herbicides 2,4-D, 2,4,5-T, and silvex, The authors
reported that no herbicide was found at any time at any
station during cthe first ysar of thne sampling program. The

lower limit of sensitivity (detection) was 5 ppt.

Manigold and Sehulze (6Q), reporting on the results

of the U.S. Geologleal Survey 3tream monitoring progranm for

2=



the twomyear period October 1966 to September 1968, obaserved
that beginning in August 1967 2,4-D, silvex, aﬂd 2,4,5=-T had
been detscted frequently. 2,4,5-T was found in 28 of the
320 samples and ranged from 0.0) to Q.07 ppb. The authors
stated tha? the established ¢riteria permitted 100 .ug/liter
‘(ppb) for herbticides, These authors reported that the
analytical procedures were changed from the preceding report
to use Law's sample ¢lesgn-up procedure, which permits
routine detection of pesticides at 0.005 ug/liter in most

waters,

Norris (U47) observed that peak concentrations of
phenoxy herbicides seldom exceeded 0,1 ppm Iin streans
contaminated from spray projects on range and forest lands

in Oregon.

Lawson (61) studied 2,4,5-T residues in storz runoff
from three small watersheds in Arkansas. Two watersheds,
255 cléared and the othar partially cut, were sprayed with
the isococtyl ester of 2,5,5-«T. A third gatershed, adjacent
to the two treated onesg, was used as a control, Spraying
was done in September 1971, June 1972, and July 1973, eiiher
to control woody aprouts and broadleaf vegatation or just to
provide herbicide application for monitoring. The cleared

watershed was treated with 4 pounds acid equivalent per acre

and the partially cuft site with 2 pounds/acrs=,



In water samples taken after the first gunorf-producing
storm in Qotober 1971, Lawson (61) detected an average |
of 2,1 ppmn 2,4,5-T from the cleared watershed and 1.0 ppm
from the partially cut site. Maximuxz amounts’detected ware

2.2 and 1.3 ppm for the two areas. No 2,4,5~T was dstacted

from Ehe control site,

Only trace amounts (less than ¢.2 ppm) were detected
from each of the two freated asltes aftar the naxt runoff=«
producing storms in Nevember 197!, MNone was detected fronm

the contral,

In approximately G0 samples taken after storms during
the period December 1971 through Septamber 1373, no 2,54,5-=T
®as dsetected by Lawson (81) in the runoff from the treated

ar aontrol water sheds,

Since 7TCDD is immebile in soil (39) and soluble in
water at only 0.2 ppb (7), the possibility o¢f ground water
eontamination is virtually nonexistent (46). TCDD could be
present in runoff when soil arosion is sigznificant (39), and

thus TCDD contaminacion of water bodies could accur.

A recent Hatiopal Acadensy of Sciences raporti on
drinking watar stated that 2,%,5-T and TCDD have never been

detected in drinking water; the limit of daetection was in
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the parts per trillion, Howevsr, the report did project the
toxicity of 2,4,3~-T and TCDD, their acceptable daily intake,

and suggested no-adverse~effect levels (62),

(3) Adr

Prior to 1970, phenoxy herbicides were widely
used for early postemergence control of weeds in wheat.
Johnson (63) reported that air samples collected during

spring and summer in the state of Washington where these
arops are grown contained as much as 0,06 ug/m3 2,4~D and

2,4,5-T, Assuming shat.-a_man inhales about 30 m3 of air per

day, the authors estimated that exposure to 0.06 ug/m3 would
amount to inhalation of 1.8 ug phenoxy herbicide/day

or 0,025 ug/kg of body weight per day for a 70 kg man,

Ambient zir monitoring for pesticides in predominantl
agricultural arsas of 28 states was conducted by the
National Air Monitoring Program in calendar years (CY) 1570 .
through 1972 using ethylene glycol impinger type sanples.
Table 1 records thae arithmetic maean of residues of 2,4,5aT

-~

detected in this program (64).
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Table 1. Aiir Monitoring Data for 2,4,5-T in 28 State
Monitorinz Programs (1070 %o 1972)

[ ] ] 1 * 1 1
!  Name of | 2,4,5=T Ester | ng/w> - | ng/m3 | ngsmd |
13tate op City ! Monitored For | C¥ 1670 | CY 1471 ! CY 1072}
{Louisana iIsopropyl estar| - | ND ' 1.9 |
iMontana S i ND i ND | 0.8 |
I|New Mexico H | - i ND i 1.0
1Idahe ; ; ND I .. ¥D } 1.7 |
1I1lincis { 30EE H ND i 3.8 ! ND |
iOregon g } ND 1 0.5 ! ND
| Tennesses i I 1.1 i ND ] ND |
{ Tannesgses 1Iaooctyl estsr | ND V2.7 : ND |
10klahoma i { ND i 1u.6 1 ND L

ND = Notv Detectad.

(4} Anipala

Phenoxy acetie acids are relativaly strong acids,

and animals rapidly exerates them unchanged in thelr urine
(36). In their study of the fats of atrazins, Kkuron,
“silvex, and 2,4,5-T in the dairy cow, S5t. John et al. (65)
found that dairy cows given 2,%4,5-T and silvex in their feed'
at 5 ppm for four days, completely eliminated both 2,%,5-T
and silvex a3 30luble saltas in the urine two days affer '
&a;ing'stopped.

-

Zielinski and Fishbein (646) treated female CS5TBL/G
mice with a2 single subcutanecus injection of 100 mg/kzg body
waight of 2,4,5<7 in dimethylsulfoxide soluction. They
saerificed the animals at various intervals aftar injection
and analyzed in %*oto for 2,4,5-T. The amounts rscovared as
percantage of tha amount injected indicated decreasing
lavels at the following time intervals after dosing: at §
hours, 77.1 & 5.0%; at 16 hours, 56.9 = h.2%; and at 2%
hours 23,7 = 3.6%.
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In & preliminary report of a two-year chronie
toxicity feeding study, Dow Chemical U§A (110):repartsd
the following residue data for rats fed indicated TCDD
doses: 24,000 ppt in liver and 8,100 ppt in.fat of famales
ingesting 2,200 ppt/day; 5,100 ppt in liver-and 1,700
ppt i? fat of femaies ingesting 220 ppt/day; and 540 ppt in
liver and fat of females inzesting 22 ppt/day. The prae-
liminary report gives no residue data for trsated males,

or for controls of either sex.

Piper et al. (67) studied the fate of 2,4,5-T follow=-
ing oral adwministration to rats and dogs. Four groups of
three male and three femals Spragus-Dawley rats (Spartan

strain) and two male and two female adult beagle dogs were

given single doses of 1z‘t'.'--‘.'.a.l:ual.ecl 2,4,5-T. by intubation

at 5, 50, 100, and 200 mg/kg body weight in rats and

S mg/kg body weight in dogs. The authors combined data
obtained for males and females since the pharmacokinetics of
2,4,5-T were gssentially the same in each sex. In this
study, the clesarance half=life for 5 mg/ké 2,4,5=-T from dog
plassa was T7.0 hours; in rats the half-life was 3.7

hours at 5 mg/kg and 4.2 hours at 50 mg/kg. At doses of
100 and 200 mg/kg body weight, the clearance half-lifls for

rats inereased to 19.4 and 25.2 hoeurs, showing that the
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pharmacokinetics of 2,4,3-T varies with dose as well as with
species. The authors suggested that the half-life values
at 100 and 200 mg/kg body weight indicated that thase dosaes

may have exceeded the exaretory capacity of the rats.

- —

Zitko (68) assayed ahlorinated dibenzodioxin residues
in ;quatic animals, but was unable o detect these compounds
(detection limit: 0.08 ug/g [ppm] far TCDD) in any of
several aquatic animals from Canadiazn locations. The author
had selectsd 3pecies from high trophnic levels of the
aquatic food web £o measure cumuvlative pestiecide contamination.
Mors recently, using improved analiytical mesthods for defasctian
of dioxin at ppt levels, Baughman and Meselson (89) found
mean TCDD laevels ranging from 18 pﬁt to 810 ppt in fish and
erustaceans taken from Vietnamese rivers in August and
September 1970, TCDD levels tended to be higher in fish
from interior rivers than in those from seacoast locatlons,
.iﬁ comparison, Baughman and Maselson found less than 3 ppt
TCDD in fish obtained in a markst in Cape Cod, Massachusetos.
In anothar study, Matsumura and Benaszet (70) placed TCDD- .
coatad sand directly in am aquarium containing brins shrinp,
mosquito larvae, and fish (silverside). TCDD pickup was low
in rish (2 ppb) aad bdrine shrimp (157 ppb) under the expari-

mental conditions. But mesquite larvae, which are betton



feeders, showed a surprisingly high rate of pickup (4,150
ppb)s The authors concluded that TCDD was not likely to
aceumulate in as‘many biological systems as DDT because of
TCDD's low solubility in water and lipids, as well as its

low partition coefficient in lipids.

L)

(5) Rlants

Clark ot al. (36) reportad that, when herbicides
are applied to rangeland, the levels of phenoxy herbicides
avallable for ingestion by grazing livestock depend upon
the nature and degree of cover, the rate and mode of applica-
tion, time after application, and climate conditions.
Studies by Morton =t al, (44) showed that residues on grass
immediately after application of 2,3,5-T.are not likely
to axceed 100 to 150 ppm for each pound of agtual herbdicide

applied per acre,

Leng (37) stated that herbicide residues in or on
plants declined rapidly, with a half-life of one %to two
wasks, due to photodecomposition by sunlight, wash-off
by rain, metabolism by plants, and dilution from growth of
plants. 2,4,5-T was applied to grass in four states at an
application rate aof 4 pounds/gallon, 3 gzllons/acre;
initial residues immediately after treatment in Californla

averaged 684 ppm (or S7 ppm/pound applied per acre); 1,668
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ppm {or 139 ppm/pound) in Michizan; 1,464 ppm {or 122
ppr/pound) in North Carolina¢ and 1,335 ppm or (117 ppm/pound)
in Texas. After two weeks, residues in the four locations
averaged ?6 to 34 ppm/pound per acre. After 16 weeks, all
residues nad declined to an average 3 ppm/pound applisd per

aqre.,

Baur et al, (71) treated grass speciss indigenous
to Vietorlia County, Texas, with 2 pounds/acre 2,84,5-T esster.
One month after application the concentration averaged
4,000 ng/g (ppb) for 2,4,5-T acid and 2,890 ng/g (ppb) for
2;4,5«T aster, 38ix months after application the concentra-
tien averaged 60 andIITG ng/g (ppb) for 2,4,5«T acid andg

ester, respactively.

Getzendaner and Hummel (72)5/ descrined a 1969
study in which a 2,3,5-T propylene glycel butyl sther aester
}érmulaticn was sprayad on Taxas grass at an application
rate equivalent to 12 pounds of 2,4,5-T per acrs; this rate
was § to 24 times the usual rate applied to grazing lands

for brush coatral. At this time, manufaceturing specifications

B/ 38tudies submitted by registrants as part of petitions
for residue tolerances are classified confidential, pending
outeomge of litigation in U.S. District Court.
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for no detectable TCDD in 2,4,5~T used a method sensitive to

1 ppm. The authors found that resaidues of TCbD decreased
rapidly from about 500 ppt TCDD within one day of application,
to about 35 ppt TCDD after four weeks, and about 15 ppt TCDD
after 16 weeks. The TCDD decrease roughly paralleled the

loss of 2,4,5-T from the same grass,

(6) Humang

Matsumura (73) studied 2,4,5-T in the blood and urine
of human male volunteers who had ingested the chemical,
After ingesting 150 mg (2.2 mg/kg), the plasma concentration
of 2,8,5-T in one subject reached a peak of 21,1 ug/ml after
four hours. A lig;Q};-ﬁgzi-logarithmic concentration=tinme

curve (a gradient of -0.065) four hours postetreatment

indicated first order elimination and abéorption kinetics.

In a3 second part of this study, Matsumura gave
two male volunteers single oral dosss of 100 mg 2,4,5-T.
Urine samples were collected over 72 hours, About 45% of
the original dose was found in urine ccllected during
the first 23 houra‘after treatment; 60% had besen recovered
36 hours after treatment; and after 72 hours, mere than 80%

of the original dose of 2,4,5-T had been recovered.

Gehring =t al. (74) also studied the fate of 2,4,5-T

following oral administration to man., Five male volunteers,
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ages 31 to 58 years, each Ingested a single § ag/kg oral
dcse of analytical grade 2,4,5-T, with’a purity greater than
99% and leas than‘the datectable level (0.05 ppm) TCDD,
directly or as a slurry in milk. Bleod, urine, and feces
‘ware collected at intervals for up to 968 hours after
ingestion., Essentially all (88.5 £ 5.13) of the 2,4,5-7
ingestéd by these subjects was axcreted unchanged in the
urine after 96 hours. The plasma 2,4,5-T concentration
inereased rapidly following ingestion and after T hours
reached a peak of appﬁoximately 57 ugs/ml, after which ine
plasma contained 65% of the 2,4,5-T in the budy, of whieh

99% was bound reversidly-£o protaein.

Kohlitet al, {75) also studied absorption znd
exeretion of 2,4,5-T in man. Eight mals.volunteers, aga 25
ta 35 years, received 3 single oral dose (2, 3, or §
mg/kg) analytical grade 2,4,5~T7 with a purity greatar than
99%+ Urine was collected up to 96 haurs, and blood samplas
ware collected up to 188 hours. 2,4,5+T was detected in
some two-hour urine samples, indicating rapid axeretion of
the compound., Mors than half of fthe 2,4,5-T was excreted in
the urine in the first 48 hours, although small quantities

ware still being exeratad at 96 hours,
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2,4,5=-T appeared in 211 plasma samples c;e hour
after 2,83,5-T ingestion, indicating rapid absoerption.
Maximum concentration (approximately 2; ug/ml for the 5
mg/kg’dose) was reached between 7 and 24 heurs after
ingestion and began to decline at a first-oprder rate

after 32 hours.

These jinvestigators concluded that 2,%4,5-T was
readily absorbed from the gastroinftestinal tract, that it
was eliminated unchanged in the urine, and tﬁat the half-;ire
for plasma c¢learance was 18.8 £ 3.1 hours., These authors
pointed out that, im genseral, higher recoveries were reported
by Gehring et al. {(T4) who used an electron capture detector,
instead of the flamé-ionizaézon detector used in their

study.

The National Human Monitoring Progranm for Pesticides,
~ through its cooperative arrangement with the Health and |
Nutritional Examination Survay II (Hanes II projeet), is
eurrently analyzing human urine samples for silvex, 2,4,5-T,
and 2,4,5~TCP {(64), The survey is scheduled for completion
in 1979, but some extremely tentative results are available,
No quantifiabie 2,4,5-T residues have been detected in the
first 400 samples; however, trace amounts (<10 ppb) have

been found in a few samplas.

Dougherty and Pilotrowska {(177) reported on screening

of human urine for environmental contamination with toxie
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residues by negative ochemiecal ienization mass'spectrometry.
The procaedure i3 based on solvent extraction with minimal
¢lean-up followed -by examination with negative ehemical
ionization mass apectrometry for orsanochlorine residuses and
related cEmpounds with maases greater than 130 daltons.

Urine for the scéreeaning procedure was obtained from students
at Florlda State University (25 dorm residents; 21 football
teanm ﬁambera; and 1l swimming team members). Tha auvthors
reported that the limited survey of humanm urines indicates
contamination of the subjects with 2,4,5-T, pentachlorophenol,
othear polychlorophenoxy acids, and numerous unknown compounds.
The authars ‘“di°?353,3522;2’”’5‘T was found in 36% (9/25) of
the dorm residents; 248% (5/21) of the footbhall team; and 9%
(1/11) of the swizming team. .The authors attempted to define
the source ¢f the contamination by applying the same

sersening procedurs to environmental substrates and suggeatsd

the food chain (hesf fat in the case of 2,4,5-T) as one

aignificant source of the contamination.

(7) Animal Products

Kocner ot _al, (78)l.surveyed beef fat from cattle
grazing on land where 2,8,54T had been applled o determine
if TCDD was present in this tissue, None of the 2,4,5-T

samples ussd were available for analyais for TCDD contant,
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The authors did not know whether the samples were produced
before 1972 (when maximum allowable TCDD content was 1 ppm)

or after 1972 (when maximum allowable TCDD content was 0.1
ppm). None of the 18 samples from Sugarland, Texas, Missouri,
and Oklahoma showed TCDD residuss when analyzed by a gas
chromatography-mass spectrometry detection technique (detection
limits: 3 to 6 ppt). Three of the eight samples froam
Mertzon, Texas, where animals had grazed for 30.days in a
fenced pasture sprayed in its entirety with 2,4,5-T, gave

positive responses at the detection limit of 3 to 4 ppt TCDD.

In another surveillance study, Mahle et al. (77)
analyzed milk from. cows grazing on grass treated with
2,4,5=-T in accord with normal agricultural practices.
Twenty~-five sanples wers collacted from different farms
in Oklédhoma, Arkansas, and Missouri; these areas were
selected as rapresentative of those where 2,4,5-T i3 used to
control broadleaf weeds and brush in pasture and rangeland.
Milk purchased in Midland, Michigan, an area where 2,4,5=T
is not used, provided control samples. ﬁased on gas
chromatography~-mass spectrometry data (detection limit: 1
ppt), fthe authors-stated tirtat control §amplea were indistin-
guishabls from the samples from éraatad areas and c¢onecluded

that TCDD was not present.



_Tha raesidue lavels reported in animal products in
the studies cited below were obtained ian laboratory
feeding studies and not from animals grazing on pastures
and rangelands trsated at dosage ratsess recommended on
regiatered product labels. MNevertheless, residues obtained
in these feaeding studies could occur in the environment and
at these same laevels since animals grazing on forage planta
immediately after treatment at recommended ratss of applica-
tlon could ingest 2,4,5«T in amounts similar te those fed in

the studiss,

Leng (37) found no residues greater than 0.05 ppm in
milk or cream aof cows ingZesting 10 to 30 pﬁm 2,5,5-T, At
100 ppm 2,4,5-T in the diet, traces of 2,4,5=~TCP (0.06 ppm)

were found in milk and eream. When the dlet c¢ontained high
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levels of 2,4,5-T, equivalent to 300 and 1,000 ppm in the
total diet, residues of 2,4,5-T and 2,4,5-TCP ranged from

Q.15 to 0.5 ppn in milk of individual cows.

Leng (37), reporting on residues in meat and meat
byproducts, stated that calves slaughtered arter‘ingesting
300 ppa 2,4,5-«T in the total diet contained average residuss
of 0,12 to 0.28 ppm in muscle, fat, and liver, and 3.3 ppm
in kidney. Animals fed 900 to 2,000 ppm 2,4,5=T in the
total diet and slaughtered without withdrawal had propor=
tionally higzher averags residues iIn tissue., No residues were
detected (detection limit: 0.05 ppm) in most tissuss when
animals were given umtreated feed for one week after they
had been on the highest lavsls (1,800 and 2,000 ppm) of
2,4,5-T for four weeks, Resigues of 2,%4,5=-7 declined
rapidly in tissues as soon as animals started $to eat

untrasztad faed,

Clark and Palmer (78) found 0.,08 ppm 2,%,5-T in
omental fat of 2ach of twe sheap given four oral doses of
elther 0¢.15 or 0.75 mg/kg of the propylene glycol butyl
ester of 2,4,5-T,__They also found 368 ppm 2,4,5«T in
kidneys of animals killed by four daily 250 mg/kg doses of a

2,4,5-T ester,

Clark et al, (36) found 2,4,5-T no higher than 0,05

ppm in muscle or fat of sheep held one week on untreated



feed, Resldues of the metabolits 2,4,5-TCP ware not detected
in the fat of any of the animals, They also found that tane
2,4,5=T lavel in Xiver and kidnsys was less than 0.05 ppm

after thse animals were on untreated feed forn seven. days.

