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2,4,5-T: POSITION DOCUMENT 1

I. BACKGROUND

Ao jcal/Phvsical racteris
The hérbicidé.commonly known as 2,4,5-T (chemical
name, 2,4,5-Trichlorophenoxyacetic Acid) has an empirical

formula of C8H5Cl303. The pure acid form occurs as white
erystals and has a molecular weight of 255,49, The melt-
ing point is 156.6°C. 1Its solubility in water is 278 parts

per million (ppm) at 259C; it is also soluble in acetone,

ethanol, ether, and alkaline solutiohs (1). The esters of

o e

Z,H,S-T are formulated to be emulsifiable in water and
soluble in most oils, while its amine salts are soluble in

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

... B¢ Mapufacturing Process and Conptamipants

2,4,5-T is produced commercially by a process using

1,2,4,5-tetrachlorobenzene as the 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-

chlorophenol (2,435-ICP).1/

A/ 2,4,5-TCP is the subject of a separate Rebuttable

.. Presumption Against Registration (RPAR) Position Document.
It is discussed in this document because both it and its
contaminant 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) may
be present in some commercial 2,4,5-T and in 2,4,5-T samples
used in animal experiments.

.



This product i1s reacted with chloroacetic acid under

mildly alkaline conditions, Sulfuric acid (stou) is then

added to the product of this step to produce Z,M,S-T.' The
acid form of 2,4,5-T can be readily reacted with a variety
of alcohols to produce a large selection of esters and with

amines to produce amine salts (3).

During the first step in'the manufacturing process
. of Z;R,S-T, ir teﬁperature and pressure are not carefully
controlled, highly toxic contaminants, polychlorinated
dibenzofp-dioxins, may be formed in large quantities., The
fparticuiar dioxin formed i§ dependent on the éhlobophenols
‘present (4); The tgéﬁ dioxié—does'not apply to any one
- eompound but to a grQup of relatéd substances, which are
7j§is£inéuished by the nuﬁber'and orientation of chlorine

vatéms they contain. Dioxin toxicity also varies with the

pééition and numbers of chlorines attached to the phenol

rings.

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

'Htormed when the reaction témperature is excessive (8, 9, 10;

11, 12), mqst commonly at temperatures above 160°C,
‘Halogens at theAZ, 3, and 7 positions are known to produce

toxiec dioxins (13). In the case of TCDD, the chlorine atoms
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are attached at the 2, 3, 7, and 8'positions which aée

considered the most toxie positions .possible (134). The

dioxin contaminant in 2,4,5-T is of partichlar concern

because of its extremely high toxicity, and because of the
" apparent inability ;f manufacturers to produce 2,4,5-T .

without the contaminant, TCDD (7).2/

TCDD occurs as a white crystalline solid., It is

89.5% decomposed at 800°C. TCDD has the following solubility

in various solvents at 25°C (7).

-Solvent o ‘52;321;;;1 (wt. per cent)

~Acetone .. 0.011
~Benzene - © 7 0.057
Dimethylsulfoxide <0.01

Methanol - .. 0.001 i
Water -~ . - 0,00000002 (0.2 ppb)

-?it has béen récognizé& for:quite some tim°~that
ehlorinatad dibenzo-p -diox1ns oceur as p0331b1e byp"oductsA
.(contamlnants) in the manufacturlng of chlorinated phenols
(15). The formation.of TCDD during production of 2,4,5-TCP
was demonstrated by Kimmig and Schulz (16). TCDD was

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

2/ Since manufacturers are unable to produce 2,4,5-T
without TCDD, all references to 2,4,5-T in this docu-

ment refer to 2,4, 5 T contamlnated Hlth some 1evel of
TCDD. . _



et al, (11). They noted that the specific dioxin formed
depended on the chlorophenol pyrolyzed. Kearne& et al.
(17), however, reported ihat TCDD is historically associated
with any pesticide derived from 2,4,5-TCP. A ﬁumber of
researceers (12, 18, 19, 20, 21) have reported on the

~ formation of TCDD by thermal decomposition of the sodium
salt of 2,4,5-TCP under alkaline conditions during the

- manufacturing process,

Since 1950, mos£ of the chemical industry hasbknown
'thét large quantities of TCDD may be formed as a byproduct
_of the z,h;S-TCP manufacturing process if the procedures are
_not caEefully controlled.” At one;time 2,4,5-T was produced
» wﬁich contained between 30 toikoiépm~of TCDD (7, 22,'55).
:QBetween 1968 and 1969, one manufacturer had a 90% decreasa
fiin the ‘amount of TCDD preseﬁt in the 2,14, 5. T it produced.
E Different manufacturers produc°d 2,4, 5 T with different TCDD :

' contents,(l?).

After concefﬁvarose in 1969 about the extreﬁely toxice
effects of TCDD, manufacturing methods were changed and
jcarefully controlled bylmanufacturers- By 1971 industry
had reduced TCDD eontent in commercial'samples of 2,4,5-T to-
"less than 1 ppm (9, 23, 24). Current U.S. manufacturing-

specifications require 2,4,5-T presentl&ibeﬁﬁg sold to



contain less than 0.1 ppm TCDD (7). Several countries now
produce commercial 2,4,5-T containing less than 0.05 ppm

TCDD (25).,
‘C. FoO tio

2,4,5-T is classed and used as a selective herbicide,

4

especially for brush control (2). It is formulated in many
forms of salts ;nd esters which are available as emulsifiable
concentrates containing 2, 4, or 6 pounds actgél acid
equivélent per gallon and as oil soluble concentrates with &
or 6 pounds active ingredient (AI) pér gallon. The most
commonly usgd formulatioﬁs are the low volatile esters (26).
- 2,4,5-T also occurs in registrations mixed wifh_z,u;D,

_Dicamba,-Picloram;.Silvex, and Ze(2-methy1-#-chlorophenoxy)

Apropionic acid (27);

'_D; ‘Begigtered Uses and Production

2,4,5-T has been produced.as a registered pesticide in

the United States since 1948, According to EPA records,

-—

apﬁroximately 122 companies hold Federal registrations and.

formulate 424 registered products; eleven cbmpanies have

former state régistrations3/ahd formulate 21 products.