Leng (79) found low levels of 2,4,5-T in muscle and
fat of calves receiving 300 to 900 ppm 2,4,5-T in the dist
and much higher residues in tissues of znimals fsd 1,800
ppm 2,3,5-T for 28 dayse. Calves fed 300 ppm 2,%,5-T showed
6.12 and 0,28 ppm 2,4,5-T in muscele and fat, respectively.
Calves fed 900 ppm showed 0.2% and 0.38 ppm in muscle and
fat, respectively., 4nd at 1,800 ppm in the dist, calves
showed 1.2 and 2.0 me in muscle and fat, respectively, In
this sazme study, Leng found relatively low residuea of
2,4,5-T in fiver at feeding levela of 300 and 900 ppm (0.2.
and 1.0 PRE, respeetively) and sharply incrsased raesiduaes -

£T7-9 ppm) at 1,300 ppm, indieating that the threshold lavel
w4y have been excsaeded at this higher dosage level, HResidues

of 2,4,5-~T in kidney appeared to be propéortional to the

level {n the diat.

Bighty=-five samples of beef f{at were analyzed
for TCDD contant under the auspices of the EZPA Dioxin

Inplementation Plan (see Section II). These besf fat
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samples included 18 samples from control areas and 67
samples from areas previcusly treated gith 2,4,5-T,

None of the 18 control samples had detectab;g amounts

of TCDD ap a detection limit of 10 ppt. thpha 67_samples
from areas previously exposed to 2,4,5-T, one showed a
posiéive TCDD level of 60 ppt; two appeared Yo have TCDD at
20 ppt; and five may have had TCDD levels whieh ranged from
5 to 10 ppt. The values for these fivses samples were at or
below the limits of detection of 10 ppt. Forty-three beef
liver samples were analyzed and showad no TCDD residues at a

detection limit of 10 ppt.

(8) Eood

Evidence that very little 2,4,5«T gats into Tood is.'
seen in results of Market Basket Survaeys conducted by
the Food and Drug Administration (FDA). Of the 13L& fotal
diet samples invelving 1,600 food composites (Market Basket
Survey) analyzed from 1964 through April 1969, only three
contained 2,4,5-T, Two wars dairy produéts containing 8 to
13% fat with 0,008 and 0,19 ppm in the fat, 4 single
msat, fish, and poultry composite from Boston consisting of
17 to 23% fat was found to contain 0,003 ppm 2,4,5-T on

a fat basis (81, 82, 83, 84).

FDA Market Basket Survey samples from 1969 through

July 1974 showed no 2,4,5-T7 residues (detection limit: 0.02
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ppm) in 155 total diet samples invoelving 1,869 food composites

(85, 86, 87, 88, 8%9).

(9) Human Exposure via Tndustrial Accidanca

There hava desn a nuaber of industrial accidents
during manufacture of chlorinated phenols that have resulted

in human sexposurs to TCDD.

Whiteside (90) reported on a 1949 =xplasion at a
ehemical ‘plant produecing 2,4,5-T in Nitro, West Virginia.
The release of intermediate chemicals lz2d4 to 228 cases of
chloracne among exposed worksrs, Whiteside stated that
synptoms of affscted workera ineluded 3kin eruptions, .
shortness of breath, intolerance to cold, palpable and
tender liver, loss of sensation in extremities,; damage to
peripheral nerves, fatigue, nervousness, irritability,

insomnia, loss of libdido, and vertigo.

Goldmann (91) reported onla 13583 accident at a
2,4,5-TCP production plant in Germany. Temperature and
pressure rose eoxplosivsely in the autoclave, forming previously
unknown, very toxic chlorinated hydrocarbons; %2 psrsons
contracted serious cases of dermatitis, in which i& persaons
auffaread consequent damage £¢ intarnal organs, and sevan

persons 2sxperienced disturhbancss of the nervous systen,.
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A similar accident occurred in Amsterdam in 1963 when an
explosion in 3 2,4,5-T factory resulted in 50 workers

contracting chloracne (90).

In 1984, 31 workers in a Hanburg, Germany, chemical
plant producing 2,4,5-T from technical 2,4,5-TCP contracted
chloracne (10, 16, 92) and suffered the physical and psycho-
logical symptoms associated with it (93). Kimmig and Schulz
(10) extensively investigated ths workers' conditions
and conducted experiments treating the skin of a rabbig's
aar with chemicals to whieh workers had besn exposed,

These researchers tentatively identified the causative agent
of the chloracne as TCDD. Bauer et al. (15) conclusively

identified TCDD as the caus=2 of chloracna,

In 1964 worksers in a 2,4-D and 2,4%,5=T plant in
the United States developed chloracne (93, 94). Bleiberg
gt -al., {94) found esvidence of porpayria cutanesz tarda (PCT)
o{.varying degrees af sevarity in 11 out of 29 workers., PCT
had ﬁever before been described as related to chloraens, nor
had it been ascribed to industrial exposure in the United

States, The aﬁthors stated that either the finished chemicals

or some intermediafts were responsible for both dliseases,

The Fine Chemicals Unit of Coalite and Chemical
Products Limited located at Bolsover, Derbyshire, in England

had been producing 2,4,5«TCP for nearly three years without
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incident when an explosion occurred at midnight on April 23,
1968, A3 a result of this exothernmal ;eactioﬁ, TCDD had
aceldentally been produced. Workers at this plant were
accildentally exposed to TCDD, and 79 cases of chlorzane were

recorded, zmany of them severs (9, 95). -

L]

Beginning in May 1971 an accidental poisoning eplsodge
oqeurred in the United 3Staftea that affected humans, horses,
and other animals. The exposure was rslated to the spraying
of wagte oil, contaminated with TCDD, on riding arsnas fto
control dust., Thraee days after spraying, sparrows and
other blirds wers found dead on the arena floor., Of 85
horses exercised within the arena, 62 became ill, and U8
died. The first horss died on Jurpe 20, 1971. Horses
continued to die as lats as January 197u? Human illinesses
wers less sevare, but did include one cass of hemorrhagic
eystitis in a f-year-~old girl who fraequently played in the
arena,., Analysis showed the arena contained 31.8 to 33.0

ug/g TCDD (96, 97, 162).

Beale et al. (98) ﬁresentad follow-up information on
the f-year-cld girl involved in this accidental poisoning.
These authors stated that the girlt's symptoms resclved in
three to four days and did not recur, Results of a repeas
volding cystogram three moanths later appeared norzal.
Cystoscopy at this times did, nowever, demonstrate nugerous

punctate haemorrhagice areas in the dladder, especially in
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the region of the trigone, Five ysars later, an.investiga-
tion showed that this girl had grown ngrmally;:reaulta of a
physical examination, inecluding a detailed neurological
examination, were normal., Cystogram and liver-function
tests were alsc normal, as was the urinary -excretion of

uroporphyrins, coproporphyrins, and thyroid function.

On July 10, 1976, an accident at the ICMESA chsmieal
plant in the Seveso RAsgion of Italy released 2 to 10 pounds
of TCDD over a wide area (90, 9§, 100).“-Hundreﬂs of animals
died, many area residents reported skin disorders, and an
area of 110 hectarss was evacuated {(101). Reports of the

immediate symptoms and indlications of many long-tarnm sffacts

are Just becoming available,

Sevaso inhabitants initially experienced nuﬁerhua,-
burnlike skin lesions which. graduall recedad; Whitesidae
(90) believed this type of lesion was probably due to direct
contact with the sodium hydroxide and phenolic components of
the fallout. Two and a half months after the explosion,
however, chlldren and yoﬁng people in the zone most affected
by the fallout developed symptoms of true chloracne, a sign
of dioxin poisoning, on their faces, arms, and bodies., By
November 1976, 28 people had developed confirmed cases of
chloraens, and the numbar ross to 38 by December 1976; one
year later, the number of confirmed cases of chloracne was

130.
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A number of Saveso women were pregnant af{ the
time of the accident, Whiteside (30) reporte& that the
aumber o¢f legal and illegal abortions parformed after the
acclident probably totalled 90, Results of a3 survey by an
epidemological commission showed that 183 biabies ware
delivered in the two moenths following the accidant and that
there were S5 spontaneousgs abortions as distinet from induced
abortions (approximately doubls the rats of spontanecus
abortions previously reported for ths area). Whiteside
(90) reported that eight cases of birth sbnormalities have
been noted to date among bables bern Lo women in the Seveso
area who werse pregnant at the tize of the explosion.
Physicians in the Sevesc area have had difficulty relating
this directly to the explosion, howevar, since this incidencs
of birth abnormalities was not disprepertionate bo.tha usual

inceidence of abnormal births.

B, " e

There ares ne tolserances establisﬁed tor 2,4,5«T in o;
an food eroeps. Likewise, no tolerances lave been set
spacifically for TCDD in or on food orops, However, 40 CFR
Section 180,302 does astablish a tolerance aof 0.05 ppm for
hexachlorophene on cotton seed (a3 nonhuman distary food

item), with a stated limitation that the technical zrade
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hexachlorophens used in the formulation shall not contain
more than 0.1 ppm TCDD. The limitation does ﬁot constitute

a tolerance (102).

1. o {da © ansps *a oy

EPA's Pesticide Episode Response Branch of the 0ffice
of Pesticide Programs majintains a Pesticide Episoda Reports
System (PERS) which collects reports of pesticlde exposure
affecting humans, domestic animals, livestock, and wildlife
(103), According to their records, there were 96 episodes

from 1966 te April 1977 involving 2,4,5-7.

Many of th{R_gﬁ_apisodes recorded effects in more
than one area of the snvironment. Plant damage was reported
60 times, effects on humans 16 times, water pontamination"
13 times, effects on domegstic animals and soil contamination
7 times e¢ach, genersal environmental contamination 3 times,
and fish kills and complaints against use of 2,4,5-T twice

sach,

There was substanéial evidence in 13 of the 96
episodes linking 2,4,5=-T to the episcde's effects; there was
circumstantialq;;zaaﬁeg-zg.zh of the episodes for involvement
of 2,4,5=-T; there was inaufficient asvidence in 62 of the

apisodes to prove or disprove involvement of 2,4,5-T; and

one episode had no verification status listed.
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Cf ths 13 episodes for which thers wastsubstantial
evidence linking 2,4,5-«T to the episode's effécts, two
involved humans (including one suicide}; é,R-D was also
involved in both apisodes. Thres apisodes involvad plant
damagse from drift aof herbicides; 2,4,5-T'r;;idues ware
found in plant samples in two episzodes; 2,4-D was also
involved in one of these aepisodes. Two episcdes involved
fish killes resulting from accidaental spills into streéms,
with 2,4-D involved in both incidents; in one of these
eplsodes, 6,000 fish (90% Juvenile salmon) ware killed;
residues of both 2;4-D and 2,4,5-T were found in these fish.
Two incidents involved soil contamination when two warehouses
ware destroysd by a tornadeo and fire; many other pesticldes
were invelved in both instances. Two episodaes involved
-domestic animals; in one, 24 cows died affer herbdicids
application. 4Arsenic residuesg ware found in two cows,
and arsenic¢ contamination of the herbicide mix was suspected,
In ths other instance, § cows drank water contazminated with
2,%4,5-T; residue levels of 0,03 and 0.02 ppm were found in
the milk five and aight days, respectively, aftar the
incident., Two hundrad and ferty galloans of allk were
dumped. One incident involved wabter contamination as a
resylt of a warshouse {ire; many other pasticides ware also

involvad,
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Il. ZRECULATORY HISTORY

2,83,5-T was develeoped during quld War .II and was
first registered as a pesticide on Mareh 2, 1948 (3). Since
then, it has been the subject of several Federal regulatory

actions. - -

On April 13, 1966, the United States Department of
Agriculture (USDA) and the Food and Drug Administration
(FDA) published an announcement in the Federal Register
abolishing the "No Residue and Zero Tolerance"™ concepts as
scientifically untenable. Future registrations would be
granted on the basis of either "Nagligible Residus™ or
"Permissible Residus.™ Industry was given until Decembar
31, 1967, to oomply‘;y :gkaining tolarances for residuss of
2,4,5=T in all treated food, feed products, and byproducts’

(in addition no registrations would be continued beyond

Deceamber 31, 1970).

Following this action, a series of Pesticide Registra-
tion (PR) Notices were issusd over several years, extending
certain "no residue” and "zero tolerance" registrations
beyond the December 31, 1967, deadline for obtalning
residue tolerance. (These and all following PR Notices
are cited in Refarenecs 104,) Among uses of 2,4,5-T extended
beyond the deadline were uses on pasture grasses and
ranéeland; on apples (MeIntosh), blusberries (low bush),
cereal grains (undesignated), rice, and sugarcane; and in
lakes and ponds,
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PR Notice 70-8 issued by the USDA on Mareh 10, 1970,
jdentified data needs for cerfain compounds. .2,4,5-T
wag ldentified az one of the compounds requiring further

teratogenle studles.

PR Notice 70-11! published en April 20, 1970, suspended
2,4,5=T products bearing certaln dirsctions for use,
The suspended uses were all uses in lakes, ponds, or on

diteh banka; and liquid formulations for use around the

bome, racreation areas, and similar sgites,

PR Notice ?0-13‘iaaued by the USDA on May 1, 1970,
cancelled 2,4,5-T products besaring certain directions
for use, The cancellsd uses were all granular 2,4%,5-T
farmulations for use around the honms, racrsationai arsas,
and similar sites; and all 2,8,5«T usea on food corops
intendad for human consumption.

.

All reglistrants were advised of these actions, and

two of the 2,4,5-T registrants, Dow Chemical and Hercules
Incorporated, sxcercisaed their right under Section 4(=2) of
the Federal Insecticide, Fungicide, and Rodenticlide Act

(PIFRA) [7 U.S.C. 135 ot seq.] to petition for referral of

the cancellation (rice uss only) to an Advisory Comalttes,

As provided by Section 4(e) of FIFRA (1964 amendment),

a4 nine-membher idvigory Committes af scilentists was appointed
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to consider all relevant facte, submit a report and recommen-
dations rega"ding reglstration for cartain uses of 2,4,5-T,
and atate the reasons or bases for these recommendationa.
Their report was submitted to the admin*strator of the
Environmental Protectiaon Agency on May 7, 1971 (48). The
Conmittes recommended that use of 2,8,5-T be permitted in
forestry, range land, and rights-of-way providing that the
limit of 0,1 ppm of contamination with TCDD be set for al}
future production of 2,3,5-T; that 2,4,5-T7 be applied no
more than once a year at any one site; and that 2,4,5-T be
applied with proper caution so that it will not contaminate

other areas where it may come Iinto contact with humans.

The Committee alse raecommended that this action be
reviswved again when existing deficisnciss in information
about possible magnification of TCDD 4in the food chaln

hava been rectified by specific research.

In the meantime, PR Notice T0-22, published by the
USDA on Septembsr 28, 1970, addressed the pressnce of
ahlorodioxin contaminants in economic poisons. This notice
stated that the USDA had determined that certain foxice
chlorodioxins (such as TCDD) may be present as contaminants
in the basic materials used in formulating 2,4,5-«T and

silvex, The notice also stated that the presance of such
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¢hlorodioxins constitqted a possible hazard to man since thay
had been found te be axtremely toxic to labor;tory animals,
and that appropriate pregulatory action would be taken under
provizions of FIFRA since products containing ¢hlorodioxinag

ars considered to bae in violation of FIFRAS

Dow Chemicsl obtained an injunecion againast EPA in
July 1972, enjoining further administrative action against
2,4,5-T. The United States Court of Appeals for the Eighth
Clreuit overturned thes injunetion in 1973, and administrative

proceedings were allowed $o go forward,

On July 20, 1973, a notice of intent %o hold public
hearings on all uses of 2,4,5-T was filed with the EP4
Hearing Clsrk under Section 6(b)(2) of FIFRA, as amendad
1373. All federally approved uses of 2,4,5-T wsre to be
explored in 2z public hearing scheduled for April 1974,
following completion of an intensive moenitoring program for
detecting dioxin in the ppt rangs (38 ¥R 19869, July 29,

18973).

On May 10, 1974, the information hsaring waz expanded
to include all insecticides and herbicides having 2,4%,5-TCP
in their manufacturing process, These incluyded silvex,
srbon, and ronnel, as well as 2,4,5-T and 2,4%,5-TCP, all

of which may c¢ontain TCRD.
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On June 24, 1974, EPA withdrew cancellation and
information-gathering procesdings initiatad against 2,4,5=T
and relatad compounds because of its iﬁability to monitor
food for TCDD residues with the necessary analytical
precision, Although the 2,4,5-T notice of hearing was
withdrawn, the Agency stated that it "wili continue its TCDD
regsidue monitoring program and will take sueh furtfher action
;s it deems appropriate once the results of the monitoring
project are available™ (39 FR 24050 June 28, 1974).

On July 25-26, 1974, the Agency held a Dioxin Planning
Conference in Washington, D.C., primarily for thoss parties
having an interest in the withdrawn 2,4,5-T/dioxin hearings,
to address data smalysis—and retrieval (in the areas of
analytical methodolgy, toxicelogy, and monitoring) with
smphasis on analytical methodology for TCDD at the ppt
level, A2 a result, the Agoncy ao3tablished a Dioxin Implemena-
tation Plaan (DIP) intended to ldentify a p;sfarable analytical
methodology to monitor human and environmsntal samples for
TCDD.

On-going TCDD =tudies undar the DIP inecludse: an
analytical method validation study to produce statistically
defensible data; monitoring for residues in human milk in
the Paciflic northwesti; additional beef fat residue studlies;

-ug-



additional technical pestioids residue studlesa; and an
environmental monitoring program for TCDD residues in swoil,

water, and biota.

IIT, SUMMARY OF SCISNTIFIC SVIDENCE RELATING TQ
RE&“IIEEI - ED?S“\I! EITQH

The following adverse effectis of 2,4,5-T and/or
TCBD have been found te aexceed the eriterias for issuance of
a rebufttable presumption as stated in Section 162.11 of the
Code of Federal Raegulations (CFR 40). Because of industry's
apparent inability to produce 2,4,5«T without TCDD contamina-
tion, nane of the studies cited are for pure 2,4,5-T, The
¢ffeqets of TCDD must alsc be cansidered when assessing

2,4,5-T by the Agency's risk criferia.

f- P ) = art

- :

40 CFR Section 152,11(a)(3)(i1)(4) provides that a
rebuttable presumption shall arise "if a pesticlidef’s
ingredient(s)...(i)nduces oncogenic effacts in experi-
mental mammalian specias or ip man as a result of oral,
inhalation or dermal sxposure,..,." Section 162.3(bb)
defines the term oncogenic as "the property of a substance
or a mixture of substances to produce or induce denizn

or malignant tumor formation in living aninals.”
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The studies summarized bdbelow indicate that 2,4,5-T
containing less than 0.05 ppm TCDD and/or TCDﬁ alone have
oncogenic effects in two mouse strains and one rat strain.
Singe 2,4,5-T, as currently formulated, coﬁﬁains TCDD (at a -
maximﬁm ;mount of 0.099 ppa), a rebuttabi;%bresumﬁtion
against the registration of 2,4,5-T products has arisen

because of the oncogenic effect of 2,4,5~T and its contami-

nant, ICDD,

(1) 2,4.5=1
(a) fant £ D4 » 4, 5w g
on Rodents

T e

In their bloassy of 2,%,5-T for carcinogenicity in

-_—

nice, Muranyli-Kovacs et al., (105) administered 2,4,5.T

{(eontaining <0.05 ppnm TCDD)Q/to inbred C3Bf and IVII/GC mice.
The mice were given 100 mg/liter of 2,%,5-T in the drinking
water for two months beginning aft six weeks of aga. During
the succeeding 15 to 20 months, the mice were given 2,4,5-T

mixed in the diet at a concentration of 80 ppe ad libitum.

- In C3H! mice, 48% of the treated females (12/25) and
85% of the tre;;:; mai;s.(12/22) developed tumeors, compared
with coatrol values of 21% (9/44) and 49% (21/43), respecs
tively (Tabie 2)s The differences between the number of
tumors observed and the number expected were gignificant for

fepale mice at all sites (p < 0.03) and for the combined sexes

£/ This TCDD level 13 less than the 0.t ppm TCDD currently
found in moat commerceial formulations (see Section I,.EB).,
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(p < 0.01).1/ For non-incidental tumors, the differences

were significant for each 3e¢x and the combination; no

8/

significant differences wers found in f{necidental tumors,
No other strajine-sex combination yielded statistically
significant values (106). Rare types of tumors, not sean in
the control animala, were cobsarved in the treated C3AHSL

femalas,

Tahle 2, Oneogenic Zffscts of 2.4 .5-T on M4ggﬂf
i | Dietary! Mean IMigs wikth Leukemial ]
{ | Leval | Sw+i- land Lung and Liver)
]

! i val Time!l Tumors ! H Ineidence of Tumors

‘ 3"‘ va) .\ NosTota) NeS/t ¢ | Tovar | rune | raver | feuyemsa ! otnen
E cgF i M! o | 630 Io2143 bagd 224 21 1wt - &
I bt so | 1| sz lsst 13 -] w0t 2 | &
l PFP! 0 ) 680 ! 9/@4 {210 9+ 5 1 3 3 S
] - ] ] ] ] ] )} 1
! {1 ag | 620 1 5328 ing 1 49 o | i ! 3 H &E{
!mvs fwil o | s21 .} a2s/32 bt 27 | 221 a4} —~ | @&,

] ] 1 [}
| I 1 80 | s83 | 1520 lrst 16 o1 | T Y 7
} b i } ! tea | ' } i i P
! |?| g H 569 { 21749 l53l 211 H 20 | -} 2 1 . 1
1 ] [ 4 H ] H
} ! i 80 ! sm—V? 16719 §8n! 16 5 15 ! o f 1 b

i/ Data from Muranyi-Kovacs (105),

/ Estimated daily oral doss = 12 mg/kg body weizhe,

¥/ Effective number of migs are mice surviving _onge. than 300 days or developing a tumor
jafore 300 days of age.

i/ Pleomorphic salivary gland tumor.

3/ Fibrosarcoma; one hyperplastic urinary bladder and one nyperplastic forestomach not
ingluded,

&/ One asteogenic sarcoma; two sarqopasg; two cutansous Sumors; one cervical tumor,

t/ Forestomach tumor,

¥/ Urinary bladder papilloma; two hyperplastic lssglons of urinary bladder not included.
i/ Two hemangiomas.

1/ p < 0.01 scmpared with controls.

¢ p < 0.001 comparad with controls,

I/ The invastigacors found no significant ssx-related
diffarences,

8/ Incidental tumors are tuymors discovered at neerapsy
af an anizal which died from =zome other cancesr; non-
ineidental tumors are ctumors diagnosaead during life or
which caused the dsath of the animal.
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A decrease in survival time for nice with tumors was
noted in both male and female treated C3HS mic; when compared
_ with controls, C3Hf treated male mice survived an averags
of 511 days comparad with 630 days for control male mice,
According to the evaluation by EPA's CarcinoRen Assegsment
Group [CAC] (1068), this difference was significant (p <0.001}).
Treatsed female C3IHf mice survived 620 days compared with 680
days for control females, Chemically induced oncogenio
effects typically ahow long latency periods. The finding
of reduced longevity among treated animals as compared
with controls complicates the agssessment of ths potential

oncogenic affects of 2,4,5-T.

R Sk Septall ™, | s,

In XVI1/G mice, BU4% of the treated famales (16/19)
and 75% of the treated males (15/20) developed tumors,
compared with contrel values of 53% (21/30) and 78% (25/32),

raspactively.

An inerease in survival time for mice with tumors
over gontrols was noted among the IVII/G treated animals,
There was an average survival time of 583 days for tresated
nale mice compared with 521 days for control mals mice.
Treated females :;;;i;;éoé;1 days compared with 569 days for

control females, According to CAG (106), the difference

was significant (p < 0.01) in females.
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(b) [Effects of Suboutaneous Injsctisn.and.fral..
Admipistration of 2,8.5-T (30 ppm TCDHD)
en. Rodaents

Innes et al, (107) studiad the tumorigenicity of
2,4,5=-T, conftaining about 30 ppm TCDD, inm two hybrid
strains of mice, dosignated as "X" and "IT, after aral or
subeutansous administration of the paximum tolerated dose
{Table 3} The testing was performed at Blonetics Rsaearch
Laboratories, under contract from the Natlonal Institutes

of Health, Results of the studies were calculated comparing

treated groups with matoched and pooled controls, i/

— s b ¢

In the subecutansous study, mice were z2iven a single
injsction of 21.5 mg/kg of 2,4,5-T in a dimethyl sulfoxidse
(DMSO) solution at approximately 18 months of age. Sevenisen
percent (3/18) of the %Lreated "Y™ males daveloped pulmonary
adenomas, compared with 1% (1/71) of the matched controls and
34 (4/122) of the pooled controls, This incereased ineidence
of pulmenary adenomas was siznificant relative Lo both con-‘

trol groups [p 2 0,024 matehed and p = 0.04 posladl]l (10¢6),

g T i t "

In the oral study, 21.5 ag/kg of 2,4,5«T in gelatin

was administaered daily by stomach tube, beginning at seven

8/ Because this was a large scale sereening study,
several contrsl groups were ysed, No significant dif-
fearances wers faund among these Zroups.,
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days of agse. Afﬁer weaning, 60 ppnm or-z,u,s-f was mixed

in the dist and provided ad libitunm un£il the end of the
stud& at approximately 18 months, Gross and‘histological
examinations were made of all major organﬁ';hd visihle
lesions; thyreld glands were not examined. According to
CAG's evaluation {106), there were no significant differences
between 2,4,5-T treated and control groups of mice with
raspact to tumors at specifie sites or total number of

tumorebearing animals.

*ah.;_3;._Iunghz_in_ﬂig*_lns‘atinz 2.8,5=T

: b { 4 Mice with Specific JTumors l
H : {Dose ,1E19§_31:lenuma:1LHeticulum Cel‘ITumov Type Pumonaryi |

rainisSex! ) No/To ! " - i | amarams
P X M Q | 5715 i 3314 0 ! 2 | 3 '
' i I(matchad)l ! | ! § -
| } } ] 4 22/79 | 28 | 5 | 5 | 8 i
} 1 1{pooled) | i ' } i ]
] i | 60 i 6718 ! 33 1 | 1 't 1
% O | 2718 11! 1 f 1 P == ]
| i i(matched)| i ; ! i |
} e 1 0 t 8/87 P9 b ' 3 I e
' I 1(pooled) | ! ! { ] '
H i 1 &80 ! 1/81 ! 5! - ! 1 1 - !
T 4 i M 0 } 3/18 P 1T e | 3 : - H
' | |(matched)) ' : | ] i
! I § 0 ! 16/%0 | 18 | 1 } 10 } 5 !
! i {(pooled) ! ! ! ! i '
i ! | 680 i 3/18 P17 | 2 ' -— T i
' tP1 0 } 174 - S S A B ] -— A
H | i{matched)! ! ! ; ! |
i It 0 Vo 7/82 P9 3 | 3 . |
H ! }(pooled) | : } ! : i
J H 1 680 ! 2718 LA 1 } - 1 an !
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(2) I¢pn

(s) Qneegenic Iffscts of Low Levels of TCOD_
an.Rodsnts

Van Miller et al. (109) recently reported the results
of a3 two-year feeding study with male Sprague-~Dawley rata,
Ten groups of ten animals per group wers fed ground chow

2

containing 0, 1, 5, 50, or 500 ppt (= 10~" gram TCDD/gran

9

food), and 1, 5§, 50, 500, or 1,000 ppb (= 10 ° gram TCDD/gram

food) TCLD.

Food intaks (10 + 4 g/day) was significantly lower in
rats ingesting the three highest dose levels (50, 500, or
1,000 ppb TCDD) than in controls (21 x 2 g/day), and none of
the rats in these three groups gained weight after the start
of the experimental diets ALYl rats receiving these taras
dose levala died DPetwesen the second and Ffourth week.of

treataant.

On the other hand, rsed intags for rats on other doss
lavels was similar to controls (20 » 2 g/day). Weight

gain wag significantly less only for rats given 5 ppb TCDD

{391 » 54 g) as compared to controls: (531 + 44 g), 1In thess
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seven groups only one animal died before the 30%h week, and
that death occurred in ths 500-ppt éroup at the 17th week.
In the 5~ and l-ppb groups, all animals died by the 90th

week of the experiment. Table 4 shows the mortality figures

for all groups.

Table 4, Mortality in Rats Ingesting
Various Levels of TCDD
( ! iNo, Rats Dead |
] ]
ADoge | s¥ggk B&gth ! at 95¢h ngkifi
§ [ ] ]
| o2/ | 68 P 6710 (60%) |
I 1 oppts/ | 86 | 2710 (20%) !
1 g., ; | i
| 5§ ppt ' 33 ! 4/10 (40%) :
!50 T ! 69 ! 8710 (%0%) |
!500 pp-‘E" E 17 ! 5/10 (50%) !
L1 ppbs’ | 31 | 10710 (100%) !
[ 5 ppbh"’ E 31 | 10/10 (100%) |
{50 ppoi’ ! 3 ! 10710 (100%) !
!soo ppb-“ i 2 I 10710 (100%) !
11 000 oobk” 2 | 10710 (1004 !

a’

b/ Control grou
&/ Approximate
4/ Approximate
&/ Approximate
L/ Approximate
£/ Approximate
h/ Approximate
i/ Approximats
J/ Approximate
k/ Approximate

Pe
weekly
waekly
weekly
waakly
Weoakly
weekly
weakly
weaekly
weekly

dose
doge
dose
dose
dose
dose
dosa
dose
dose

=5 T-

was
was
was
was
was
was
was
was
wasg

Surviving animals sacrificed at 95 weeks,
Diet contained no TCDD.

0.0003 ug/kg bLody wt.
0.001 ug/kg body wt,
0.01 ug/kg body wt.
0.1 ug/kg body wt.
0.4 ug/kg body wt.
2.0 vg/kg body wt.

24 ugs/kg body wet.

240 ug/kg body wt.
500 ug/kg body wt.



Laparotomies were performed on all rats surviving
through the 65th week, and all tumors observed Qére biopsied,
Rate were maintained on these diets umeil tﬂa 78th week and
weare bh?n placed on the control diet, Sur?iviﬁg animals
Ware killad'at 95 weeks, Complete necropsieéugers dsne at
death or gacerifice, and tissus samples were microscop-

l1cally examined, Special staining methods were used to "aid

i the diagnosis of neoplasms.”

Tumorigenic and toxlc effects were observed in rats
in the six lowest dose groupa. The overall incidence
of neoplasms in the six experimsntal groups was 38% (23/60),
compared with 0% (0/10) in %the control group. The difference
is statistically significant (106). Neoplastic nodules and
cholangiocarcinomas of the liver were obgerved in 40% (4/10}
of the rats ingesting 5 ppb TCDN; Two animals had beth
neoplastic nodulas of the liver and cholangiocarcinomas.
Ones rat (10%) in the 1 ppb group had hepatic carcinoma
compared %o none of the e¢ontrols. Hepatiq tumors were not

found in other dose groups (Table 5).

tdyar 1 v Aot T a L 4 / -
H { Rats With | HRats With | Rats With H
: | Neoplastic | Cholangio~ | Nodules plus!
] 1 Nodylas | garein ! ey ng !
iDoge (pob) ! No, | 3% H 1 Y . § I No, 1% i
i 0 i 010 | O 1 0/10 | 0 1 0/10 § 0 i
i 1 p 0790 1 @ foiz10 8 16 ) 1710 ) t0 '

1 t » t

I s az1g ) uog®/d /00 1 20271 us9g | agR/ |

a/ Data from Van Miller (109},
R/ Two aninals had both neoplastic nodules of the liver
and cholangiocarcinomas,
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Tumors developed in 46% (23/50) of the rats ingesting
5, 50, or 500 ppt and 1 or 5 ppbd TCﬁD; compared to none
(0/10) in the control rats, Van Miller et al, noted that
"nineteen (57%) [sic - Agency calculation is 54% (19/35)]
of the animals that died in the 3ix groups fed subacute
levels of TCDD had neoplastic alterations.® Carcinomas were
observaed in the ear duct, kidney, and liver. Three retriperi-
toneal histiocytomas were deseribed as metastasizing to thé
"lungs, kidney, liver, and skeletal museuylaturs." According
to CAG's evaluation (106}, statistically significant incereases
in tumors at all sites were found in rats fed 5, 500, 1,000,
and 5,000 ppt as comparsd witﬁ control animals (p=0.435)
[Table 6], Three of the ten deaths which occurred in the
S-ppb dose group wers attriduted to aplastic anemia. an'

animal in the 500-ppt group had a severe liver infarction.

Dow Chemical USA (110) has provided EPA with a
preliminary rsport of a study of TCDD's chronic toxic affacts
in Sprague-Dawley rats. Groups of 50 rats of each sex were
Ted 0.1, 0.01, or 0.001 ug TCDD(kg body welight daily for two
years, To proviq? these dose 196513, the concentrations of

TCDD in the diet were approximately 2,200, 210, and 22 ppt,

Eighty=six animals of each sex wars used as controls.

Dow (110) reported "discernible increases” in the
incidence of hepatocellular carcinomas of the liver

and of squamous cell carcinomas of the lung, hard palate/nasal
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table 6.  Total Tumors i Theagtd
! i _ ‘ | Rats With i
| b U Tumors I, Tumors |
{Dose | Benigd. Maliznanz..  Tetal L No, g t
b o S R B I o | o/t0 o8 |
{ 1 ppt "} 0 ! 0 ) 0 i o/T0 c% !
]
lspot ¢ ¢ | s b6 | s/ sos? |
| | | | 5t/ | ;
soppt | 2z i 1 * 1310 zes |
lsoo ppt | 2 | 2 o | wt0 wog® |
| | | | sa |
ppb | 0O g E ! 83710 hog
{ ¢ pop 1 g 1 5 I yod 1 2710 70e

a/ Data f*am Van Miller (109).

b/ Rats administered 50, 500, and 1,000 ppb were all

dead within four weeks,.

&/ Forty mals rats ysed as controls for another study that
were recelved at the same time and kept under identical
gonditions did not have neoplasms when killed at 18 months.
4/ One rat had ear ducet carcinoma and lymphoaytic leukemia.
The following tumor types ware each observed in one ratf;
adenccarcinomas (kidney), malignant histioeytoma (retroperi-
toneal), angiosarcoma (skin), and Leydig c¢sll adenoma (testias).
&/ Three rats died with aplastic anemia.

L/ The following tumor types were each observed in one rat:
fibrosarcoma (muscls), squamous cell tumor (skin), and
astrocytoma (bdrain).

g/ The following fLumor types wera each observed in one rat:
tibroma (striated muscle), carcinoma (3kin), sclerosing
seminoma (testis), and adenacarcinoma (kidney).

h/ One rat iad a3 ssvers liver infarction,

1/ One rat had cholangiocareinoma and malignant histio=-
sytomas (retriperitonsal). The following tumor Yypes wers
aaeh observed in one rat: angliosarcoma (3kin), gliocblastoma
(brain), and malignant histiocytoma (retroeperitioneal).

d/ One rat had squamous c¢all tumor (lung) and neoplastic
noduls (liver). Two rats had cholangiocarcinoma and neo-
plastic nodule (liver)., Thres rats had squamous cell tumors
(lung)., One rat had neoplastic nodule,

-60-



turbinates, and tongus In rats at 0‘1'ug/kg. They also
reported decreased incidences of pituitary? gtarine,
mammary gland, panereatie, and adrenal g;ggg tumops at this
dose leval, Dow also reported that this doss level produced
inereased mortality, decreased body weight gain, and changses
in blood chemistry values which suggestad severs toxiecity.
Hepatocellular nodulss and alvealar hyperplasia were
observed in the 0,01 ug/kg group. 4 squamous ¢ell carcinoms
of the hard palate was observed in one female receiving this
dose; Dow considered this unrelated to TCDD ftreatment
becauses g similar fLumor_occurred in "other concurrent
studles.” At 0.001 ug/kg there were no "discernible effects-
in male rats and an increased incidence of [reversible)

swollen hepatocytes Iin female rats,®

Dow's preliminary report does not include control
data, quantitative data on tumor incidence, or statistical
analyses. CAG has not evaluated this study. Table 7
descriﬁes the aVailablabtumor information., Dow has submittsed

the final report for this study, which CAG is'currently

- g -

reviewing.
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Table T, Tumors in Sprague-Dawley hats
Ingasting TCDDﬁI

! Dose i {
lug/ke/day | oot 1 Tumors ]
' 0 i 0 | e<ce= |
50.01 i 210 | Hepatocellular Nodules i
| l I Squamous Call Carcinom&ﬂf |
] | I 4Alveolar Hyperplasia |

1 1 ¥
IU.I | 2,220 | Hepatocallular Carcinomaﬁ’l
i i

' Squamoug Call r 47 1

a2/ Data from Dow Chemical USA (110), a prsliminary report.
R/ Hardpalate 3quamous ¢ell carcinoma ocbserved in aonly

ones famals rag,

&/ Observed only in females,

4/ 8quamous cell carcinoma observed in lungs, bardpa-ate/-
nasal turbinata, or tongue,

(b) Zffects Clogelv Hslated %o Oncogendcity in Test
Apimals . .. _. '

Hﬁny ¢hemically non«reactive carcinogans are ‘
enzymatically coavserted to biologicallf active carcinogeds.
The eanzyme aryl hydrocarbon hydroxylase (AHHR)} is strongly
implicated in this process (112). For example, the incidence
at br&ﬁchiagénic carcinonas ik humans (113) and mouse
sarcoﬁaa induced by I-methylecholanthrene (114) have been

relited to the level of inducibility of AHH (99).