3/ Pesticide products formerly registered under state
pesticide registration laws and shipped' or distributed

for sale solely within intrastate commerce are subject

to Federal pesticide regulations under 40 CFR Section
162,17(a). Application has been made to obtain Federal
registration for intrastate use of these products. For

‘a list of trade names under which 2,4,5-T is marketed,

see the registrant/product list attached to this document,.
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Section 7(c) of FIFRA requires manufactﬁrers and
formulators to submit to EPA informetion on production,
sales, and distrikbution. Under FIFRA sections .7(c) and
10, thic information may not be_made available to the
public. A confidential memorandum containing this informa-
tion has been sent to the Deputy Assistent Administrator for
: Pestiéides (28). The Pesticide Review (Zé) reported that
11,626,000 pounds of 2;4;5-T acid, esters, and salts were
produced in the United States in 1969 and 12,335,000 pounds
" in 1970. The Pesticide Review (29) also re?orted ;hat tl. >
United States imported 738,907 pounds of 2,4,5-T dﬁring
1971 through'1974.i/ Of this total 155,342 pcunds were
iﬁported in 1974. This was down from nearly 392,000 pounds
_in 1973 but up from the 5-year average of 148,000 pounds.
‘ fWh11e The Pest1c1ce Revzew (29) does not report export

-'flgures for 2,4,5-T alone, it does report exports of 2,4-D
' and é,4;5—T together. Exoort of 2,4-D and 2,4,5~-T was “
‘reported at 6.8 million pounds in 1972; 21 million pounds. in

| 19#3;'and almost 22 million pounds in 1974.

A great deal of variability exists in reports on
usage of 2,4,5-T. Agricultural end-use data obtained

from the National Study of Agricultural, Governmental,

.. 4/ The level of TCDD in the 1moorted 2,4, 5-T was not
teportea.



and Incdustrial Uses of Pesticides, ccnducted by this
Agency (30), indicated the fcllowing uses of 2[4,5-T in

the United States in 1974.

| | pounds AI | $ total ]

|Crop | applied | agriculturej

IRangeland and Pastures | 968,000 | 97.24 )

|Rice2/ ! 16,000 ! 1.54 !
" |Nursery Crop : 12,000 : 1.20 }

| .

ITurf and Ornamentals | 200 {' 0.02 ;

| : = | ,

'Blueberrie52/ ! 8 ! - !

|

|Estimated total use | - 996,000 ; 100.00 :

|

lin agriculture for 1974
a/ The Agency has looked at effects on aguatic organ-
isms representative of species likely to be exposed
from application of the triethylamine formulation of
2,4,5-T to rice. The calculated concentration of this
formulation in 2 6-inch layer of water at the highest
recommended use rate is 0.9 ppm.  The LC~50 biocassay

- values for bluegill and catfish are well above this

- level (ranging from & 24-hcur LC~-50 cf 53 ppmr for
bluegill to a 96-hour LC~50 of >72 ppm for bluegill

- and channel catfish). Rainbow trout, which cannot te

considered "representative of the organisms likely to
be exposed” in the geographic areas where rice is grown,
have a 96~hour LC-50 ranging from 0.7 to 0.07 ppm.
b/ This is no longer a te01=tered use,

"In addition, this survey reported that 324, 491
pounds of active 2,4,5-T were used by federal and state

agencies and 659,463 pounds by industry.

Other sources have reported usaages for'1974 as
follow: rights-of-way,‘4‘million pounds; rangeland, 1.5 to
2.3 miilion pounds; rice,A220,000 pounds; andAforestry,

'50;000Apounds.



E. Metabolism in Experimental Sfystems

Several studies have Eemonstrated that é,4,5-TCP is
the primary degradation product or metabolite fofmed in the
'breakdown of 2,4,5-T, by either physical or biological
mechanisms. Crosby and Wong (31) found that 2,4;5-TCP
was one of the majbr decomposiiion procucts in the photode¥
composition of 2,4,5-T in water. Sharpee (32) found that.
miérébial degradation of 2,4,5-T in culture, soil, and

aquatic ecosystems resulted in the formation of small

amounts of 2,4,5-TCP.

-7a-~



Shafik et al, (33) dosed Sprague=-Dawley rats by
gavage with 2,4,5-T at 50, 5, 0.05, and 0.005 mg)kg for
three dayé. Two rats were dosed a; each level, The authors
rouﬁd that, at 0.005 mg/kg, excretion of 2,4,5-T in urine
was complete two days afﬁer the final dose, They also found
Z,M,S-fCP excreted as a metabolite in the urine of rﬁts
givén 50 mg/kg, but no detectéble 2,4,5-TCP was found at the
two loﬁesf déée_lévels. A hydroxylated trichlorophenoxyaéetic
acid and a hydroxylated trichloroﬁhenol were identified, by
unconfirmed mass spectrometric analysis, as possibly being

two additional metabolites of 2,4,5-T.

Grunow et al. (34) studied seven malé Wistar rats fed
a singié é,R,S-T dose at 50 mg)kg_quy weight. They found
._th;t'the daily renal excrgtioﬁ of free Z,ﬁ,S-T was, in
“' géheral;ragqitg ﬁaxiﬁum on'the sécon¢ day after f-eding;
_After se?en'days; free 2,4,S-T_in4§he urine decre&séd to a

value below 2% for all animals. In addition to 2,4,5-T

.. ~exereted in the free form, the authors found it to be

:.excreted as derivatives which could be converted into
2,4,5-T by acid hydrolysis. They were able to identify'one

~of fheée as N(2,4,5-trichlorophenoxyacetyl) glycine,

Grunow and Bohme (35), in a study using Wistar .rats:
~ . and NMRI mice, fed doses of 2,4,5-T at 200 mg/kg body

weight. These authors isoléted N(2,u,s-trichlorophenoxy

- _-8- >'



acetyl) taurine as a metabolite of 2,4,5-T, in addition to

the metabolites named above.

Clark et al, (36) found residues of 2,4,5-TCP in the
guscle, liver, and kidﬁgy of sheep which were fed rations
containing 2,000 ppm of 2,4,5-T for 28 days. The 2,4,5-T |
used in this study had a purity of 99% and contained no
detectable dioxin (detection limit: 0.5 ppm)s.

"Leng (37) conducted a feeding study dﬁring 1969 and
1970, in which dairy and beef cattle and sheeﬁ were given
2,4,5-T at levels from 10 to 2,000 ppm in the total diet for
| intervals of two to foub weeks at each level tested. The
;uthon reported that no residues (<0.05 ppm) occurred in
‘milk or cream of cows ingesting 10 to 30 ppm Z,M,SQT. At 100
?,ppp‘z,u,S-T ;n the diet, traces,of}Z,ﬁ,S-TCP (0.06 ppm)
.;pﬁéarea in.gilkiand cream. When giveh high'levgls of
!é,ﬂ,S-T,fequivalent to 300 and 1,000 ppm in the total diet,
1 résidUes pf 2,4,5;T and Z,R,S-Tcﬁ ranged from 0.05 to 0.5

~

ppn in the milk of individual cows,

AEitzg;rald et al. (38), studying the degradation
of 2,4,5-T in woody plants, reported tﬁat colorimetric
anaiysis sdggested, and chromatographic analyses cdnfirmed,
that the n-butyi ester of 2,4,5-T is degraded in sweet
sum_(Linuigamnin i&xsagiiLnQ) and southern red oak (Quercus
falcata) to yield 2,4,5-TCP. o



Fo rd ent a
(1) s tence: 0jl

Soil supface and foliage are the major recipients of
phenoxy herbicides (39) whether applied by ground spray
'systems or from aireraft, Once 2,4,5-T reaches the soil it
may be degraded chemically or biologically, volat;lized and
moved to other areas,‘absorbed on soil colloids or -in
organie métter, or leached to‘depths or locations where

it cannot be absorbed by plant roots (47).