Rouri et wl. {113) studied ABH induction in human
lyuphoeyte cultures by TCDD. The authors stated, "TCDD
itself is not a potent carcinegen in mice; however, the
synergistic action of TCDD with 3J-methylenolanthrene (MC)

produces qancer in different a3trains of mice in direct



proportion fo the degree of elevation of the induced hydroxy-

lase activity and assceciated cytochronme 91-350 content,"

Their study showed a positive correlation betwsen basal
enzyme activity and enzyme levels maximally indueible by
either TCDD or MC., They also found that TCDD is about 40 to
60 times more potent than MC as an inducer of hydroxylase
activity in cultured human lyamphoceytes. These authors
further suggested that, because of the rslatively high
levels of TCDD in certailn parts of the world, TCDD

na} also present considerable long-term risk bescause of
possible synergisa in chemically injtiated oncogenesis, in

addition to short-tarm risks posed by its toxiec and terato-

genic properties,

The implication of TCDD in AHH indueibility has

also been reported by Poland and Glover (115, 116) and

Poland et al, (117). In their studiss on chick embryo

livers, Poland and Glover (1135) found that all dioxins
“which are potant inducers have halogens at three of the

four lateral ring positions and at lsast one nonhalogenated

earbon atom. Poland and Glover (116) compared the po-

teney of TCDD as an inducer of hepatie AHH with that of

MC, the most commonly employed inducing agent. They

stated that analysis of the data by a computer progranm

for bloassay showed that TCDD was 28,640 times as potent
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as MC on a molar basis., (The 95% confidence intprval

of the potency ratio is 2.07 to 3.95 X lﬁu.) Tha index of
precision, A , Was 0.18. Poland et al, (117) suggested that
a hepatlie eytosol species whieh binds TCDD is‘tbe recaptor

for the induction of hepatic aryl hydrog¢arbon hydroxylase.

Allen et al, (118) conducted a study in which female
rhesus monkeys were fod diats contalning 500 ppt TCDD for
nine monthsa, Anemia, thromboeytopenlia, and lsukopenia were
the most debilitating changes. The altered lymphopoiesis
could be associated with immune suppression. The authors
regported widespread hypertrophy, hyperplasia, and metaplasia
in the epithelium of Ronkeys exposed to TCDD, and relatad
this to data showing inereased fumor f{frequencey in TCDD fad

rats.

(3) » ipary Tnidaminlaciazl

Two epidemiolgical studies lend support to a finding
af increased tumorigenicity dve to 2,4,5-T exposurs, The
English sugmary of a Swedish paper by Hardell (108) stataed
that "there were seven cases of malignant mesenchymal tumors

- AR

in (87] persons [who ha& B;én] axposed to 2,4,5-T over a
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period of 10-2Q0 years.” In five of the cases, sxposure had
been direct and comparatively massive, The latent period of
10 to 20 years is in agreement with that asSsumed for chemical
carcinogenesis, The statistical distribution of 7 of the

87 patients daviated from the national average with a

dominance of tumors in malaes,

Tung (120) report;d an elavated incidence of primary
liver cancers among Vietnamese following the wide application
of "Agent Orange" as a defoliant during the years 1961 to
1962. T™Agent Orange® is composed of equal parts 2,4,5-T and
2,4%=D (2,4-dichlorophenoxyacetic acid) and is contaminated
with TCDD. During 1962 to 1968, 10% (791/7911) of all
cancers were lLiver cancers, comﬁared with 3% (159/5442)
~during 1935 teo 1961+ The latent period involvaed 13 shorter
“than that normally assumed for chemical carelincgenesis; the

_posaibility of a shorter latent period for some chemicals,
however, cannot be eliminated. Neither‘of these studies is
sufficlent ¢to be the basis of any firm conclusions concerning
a causal coﬁ;ection between 2,4,5-T and caneer. Butv in viaw

of the resulta obtained in experimental animals, they

warrant noting.
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The Working Group concludes that there 1s syfficient
svidence to indicate that 2,4,5-T, cantaininé 7CbD at
levels a3 low as 0.05 ppm, and TCDD alone can produce
oneogenic affects in mammalian species, Sinee 2,4,5-T, as
eurrently formulated, contains 7CDD {at a maximuw amount of
0099 ppm), a rebuttable presumption against registration of
244,57 producits has arisen because of the oncogenic affacts

of 2,53,5-T and TCDD.

Be Qtber Chronig or Delaved Toxig Rffects

B0 CFR Segtion 152,12(a)(3)(11)(B) provides that "a
rebuttable presumption shall arise if a pesticide’s
ingredient(s)...{p)roduces 21y other chronic or delayed
toxie effect in test animals at any dosage up to a leval, as
determinad by the ddministrator, which 1s substantially
higher than that to which humans c¢an reasonably be anticipated

;;Fo ba éxpoaad, taking invo account ample margins of safaty.”
This section reflects concern that chronie¢ exposurs to

“ehemicals may result in iajury to the reproductive systen
and/or the fetus and prévidea that a rsbuttable preaumption

simall arise 4%f chronie ghemical exposure in test animals

produces such results,

The studies summarized below show that 2,4,5-T
containing 0.5 ppm or laeass TCCD produces teratogeniec and/or
featotoxio effects 4in mice at 30 mg/kg, in rats at 100 ng/ksg,

in hamsters 2t 40 mg/kg, and in birds at 1 ag/kg. Other
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studies show that pestiecide~frae TCDD is fetotoxie and/or
teratogenic at doses as low as 0.125 ug TCDD;kg in rats and
0.1 ug TCDD/kg ‘in mices Specifically, these studies
ahow'that gxposure to TCDD and/or 2,4,5-T Ebntaining TCDD
during p}egnancy is associated with statiégicallf significant
inersases in the incidence of gleft palate, kidney anomalies,
skesletal and intestinal tract anomalies, and embryonie
regorption. (Maternal toxicity has alse bgeﬁ obaerved in
many of these sfudies, primarily in the form of reduced
welght galn and incereasaed liver-to-body weight ratio.
Whenever it has appeared particularly relavant, details have

been cited in the individual studies,)

. —

The Werking Group has concluded from these studies
that 2,4,5-T containing TCDD, 2,4,5-T without detectable -
dioxin, and TCDD alone produce fetotoxic and teratogenice

~effects In mammals. The Working Group has also concluded

“_Zﬁat-;n ample margin of safety does not exist for tha

-—population at risk (women of child-bearing age) for dermal
and inhalation exposura'and for cumulative oral, dermai, and
inhalation_exposure %o both 2,4,5-T and/or TCDD. For these
reasons, the Working Group recommends issuance of a rebufttable

presumption based on the fetotoxic and ftaratogenic aeffacts

of 2,4,5-T and/or TCDD.
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(]_] Peaticideafras TCDD

A Bionstics Research Institute study on 2,4,5-T

"provided the flrst indication that TCDD adversely affactad

mammalian development (123). In this study, d?iailad with
later confirming studies in Section III.B.(éjmbelow, 2,4,5-T
significantly increased the frequency of cleft palate,
kidney anomalies, and fetal mortality in the littera of
treated dams. The 2,4,5-T used in this study contained
approximately 30 ppm TCDD. Subsequant studie;, datatled in
this section, using pesticide~{ree TCDD have established
that TCDD alone produces these eflfects, and that the TCDD

contaninant may be the principal chemical determinant

— ——

..off the festotoxic and taratogenie effacts in mammals exposed

to the pesticide 2,4,5-T,

(a) Stydie= in which TCDD Pwgduyged Taeratoganic
—— T n Rarnt 4 CPPan 4 M a

Courtney and Moore (128) studied TCDD's embryotoxic

-

and terstogenic effects in three mousse strains (Tablas 8).

Test animals were administared 1 or 3 ug TCDD/kg body

waight subcutaneously in soluftions of 100% dimethylsulfoxide

(DMSO) on days 6 to 15 of gestation. DMSO was administersd as

the eontrol., TCDD produced cleft palates in all three
strains, A% 3 ug/kg, 30% (3/10) of the CD-l litters had
fotuses with c¢lef% palates compared ta 0% (0/9) of the

controls; 714 (5/7) of the CHTBL/S lititers had clefi palates
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at 3 ug/kg as compareé te 0% (0/23) of the controls; and 22%
(2/29) of the DBA/2 litters had cleft palates, as compared
to 0% (0/23) of the controls, The authors also found a
parked incerease in the incidence of kidney anomalies in all
strains, One especially sensitive strain, CSTBL/6, developed
. kidney anomalies in 100% (7/7) of the litters as compared to
9% (2/23) in the controls., Maternal liver=to«body ;eight
ratio was significantly increased in the inbred strains,
CBTBL/G and DBA/2, but not 1ln the randomly bred (D=1 mice,
TCDD had no effect on fetal mortality, fetal weights, or

maternal wejights at the doses administered,

I:ab!g § Ianzsgg gig ?P"I ng g Qﬁ @D 1n M-{gg gng Batsa/

iStrainiDose {Litzer
Cleft PalateiKidney Anomaliﬂs

; H{ug/kg) iCleft Pa-ate.Kidney Anamalies

H ]

| :

i ! | 4 g I ; 4 ! . ] IR 1 !
IMouss | ' ; | d : i
1CD~1 }j0{DMSQ)| 0/9 0 ! 3/9 a3 i 0/9 0 i 1/9 11 )
' i 1 | 179 11 | 579 1) | 2/9 22 {4.,6/9 51 ;
} i 3 ! 3/10 30 110710 100 1 1710 10 !16.5/10 63 ]
iDBA/2 {0(DMSQ)) 0723 0 | 3723 13 | 0/23 0 i 1723 4 |
] 3 1o/ 232 1 8/9 89 ! 179 11 11,879 20 1
ECSTBL/.O(DMSO)‘ 0/23 0 | 2/23 9 | 0/23 0 } /23 b }
. T - V& A & DO B 7 4 100 \ 2,677 31 % y1 43 b

IBAL i 1 ! ! i ]
ch EO(DMSO)I /9 0 i 079 0 ! 0/9 0 1 0/9 o |
0.5 1 os8 0 __ ! us8 AT i 076 0 !1,B/% 20 !

i
H
a2/ Data from Courtney and Moore (128).

In another study in whiceh g8ix dioxins were admini-

tm T e v

stered subcutanacusly and orally to CD=1 mice, Courtney

(133) found TCDD to be the most fetotoxie and teratogeniec
of the dioxin c¢ompounds, by either route of exposure at all

dose levels tested (Table 9)., On days T to 16 of gestation,
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TCDOD was administered orally at 25 to 400 ug/kg body weight

and subcutaneously at 25 to 200 ug/kg.

Mortality pa; litcer increased with the dose and
reache& 97% (oral) and 76% (subcutaneous) invths litters
administer;d TCDD, as compared with a mortality of & and
14% in the oral and subgutansous control groups, respec-
tively, The most common apomaliss observsd were clerlt
palates and malformed kidneys., ALl of the fetuses in
the 200 and 300 ug/kg (oral) and 200 ug/kg (subcutansocus)
groups sxhibited cleft palates as compared to 0% of the
controls, Of the fetuses in the 200 ug/kg (oral) graoup,

100% had kidney malformations as comparsd to 1% of the

.eontrols, Udther ancmalies observed wers hydrocaphalus,

open aye, and club foot. Edema and petechiaze wers also-

observed in fetuses administared the high dosses,

10. 001 y¢naﬂ/

Iap"ia # .
v c ! ;ﬁveﬂage # jAbnormal Anomalies/Total Fatyses!
! Dage | H {Abnormal IClaft | idney i Club )
i (ug/kg IRouta af Ad- 4 avs"aga Fetal .Fetuses |Palate | Anomalies | Foot |
Jper day)! b zarl % i 1 t. 3 1
i 25 i Oral i 6 I 4.6 i 3 : 34 P03
{ 50 ! Oral i 13 H 8.1 19 ! 72 i T
b 100 i Oral ' 14 ! 8.3 | 66 i 71 i 13 |
i 200 ! Oral | . —B7 i 1.5 I 100 ! 100 | 14 l
HIR (s a] : Oral ! 97 ! g, 4 i 100 1 o 10] ! =9 i
| 25 | Subeutansous| 36 -1 § i 82 i 53 L &
! 50 | Subeutanaous| 58 i 5.0 i 79 ' 58 SR
! 100 | Subeutaenous} 72 i 3.5 ! 85 ! 95 o9
L1200 lSubcutasnougi 78 31 | 100 ! 28 (18 1t
i5% i Oral { 6 i 0.8 v i 1 boon
lanisols | i | ! i : :
teorn oil| i | | i } !
f{0.1 1)}t H i ! | ] L
] ] i i ] ] ] ]
i_ﬂﬁﬁﬂf/__ls_ub_g_g,ﬂneous' 14 6.2 | 0 ! 9 Pooa 4

a/ Data

from Courtaey (133).

b/ DMSQ = dimechylsulfoxide.
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Moore et al, (174) also roundjfhat TCﬁD caused
fetotoxic aﬁd teratogenic responses in C57BL/6 mice at
VY ug/kg administered on days 10 through 13 of gestation,
Comparad with 0% incidence (0/27) in the control litters,
943 (15/16) of the treated litfers exhibited kidney
anomalies, and 19% (3/18) had cleft palates, At 3 ug/kg,
the incidence of these anomalies was 1003 (14/14) and 86%

{12/14), respectively,

Neubert and Dillman (127) fested the embryotoxis
and teratogenic effects of TCDD in KMRI mice (Table 10).
In one test, pregnant mice were given varying doses of TCDD
(0.3 to 9 ug/kg) by intubation on days 6 to 15 of gestation.
it 9 ug/kg, 100% (3/3) of the viabls litters had resorptions;
67% (6/9) of all liftera had total resorptions., 01l control
values were 32 and 0% for litters with resorptions and '
litters with total resorptions, respectively., Cleft palate
was observed in all of the litters and -82% of the fatuses
at 9 ug/kg; comparable ;il control values wers 6 and 0.7%,
respectively, Statistically significant (p < 0.,01%)
propoertions o;ﬂ:;;*;;;;:;; ;vidanced'clsft palate at 3, 4.5,

and 9 ug/kg (3, 13, and 82%, respectively) when compared

with the all cantrol,
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Table 10. Embryotoxic and Teratogeniae

Fffacts of TCDD on NMART Micaif
” k]

!!lii"sg 2 a:cagsag£gianag T:’f"'nw:l

‘ |
I Dosen/| Resorptions I Cleft Palace |
Jlug/kaz) ! g 1 .9 ! 1 2 i
] o i 23/9%) 2% 1 6795 | 6 i
I oil | 21/65]1 132 I B3/65 | 6 '
} 0.3 1. 7/131 54 {0713 | 0 } -
1 3.0 | 16/724% 67 V7724 2% :
i\ 3.5 | &/712% 42 i 6/12 1 5S¢ i
t 9.0 | 37734 t00 b 3/3 1 100 ]
. 9.0 ' 3/8 3 6O i 5/6 1 83 1

a/ Data from Neubert and Dillman (127).
R/ All doses administered on days 6 to 15,
axgept second 9.0 ug/kg dose which was
administvered on days 9 to 13.

In this study, a singls oral dose of U5 ug/kg TCDD on
day 6 produced resorption in 100% of the viable litters; 23
ug/kg on day 10 led to 50% rescorptions. Seventy-one par
cent of the viable litters had embryos with cleft palats
when 4% ug/kg wa9 given as a single doss on day ll. COntrcl_
values ware 24% for litters with resorption anga 8% for
litters with c¢laft palatas,

Smith et al. (133) adminiscered ¢,00t, 0,01, 0.1,
1.0, and 3.0 ug TCDD/kg body weight per day to CF-1 mice by
gavage from days 6 through 15 of gestation {Table 11}, The
parcencage of resorptions psr ipplantation was significantly
higher in treated mice than in ths c¢ontrols only in cthe 1.0
vg/kg group. Cleft palate occurred in 71% of the litters

trsated at 3.0 ug/kg and in 21% of the litters treated at

1.0 ug/kg; bilateral dilated renal pelyises occurred in 28%

T2



of the litters treated at 3.0 ug/kg, and in 5% of £he
litters ftreated at 1.0 ug/kg. No significant inersease in
elther cleft palate or dilated renal pelvis was observed at
0.1, 0,01, or 0.001 ug/kg. None (0/3%) of the. control

litters had eleft palate or abnormal kidneys.-.

1 13 4 o orina Rffan ™ - .ﬁ/

{Incidence of CleftiLitters With {Litters With Dilated)
{Palate in Litters |Resorbed Fetuses|Renal Pelvis per ]
]

}

]

] Dose er {dya [ ittam arn 1iva L4titam {ya Etar

' Y SR N N S i
{ o | 0738 | 0 | 25/38 % 74 | 0/38 | 0 i
| 0,001} 2741 | 5 ) 30/81 ) T3 | o/81 |} 0 ]
10,01 1 0/19 | © ' 17719 f 8 } o/19 ! 0 i
1 0.1 L U1T ) 6 {16171 94 | o/1T | o |
1o fang | 28 Haangl o5 | 119 | 5 |
i a0 lioris | 298 Pqaz9md 98 1 wqa | obl |

a/ Data from Smicth et al, (135).
D/ Statistically diffsrent from g¢ontrols by the Fishers exact
probability test (p < 0.05).

+

Neubert et al. (175) estimated the ED~50 for claft
palate in fetuses to be Y40 ug TCDD/kg per day (Table 12).
The noweeffecteleval during days 6 to 15 of gestation was
estimated to be 2 ug/kz per day for NMRI mics. No pronounaed
fetal mortality was observed when 3 ug TCDD/kg body weight

was administersd on days 6§ to 15 of pregnancy.

a e la nla amw Mimna Fad T

' { Dose (% Cleft Palaves per _Affacted [iftters/Total Litfersi
|SErain HE-I4 3 Togal Fatysas Bwamined| $ ! 1 !
} CD=1{ O | <0.3 ! 0/29 1 0 1
! [ T 3 ! 3/10 ! 20 i
1DBA | 0 | <1 | 0/23 I 0 l
H ] 3 H )} H 2/9 ! 22 H
| NMRI | 0 i 0.7 H 10/160 ' 6 '
! 1 ? ! 2 ! T/oH8 H 2G !
1csT81 | 0 H <1 H 0/23 i 0 '

J 31 22 ! 5/7 ! 1 !

L
a/ Data from Neubert at al. (175).
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Sparschu et ;l. (129) administered TCDD to Sprague-
Dawley rats by gavags at 0.03, 0,125, 0.5, 2.0, and 8.0
ug/kg per day on days 6 through 15 of gestation (Table
13), Intestinal hemorrhages were observed in 14% (18/127)
of the fetuses at 0.125 ug/kg; 363% (36/99) at 0.5 ug/kg; and
57% (4/7) at 2.0 ug/kg; none (0/2488) of the control faetusas
had intestiﬁal hemorrhages. At 8.0 ug/kz per day, all
fetuses (100%) wers resorbed as compared to 20% (63/309) in
the controls, Fetal weights ware depressed at 0.125, 0.5,
and 2 ug/kg. Thia_g{fggﬁ_iga statistically significant (p
€0,05) in all groups sxcept females at 0.5 ug/kg. Ko
adverse affects were noted in the fetuses whose mothars wera.
fad 0.03 ug/kz, The authors coPcluded that TCDD induced a
Bigh leval of matarnal and fetal toxiecity and that 0,03
ug/kg per day was the no=effaet-lavel for fatal and embryotoxic

affects in rats.