Norris et al., (176) reported on the persistence
of'z,u,é-r in‘a-Pacific Northﬁest~forestc_ The authors
-'found that éix months after application of 2,4,5-T at 2.24
‘ké/ha (2 pogndg/acre), the level Af herbicide in the forest
- flqﬁr deéliﬁed 90%; after eneAyear,‘less than 0.02 kg/ha
remained inhkhe forest floor. The authors found little
leaching of 2,4,5-T from the forest floor into soil, and
no residues were found deeper than 15 ecm (maximum residue
found was 0.08 ppm) despité rainfall of 24 cm the first .
month and 70 cm:the first three months after application,
Norris et al. (176) stated that the rapid disappe#rahce
of 2,4,5-T from the forest floor suggests abundant mi-
- erobial activ;ty. Norris (40) reported miérobial.ac-

ﬁivity to be important in the disappearance of 2,4,5-T

from forest-floor material ih the laboratofy.



Wiese and Davis (41) found that, in an agricultural
:soil, 2,4,5-T remained in the upper .six inchés éven after
application of 4.5 inches of water over a short period of
" time,
.Helling et al. (39) found that 2,4,5~T is relatively
mobile in sandy soils But that movement decreases as organie
content increases. Thus 2,4,5=-T is.moderately mobile "in

clay soils and only slightly mobile in muck (42).

.Yoshido and Castro (43) studied the degradation
of 2,4-D, 2,4,5-T, and Picloram in two Philippine soils
ther upland and submerged conditions.. The authors found the
degradation of'z}h,S-T to be rapid in ﬁaahas clay. Slightl}
mﬁre_Z,H;S-T residues were rebovergd in submerged than
in Qpl#né'ﬁaahas.soil; In Luisiané soil under submerged
»gonditioﬁs,:z,u,s;T degraded rapidly in eight weeks éfter a
'fourhweek lag peribd, while it degraded gradually under
' upland conditions, with ohl& about 40% of the 2,4,5-T -

éecovered after 12 weeks.

) | :HortonAet ai. (ﬁ&’, using technical grade 2,&,5-T.
iabeled in-the-cérboxyl poéition with_carboq;lu, found fhat
. iis apparent half-life averaged 1.§ weeks in green tissues
qf'native grasses at College Statién and Spur, Texas, and

.1.7 geeks in litter tissue., The authors stated that the

“wlla



amount and frequency of rainfall were conducive both to
leaching and microbial decomposition of the herbicide, and
to growth of sideocats grammé planté, all of which were

factors contributing to rapid reduction'qf ﬁerbicide concen=-

‘trations.

A.'WﬁenAconsidering the‘persistencé of Z,H,S-T,.the'
persistence_of its manufacturing éontaminant, TCDD, must‘A
'élso be considered. Helling et ale (39) found that TCDD was
.nct‘photodécomposed on soil, TCDD was found to be immobile

. in Norfolk and Lakeland sandy loams, Hagerstown silty clay
'¥1oam, Barnes clay loam, and Céleryville muck, and was not
.leached furthef into soil by rainfall or irrigation,
'buring surface eroéion.of soil,‘howeber, lateral trans-

~port of TCDD could occur,

E,Thé ﬁefsiséence of TCDD in‘Lakelaﬂd loaﬁy sand ana
-ﬁ;ge;stéwn silty_clay.loam at 1, 10, and 100 ppm was studied
by Kearney.et al, (46) for 360 days. After one year these
researche;s recovered 56 and 63% of the originally applied
.TCDD in Hagerstown and Lakéland soils, respectively.

Helling et al, (39) observed tﬁat TCDD's persistence was

predictable since it is insoluble in water.

" (2) Persistence: HWater

Current information indicates that, although some

2,48,5-T may enter streams flowing through or adjacent to

12



areas being sprayed, reﬁidue levels in streams will be

verf low, Norris (h?)'reported the results of an intensive
study of str;am contaminaiioﬁ from spray'projeéfs on range
ana forest lands in Oregon which shdwed that peak concentra-
tions of pﬁenoxy-perbicides éeldom exceeded 0,1 ppm and that
herbicide_residues persisted for only a few h;ubs in nearlj
' ‘all streams. Norris (47) speculated, however, that applica-
| tion of herbicides to marshy areas may result.in high-level,

long peréistence-of chemical residues in nearby streanms.

- The Report oflthe Advisory Committee on 2,4,5-T
‘to the Administrator of the Environmental Protection
Agéhcy (48) stated that all available data indicated that
" the améunt of é,u,s;r entering wﬁtér is small and does.not
persist long. 1It is~adsorbed on c¢lay or absorbed by biota

: within 'a matter of dayse

—_  _fhehoxy éhemicals entering wgéér may be iost by

| volatilization, degradatioﬁ, adsorption on sediment, adsorp-
éiéé‘by biota,‘and'dildtion as additional’stream water

'  basses through the site. Almost all authorities agree that

there is adsorption on bottom sediment (48, 49, 50).

‘Kenaga (51) stated that esters of 2,4,5-T in most

kinds of water, except highly acidic waters, are usually

hydrolyzed within a matter of days. When the 2-ethylhexyl

:913; 



'ester of 2,4,5-T was applied to water in the laboratory at a
concentration of 1 ppm for an hydrolysis sfudY: 58% remained

~after &4 hours; 33% after 8 hours; and 12% after 16 hours,

Trichell et al, (52), studying the loss of herbicides
in runoff watef, found 2 ug/ml of 2,4,5-T in runoff water 2}
hours after it was applied.at 2.24 kg/ha, after which 1.3 cnm
of rainfﬁll was simulated on sod-covered plots of 3% slope.
Four months after applicaéion, concentrationS'Qf 2,4,5-T in

runoff water had diminished to 0.04 ug/ml,

Edwards and Glass (53) monitored runoff and.percolﬁ-
 tion of 2,4,5-T at Coshocton, Ohio, for 14 months following
application of 11.2 kg/ha of é,u,sfr and found that 5.5
élha, or over 0.05% 6f the herbicide, was lost from the

.. treated érea¢ Most of the Z;M,S-T;was rezoved in runoff
ffwéter.duﬁing the first four months éfter application, and
more than‘haif of the ioss occurred:the first month after

treatment.