Table 13,  Intestinal Hemorrhages in Offspring

of Spragus-Dawiayv Rats Fed ToDDR’
{ Dose Fatuses Affacted/«{Litcers Af‘acted/ }
f (ug/ks 4£3£n§z;_;&mm4LaL_Jidg ars = '
iper dav)! i 1 H H
10 (cone | 0/246 H 0 ' 0/23 i 0 i
ltrol) { | ' } ]
I 0.03 | os115 ) 0 { o0/10 0 I
| 0.125 § 187127 | 14 v T/50 0 T0O i
I 0.5 Y 36799 | 136 i w712 | 83 {
i 2.0 Vst 1 87 P2/4 i S0 !
I 8.0 TP N S !

A/ Data from Sparschu et al, (129),
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Khera and Ruddick (6) studied the perinatal ef-
fects of TCDD in Wistar rats. In one teﬁt, rats wers orally
administered 0.125, 0.25, 0.5, and 1.0 ug TCDD/kg per day on
days 6 through 15 of gestation (Table 1u).b [}scera;
lesions were observed at 0,25 ug/kg and above; slight
decreases in fetal waight were also sean, Postnatal affects
of prenatal exposurs to TCDD were studied by allowing
offspring of treated dams to be reared by untreated dams
sntil weaning; Reﬁuced survival, body weight gain, and
reproductive ability in the progeny were observed after
maternal treatment with 0.5 and 1.0 ug/kg. No fetotoxie

effects were obsarved at 0.125 ug/kge

In a sscond experiment, rats were treated orally

with 1, 2, 4, 8, and 16 ug TCDD/kg hody weight per dayl
on days 6 through 15 of gestation. TCDD treatment reduced
fetal weight, and the number of live fatuses per litter, and
produced visceral lesions in 50% (3/6) of the 1.0 ug/kg
fetuses and %¥3% (3/7) of the 2,0 mg/kg fetuses, as compared
to none (0/10) in the controls. The incidence of skeletal
anomalies was comparable to that in the controls at all dose
lovels., Doses of 1 ug/kg or more produced maternal toxiecity;

4 ug/kg or more producad 1009 =mbryomortality. Th? authors
concluded that oral treatment of pregnant Wistar rats with
0.25 ug (or mora)/kg per day on days 6 to 15 of gsstation

adversely effected rat development,
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‘rahl I atgs nig :‘:“l agﬁ: g 'I:E:Qn jn w"l:;a Eaté/

|Fatuses with 1Fetuses with Miero- H
IAvg. Fatal!Skelatal Anocmaliss/-!scopic Visceral }
1
]

—— e ——

| Dose Avg. # Live | Weight |Total # Examined- .Lesions/Tatal # Examined
l !"g [kg l ll Favygaa/fitton ll { g"ﬂlms’ H & ! b4 ! 4 ! 3 i
1Test 1 i H ; i ' : i )
} Un~- | 10.7 i 4,82 | 57107 | 5 } 0/13 | 0 :
ttreated) i ! ; } = : i
lcontrol} } H t ] H '
| Treated| 11.0 ! 4,51 | 217116 | 18 } o/1% i 0 '
leontrol} ‘ H i ! J ' t
] 8.125 | 10.6 | 4.6% | 37121 | 2 i 0/38 } G :
| 0.25 | 10.9 ] .79 | 67109 | 6 i /33 | 3 !
| 0.5 } 10.5 i 3.4 | 107105 | 10 } 3/ i 10 !
! 1.0 | 8.3 H h i | §/81 ! 7T H /10 ! 20 !
{Jest 2 1 d { ' ! H i
{ Un- | 11.5 i 4.68 | 8/116 | 7 ] 0730 | 0 }
treated] H : ; ; } |
feontroli i | ' } j }
i Treated| 9.8 i 8.77 } 9789 3 10 ; /10 | 0 '
leentral | I 1 | t i i
| 1.0 6.9 ] k.17 } 1/80 | g } 3/6 } 50 H
| 2.0 6.0 : .31 18T 1 12 i /7 ; 43 i
14,0 | 0 ! i i ! H |
1 8.0 |} 0 H ; H i | |
116.0 ! 0 | ) ! } l =i
)

3/ Data from Xherz and Ruddick (6); treated controla given anisole-corn oil.

Courtnay and Moore (128) administered TCDD to CD ratas
subeutansously in solutions of 100% DMSQO on days 6 through
15 of gestation (Table ). DMS0O was administered as the
control. Xidney anomalies were found in four of the six
littars (67%) whose dams were adminiscered 0.5 ug/kg as
gompared to 0% (0/9) in the controls. TCDD did net affaect
fetal mortallity, fetal waight, or e¢left palates in the

fatuses,

Dow Chemical USA (110) conducted a thresa-generation
raproductive study on Sprague-Dawley rats continucusliy fad

the equivalent of 0.001, 0.0t, or Q.1 ug TCDD/kg per day.
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A preliminary report cites reduced fertility and litter
survival in fo rats as the reasons {or discontinuing thse
0.1 ug/kg dose lavel; significantly redugsed fertility was
also observed at 0,01 ug/kg., "Clearly eviden®” indications
of tox{city 2t 0.01 ug/kg among rz and r3 litters includad
smaller litter size at birth, plus decreased survival and
growth of neonates., Dilated renal pelvis was observed in
each of the thres f1 rats at 0.1 ug/kg which survivad {o
adulthood, Increased frequency of this anomaly was alse
seen among weanlings at lower doses; however a dose-
related or ganerational correlation could not be made,

In summary, Dow concluded that "the reproductive capacity
of rats ingesting TCDD was clearly affected at dose levals
of 0.01 and 0.1 ug/kg per day, but not at 0.001 ug/kg‘p;r
da§ , through thres successive generations.” The pre-
liminary report did not include the numerical data neces-

sary for Agency evaluation. Analysis will continue as

these become available.
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Adverse reproductive affoscta due to TCDD have also
been observad in hamsters and chiekens.-'Gastrointestinal
.hemorrhage was noted in hamster fetuses after adeinistra.
tion of TCDD at 0.5 ug/kg per day on days § to 10 of gesta=-
tion (48; 62). Buu Hoi et al., (111) established that
0.02 u;/ks TCDD caused teratogenic effects in chick smbryos.
Bowes et al. (137) and Verrett (136) confirmed these
results, They found abnormalities in the beaksa, eyes,

and feet of chick smbryos after TCDD exposurs.

(e) Jummary

Studies have establishad that TCDD is fetotoxle
and teratogenic at doses as low as 0,125 ug/kg in rats
(129) and at 0.3 ug/kg in mice (127); prelininary data from
Dow (110} indicates that TCDD may have affects at 0.01 ug/ke
in rats. (Cleft palate and kidney anomaliles ha#e been
obgserved in rats, mice, and hansters, Ho fatotoxic or .
teratogenic 2affscts have been observed at doses of 0,03
ug/kg in rats (129) and 0.1 ug/kg in mice (135). Table 15
ligts the no-effectalevels in rats and mice for teratogenicity

from TCDD,
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193 ~Effeat-Laval n Tar spesis from TCDD

| | Route of Ad=|{Ne=-Effact-Levell

1

antag!imind [ - B 1, H ar . ! Rafaranna ;_

| Rat i Subcutaneous| <0.5 |Courtney and Moore (128) |
} | Oral | 0,125 |Khera and Ruddiek (6) I
- | Oral ] 0.03 |Sparschu et al. (129} :
| Mouse |Suybeutansous) <1:0 |Courtnay and Mcors (128) |
! ] Oral ' -40.3 INeubert and Diliman {127)!
i § Oral H Q.1 13mith = 1, {13%8) 1
(2) 2,32.5-% (TCRD Contamination Ranzing From Undefactable

3o 30, o0m)
(a) Taeratogenic ard Fetotoxic Sffacts in Rodents

- Courtney ot al. (123) developed the first evidence

that a 2,8,5«T pesticide product was teratogenic and fstotoxie

(Table 16) .49/ Tne 2,4,5-T used in this study contained
approximately 30 ppm TCDD, The pesticide was administered
daily either orally or subcutaneously on days & to 14 of
gestation in C573L/6 mice, days 6 to 15 in AXR mice, and
days 10 to 1% in Sprague-Dawley rats. Subcutansous adminis-
tration of 113 mg/kz body weight }sau{ted in significant
inereases in the incldence of 2left palate and cystie

kidneysilf in the eombryces of both strainsz of mige, and

fetal mortality in the CS73L/6 mice. Oral adaministration of

10/ HResults of this study ware pubdblished by the Department of
Health, Education, and Welfare (121) and by Clegg (122).

Jd1/ In a recent report on studies measuring renal alkaline
phosphatase in Petal mice, Highman st al, (45) attributed

the inereased incidencs of "eystic kidnsys® in the offspring
of 2,4,5-T treated animals to retardad development, rather
than true teratogenesis. HReduction in fetal weight and
lnereased incidence of cleft palata ware 3Xso observed

among the fatuses &f treated dazda.
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! ar 1itram i E
lavg. # Live|Abnormal{$ Fatuses i H -
| Fetuses |[Fetuses | with. . iFetal {Abnormal

|
i
IRoute of !
]
\
]

i

!

|
Mouse {Adminis- Dose |# Lit-! . 1 {Cleft [Cystic [MortalitylLitters
Strain {xration Upg/kg)iters ! ! iPalatei%idpey | % } 2

] ] ] 1 ]
c57BL/62/ | i | | | | i z |
Nortreated| wwan | eem | 72 5.8 R & I SR & R SR B 26 | 38
Control  |Suboutaneous} £/ | 106 | 5.5 P12 a2 29 | 42
Control  !|Stomach tube! g/ | 32 | T4 L I A D 15 1 M

1 1 i I 1 ] L]
Treated ISubcutaneous! 21.57¢ ¢ ! 7.7 i 12 t ot o | 3 1 50

\ 1 \ ] {
Treated .Subcutaneous!113.0h/‘ 18 | 8.4 H 5?1/ ! zzi/i 51/ ! g2 8&1/

] 1
Treatad {Stomach tube kg, Hlj; 6 | 8.5 , 37k! ! 2 ! 33Jj ! 8 1 1003/
] ] ] ]
Treated  |Stomach tube|113 AR T N I B R B T o BT A T A BT~
i ' I ; ' ! ' : ) :
] ] 1 § { 1 I
cseL/6d’ | { ! | ! ! | | !
Nontrsated| wewe | === 8 5.1 A I A 3 10
Control  |Subcutaneous! L/ | 10 | 6.1 } 8 + o} o | 23 1 30
i 1 I ] I I
Traated !Subcutaneousl113.0h/§ 0 | Te ! TTi/ ! 291/1 601/ ; 11 } 1001/

! ; i ! ' i ! ! ]

] 1 ] ] ]
x| | | { I I | | |
Nontreatsd!  weew | wa= | B8] 71 / - SR 4 N R 4 Y A [T . I
Control  |Subcutanecus, f/ | 72| 6.9 : y <& ) <1 | 15 1 24
Contrel  |Stomach tube}] 2/ | 12 | 8.8 ] 6+ o0 1 0 i 9 | 0

1 [} 1 ] ] i ]
Treated .Subcuuaneous.113.0n/f 14 ! 8.9 ' 291I ! 281/I 1 23 | 711/

1 I ] ]
Treated  !Stomach tupel113, 0! 71 g3 | g3/ | el o 1wkt qged/

/ Contained approxinmately 30 ppm TCDD.

/ Data from Courtney ot al. (123).

/ Treated from day 6§ through 14 of pregnancy. Killed on day 18 of gestation.

/ Treated from day 9 through 17 of pregnancy., Killed on day 18 of gastatien,

/ Treated from day 6 through 15 of pregnancy. Killed on day 19 of gestation.

/ Dose, 100 ul DMSO per mouse,

/ Dose, 100 ul honey solution (honey to water, 1:1) per mouss,

/ Administered as a solution of 2,4,5=T in 100% DMSO in a volume of 100 ul per mouse,

/ 2,8,5.T was suspended in a honey solution (honsy to water, 1:1) in a volume of 100 ul
er mouse,
/ p = 0.01,
/ P = 0.05.
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the same dose caused incresased inecidence of cleft palats and
.fetal mortality in both strains and cystic kidneys in
C57BL/6 mice. Courtney et al, also reported inersases in

I

liver-to-bohy #elght ratios in fetal zlcs.

These investigators also found that 4.6, 10, or 4O6.4
mg/kg 2,4,5«T given orally to Spraguse-Dawlay rats produced
kidney anomalies and othar smbryotoxic effects at all levals
(Table 17). The occurrence of hemorragic gastrointestinal

tracts in rat fetuses was alsg reported.

Roll (125) found embryotoxic and teratoganic effects
in NMRI mice after';;;dzgéi.exposure to 2,4,5-T containing
0+05 £ 0,02 ppm dioxin (Tabls 18)., 2,4,5-T at 20 to 130
ng/kg body weight was administered crally to the daws on
each of days 6 tos 15 of gestation. At 90 or 130 mg/kgz,
the percentage of raesorptions and/or dead fstuses was

markedly increased relaftive to the controls; however,

maternal toxie effects were also obgarved at thease dose

Iavels.iz/ 3tatistically asiznificant, doge-ralated
reductions in fetal weight were observsd at 20 mg/kg

and above,

12/ Although the LD=-5Q0 for female NMRI mice had bheen
praviously determined to be 778 wmg/kg, an incereased maternal
mortality rate was seen at 130 mg/kg and weight gain was
depressed at doses above 60 mg/kg (12%).
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Fyalyaeisn o 4 Ra § tsh/

Tahla Y Tarmyrasa
i ! i ! Par Litren } !
. i ' ) {Avg. # LivelAbnormalif Fetuses i !
! ! ! | Fetuses |Fetuses | with: H !
| I | | S 3 }Enlar-}Cystic | d
i {Route of d } ' ! lged  |Kidney |Fetal !Abnormal
Test tAdzing s- iDose |4 Lit-| i tRenal | iMortalitylLitters
Animal ltration img/kg)iters | i 1Palyis! H 9 I T
i 1 i i
aats® | | E | : I ! : |
Nontreated! —uwm= RS Y 8.9 ! 8 t ¢ o | 11 | 43
Sontral  |Stomach tube] &/ | 14 |} 8.7 ! 12 | 12} &1 i 1 {57
1 ] i ] ] 1
Treatad iSzomach tube! 3,651 8§ E 8.2 i 365/ i 18 F 21 | 12 | 88
1 ! a/sl ' 1 1
Treated |Stomach tube! 10.0‘/' 7 ! 71 ! k&gf , 17 i 305/ ! 285/ I 86
] ] 1 ] ]
Trazted  !Stomach pupel ug 121 g 1 s o | eB i o0 | B &

/ Contained approximately 30 ppm TCDD.

/ Data from Courtnesy et al., (123},

/ Treated (rom day 10 through 15 of pregnancy. Killed on day 20 of gestation.

/ Doss, 200 ul honey solution (honey %o water, 1:1) per rat.

/ 2,4,5-T was suspended in a honey solution (honey to water, 1:1) in a velume of 200 ul
er rat.,

/ P = G.01.
/ P = Q. 050
/ Tha sample size was posaibly too small to show g significant differencs.
la oty 4 Pt - T
\ |Reserptions and/or{Fetal I |
Dose ;Imp-antauions." Dead Fefuses  iweight | Cleft Palzfe !
ng{kﬁ!zan Ewegnangxiugllxgia ﬂgl} i |§E am:!lug £!jah 2 Hgi z i
0 101 i 19/332 1 5.7 1.23 | 6/313 I 1484
20 | 9,8 I 30/34% { B«T) 1.09 | 67314 ] 1.91
35 | 9.5 { 22/248 ! B.9) 1,06 | 14/226 | 6.21
60 | 9,9 i\ 15/208 i T+21 1,05 | 19/193 I 98]
90 | 2.8 i 35/293 111.9] 0.86 | 397288 11511
130t 9.6 1 191/318 160, 4! 0,73 1 617125 jug.g!

/ Data from Roll (125).
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Claft palate inereased among fetuses expoaed to 35
mng/kg or more and was significant when c¢ompared with eontrol
values, Skeletal retardation effects, manifeated as insuffi.
elent assification, were also observed, The teratogenic
no~affect level in mice for this 2,4,5-T was Eonsidered to
be 20 mg/kg. Later studies with a 9pecially prepared sample
of 2,4,5«T with no detectable amounts of dloxin (detection
lipit: <0.02 ppm) confirned these results in aice (125,
126). By contrast, daily oral administration of 25 to 15Q
Bmg/kg of either the dioxin-free or comnmercial grade 2,4,5=T
{(<0.1ppm dioxin) did not produce teratogenic effects in FVW
49 rats (126),

—-_—— - -

Neubert and Dillzan (127) also studied the effects of
?,R,5-T in ﬁMRI mice, using three samplss gontaining eithsr_
(4) less than 0.02 ppo diox:n,‘(B) Q.05 = 0.02 ppn dioxin
(provided by Dr. Roll), or (C) an unknown amount of dioxin
(Table 19), Their results confirmed those obtained by Roll
(125) « 2,8,5+T was administered to the dams orally in
rape-seed o0il on sach of days 6 through 15 of gestation at &

to 120 mg/kg hody waight,

The averagse number of rescorptlions was significantly
higher than the oil control at 60, 90, and 120 mg/kg of
sample (1), and 90 mg/kg of samples (B) and (C), Total
resorption of one Litter waas cbserved i fouyr of the groups

(30, 45, 60, and 90 wg/kg) treated with sample (A) and in

-84~



three of the litters tresated with 90 mg/kg of saﬁpla (B);
none was seen in the controls. Fetal weight was significantly
depressed in all treated groups compared with the oil

eontrol,

'Ihe parcentage of fetéses with eleft palate was
significantly higher than the control group in all 2,4,5=T7
groups treated with 45 mg/kg or more. In the group treated
with 120 mg/kg 2,4,5-T containing <0,02 ppm dioxin, 54%
(7/13) of the litters and 11% {16/145) of the fetuses
exhibited eleft palate compared with oil contreol values of

6% (L4/65) and 0.7% (5/669), respectively.

These investigators also tested the butyl ester
or_z,u,s-r and found similar effacts, In experimants -
combining 2,%4,5-T and TCDD, potentiation of taratogenic
effects was observed, Sixty mg/kg of 2,4,5-T {sample
A) combined with 0.3 ug/kg TCDD increased clafi{ palate
frequency among faotuses from 5 to 142, In this study no
claeft palates were observed among fetuses treated only with

0.3 ug/kg TCDD.
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Jagla 19, Sphryatoxie 2Tfactg of 2-"-“-1?/

| 3 ! H Bagporsion {325) i o .
! |Dioxin | 1% Litters!$ RES/Izplap-)RES/Single iFetal | Cleft Dalats (CPY
| tCanttntiDa:a Iwith RES ;tatinn Sites .Li bher w/RES!Weight 1% L.tcers.i Fatusas
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A/ Data from Neubert and Dillman {127); 2,4,5-T sample (b) received from Rall (125).
B/ p £ 001, .