‘Kearney et al. (46) concluded thaf contamination
Vof‘uﬁderground water supplies with TCDD seemed very unlikel},
since vertioalhmovement of TCDD did‘not occur in a wide
range of soil types. The fact that no leaching occurred,
~ however, would not preclude runoff loss uhén soil efosion is

significant (39).

el



(3) Irzasport
Isenseé and Jones (54) measured uptake of TCDD from

soil by two crop specieﬁ. Oats (Ayvena g@&ixa)-anﬁ soybeans
(Glyeine mﬁi) were grown in Lakeland sandy loam soil treated
witﬁ 0.06 ppm TCDD. The concentration of TCDD in soil
was approximateiy 4,000 times gfeater than the amount that
would be deposited in soil from an applic;tion‘of Z,H;S-T
(with 1 ppm TCDD) at a rate of 2 pounds/acre in the top
1/3 inch of the soil surface, The tops of these plants
were harvested at intervals to maturity. Mature oats and
soybean tops contained less thaﬁ 1 part per billion (ppbd)
TCDD. TCDD was detected (with a detection 1imit of 1 ppb)
in mature oat grain, while no TCbD;was féund in the bean of
-lsoybeaﬁs; The authors concluded that soil uptake of TCDD by
::blants was highiy_unlikely, Sindé liiile or nd TCDD was |
“taken up by oats ;r‘sdybeans under the conditions of this 
;Qperiment (5#),’ | |
B (%) o écum i tio

Woolson ot al; (55) conducted a study to detefmiﬁe if
TCDD.residues coqld'be detected in bald eagle (Haliasctas
lgnggggnnglgﬁ) tissue exﬁracts, as -a represéntative of thé‘
top of a food chain., Scientists at the Patuxent Wildlife
Center-(U.Sf'Department of the Inte;ior; Laurel, Maryland)

'collected, and furnished to these researchers, 19 bald eagle
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y A
carcasses from Alaska, Maine, North Dakota, Wisconsin,

Michigan, Minnesota, Arkansas, Illinois, Missodri, Maryland,
Virginia, Iowa; New York, New Jersey, and Florida between
1966 and 1971. These states were sélected as sampling

sites in order to provide a widely dispersed sample population,
.The eggle‘tissues @ere prepared and extracted as described
by Mulhearn et al. (56). Woolson et a15'(55) detected no
dioxin residues at a level of 0.05 ppm TCDD, the lower limit
of detection for most pesticides in tissue samples .run by
the Patuxent Wildlife Research Center at that time. The
authors stated that the nonfdetection of dioxin residues
could imply that there was no dloxin build-up in the food
chain; that the build-up was less than the [then] current

detectable level of 0.05 ppm [50 ppbl; that the eagles

':J examined were not contaminated although other samples might

‘be; or that other species could feed on a different food

~ echain to accﬁmulate dioxins,

-;f Isensee and Jones (57) exposed several organisms in
a model aquatic ecosyéfem to»‘nc-labeled TCDD for up to 31
days to determine the distribution and biocacumulation

A‘potential in the aquatic environment. Soil containing from

1“C-TCDD was placed in aquaria,

0.0001 to 7.45 ppm adsorbed
f containing eight snails (Physa sp.), a few strands of algae

(Qedogonium cardiacum), and 10 ml of old aquarium water
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containing various diatoms, protozoa, and rotifers, Fifteen
duckweed (Lemna minor) plants were also added éo one aquarium,
Samples of daphnids were taken for analysis‘at 30 days, and
two mosquito fish (Gambysia affinis) were added to each

.taﬁk. 'Three days later all of the organisms were removed
for'analysis, and two fingerliﬁg channel catfish (ig&g;g;gg
punctatus) were ' added to' each tank and exposed for six

days.

fhe éuthérs Stated that all organisns ih 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’organi#ms. At the
highest TCDD concentration (7.#5-pbm) algae accunulated
-; 6,690 + 960 ppb TCDD; snails, 1,820 + 170 ppb; daphnids,
‘;,{6;400 :,HBOupéb; aﬂd Gambﬁsia, 1,380 + 220 ppb. patfish
ftuere.nét analjzed for TCDD résidueé. At the.second highest
'-TCDD concentratien (3.17 ppm), howe?ér, catfish acchmulatéd
'720 :,130‘ppb TCDDs The authors stated that accumulation in
all of tﬁe teSt organisms from soil containing 0.1 ppb TCDD
is important since this concentration appfoaéhes the concen-
tration which woul@iocgub under normal field use of 2,4,5-T,
.The authors concluded tbat‘thé data suggested that under

certain circumstances (diﬁcharée of storm runoff from
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receﬁtly treated rangeland into a small pond), water-eroded
surface soil or debris may contain enough TCDD.fbr meaéurable
residues (parts per thousand [ppt] quantities) to accumulate
in fish.or other aquatic organisms., However, the author;
speculated that TCDD, orginating from 2,4,5-T applicatioﬁs,
discharged into large lakes, streams, or estharies would

. probably become -sufficiently diluted so that no measurable

accumulation would occur.

As part of a broad study to determine whether 2,4,5-T
use leads to TCDD accumulation in the environment, Shadoff

et al. (58) collected samples of fish, mud, water, and human

———

— "

"milk from areas in Texas and Arkansas. The Texas samples
_of ﬁater, mud, catfish, and waileyea pike were eoliected
f}ffroﬁ the San Angelo Res=rvoir, ah-impouﬁdment of the North
!;fCoﬁého Rivof. The authors stated that this watershed has |
rmlarge acreages that have been sprayed with 2,4,5-T at 0. 5:

‘pounds/acre (2,4,5=-T acid aqulvalent) for brush eontrol
These resea"chers also obtained six samples of human milk
from mothers residing in the general area of the San Angnlo
,'Reserv01r. In addition, bass from a 125-acre pond in the

———— ke =" " :_'

heart of the Arkansas rice-growing area were collected.

¥ater from this pond is- used fo flcod rice field§ treated
with the equivalent of 1.25 pounds/acre of 2,4,5-T acid,

four to 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 supplemented.by water from
wells and by water collected as run-off from surrounding
rice fields during the rainy seasone. The authors stated
th#t tﬁis cycle had been in use (including the proper use of
2,4,5-T) for 18 yeérs up to the time of their.study.

The authors stated that no TCDD was detected in the tissues
sampled, usin;‘a Gas Chromatography-Mass Spectrometry
procedure with a detection limit which averaged less thén 10
>p§£. No evidence was found that TCDD is accumulating in the

"~ environment from the use of 2,4,5-T described in this

study.
G. Re e

() semd

“'Héslspﬂ et al. (55) Studied Lékéland sandy soil
*ﬁo-deiepmine if TCDD residues could be detected in soil
:Areceiving exceedingly large application of 2,4-D and 2;#,5-T.

The hea#ieét rate of 2,435fT applicatioﬂ was 94}’pounds/éére
applied aerially during 1962 through 1964, while the |

— e L

lightest rate was 160 pounds/acre applied aerially during
1968 and 1969. During this period, 1t—was not uncommon
for commercial saﬁples of 2,4,5-T to contain levels of

30_to 40 ppm TCDD.
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The éuthors were able to detect shall amounts of
2,4,5-T in the soil saﬁples. 'They observed that the residue
lével decreased with time after application and stated
that leaching and microbial dgéomposition could account for
l this decrease, Using a detection limit of less than 1Vppb,
the authors did not detect any TCDD at any depth in 36-inch

core samples of the soil.

(2) Yater

In October.1965, the U.S. Geélogical Survey initiated

‘a limited program of pesticide monitoring on 11 waterways

in the wéstern United States (59). The streams, representing
'égriculturai area;ng;;;—ZEeAprobability of observing
peséicidg Hesidués would be grgat;r, included ﬁhe Missouri,
?lﬁraios, Yeliowstone, Sacramehto, Colorado, Arkansas, Y;kima,
‘ARio Gréﬁde, and Snake.ﬁivers. Pesticides chésén for ahalysis
included thévinsecticides aldrin, DDD; DDE, DDT, dieldrin,
"endrin, heptachlor, ﬁeptachior epoxide, and lindane, and

thé herbicideslz}R-D, 2,&,5~T,'and‘silvex.' The authors
reported that no herbicide was fou?d at any Fime at any
'station dgring the fir{t year of the sampling program.V‘TheA

—e So—

lower limit of sensitivity (detection) was 5 pbt.

Manigold and Schulze (60), reporting on the results

6t_the UsSe Geological Survey stream monitoring‘program for



" the two-year period October 1966 to September 1968, observed
that beginning in Augﬁst 1967 2,4-D, silvex, aﬁd 2,4,5-T had
been &etected frequently. 2,4,5-T was found in 28 of the
320 samples and ranged from 0.01 to 0,07 ppb. The authors
stated that the established eriteria permitted 100 ug/liter

- (ppdb) for herbicides. Theée ;uthors reported that the
.'analytical'procedures were changéd from_the préceding report
to use Law's s#ﬁple clean~-up proéedure; which permits
"routine‘detection.of pesticides at 0.005 ug/liter in most

vaterse.

Norris (47) observed that peak concentrations of

phenoxy herbicideg_g?lggm exceeded 0.1 ppm in streams
costaminated froh spray projects on range and forest lands
-in Oregon. \

‘Laﬁson (61)'stﬁdied‘é,h;S-T-feSidués ig.stb}ﬁ runoff
lérom three small watersheds in Arkansas. "Two. watersheds, |
'one cleared and the other pattially cut, were sprayed with
'the‘isooctyl ester of 2,4,5-T; A fhird watershed, adjacent
to the two treated ones, was used as a control. Spraying
was done in September 1971, June 1972, and Julj 1973, either
 £0 cohtrol woodf—ggfédégiégd-Sroadleaf iégetation or jﬁst ﬁo
.ASrovide herbicide application for monitoring. The cleared

. watershed was treated with 4 pouhds acid equivalent per acre

and the partially cut site with 2 pounds/acre,



In water samples taken after the first gunoff-producing
storm in October 1971, Lawson (61) detected anAaverage
of 2.1 ppm 2,4,5-T from the cleared watershed and 1.0 pph
from the partially éut site, Maximum amoﬁnts detected were
2.2 ana 1.3 ppm for the two areas., No 2,4,5-T was detected

from the control sife.

Only trace amounts (less than 0.2 ppm) were detected
from each of the two treated sites after the next runofff

producing storms in November 1971, None was detected from

the control,

Q In approximgtcly 90 samples taken after storms during

el . et

the period December 1971 through September 1973, no 2,4, 5-T
vas defected by Lawson (61) 'in the runoff from the trnated

- or control water shedo.

"Since TCDD is ;mmobilé in soil (39) and soluble ;n'
vater at only 0.2 ppd (7); the possibility of ground~watef
.oontamination is virtualiy nonexistent (46). TCDD could be
preéent in runoff when soil-erosion is significant (39), and

thus TCDD contamination of water bodies could oécur.

- - - x= —_—Tlt

=T ~

A recent National Academy of Sciences report on .
drinking water stated that 2,4,5-T and TCDD have never been

detected in drinking water; the 1imit of detection was in



the parts per trillion. However, the report did project the
toxicity of 2,4,5-T and TCDD, their acceptable daily intake,

and suggested no-advérse-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
crops are grown contained as much as 0.06 ug/m3 2,4-D and
2,3{5fT. Assuming that a man_inhales about 30 3 of air per

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

6r 0.025 ug/kg of body weight per day for a 70 kg man.

. —=-- - -Ambient air monitoring for pesticides in predominantly

agricultuﬁal areas of 28 states was conducted by the

-_——-

National Air Monitoring Program in calendar years (CY) 1970

‘through 1972 using ethyléne glycol impinger type samples.

Table 1 records the arithmetic mean of residues of 2,4,5-T

detected in this progranm (64).
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Table 1. Air Monitoring Data for 2,4,5-T in 28 State
VMonitoring Programs (1970 to 1072)

] ] H : 1 ]
! "Name .of ! 2,4,5-T Ester | ng/m3 ' ng/m3 ! ng/m3 ]
i1State or City ! Monitored For ! CY 2970 | CY 3971 | CY 31072}
!Louisana {Isopropyl ester| - i, ND H 1.9 |
!Montana i -+ -~ ND ! ND { 0.8 |
{New Mexico | : - ! ND H 1.0 |
{Idaho | { ND i ¢ ND V1.7
{Illinois { BOEE i ND - i 3.6 ! ND |
{Oregon ' " ND i 0.5 ! ND |
!Tennessee ; 41,1 ] ND : ND |
{Tennessee 1Isooctyl ester | _ND P 2.7 : ND )
10klahoma ; S ND 1 14,6 H ND ¢

ND = Not Detected.
(4) Animals
Phenoxy acetic acids are relatively strong acids,
-and‘animais rapidly execrete them unchanged in their urine

- (36). In their study of the fate of'atrazine, kuron,

'gil%ex, and 2,4,5-T in the dairy cow, St. John et al. (65)

" . found that dairy cows given Z,R,SfT and silvex in their feed

at 5 ppm for fdub days, cdmpletely‘eliminated both 2,4,5-T
and silvex as soluble salts in the urine two days after

dosiﬁg stopped.,.

_ Zielinski and Fishbein (66) treated female C5TBL/6
mice with a single subcutaneous injection of 100 mg/kg body
veight of 2,4,5-T in dimethylsulféxide solution., They

sacrificed the animals at various intervals after injection

anQ analyzed in toto for Z,M,S-T.- The amounts recovéred as
percéntage.of the amount injected indicated decheasing
1eyels at_fhe following time intefvals after dosing: at 0
»houps, 77.1 + 5.0%; at 16 hours, 56.9 = 4.2%; and af 24
‘hours 23.7 & 3.6%. |
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In a preliminary report of a twq-year chron;c
toxicity feeding study, Dow Chemical USA (110):reported

the following residue data for rats fea indicated TCDD
doses: 24,000 pat in liver and 8,100 ppt in fat of females
ingesting 2,200 ppt/day; 5,100 ppt in liver and 1,700

"ppt in fat of females ingesting 220 ppt/day; ana 540 ppt in
'liver and fat of females ingesfing 22 ppt/day. The pre-
liminary report gives no.residue data for treated males,

or for controls of either sex.'