Bage et al, (732) injected NMRI 2lce suboutansously
with 50 and 110 =2g/kg 2,3%3,5-T (<1.0 ppm gioxin) on sach of
days § through 14 of gescationm, 4L 110 mg/kg, 2,4,5-T was
taratoganic, caysing fatal death, oleft palats, and othar

anomalias,

Courtney and Moors (128) studied the sffeass of
€,4%,5<T {n CD=1 randoa~bred mice, two strains of inbred

atce, DBA/2J and CSTBL/GJ, and CD rats (Tablse 20).
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a/ Data from Courtney and Moors (128).
&/ Investigators Lhought this data te be closs to a maternal toxic doss,
&/ Maternal LD=H0.
4/ p < 0.05.



2,8,5-T containing 0.5 ppo (technical) or Q.05 ppm (analytical)
TCDD was administered aubcutaneously to @ice at'so to 150
ug/kg in DMSO and orally to rats at 10 to 80 mg/kg in

sucroaé on aach of days & to 15 of gestation. At 100 mg/kg
ar mere, b&th 2,8,5«~T samples produced aigniézgant r;ductians,
which appeared Lo be dosa related, in fetal weight in 211
strains of mice; rats were not affacted. 2,4,5«T was

fetogidal at two doses, but the lnvestigators considered

this effsct to bhe dus to maternal toxieity.

Both 2,4,5«T samples produced cleft palate in aice.
For CD«l dams treated with 100 mg/kg of ejther 2,4,5-T
sample, 40% of the litters and two fatuses per affacted
litter evidenced claft palate compared with 0% in the
aontral (Expt. 3). No cleft palates ware obsarved among the
raf retuses, To verify this observation, a second group
of rats was given two 150 mg/kg doses of technical 2,4,5-T
subceutansously at the time of palate closure {days i3
to 14). Again, no cleft palates were observed; however,
there was a significant increase in fetal mortality among

treated animals (14%) when compared with the centrols

(0%).

Patuses of CD=1 mice treated with analytical 2,4%,5-T
also showed incereased incidences of kidnsy anomalies;
the regponse to technical 2,98,5-T was not aa great, AT 100
2g/%g, 100% of the litters ana 4.2 fetuses per affacted

litter of dams treated with analytical 2;4,5-T displayed
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kidney anomalies, compared with 80% and 2.% for ?echnical
2,4,5-T and 63% and 2.0 for controls (Expt. 3): The effect
in inbred strains of mica was comparabie with econgrol
values, In rats, technical 2,4,5-T at all ‘dose levels
produced higher incidences of litters affected and numbers
of fe}uses per litfer affected than seen in the conirol
animals. The maximum eoffects on kidney anomaiiss in rats
were 50% of the litters and 4.0 fetusas per litter at 8Q
mg/kg, compared with 0% in the control littera.

In another study using CD~1 mice, Courtney (134)
administered 0.45 to 1.0 mM/kg body weight per day of

2,4,5-T (0,05 ppm dioxin) either orally or subcutaneously

during various segments of the gestaticn pericd (Table 21)%3/
Cleft palate was seen in all groups treated with 2,4,5-T;
there were no instances of this anomaly within the control'
groups, At 0.8 mM/kg, 48% of total fetuses and 37% of the
littaers evidenced this malformaticn., Statistically signifi.
cant (p £ 0.05) increases in the percentage of fstuses dead
and/or resorbed were observed at the highest doses, All
dose levaels had adverse sffects on fetal weight., The author
noted that by slightly altering experimental c¢onditions, the
cleft palate 2ffect and the effects on fetal mortality and

fatal welght could be produced indepesndently.

J3/ Haternal toxicity was alsco observad, evidesnced by
reductions in maternal weight gain and inersased livers
to~body weight ratios (134},
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a/ Data from Courtney (13%).

b/ Coarn oil:icstone (9:1)-eoral,

¢/ Dimethylsulfoxide -- subcutansouvs,

¢/ This concentration exceeded the solubility charucteristics of the vehigle,
Daubling the volume of vehicle resylted in sffects more consistent with those
faund at Lowsr doses, e —

s/ p £ 0.05.
& p £ 0.001,

Khera and McKinley (130) studied the prenatal

and poatnatal effects of 2,8,5=T in Wistar rats, using

- four samples eontaining no TCDD (dstection limit: 0.5
mg/kg) [Tabls 22]. Twenty-five te one hundred fifty mg/kz
body weight per day were admipnistered to the dams, orally in
galatin or corn oil, on days 6 ta 15 of gestation. 4t 25
and 50 mg/kg, the diffsrencss betwaen experimantal and
control values were min;ﬁgzt_ However, at 100 and 150 mg/kgz,

there were asignificant (p < 0,.05) effects on fetal weight,

i number of dead fatuses, and percaentage of malformed fatusss
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per litter+£/ The larger praportion of malforma& fetuses

in the treated groups resulted from either an inereased
inecidence of ske;etal anomalies also seen Iin the controls or
a low incidence of abnormalities not observed in the controls,
The fo?mer category included wavy ribs, retarded ossification;
extra ribs, and a variety of sternal defects; the latter
included fused ribs, small-sized distorted scapula, malformed
humsrus shaft, and bent radius or ulna., Abnormal kidneys

were observed ia 7 to 45% of the examined fsestuses treated

with sample T-1, compared with a controel value of 20 to 35%.

1 o = h.5.T 3 » Pa a
iCompund{Dose |# of |Avg. # per Litter|Fetal laAvg., § Mal- |
! t (og/kg) |Litters)Viable |Dead iWeight |formed Fetuses)
i J E i}?etu ih 1 I 2 | an [if o/ |
! T-1 |Treated] 14 | 11,1 | 0.6 |} 4,65 | 15 '
H iControl| | ] | | §
i {0 1 7 12,9 1.3 | 4.8% | 28 !
L i 100 ' ¢ 11,3 1 1.0 1. 4,60 1 29 !
| T=2 [Treated! 10 | 9.2 | 0.6 i 5.34 | 10 i
| {Control| i l i l *
] i1 25 | 13 | 0.5 | 0.8 ! 5.06 | 15 l
| l 50 | 12 | 1.7 | 0.5 } 5.15 | S ;
' .o ' ¢ 4 8.6 1 2.4 ! nsey i 32 Lo
] iTreated] 10 | 12.6 | 0.7 i 4.67 | 26 i
} {Control} ] ] | ! ]
i 1 2 1 11 12,7 1 0.5 i 5.15 | 10 H
i ! 50 1 18 | 11.8 | 1.k I 8.91 } 28 !
i ! 100 HER Y] I 11.0 | 0.6 i 4.35 | 36 H
i ! 180 ' s ! 11,6 1 2.2 ! 3,98 1! 56 !
| T=3 ITreated! 10 | 11.8 |} 0.7 i 5.31 | 17 '
! iControl} ! !, ; i ]
4 | 25 {32,245~ 0.5 - 1 5.00 | 11 H
H I 50 1} 2 | 11,0 | 0.5 P 8.5 0 56 d
] | 100 | 12 | 12.6 | 0.9 } .00 | 37 :
1 ! 150 ] 1 11,0 1 1.0 1 2,00 | Q1 1
b8/ | a9 4 g baga d 49 b opou | 14 |
a/ Data from Khera and McKinlay (130).

D/ One or more skelstal malformation (viable fetuses),
8/ No treated control given,

14/ Statistical significance was determined using the
average value per dogse level, Data from T-U were not
used in this analysis, ‘91 '



In the postnatal portion of the study,.after
normal delivery, survival rate, sex ratio, and pup wsight
on days 1 and 21 were compared. JAlthough treated pups
surviving from day 2 to 21 were slightly smaller at some
dose lavels, there ware no significant differences fronm
controis for any variable, In some sxperiments, litters
were standardized at § pups on day 2, and the remaining
littermates axamined for defects, The increased incidences
of malforsations among treated groups wers gomparabls
to theoss found in the prenatal study. Assuming the same
ineidence for pups not axamined, the invastigzators con-
¢luded that there were no real differences in survival
rates among control and treated groups. The butyl ester of

2;4,5=-T produced similar toxic effacts,

Sokolix (131) orally administered 100 and 3400 mg/kg
and 50 and 200 mg/kg of 2,4,5-T and its butyl escer to rats
of the Rappolove line on each of days 1 to 18 or 1 to 18 af
pregnancey. At 100 mg/kg, 2,4,5«7 produced =2mbryos with a
combination of deformities including absence of lower jaw,
abnormal hind limbs, and exophthalmes, At #00 mg/kz, the
embryos of treated rats evidenced cleft palatse, hydrocecephalus,
hydronsphrosis, and abnormalitisa of the upper limbs which

included tridactyly, webbed toes, and abnormal shortiness,

-92-



The butyl esfer of 2,48,5-T was more toxic than
the parent compound, causing more than 30% embrfcnio mortality
at 200 mg/kg. The lower dose, 50 mg/kg; also causad
high mortality among the embryos., Cleft palate, hydronephro-
sis, hydrocdephalus, and extensive gastrointegginal hemorrhages
Wwere a}so observed ﬁithin the treated groups, Fron these
results, the author concluded that 2,4,5-T and its derivatives

have a high potential for teratogenic activity.

Collins and Williams (124) tested seven samples

of 2,4,5=-T from different sources for embryotoxic effscts in
golden Syrian hamsters (Mssocricetus auratus) [Table 23],

The dioxin contents ranged from not detectable (detection
limit < 0.1 ppm) to 45 ppm. Daily oral doses of 20 to 100
mg/kg body welght were administered in acetone:corn dilﬁcarq
boxymethyl cellulose (1:5.8:10) on days 6 to 10 of gestation.
2,4,5-T with no detectable dioxin significantly (p < 0.05)
raduced fetal welght and fetal viability per litter at all

levels tested.

Total fetal mortalit} was greatly increased at all
lavels when compared with controls and was dose=dependent,
a3 was the affect on fetzl viability. The increased
incidence of gastrointestinal hemorrhage also appearad to be
dose ralated. At 100 mg/kg, "pure® 2,4,5.T caused increased
incidences of malformations and reductions in the number
of live fetuses per litter, One "pure" sample, F, at

100 mg/kg significantly reduced fetal weight from 1.8 .
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te 1.6 grams, reduced fetal viability ?rom 96.7 to T1.4%,
and inereased abnormalitiss from 3.5 to 30%. The znomalies
associated with 2,4,5+T containing no dioxin.were exencephaly, -
eye abnormalities, delaysd head ossification, and hind
limb deformities.

Increasing the level of dioxin contamination increased
fatal mortality and the incidsnce of abnormalities per
litter; fetal viability was reduced. A clear gorrelation
waa found between the level of dioxin and abnormalities per
litter, Although ths incidence of hemorrhages also lncreased,
no relationship between £t and dioxin level could be found,
Bulging eyss (absence of ayelid) and delayed ossification
were the most common anomalies sseen among fetuses axposed
to dioxin-contaminated 2,4,5-T; exencephaly, edema, cleft -
ﬁalate, ectopiec heart, and fused ribs were also observad.

Emerson et al. (141) found no adverse sffects of
gommercial 2,4,5-T, containing 0.5 ppm TCDD, on fetal
development in Sprague-Dawley derived raps and New Zealand
white rabbits, Daily oral doses of 2,4,5-T in gelatin were
administerad to the rats at 1 to 24 mg/kg on days 6 ta 15 of
gestation; to the rabbits at 10 to 40 mg/kg on days 6 to 18
of gestation. The investigators found no maternal or

embryonic toxic effects in either species, nor was 2,%,5~T



considered teratogenic under the conditions of these axperia-
ments,., The most frequently ocbaearved abnorag}itiea were
aggessory ribs, hydronephrasis, and ratardgiion in the
devalopment of the sternebrae. With ths sxception of partial-
1y os=zified sternsbras in both spsciss and bilateral acegssory
ribs In the rabbit, the incldence of these anomallies was
greater in the control animalz than in the examined treated
groups.

Sparschu et al. (14Q) orally administered 2,4,5-T,
containing 0.5 ppm TCDD, to rats in daily doses of 50
and 100 wg/kg on days 6 to 15 and § to 10 of gastation,
ragpactively. HasuIQQ are given in Tabhle 24, At 50 mg/kg,
there were no significant maternal cor embryonie toxie
effects attribdutable to 2,4,5-T except for an incr=2ased
incidan?aﬁif delaysd 3kull ossification, and a singls fetus

Laith intestinal hemorrhagses. At 100 mg/kg, 2,4,5-T was foxie

to both dams and Fstuaes.lﬁ/

J8/ The hizh ;;te af maternal moertality caused dosing
to be stopped on day 10, instead of day 15, 3ignificanc
reductioms Imr-weight gain were also observed.

-96-



JTable 24, Fffects of 2,.48,5-T on Fe ayl
l 1

a__ma.a_.!_.;&&s_ns" dav)

-

H Parsmeter ! o) i 50 |} 100 A
{# Viable fstuses } | | t
| t
| total . I 252 | 203 ] 13|
1. _Maean par littew H 11 ! 111 - ]
!%4 Resorptions ! ] ! H
| Litters l 68 i 611 100 |
1 i
i JTotal fatuses I £.7 L 12,0 4 758/ |
iFetal weight (grams) i | i |
1 ]
I Male P oaum | s.38 1 3.578/)
| remal | g7 1 a,45 1 2.528/]
|Sex Ravio (M:F) i B83:Uu7 i anss56t 22:7T7 |
{Abnormalitiss i | ! t
1 (% fetuses examined) ; I : |
| Poarly ossified stsrnebrae! H ! '
I Piren b otse2 | azae | 5700971
! Second and frifth ! 3.0 I 8.2 | 18,3 |
i Multiple . i 8.3 i 12.6 | 14,3 |
.l gl 4, . l ' l
] Malaligned sternebdrae i c.8 241 | 28.&£{E
| Daelayed ossification ! ; | ]
|  Interparietal | 3.8 116.887] 28.6¢/|
| Parietals l 3.0 |16.82/)  s7.18/1
1 i
rontal | 8 lroae/t  qwa |
a/ Data from Sparsehu =t al, (140).
b/ All viable fetuses from one litter,
8/ p < 0.05
Resorptions wers observed in all litters; 753 were
totally resorbed., Fetal weight was significantly (p <
0.001) reduced in both sexes and the sex ratioc was shifted
in favor of females, ~ Abnormalities observed whieh had
significantly (p < 0,05) higher incidences than in the
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controls were poorly ossified and malaligned sternébrae and
delayed skull ocssification. The investigators concluded that
the delayed ogsilication obsserved in this study was a
.reversible manifestétion, rather than a true teratogenic
effect. . e
(d) Adverss BRsproduchive Sffecks in Othew Manms
Ta K1

Adverse raproductive effscts of 2,4,5-T exposure
have been obaarved in other mammalian test syetems,

Lloyd et al., (173) reported on in give enzymatic studiss
showiﬁg reduced uptake and metabolism of testosterons

by the prostate gland in male mice treated arally with
doses of 2,4,5-T (6.25,..12.5, or 25 mz/kg, ten times
daily).

Yaefimenko (151) reported on the effects of acute'
and chronie axposurs to %he butyl ester of 2,4,5-T on
gonadal and somatic tissue in an Lin ¥ivo cytogenetic
study in mals albino rats. Chronic effects on the go-
nads were observed after exposure ko 0.1 ug/kg for two
and one half months, 4dverse «ffacts (seen at seven aouths,
when the experiment was terminated), which were considered
persistent effects, tncludsad teaticular_anrophy, dacreased
sparm count, desquamated tubules, and aberrant cells
in the gerninal epithelium. Chremesomal! aberrations
were also obsarved during the chronice phase of the ax-
periment., EPA evaluation of this study found inadequacias
in the sethodology which would prevent the drawing of
firm conelusions from this data (106).
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Recent studies in rats by Sjoden and So@erberg
(cited in (25)] appear to show that prenatal eiposure
to 2,4,5-T 1eads.to behavioral abnormalities and changes
in thfroid activity and brain seritonin levgl; in the
progeny. 'Single oral dosss of 100 mg/kg were administered
to the dams on days 7, 8, or § of pregnancy.

(e) argse Bffe 1 agie

Enbryotoxic effects in avian specias due to 2,4,5=-T
exposure have been reported, Verrett (136) Qtudied the '
affects of 2,4,5-T, containing either 27 or 0.5 ppm TCDD,
on chicken eggs. The 2,4,5-T was injected through the
alr cell of the eggs, aither preincubation or on the
fourth day of incubation. T;; sample containing 27 ppm
TCDD was found to bé more lethal (LD-50 = 25 ug/egg) than
the less contaminated sample (LD-50 = 100 ug/egg). Beoth
samples produced teratogenic effacts, including chick
adena,_eye‘;efacts, beak de?;cts (primarily cleft palate),
and short, twisted feet resulting from tendon siippage.
T;Fétogenic effacts were observed at doses as low as
i ppm (50 ug/egg) with the sample containing 0.5 ppm
TCDD and as low as 0,125 ppm (6.25 ug/egg) with the sample
containing 27 ppm TCDD.

Lutz and Lutz-Qstertag (138) studied the action
of 2,4,5-T, in aqueous scolution at a concentration of
2 to 10 g/liter, on the 2mbryonic developnent of quail
(Coturnix coturnix japonigal, chicken (Gallus gallus),
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pheasant (Phasianus golaehisus), and two"partridge species
(Alegtoris rufa and Perdrix pardrix). The 2,4,5-T was
adminjstered by dipping, spraying, and organﬁ;typic sulturess, -
Abnormaal éenital tractas were obgesrved in allwspecieﬁ,
indicating abnermal sexual differentiation. Further,
morphological changes in the testes often gave the appearancs

of true testicular atrophy. In another study, 2,4,5«T

affscted fartility in birds of both sexes (139).
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(d) + & 4 < “a a + ok nraa

‘Using 2,4%,5-T contaminated with less than 0.1 ppm
dioxin, Strange and Kerr (142) found no abno;;al'deéelopment
in chicken ambryos. Dose§ of 12.5, 25, 50, 75, 100, and 125
mg/kg were injected into eggs on days 0 and 5 of incubation;
observations were made 48 hours later. At this developmental
stage, kidnays were not sufficiently developed to detec; the

tubule lesions reported by Bjorklund and Erne {(1143),

(e) Summary

Studies have estabiished that 2,4,5-T is fetotoxiec
and teratogenic at doses as low as 35 mg/kg (0.05 & 0.02
ppr TCDD) in miece (125); 4.6 mg/kg (approximately 30 ppm
TCDD) in rats (123); and 20 mg/kg (0.5 ppm TCDD) in hamsters
(124). Cleft palate and kidney anomalies have been observed
in mice, rats, and hamsters, No fetotoxiec or teratogenice
affects (no-effect levels) have been observed at doses of
20 mg/kg (0.0% = 0.02 ppm fCDD) in mice (125) and 25 to 150

mg/kg (0.05 » 0.02 ppm TCOD) in rats (125).

PRy g L -7

(3) Fyn ra % 4

In order to determine whether a rebuittable presumption

should be issued based on reproductive and fetotoxic effects,
pursuant to Section 162,11(a)(3)(ii)(B), the Working Group

must determine whether or not an ample margin of safety
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exists between the levels of 2,4,5=-T and/or TCDD wihich
produce resproductive and fetotoxie effects, and the level(s)

o which humans can rsasonably ba antigipated to be sxposad.