Piper et al, (67) studied the fate of 2,4,5-T follow=-
- ing oral administration to rats and dogs. Four groups of

~three male and three female Sprague-Dawley rats (Spartan

- . et ¥ .

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

'!givén sinéle doses of 1uc-1abeied!2,ﬂ,5-T by intubation_
.at 5 50, 100, and 200 ng/kg body weight in-rata:and

5 mg/kg body welght in dogs. The authors oombined data
obtained for males and females since the pha”macokinetlcs of
“'2,H,S-T were essentially the same in.each sexy In this
.atudy, the clearance half-life for 5 mg/kg 2,4,5-T from dog
.plasma yas“77.0 hours; in rats the ha1f~life was R.j_ |
“hours at 5 mg/kgmani‘#.i*hoaré at 50 mg/kg. At doses of
100 and 200 ag/kg body weight, the clearance half-life for

-

.. rats increased to 19.4 and 25.2 hours, showing that the
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pharmacokinetics of 2,4,5-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 these doses

may have exceeded the excretory capacity of the rats.,

;'Zitko-(ﬁé) éssayed chlorinated dibenzodioxin residues

.in aquatic animals, but was unéble to deteét these cﬁmpoundé
(detéction liﬁit: 0.04 ug/g [ppm] for TCDD) in any of

several aquatic animals from Canadian locations. The author
had seléctéd species from high trophic levels of the

3quatic food weblto measube cumulative pesticide contamination.
More recently, using improved analyﬁical mgthods for detection
 'of dioxin at ppt levels, Baughman and Meselson (69) found
mean TCDD levels ranging from 18‘pbt to 810 ppt in fish and
;rcrustaceans_takeh from Vietnamesefrivefs in August and
;:iéeptember‘}970, ”TCDD leveis tended to be higﬁer in fish
from_interior fivers than in those from seacoa$t~locations.
In combaris&n,.Baughman and Meselson féund les; than 3 ppt
TCDD in.fish 6btained in a market ;n Cape Cod, Massﬁchﬁsetts.
In another study, Matsumura and Benezet (70) placed fCDD-
coated sand directly iﬁ an aquarium containing brine'shrimp,
mosqhito larvae, and fish (silvérside). TCDD pickup was low
in fish (2 ppdb) and bfine shrimp (157 ppbd) under Ehe~experi;

. mental conditions. But mosquito larvae, which are bottom
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;eeders, showed a surpcisingly high rgte of pickup (4,150
ppb). The acthors concluded that TCDD was not likely to
accumulate 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.

(5) RPlants

Clark et ale. (36) reported fhac, when herbicidec
are applied to rangeland, tﬁe levels of phenoxy herbicides
available for inéestion by grazing livestock dépenc upon
‘the nature and degree of cover, the rate and mode of applica-
tion, tinme after application, and climate conditions.
' :Studies by Morton et al. (44) showed that residues on grass
inmediately after applicatlon of 2,4,5-T are not likely
'to exceed 100 to 1’0 ppm for each pounu of actua_ he"blczde

»applied per acre

' Leng (37) stated that horbicide residues in oc on
'plants declined rapidly, with a half- llfe of one to two‘
-weeks, due to photodecomp051tlon by sunlight, wash-off
: by rain, metabolism by plants, and dilution from growth of
-plants. 2,4,5-T ;;c apcicgc‘to grass in four states at an
application rate of 4§ pounds/gallon, 3 gallons/acre;

initial res;dues immediaﬁely after treatment in California

iaveraged 68& ppm (or 57 ppm/pound applied per acre); 1,668
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ppm (or 139 ppm/bound) in Michigan; 1,464 ppm {or 122
ppm/pound) in North Carolina; and 1,332 ppm or (111 ppm/pound)
in Texas, After two weeks, residues in the fourilocations
averaged 26 to 34 ppm/pound per acre., After 16 weeks, all
residues had declined to an éverage 3 ppm/pound‘appiied per

L

. acre,

"Baur et ;1. (71) treated grass species indigenous
to'fiétdbia County, Texas, with 2 pounds/acre 2,4,5~T ester,
One month after application the concentration a&eraged
4,060 ng/g (ppb) for 2,4,5~-T acid and 2,890 ng/g (ppb) for
2,4,5-T ester, Six months after application the concentra-
“tion aveéaged 60 and 170 ng/g (ppdb) for 2,4,5-T acid and

ester, respectively.

':i”detgéﬁaaﬂér.aha ﬁﬁﬁﬁeivf72§5/'3escribed a i969
Study in which aHZ,M,S-T propylene glycol butyl éther ester
formulation ﬁas sprayed on Texas grass at an'applicéfion
rate equivalent to 12 pounds of Z,R,S-T pef acre; this rate
_was 6 to 24 times the usual rate applied to grazing lands

fép brush control, At this time, manufacturing specifications

5/ Studies submitted by registrants as part of petitioﬁs
. for residue tolerances are classiflied confidential, pending
-outecome of litigation in U.S. District Court.
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fo} no detectable TCDD in 2,4,5-T Qsed a methoq sensitive'to

1 ppm. The authors found that residues of TCDD decreased

" rapidly from about 500 ppt TCDD within one day of application,
to about 35 ppé TCDD after four weeks, and about 15 ppt TCDD
after 16 weeks. The TCDD decrease roughly paralleled the

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

©(6) Humans
Matsumura (73) studied 2,%,5-T in the'blood and urine
'of human male volunteers who had ingesfted the chemical; |
After ingesting 150 mg (2.2 mg/kg), the pla;ma concentra.lon
_of 2,4,5-T in one subject reached a peak of 21,1 ug/ml after
‘four hours, A lineéf; semi-iogarithmic concentration-time
vcurvé (a gradient of -0.065) four houfs post-treatment
'Q ;hdicaied first order eliminatign_and absorption kinetics.
::In;;-secénd par€ of fﬁis.sﬁudy,‘Météumﬁra gave
tvwo maie'voiunteers single oral doses of 100 mg 2,4,5-T.
Urine samples were collected over 72 hours. About 45% of
'the.original dose was fouﬁd in urine collected during
the first 24 hours after treatment;>60% had been recovered
35 hours after treatment; and afﬁer 72‘hours, more than 809

.of the original dose'of 2,4,5-T had been recovered.