The cancellation of uses of 2,4,5-T on food erops
intended for human consumption and for use around the
home, rec¢reation sifes, aquatic areas, and diteh banks in
1970 was thought to have eliminated the potential exposurs
to that portion of the population at risk (women of child-

bearing age).
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Soeial changes over the last few years, howaver,
have given women the opportunity for emﬂioyment.in arezg
that once were considered copen only to msn. Since women
of child-bgaring age ars now employed in oceupations such
as pesticide applicators, opsrators of highway construc-
tion and maintenance equipment, foresters, and chemical
formulators, they_have become part of the population at

risk with potential exposure to 2,4,5-T and/or ICDD.

In order fto determine whether an ample margin of
safety exists, the.ﬂofking Group must first deternine
how much 2,%3,5-T a woman cculd be exposed Lo through
eral, dermal, or inhalation exposure. For each of thess
analyses, the Working Group assumes a woman to weigh
60 kg. The following calculations are based on an sxposure
analysis for 2,4,5-T and TCDD performed by EPA's Criteria

and Evaluation Division [CED] (164).

{a) Qrzl Expesurs

For purpcses of this analysis, the Working Gr&up
gonzxidered currently registered uses where the peosassibility
of oral exposure tgﬁz,#,g—r'and/or TCDD . existed. Treata
ment of range and pasture land could result in oral ex-
posure through ingestion of meat and milk from animals
grazing on the treated arsa. Since actual data on residues

of 2,4,5-7T in animala grazing on treated rangeland is
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unavailabdle, for purposes of the 2,4,5-7 oral exposurs

analysis, the Working Group used regicdus i 1formation

ju]

obtained in a feeding study (37) in whieh cattle were

fed considerably higher amounts of 2,5,5-T than they

would normally be exposed to in g?azing on treated land,
The following calceulations are bassed on the averags quanti-
ties of food eaten per day (1.5 kg), as reﬁorted by Lehman

(14%, 165).

Tabls 29, 2. 0. ST Oral Fyxwosure Analvais
1

i Hhole Milk Meat (Zee

iNo=adverssmaffect 20 mg/kg 20 mg/kg
{leval for terato-
igenicity in oige

:
i
i
, 5
{averags level of  .0.103 pp=® 0.2 ppod’ |
12,4,5-T identified i
i |
14 af food item in 19.6% 4.6% ]
ltotal human diet : . !
H i
tAverags amount of 1,5 kg 1.5 kg ;
ifood esaztan per day }
H ]
i 1
jExposure to 2,4,5-T 0.,0005 0.0002 | .
iper dav nelka ne/ke H

a/ Animals were fed at 300 »spm 2,4,5=T in the diet for 2 te¢
3 .weeks. This is a worst case assuaption for cows graziag
an freshly-treated pasture withous a withdrawal period; all
milk and meai was obtained from such cows., Meat (beel)
ineludss musels, fat, and livser tissuses which gonstitute lhe
major portisn of edible meas.

To find the average dailly intaks of a single {s0d
item, 2ulziiply the average daily food intake by the percsen
of that item in the total disc: for milk, 1.5 kg X 19.53%

2 0.294 kg; and for ameat (deef), 1.5 kg X 4.6% = 0.069 X8,
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The quantity of 2,4,5-T in the averags daily diet
equals the average dalily intake of each food item multi-
plied by the lavel of 2,4,5-T in the food item: for
milk, 0.29% kg X 0,103 ppm = 0,03 mg; and for-meat (beef),

0.069 k2 X 0.2 ppm = 0.071% mg,

The theoretical exposure of an average woman equals
the amount of 2,4,5-T in the daily diet divided by the
waight of thse average woman: for milk, 0.03 ﬁg / 60 kg
z 0.0005 mg/k3; and for ameat (heef), 0.0148 mg / 80 kg
2 00,0002 mg/kg; total exposure from milk and beef products

gould bs 0.0007 mg/kg per day.

P e

- Existing data on TCHD reaidues in animals grazing
on treated rangeland are too meagsr to use for an analysis
of TCDD axposure to humans through ingeation of meat or

milk from amriznals so sxposed,

i b 2

The Working Group congiders that the qiffarance
between the no-adverse-sfrect level of 2,4,5-T for terato-
genic affacts (20 gg!kg) and the calculated oral exposurs
levsl for 2,4,5-T (0.0007 mg/kg per day) does constitute an
ample margin of safesty. Since this risk criterion for other

ehranic adverse 2ffects haz not bean met or sxcaeadsd, a

rebuttable preaumpiion doss not arigse,
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(b) am™ TR "o

In order to conduct these analyses, the Working
Group wust determine the amount of 2,4,5-T and/er TCDD
which would come in contaect with the =kin and-the amount

that would be absorbed,
(1) ray 1imatam: - »

For purposes of this analysls, the WQrkiﬁs Group
assumes the applicator to be a 60=-kg woman of child-
bearing age, and the site of application either a rizht-
of«way or spot treatment of pasture or rangeland. The
equipment is a back-pack sprayer (166). The following
-calculations of axposure are based on dilution for spray-
ing of three pints of formulated product per 32 pintQ of
water., Typical 2,4,5-T formulations, based on inspection of
a large numbar of registered labels (164), range from 4§ to 5
pounds active ingredient (aeid equivalent) per gallon. The
product used in this exposure analysis has an assumed
concentration of 4 pounds 2,4,5-T per gallon. Label recomﬁen-
dations vary from a recommended dilution of 0,094 to &
pounds acid squivalent per 32 pints of water, A4 dilution
rate of 1.6 pounds per 32 pints has been selected as represen-

tative of 3 typically-used spray mixture.

Holfe et al. (166) studisd dermal sxposure to

fenthion during hand back-pack spraying for mosquitoes
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for ten situations, Exposure ranged from 0.1 to 6.3 mg/hr,
with a mean value of 3.6 mg/hr (6 ml/hri; Meth;d of applica~
tior was a hand pressure spraysr, using a 0.08% spray,.
Worksrs wors shortesleeved, open-necked shirts with no

gloves or hat., Based on Wolfe's data, CED (164) caleculated

a dermal exposure of approximately Q0.177 pints per day.'CED
(164) also determined that approximately 10% of the 2,4,5-7
and TCDD coming in contact with the skin of tpe'applicatcra
would be absorhed even after washing, based on abserption

studies with other pesticides (143, 146, 163).

xah'\‘e Zﬁ Eask-nagk SQﬁaxgn !2=n~g§1 ?xpg;; el P —
i 2.8.5=1 2CDD
{Use Dilutionm rate — 3 pInts 3 pints
_~I (1.6 pounds (0.000000186
: 2,3,5-T) per pounds TCDD)
¢ 32 pints X per 32 pints
{ watar water
i
|Amount of diluted 0.18 pint 0«18 pint

imaterial gotten
- a10n-skin daily

= dwmr i et e g W I AT e e SRR i e ey wew ARYE mmr m mpm Tw—

— .

1% Diluted material 104 10%
fabsaorbed

i...... - .

|Expasure levael 409 nag 0.0409 ug
i

iDose lavel 6.8 mg/kg 0.0007 us/kg
1

' \ -

i No=Adverss«Effact 20 ag/kg 0.03 ug/kg
ilavel for terato=-

izanie effacks

The following calculations (see Table 27 for mathee

. matica) will zive the daily dermal exposure for both 2,34,5-T
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and TCDD: 1) convert the dilution rate to grams; 2) multi-
ply this figure by 1,000 (for 2,4,5-T) to convert fo milli-
grams and by 1,000,000 (for TCDD) to convert to micrograms;
3) multiply this figure by the daily dermal dose of diluted
material; 4) multiply this figure by the percent absorbed;
and 5) divide this figurs by the weight of the applicator
for the daily exposure to 2,4,5-T or TCDD per B-hour working

day.

Table 27

2.48.5=T
1) 1.6 pounds/32 pt X 454 g/~
pound = 22.70 g/pt;

ZCDD
1) 0,00000016 pounds/-
32 pt X 454 g/pound =
0.00000227 g/pt;
2) 0,00000227 g/pt X
1,000,000 ug/g =

! !
: H
] ;
! i
2) 22.70 g/pt % 1,000 mg/g =- | !
! !
} 2.27 ug/pt; )
' !
i H
! ]
! {
' }
! 1

22,700 mg/pt;

3) 22,700 mg/pt X 0.18 pt = 3) 2.27 ug/pt £ 0.18 pt =
3,086 mg; D. 41 ug;
3) 4,086 mg X 10% = 408.86 mg ) 0.4t ug X 10% =
0.041 ug;
5) 408.6 mg / 60 kg = 5) 0.041 ug / 60 kg =
H §.8 ma/ke per day 0.0007 ue/kg pawr dav

The Working Group considers that the difference
between the nowadverse-sffect level of 2,4,5-? for tera-
togenic effects (20 mg/kg) and this caleulated dsrmal
exposure level Tor 2,8,5-T (6.8 mg/kg), as well as the
difference bstween the no-adverse-effect level of TCDD for
teratogenic affects (0,03 ug/kg) and this calculated expo-
sure level for TCDD (0.0007 ug/kg), do not constitute an
ample margin of safaty. The Working Groﬁp therafore racod-

mends lssuance of a raebuttable preosumption against pesticide
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products containing 2,4,5-T and/or TCDD pursuant to 40 CFR

Section 162.11{a){(3)(11)(3).

(ii) » ey v Tr "o tad Lot Q

For Ehe purpose of this analysis, thé‘ﬁﬁrking'croup
assumes thse applicater to be a 60-kg femazle of child=-
bearing age c¢learing brush on sither rangeland or rights-
cfeaway., The samse product c¢ited above (2,4,5-T at 4§ pounds/gal)
i3 being used, and the dilution rate 1s 1.6 pounds of
formylation to 32 pints of water (gqual to 4 pounds of
2,4,5-T per 10 gallansg of water), Based on exposure studiaes
using similar equipment but a different herbicide (147), the
Working Group deter;igézwgﬁht, during an eight«hour working
day, the applicator would get 0.048 pints of diluted
material on her skin. The Working Group determined that 10%

of the pesticide on the skin would be szhsorbed (145, 186, 163).

Iahlz ‘)g !2""23‘ F‘xngﬁuina ngi—a g’!‘nag'fgn Mgt;afgg l:"gn-i:maﬂr!
- ICDD

’ 2.0,9=T {
{Use Dilution rate 3 pints 3 pints i
} (1.8 pounds (0.000000168 |
} 2, 4,8=T) par " pounds TCDD) |
! 32 pints per 32 pints |}
! water water i
! i
fAmount of diluted 0.048 pint 0.048 pint i
{material gotten  ~ .-t ]
fon skin daily - H
] I
] ]
14 Dilutad material 10% 10% !
labsorbed ]
' )
|Exposure laval 109 mg 0.0109 ug }
! ;
iDose level 1.8 mg/kg 0.00018 ug/kgz!
: '
|¥o=Adverse-Effact 20 mg/kg 0.03 ug/k3 !
{lavel for terata- ) i
izenlie offacky !
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The following calculations (see ;;ble 29 for maths-
matics) will give_the daily dsrmal exposure for both 2,4,5-T
and TCDD: 1) convert the dilution rate to grams; 2) multi-
ply this figure by 1,000 (for 2,5,5=T) to convert to millie
grams and by 1,000,000 (fer TCDD) to convert to micrograms;
3) multiply this figure by the daily dermal dose of diluted
material; 4) multiply this figure by the percent absorbed;
and 5) divide this figure by the weight of the ;pplicator
for the daily exposure to 2,4,5-T or TCDD per 8-hour working
day.

Table 29
2.,8.5=-7 - - ICDD
1) 1.6 pounds/32 pt X 454 g/= }{1) 0,00000016 pounds/=-
pound = 22,70 g/pt; 32 pt X 454 g/pound =
0.00000227 2/pt;
2) 0.00000227 g/pt X
1,000,000 ug/g =
2.27 ug/pt;

2) 22.70 g/pt X 1,000 ng/g
22,700 og/pt;

—— ——r —— ——— . ——
n "
frie e gmm mArt gran e e —— —— -

[ e W e P e v g -
.

3) 22,700 mg/pt X 0.048 pt 3) 2.27 ug/pt X 0.048 pt =i.
1,089.6 mg; 0,109 ug;
%) 1,089.6 mg X 10% = 4) 0,109 ug X 10% =
108.96 mg; 0.011 ug;
5) 108.96 mg / 60 kg = 5) 0.011 ug /7 60 kg =
i 1.8 me/kg pen dav 0.00018 ug/kg per dav

The Working Group considers that the diffesrence
betwean the no-adversseaffaect lavel of 2,4,5-T for tera-
togenic effects (20 mg/kg) and this ealoulated dermal
axposure level for 2,4,5-T (1.8 mg/kg), as well as the
difference betweean the no-adverseeeffect leval of TCDD for
teratogenic effects (0.03 ug/ks)‘and this calculated expo=-

sure level for TCDD (0.00018 ug/kg), do not constitute an
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ample margin of safety. The Working Group therefore recome
mands lasuange of a rebuttable presumption against pesticide
products eontaining 2,4,5-T and/op TCDD‘pursuan% to 40 CFR

. Section 162.11(a)(3)(14)(B).

(ii,i) arndi 4 . = a nlasd

1 ama »ay, Dgna

Caplan et al, (167), working with 2erially applied
malathion in oil sprays applied at Q.46 pounds per 0.76
gallons water/acre, determined a dermal exposﬁre to persons
directly beneath the spray plane for bare skin (head, nsck,
shouldsrs, forearms, hands, and thizhs) of 3.556 mg/day.
With these data, an equivalent dermal axpasurs for 2,4,5-T
and TCDD, aerially appliad at y pounds acid squivalent

2,4,5~T per 10 gallons water/acre, can be detarmined.

l1laval for tarato-
lgpanin affactyg

1a an 1 Wy ure NData !aaw-‘:&" Anpliica% gm_
| Dermal exposurs to 3.556 mg/0.46 pounds ma‘athion i
jasrially applied par aore i
amalathicn !
)
! i
i 28,821 ZCDD )
{Use Dilution rate 4 pounds ~ 0.0000001 |
' 4,5«T per peunds TCDD |
| 10 gallons of per 10 gal- |
1 water/acrs lons of water}
} per acrs }
: T i
i% Dilutad material 10% 10% |
{absorbed i
]
]
{Exposure lavel 3.1 mg 0.0003 ug !
i 1
t '
1 1
!Dose level 0,051 mg/ksg 5 x 1078 \
| ug/kg |
; }
iHo-Adve"sa Effact 20 mg/kg 0.03 ug/kg i
i
1
]
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The following calculations (see Tabls 31 for mathe-
matics) will give the daily dermal gxpoénre for both 2,4,5=T
and TCDD: 1) divide the dermal sxposure to malathion
by the malathion application rate and multiply by the
application rate of 2,4,5-T and TCDD to obtain the dermal
exposure; for TCDD, multiply this figure by 1,000 to convert
to micrograms; 2) multiply this figure by the peraent
absorbed; and 3) divide this figure by the weight of the
applicator for the daily exposure to 2,4,5-T or TCDD per

8-hour working day.

Tabla 31

' = | ICDD i
11) 3.556 mg/0.46 pounds X 11) 3.556 mg/0.46 pounds X |
t 4 pounds = 31 mg; i 0.000000% pounds = |
! | 0.000003 mg X 1,000 = | .
{ t 0.003 ug; '
12) 31 ag £ 10% = 3.1 mg; 12) 0,003 ug X 10% = !
] } 0.0003 ug; '
!3) 3.1 ng/ 60 kg = 13) 0.0003 ug / 60 kg = ;

.y 1
d 0.051 mg/kg per day | 5 x 1075 ue/kz per day !

The Working Group considers that the difference
batween the no-adversa-effect level of TCDD for teratogenie
affects (0.03 ug/kg) and this caleulated dermal exposurs

level for TCDD (5 X 10‘5

ug/kg) does constitute an ample
margin of safety. The Working Group also considers,
howaver, that the difference between the no-adverse-effect
lavel of 2,3,5~T for teratogenic effects (20 mg/kg) and this

calculated dermal exposure level for 2,4,5-T (0.051 mg/kg)
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does not constitute an ample margin of safety., The Working
Group therefore recommends issuance of a rabuttable presumption
againat pesticide‘prnducts containing 2,4,5-T pursuant to

4o CFR Section 162.11(2)(3)(11)(B).

(Q) t. e s arnd ol 4

*

There are no studiesa available on inhalation axposure
of 2,4,5-T, There are, however, several studies on inhala-
tion exposure to malathion (167, 168) which CED used as a
model for this 2,4,5-T exposure analysis (164). Caplan et
al, (167) determined an air concentration, for unprotected
persons directly beneath t{he spray plane during application

3 from

and for two hours afferward, of 0.067 ug malathion/m
aerial application of 0.46 pounds AI/gallop per acre, The
collection period spanned the course of the actual applicatioﬂ
time plus two hours {hereafter, The authors considered the sam-
pling technique to be eguivalent to averagse inspiration through
the nostrils. This inhalation exﬁosure {(amount availaﬁle for
inhalation) was 12% of the applied malathion. Caplan et al.
further reported that the averags median diametsr (= volume
madian diameter, or vmdlﬁf was 109 microns, Basad on work

by Akesson and Yates (168), CED (164) estimated that the

slze of the malathion droplets which could be inhaled was

16/ The vmd is that droplet size which divides the total
velume of drops in half, i.e., 50% of the volume is in
drops above the vmd size and 50% below it,
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under 60 microns., Since 2,4,5-T i3 typilcally applied as a

medium or ¢oarss spray, while malathion i3 applied as a fine

spray,'bhe percent of 2,4,5-T droplets small énough to be

inhaled (under 60 microns) would be less than the percant of

malathion droplets small enough to be inhaled, According ta

Akesson and Yates (168), 2% of 2,8,5-T spray droplets would

be available for inhalation (or 1/8 the amount of malathion

droplats avallable for inhalation), on a "worst cuase™ basis.

WMWWRM.

liir concentratioen of

taerially applied
lmalathion
J

}
!Use Dilution rate

Lung Absarption
Rate

A W - — -

Breathing Rate
E

xposure level

Dose lavel

—— ———— -

{No=Advarsa=Erffact
l}lavel Por tarato-
lgentie affactgs

0.067 mg/m3

rate of Q.46 pounds malatuion
per gallon per acre

with application

T

!

H

]

|

- IGDD ;

b pounds 0.0000004 i
2,8,5«T per " pounds TCDD |
10 gallons of per 10 gal- |
water/acre lons of water|
per acre i

'

100% 100% ;
:

}

]

1.8 m3/hr . 1.8 »/hr i
1

0.34 mg 0.000032 H
per 2 hr ug per 2 hr |
]

1

-‘ '

0.023 mg/kg z ¥ 10 oug/kgi
per 8 hr per 8 hp '
}

20 mg/kg 0.03 ug’/kz i
]

]

i

1.
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The following calculations (see Table 33 for mathe-
matics) will glve the daily inhalation éiposure.ror both
2,4,5~T and TCDD: 1) multiply the air concentration of
malathion Qy the amount of 2,4,5-T and TCDD applied, then
multiplf this figure by 1/6 for the inhalation exposure to
2,4,5-T and TCDD; for TCDD, multiply this figure by 1,000 to
sonvert to micrograms; 2) multiply this figure by the
breathing rate; 3) multiply this figure by eight [8] to
get the 8-hour exposure total; and 4) divide this figure
by the weight of the applicator for the inhalation exposure

£0 2,3,5-T or TCDD per 8<hours axposure,

- - Table 33,

ICDD
1) 0.067 mg/cu m par 0,46
pounds X 0.000000¢%8
pounds =z 0.000000058
ag/cu o ¥ 1/6 =
0.000000009 mg/cu o X
1,000 = 0,000009 ug/cu m;

2, 48,5=-T ;
i
]
|
]
!

0.097 mg/cum X 1,8 eu m/= }2) 0.000009 ug/cu m X
1
]
!
}
'
i
i
I

0.067 mg/cu m per 0.46
pounds X 4 pounds =z 0.58
mg/eu B X 1/6 = 0.097
ng/cw @;

-
St

e e i Rt e e s s o " —  — ———

e s e s PR pEE e i W gan S —— g —
n
—

hr = 0.17 mg/nr; 1.8 cu n/hr =
0.000016 ug/hr;
3) 0.17 mgs/hr £ 8 = 1,36 ag; 3) 0.000016 ug/hr X
8 = 0.000128 ug;
4) 1.36 mg / 60 kg = k) 0,000128 7 60 kg =
0.026 mg/kg exposurs -6
per dav 2. X 19 ug/kg par day

The Working Group considers that the diffsrencs
between the no-adverse-affect leovel of TCDD for Lerafogenie
effects (0,03 ug/kg) and this calculated dermal exposure

-8

level for TCDD (2 X 10 ug/kg) does constitute an ample

margin of safety. The Working Group also considers,
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however, that the difference bHetween the no-adverse-affact

level of 2,4,5-7 for teratogenic effects (20 mg/kg) and this

caleulated dermal exposure level éor 2,4,5=T (0,026 mg/kgllf
do9s not constitute an ample margin of saf9£}. The Working = .
Group the;efore recommends jssvance of a r;buttablg prssumption
against pesticide products containing 2,4,5«T pursuant to 40 y
CFR Section 162.11(a)(3¥(i1)(B).

(d) Gumulativse Exnosurs

The Working Group has also considered the possibility
of a 3ingle individual bdeing 2xposgsed Through two or more of
the adbove routes. The results (derived from Tables 27, 29,
and 31) are shown in Table 34, The Working Group also notes
that poeasibla cumulsative eyxposure to ssveral dioxine-containing
pesticidas could increasa the total bcdy‘burden and inereasse
total risk from dicxin sxposurse,

The Working Group considers that the diffsrences
betwaen the no-adverse-effect ievel of TCDD for terato=
genic affacts (Q0.03 ug/kg) and the calculaied cumulative
sxposure levels for TCDD in Situations 2° and 3 (sse Table

34) do constitute an ample margin of safaty. The Working

17/ Johnson (63) [see Section I.G.(3)}), in a review articls,
calculatad 2 daily inhalation sxposure to phenoxy herblcides
of 0.02% ug/kg far a TO0«kg adult, The calculations were
based on actual air monitoring data of air samples collectad
in two wheat-growing areas in the stats of Washingion during
spring and summer and analyzed for phenoxy herbileides., The
avthor did not specify how soon after applicaclon the
samples wers taken.
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__Iﬁhlﬁ_liﬁ__SQRnlﬁiiyﬂ Exoosurs %o 2,4.,5-T and TCDD

| Situazion #1: 2.4.5=T | Situation #3: TCDD |
i0rala- 0.0007 mg/ksg jOrala- mmeae '
|Dermal- 6.8 mg/kg {Dermale- 0,0007 ug/kg }
'Inhal. 0.2 ng/kgd’ }Tnhal.- negligibled’ !
iCum., = 7.0 mg/kgz iCum, = 0.0007 ug/kg '
! . ! e !
i0ral- 0.0007 mg/kg |0ral- PO ' :
{Dermal- 1,8 mg/kg |Dermal- 0.00018 ug/kg i
] {

{Inhal.- 0.0537 {Inhal.- negligible®’ :
icum. = 1.85 mg/kg iCum. = 0.00018 ug/kg {
| » | '
! 4 213 hog_7 | Situation #3: TCDD ;
{Oral 0.0007 mg/kg |0rale ——m—— !
1 3 4
IDerma‘- 0.051 mg/kg |Dermal~ 5 X 10 -6 ug/kg '
]

| thhal.- 0.026 mg/kg !Tnhal.- 2 X 10~ wgrkg |
1 11
Joum, = 0.0777 mz/ke iCum‘_g 17X 10‘5 ug/ke 1

a2/ Calculations were made on 3 worst-case bhasis as 3%

of dermal exposure basad on Wolfe (179) who states, "over

97% of the pesticide t¢ which the body is subjected during
most exposure situations, and espeecially to applicators of
liquid sprays, is deposited on the skin.™ TCDD inhalation
exposure values were negligible: Situation #1, 21 X 10'6

ug/kg; Situation #2, 54 X 10“7 ug/kg.

Group alse considers, howsever, that the differenees betweean
the no-ad%arse-efrect levels of 2,4,5-T and TCDD for terago-
“genic effects (20 mg/kg and 0.03 ug/kg, respectively) and
the calculated cumulative exposure levels for 2,4,5-T in
Situations 1, 2, and 3 and TCDD in Situation 1 (see Table
34) do not constitute an ample margin of safety. The
Working Grouﬁ therefore regommends issuance of a rebuttablse
presumption against pesticide products containing 2,4,5.T

pursuant to 40 CFR Section 162.11(2)(3)(i1)(B).
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Iv. » o T T Jod FRSE PRLEE I.S.

This section addresses other.types of adverse
affacts of 2,4,5-T for which the Working Group has detara
mined that .insufficlent evidence exists to indtiate a )
rebultable pregumption. Tha Agency solicits comments
from r;gistrants and other jinterested parties an the
evidences listed below, and requests suboission of any
additional studiey or relevant information on 2,4,5-T

and/or TCDD relative to these potential adverse effects,
A. Mutagaenjicltv

Section 162.11(a)(3)(11)(4) provides that a rebuttable
presumption shall arise if a pesticide's ingredisnt(s),
metabolite{s), or degradation product(s) induae sutagenic

effects, a3 determinsed by multitesat avidencse,

(1) 2,8.8=T
(a) s Yy

Majumdar and Golia (178) fed male Droseohils zelang-
Zagter aither 250 or 1,000 ppm dioxin free 2,4,5-T (obtained
from Eastman Kodak) for 15 days. Thaey ware than ma%ed to
sets of virgin fesmales to generate three Y-day broods cof
offspring, F, flies were allowed to mate, and 7, flies were

i 2
seored for X«linked recessive lethals. Mo differences among
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broods were notsd, and date from all broods weré pooled,

-The percent lethals in controls, 256 and 1,000 ppm groups

Were doss-related and were 0,05, 0.28, and 0.665, respectively.’
The controi ve, 1,000 ppm lethal rates werev;zénific;ntly
different from one another {p < 0.01). Ethyl methane

sulfonate (250 ppm) was inecluded as a positive control;

1t yielded 13.70% lethals., The total number of flles

in each experimental group was no larger than 2,000,

(b) HNegative Studies

The mutagenicity of 2,4,5-T was svaluated by Ercegovich
et al, (148), employing the procedure of Ames, using five

strains of Salmonalla Lvyphimuriun without activation. They

concluded that 2,4,5-T is not mutagenic,

Fujita et al, (149) resported chromosomal abnormalities
in in xiktro ceytogenetic studies of human lymphoeytes

A M of 2,4,5-T, which contained 0.09

exposed to 10”7 to 10~
ppm TCDD, Breaks, deletions, and rings were observed,
Chromatid breaks increased with increasing cconcentrations

of 2,4,5-T., It was not possible to distinguish whether this

was a toxic affect or a potential genetie effect (150).
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Majumdar and Rall (16%8) reported on the ecyto-
genetic effects of 2,&,5-Tla/ en in 1ixg'bone-marrow
gells of Mongolian gerbils, The animals were injected
with total amounts of 2,4,5-T at the rate of 50, 150,
250, 350, or 500 mg/kg body weight over the S~day pericd
of the study. Incereasing numbers of chromatlie gaps,
breaks, and fragments were observed at 250, 350, and
500 mg/kg doses. No exchange figures or isochromosonmae
g2ps8 or breaks wers abserved. Tnis 13 not a dafinitivs
experiment for indicating the patential of 2,4,5-7T faor
causing heritable chromosome damage (170)}. Toxiaeity

sffects of the chemical could give similar resulis (170).

Davring and Hultgrea (171) reportad on an i

xivg study on the eytogenstic effects on bone-marrow
eells of Muys puscuius (male mice) inducsed by a Swedish
commereial 2,4,5-T ester formulation > and 1ts cOmpoO-
nents, The atudy showed that 2,4,5«7 commercial pro-
duets can affect c¢hromosomal and reproductive mechanliams,
Two different strains of Bice were used with simiiar
results for doth, These results correlated with effects

seen In Irosophila, The éuthors gstated that chraematid

18/ The 2,4,5«T used in this study was purchassed fronm
f£astzman Kodak Company, Rochesfter, N.¥., and contained
no Measurable amount of TCDD, The2 authors de not indi-
gate the linic aof sensitivicy.

19/ The concentration of TCDD was guaranfead to be
less than Q0,1 ppe in the produck,
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inter- or intraexchanges were never observad. This
study was not carried ouft sufficiently fbr the demon-
stration of c¢hromosomal effects such as rearrangements

in future generations of somatic eells (170)._

Davring and Sunner (172) demonstrated cytogenstic

effects of a 3Swedish commereial 2,4,5-T formulationzﬂ/

on eogenesis and early embryogenesis in Drosoohila pe-
lanogaster, A 50% decrease in fartllity for the flies

was determined to be 250 ppm. This level is 30 to 60
times less than fisld use concentration levels, Repro-

duetive and chromoscomal effects were observed,

Tt

(2) ZIgDR

(a) pPositive Studies

Bussain et al, (24) evaluated the mutagenic activity
of TCDD (99% pure) on three different microbial test systems,
In the firstostudy, TCDD significantly increased the incidencg
of revarse mutations in Escherchia cold Sd;u administered 2
ug/ml TCDD from streptomycin dependence to streptomyein
independance, This wa2 the only dose at which mutations

were clsarly observad., No details of the experimental

29/ TCDDP coneentration was less than 0.1 ppm in this
formulation which was tested at practical field use
concentrationa or lawer,
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protocol were glven, and statiscical methods wers apparently

not employed in assessing the dacsa.

The second test by Hussain et al, (24) studied
revergse mutation frow histidine deapendance Ld histidins
independancs in Salzonsllas fyohimuriym (Strains TA 1532 and
TA 1530), TCDD was positive in TA 1532 but negative in TA
1530, This indicated that TCDD acts as a frameshift mutagen.
ICR=-1T70 was used as a positive conftrol in the tast with T4
1532, No positive or negative controls wers tested in T4

1530,

In the third test Hussain et al. (24) observad siight
prephags induction in X, goli X-39, However, data from this
test were difficult to avaluate because the solvent used,

dimethyl sulfoxide, causes gsellular effects.

A preliminary report on the chromosocmal analysis of
hosgpital patiasnts exposed %o TCDD in the aceidsnt at the
Sevesgse, Italy, factory was presented zt the Departasnt or_
Health, Zducation, and Wellare mesting on Qotober 12, 1976
(152). Ain incereased number of chromosomal lasions (gaps,
chromatidic and c¢hromoesomal breaks, and rearrangemsnts) wers
abserved in somatic cells of the 2« to 28-~year-old males
and females tested, Cytogenetic studias of tissues from
theprapeutic abortions perfermed on women who Wers axpesed to

TCRD during the accident indicated that there was chromosomal
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damage to cells in maternal peripheral blood, and placental
and fatal tissues. These preliminary reéults were based on

a smal} nuaber of samples, and no specific data are available

at this time (1l50).

(b) Nsgative Studieg

Khera and Ruddick (6) conducted dominant lethal tests
in which male Wistar rats received TCDD at dosages of 4 and
8 ug/kg per day. The studies indicated that no dominant
lethal mutations arose dﬁring the 35 days after treatment,
The period examined eorrssponded'to postmeilotic stages of

spermatogenesis,

A cytogenetic screening study o¢f the effects of TCDD
on bone xmarrow cells of male Osborne-Mendel rats was per-
formed by the Food and Drug Administration (119), Two
sesparate experiments wers performed.'rhe first was a soultiple
daaa test in which 10 ug TCDD/kg per day was administered by
intubation for 5 consecutive days. In the second test,
single doses of 5, 10, and 15 ug TCDD/ﬁg were administered
intraperitoneally and 20 ug/kg (the highest dose) was
administered orally., There was no evidence from these
studies to indicate that TCDD produced cytogenetic damage in
the bone marrow of these male rats, Toxiecity, which was
indicatsd by a slight weight loss, was noted in rats that
received a single dose of 15 or 20 ug/kg (the highest

dose levels),
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Green (119) conducted a short-term investigation of
geveral dioxins, us}ng male Osborne-Menéel rats, to determine
what potential these substances had to producae cytogenscie
damage in rat boneemarrow, In one study all _of the diaxins
ware tested by being incubated in the rats for five consecus
tive days at 10 ug/kg per day. 4 second study involved TCDD
alone administered oraliy at 290 uvg/kg and intraperitoneally
at §, 10, and 1% ug/kg. The zuthor found no evidence that
any of the substancss tested produced cytogenaetic damage in

the bone marrow of malae rats.

In eonclusion, although Hussain et al. (24) have
demonstrated that TCDD does appear to act as a point (gene)
mutagen, the avidence is weak for heritable geanetic affeats
since the level of mutagenic testing is meager and therse
were some major deflclences in some tests. Howsver, the
atudy by Hussain et al, does not fulfill ths ceriterion of
pnultitest evidance as prescribed in 40 CFR 162.11l. Although
TCDD does appear to have the potentlal to act as a chromosomal
mutagen from the A $4ve eytogenatio studles (152), specific
dats are not yet availaple from the Seveso aceident,

o vmd b -—

(3) Gghromosogal Damazs

Thne Working Group 2lso wishas to call attention
to three studies [previcusly discussed in Seetions III.B,.(2)(%),

Iv. (1), and IV.(2)(b)], which indicate that 2,%,5=-T and/or
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TCDD may cause chromosomal damage, Fujita et al; (149)
reported chromosomal abnormalities in in yitro tests on
human lymphocytes exposed to 2,4,5=-T; abnormalities included
breaks, deletions, and rings. Ysfimenko (167) reported
damage to bone-marrow cell ehromosémes (incTuding breaks,
true'aberrations,.or rearrangements) in in vivo tests on rat
gonadal and somatic tissue exposed to butyl ester 2,4,5-T.
The preliminary HEW report (152) on the Seveso incident
indicated an increasad numbar of chromosomal lssions (gapq,
echromatic breaks, and rearrangements) in somatic cells of 2-
to 28-year-old humans exposed to TCDD.

The Working Group concludes that there 13 a data gap
on mutagenis effects and vhat further evidence and teating
is needad on the mutagenicity of 2,4,5-T and TCDD. The
Working Group would like to evaluate more detailed and
;pecific information as it becomes available from the Seveso
acceldent., BRelevant information or studies on the mutagenstic
effects of 2,4,5-T and/or TCDD should be submitted to the
Agsncy, and the option for re-evaluating.their mutagenie
properties nust bs left open should more conclusive evidence
bacome available,

8, 2l HI o
(1) ghloracne

A number of researchers have reported illness ascribed

to TCDD (90, 93, 95, 153). Most of these toxic effects have
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occurrad in chemical plant workers after aceidental exposurs
to the dioxin, While a number of 111 af}eets have bsen

reported, the most widely known is chloracne,

Chloracne is a severs skin disease rssulting from
exposure to highly éhlorinated dibenzo dioxins. It is a
disease of the follicular and zebaceous glands. 1Its
syerptoms and signs Inelude skin lesionsz, folliscular hyper-
keratosls, and the formatlon of larges sebaceous cysts,
inflammed tubercles, and pustules. In addiftion to thaeass
symptoms, chloracne is often aceompanied by a brownish
karatinization of the skin, cystitis, pyslonephritis,
depression, hirsutism, fatigue, neurological disturbances,
raised cholesterol lavels, livar damage, and psycholqgical
manifestations (10, 15, 16, 158, 155, 156, 157). Saveral
raegsaarqhers have obsarved that chlaoracne i3 not only irritat-
ing and persistent but also very difficult to cure., It is
one of the most freaquently contracted forms of coceoupationsl
dermatitis, oecurring primarily in chemical plant employegs
engaged in the produation of 2,4,5-T and 2,4%,5-TCP (16, 99,

155, 156, 138),

¥

Tha first raport on a toxic macerial being %he
causative agent for an occupaticonal skin disease appears to
have been by Dr. KRarl Herxheimsr in 1899. Dr. Herxheinmer

diagnosed the cause of dermatalogical problems in a Gerzan
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factory worker as exposure to chlorine ions in the produc-
tion of caustic potash (159), It is from this ;arly
dlagnogis that we-get the name c¢ehloracase, qu}ns the early
i950's theqe were a series of industrial accidents in
Germany resulting in an outbreak of ehloracne in the
smployses of chemical plants manufacturing 2,4,5-T and
2,4,5-TCP. The synptoms of the employees of one of these
factories in Hamburg, Germany, wers exftensively investigated
by Kimming and Schulz (16). These researchers, using

the rabbit ear test, proved that the cause of the chloracne
was a contaminant found in erude 2,4,5-TCP and not the
formulated 2,4,5-TCP. Later on, Bauer st al. (15) conclusively

B S —

identifiad TCDD as the causative agent of chloracns.

(2) n ri a ol g..‘. ayyld
Acid Synthetase

Porphyria cutanea tarda (PCT), a form of hepatic
porphyria, is another disease caused by exposure to TCDD
and often accompanies chloracne, PCT occdrs primarily in

industrial workers associated with the manufasceture of

2,4,5-T (93, 94, 160),

The symptoms of porphyria cutanes tarda, a defect in
hepatic metabolism of porphyrins, are fragility of the
skin, photosensitivity of the skin, hyperpigmentation,

overeproduction of porphyrins, hirsutism, and neurological
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and inteatinal disorders (94, 160), It 13 also characterized
biochemically by an inerease in ths activity of:the mitochon=
drial enzyume g-aminolevulinic acid.(ALA) synthatase, which
13 the first and rate-limiting enzyme in heme bioayntheais
{160). TCDD was thought to be a potent indu;;r of ALA
activity in chick embryo liver (115), Goldstein st al. (161)
reporte& that TCDD was found to induce ALA synthetase and
hepatic prophyris in mice. Theae ressarchers stated that at
that time [1973)] TCDD was the most potent porphyrogenic
_ehemical known., Poland and Kande 1976 (4) found that the
duration of 4LA induction from TCDD exposure is proloanged,
most likely due to the long biclogieal half-life of TCDD,
These researchers alsoe found that ALA synthetase inducers
have halogen atoms occupying at least three cf the four
lateral ring positions (pesitions 2, 3, 7, and 8), and that

there I3 at least one free, nonhalogenated ring position,

TCDD fulfills all ouf these requiremants,
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