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

following oral administration to man., Five male volunteers,



ages 31 to 58 years, each ingested a'sihgle 5 mg/kg oral .
dose of analytical grade 2,4,5-T, with a purity greater than
99% and less than the detectable level (o;os pﬁm) TCDD,
directly or as a slurry in milk, Blood, urine, and feces
were.collected at intervals fdr'ub to 96 hours after
ingestion. Essentially all (88.5 + 5.15) of the 2,4,5=T
ingested by these subjects was excreted unchanged in the
urine after 96 hours., The plasma 2,4, 5 T concontratzon
1hcfeased rapidly'following ingestion and after 7 hours -.
. reached a peak of appfoximately 57 ug)ml, after which tﬁe
_ Vplasma contained 65% of the 2,4,5- T in the body, of which

99% was bound reversibly to yroteln.

s,

' Kohli et ai..(75’ also studied absorption and
;!;exeretion of 2 y, S-T in man. E;ght male voluntears, age 25
'v,to 35 years, receivad a'single oral dose (2, 3, or 5

~mg/kg) analytical grade 2,4,5-T with a purity greater £han‘
'99%+. Urine was collected up to 96 hours, and blood samplee
éefe collected up to 168 hours, 'Z,R,S-vaas deteeted‘in
.some two-hour urine samples, indicating rapid excretion of
the compound,” More than half of the 2,4,5-T was excreted‘in
the urine in the first 48 hoers, althougﬁ small quantities

were still being excreted at 96 houfs.
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2,4,5-T appeared in all plasma samples one hour
after 2,4,5-T ingestion, indiéating rapid absbrption.‘
Maximum concentration (approximately 25 ug/ml for the 5

mg/kg dose) was reached between 7 and 24 hours after

ingestion and began to decline at a first-order rate

after 32 hours.

.

~ These ;pvestigatohs concluded ﬁﬁat 2,4,5-T was
readily absorSed from the gastrointestinal tract,'that it
“was eliminated unchanéed in the urine, and that the half-life
for plasma clearance waﬁ 18.8 + 3.1 hours. These authors
pointed out that; in general, higher recoveries were reported
by Gghring et al. (74) who used an electron capture detector, .

instead of the flame-ionization detector used in their

._study.‘

©_ The National Human Monitoring Program for Pesticides,
‘}gﬂroﬁgh its cooperati#e arrangement with thg Health and
~Nutritional Examination Survey II. (Hanes II projecti, is
eurrently.analyzing-hﬁman urine samples for silvex,. Z,Q,B-T,
and 2,4,5-TCP (64)s The survey is scheduled for completion
in 1979, but somé extremely tentative resplts ére available,
'No quantifiable 2,4,5-T residues have been detected in the
first 400 samples; however, trace amounts (<10 ppb) have

been found in a few samples.

Dougherty and Piotrowska (177) reported on screening

of human urine for environmental contamination with toxic

"~ w3le



residues by'negative chemical ionization méss ;pectrometry.
The procedure is based on solvent extraction with minimal
clean-up followéd by examination with negative chemical
ionization mass spectrometry for organochlorine residues and
related ebmpounds-nith masses grgater than 130 daltons,

Urine for the screening procedure was obtained from students
at Florida State University (25 dorm residents; 21 football
team members; and 1l swimming team members). The authors
Eeported that the ;imited sﬁrvey of human urines indicates °
contamination of the subjects with 2,4,5-T, pentachlorophenol,
tother polychlorophenoxy acids, and numerous unknown compounds,
The authors indicated thaf_z,u,S-T was found iﬁ 36% (9/25) of
'fhe dorn residents; 24% (5(21) of the football team; and 9%

(1711) of the swimming team. The authors attempted to define.

";5§he source of the contamination by applying the same

'; {écreenipg procedure to enyironmental substrates and suggested

.3vthe food chain (beef fat in the case of 2,4,5-T) as one
- 8ignificant source of the eontamination. |
(7) Animal Products

‘Kocher et al. (76) surveyed beef fat from cattle
grazing on land where 2,4,5-T had been applied to determine
if TCDD was present in this tissue. None of the 2,4,5-T

1.§émples used were available for analysis for TCDD contents



The ap£h0r3 did not know whethén the sémples were prodﬁced
.before i972 (when maximum allowable TCDD content was 1 ppm)

or after 1972 (when maximum‘allowable TCDD content was 0.1
ppm). Node of the 16 saﬁplés from,Sugarlénd, Téxas, Missouri,
and Oklahoma showeq TCDD residues when analyzed by a gas
chromaﬁography-mass spectrometry detection technique (detection
limits: 3 to 6 ppt). Three of the eight samples fronm .
Mertzon, Texaé,‘whefe apimals Aad grézed for 30 days in a
fence& pasture sprayed in its entiréty with 2,4,5-T, gave

pdéitive responses at the detection limit of 3 to H'ppt TCDD.

In another surveillance study, Mahle et al. t77)
- anaiyzedvmilk from cows grazing.on gfass treated with
.:‘é,a,S-T'inlaccord with no;mal agQicultural practices.
‘Twenty-five samples were collected ffom different farms
:5;19 Okléhc;a, arkahsas, and-Misséu;i; tﬁ§se areas were |
‘i$;l§§§gd as repreéentaﬁive oflﬁhose where 2,4,5-T is used t§
'”con£fol broadleaf weeds and brush in pasture and rangeland.
Milk purchased in Midland, Michigan, an area where 2,:l5-i
-is no£ used, provided cont:ol samples, Bésed on gas |
chromatography-mass spectrometry data (d?tection limit:. 1
ppt), the authors stated that contrdl»samples were indistin-
'guishable from'fpe samples fronm tpeated_aheas and concluded

that TCDD was not present.



The residue levels reported in animal products in
the studies cited below were obiained in laboratory
- feeding studies and not from a#imals grézing on pastures
»ﬁné rangelands treated ;t dosage_rates reconmended on
.registered product labels. Nevertheless, residues obtained
4in'these.feeding studies could occur in the environment and
at thése same levels since animals grazing on forage plants
inmediately aftér treatment at recommended rates of applica-

tion could ingest 2,4,5-T in amounts similar to those fed in

the studies. - -

- Leng (37) found no'rA$idues ébeater'than 0.05 ppm in
milk or cream of cows ingesting 10 .to 30 ppm 2 4,5-T. At

100 ppm 2 y, S T in the diet, traces of 2,4,5- TCP (0.06 ppm)- -

were found in milk and ¢ream. When the diet céntained 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

0.15 to 0.5 ppm in milk of individual cows.

Leng {37), reporting on residues in ﬁeat ahd meat
byprqduct;, statgd that calves slaughtered after.ingesting
300 ppm 2,4,5-T in the total diet contained average residues
of 0;12 to 0.28 ppm in muscle, fat, and liver, and 3.3 ppnm
in kidney. Animals fed 900 to 2,000 ppm 2,4,5-«T in the
total diet.and slaughterediwithout withdra#al had propore-

tionally higher average residues in tissue. No residues were

. detected (detection limit: 0.05 ppm) in most tissues when

'.aﬁimalé were given untreated feed for one week after they
- had been on the highest levels (1,800 and 2,000 ppm) of
;ﬁiz,h,S-T for four weeks, Residues of 2,4,5-T declined

”; rapidly in tissues as soon as animals started to eat

. -untreated feed.

"4101abk and Palmer (78) fou£d‘0.b8vppm 2,4,5-T in

' omentgl fat of each of two sheep given four ofal doses of
either.o.ls or 0.75 mg/kg of the propflene glycol bhtyl
ester of 2,4,5-T, They also found 368 ppm 2,4,5-T in
kidnéys 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

1
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feed. Residues of the metabelite 2,4,5-TCP were not detected
in the fat of any of the animals. They also found that the
2,4,5-T level in liver and kidneys was less than 0.05 ppm

after the animals were on untreated feed for seven days.

Leng (79) found low levels of 2,4,5-T in muscle and

fat of ealves‘receiving 300 to 900 ppm 2,4,5-T in the dief
| and much higher residues in tissues of animals fed 1,800
ppm 2,4,5-T for 28 days. Calves fed 300 ppm 2,4,5-T showed
0.12 and 0.28 ppm 2,4,5-T in muscle and fat, resbectively.
Calves fed 900 ppm showed 0.24 and 0.38 ppm in muscle and
fat, respeetivelyl_ And at 1,SOQ ppm in the diet, calves
showed 1.2 and 2.0 ppm in musele and fat, respectively, In
-‘this same study, Leng found relatlvely low residues of
:}lZ,E,S-T.ln liver et feeding levels of 300 and 900 ppm (0.2

' snd.t.o pem, respectively) and sharply increased residues
(7.9-Ppm) at 1,800 ppm, indicating that the threshold levell
B may have been exceeded at this higher dosage level. Residues
of 2,4,5-T in kidney appeared to be proportional to the

level in the diet.

Eighty-five samples of beef fat were analyzed
for TCDD content under the auspices of the EPA Dioxin

Implementation Plan (see Section II). These beef fat
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- samples included 18 samples from éoﬁtrol areas and 67
samples from'areas previously tréated with 2,#;5-T..

None of the 18 control samples had detectable éﬁounts

of TCDD at a detection limit of 10 ppt. Qf the 67 samples
from areas previously exposed to 2,4,5-T, one showed a
positive TCDD level of 60 ppt; ;wo appeared to have TQDD.at
20 ppt; and five m;y have had TCDD levels which ranged from
5 to 10 ppt. The values for these five samplés were at or
below:the 1imits of detection of 10 ppt. Forty-three beef
liver samples were analyzed and showed no TCDD residues at a

detection limit of 10 ppt.

(8) Food

‘lEVidence thaf véry little 2;&,5-T geis into food is
,_#?Séén in resulés of Market Baske£ Survéys conducted by

- the Food and Drug Administration (FDA). Of the 134 total
'.'Hiet samples involving 1,600 food composités (Market Basket
'§ppvey) ;nalyzed from 1964 through April 1969, only théee
.'éontained 2,4,5-T. Two were dairy products containing 8 to
| 13¢ rat with 0.008 ana 0.19 ppm in the fat. A single

meat, 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)..

FDAAMarket Basket Survey samples from 1969 through

‘July 1974 showed no 2,4,5-T residues (detection limit: 0.02
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ppn) in 155 total diet samples involving 1,869 food composites

(85, 86, 87, 88, 89).

(D

(9) osure v jstr ci

There have been a number of industrial accidents
4during manufacture of chlorinated phenols that have resulted

'dn human exposure to TCDD.,

¥hiteside (90) reported on a 1949 explésiéﬁ #t a
chemical ‘plant producing 2,4,5-T in ﬁitro, West Virginia.'-
The release -of intermediate c?emicals led to 228 cases of
. chloracne among exposed workers, Wﬁiteside stated that

symptoms of affected workefs*included skin eruptions,

shortness of breath, intolerance fo éold, palpable and

tender_liver,lloss‘of sensation in éxtremities, damage to
| peripheral nérves, fatiéue; nervouéﬁess, irritébility,

insomnia, Yoss of libido, and vertigos

Goldmann (91) reported on.a 1953 acecident at a
E;A;SQTCP production plént in Germany. Temperaturé and
ﬁressure rose explosively in the autoclave, forming previously
unknown, verymtoxic chlorinated hydrocarbons; 42 persons
‘contracted serious cases of dermatitis, in which 1} pérsons
suffered consequent d;mage to interngl organs, aﬁd seQen

3 _bersons experienced disturbances of the nervous system.
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Alsimilar acecident occurred in Amsterdan in 1963 when an
explosion in a 2,4,5-T factory resulted in 50 workers

contracting chloracne (90).

In 1954, 31 workers in a Hamburg, Germany, chemical
plani producing 2,4,5-T from technical 2,4,5-TCP contracted
chloracne (10, 16, 92) and suffered the physical and psycho-.
-logical-symptomé assoeiafgd with it (93). Kimmig and Schulz
(10) éxtensively investigated the workers' conditions
and conducted experiments treating the skin of a rabbit's
ear with chemicals to which workers had been exposed.

'These researchers tentatively identified the causative agent
~of the chloracne ag—TCDD}—"Bauer et al.,(ls) conclusively

identified TCDD as the cause of chloracne.

e In 196& worknrs in a 2,4-D and 2,4,5- T plant in

;the Unitad Statos dnvelopod chloracne (93. 94). .Elelberg_

et al. (94) found evidence of porphyria'cutanea,farda (PCT)

of varying degrees of severity in 11 out of 29 workers, PCT
had never before been described as related to chloracne, nor
4ha§ it been ascribed to industrial exposure in the United
-States. 'The authors stated that either the finished chemicals

or some intermediate were responsible for both diseases,

The Fine Chemlcals Unit of Coalite and Chemlcal
' Products Limited located at Bolsover, Derbyshire, in England

had been producing 2,4,5-TCP for nearly three years without
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dncident when an explosion occurred at midnight on April 23,
1968 As a result of this exothermal reactioﬁ, TCDD had
_accidentally been prqduced. Workers at this‘piant were‘
‘accidéntally exposed to TCDD, and 79 cases of chloracne were

recorded, many of them severe (9, 95),

| ABeginning in May 1971 an accidental poisoning episode
occurred in the United States that affected humanﬁ, horses,
aﬁd other animals. The exposure was related‘éo the spraying
of wasté'oil, contaminated with TCDD, on riding arenas to
control dust, Threé days after spraying, sparfows and
other birds were found dead on the arena'floof, of 85
~horses exercised within the arena, 62 became 111, and 48
- .dieds The first horse died on June 20, 1971. Horses
conﬁinued to die as laﬁe és January 1974. Human illnesses
:;ﬁere less séyere; but did inelude one case of hemorrhagic
- cfstitis in é 6;year;6ld girl whb freqﬁently piéyéd in the
-érena. Analysis éhowed the arena contained 51.8 to 33.0

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

‘lBeaie et al. (98) ﬁresented follow;up information on
the 6-year-old girl invoi?ed in this accidental poisoning.
These authors stated that the girl's symptoms resolved'in
threé to féur days and did not recur, _Reshlts of a repeéf
§oiding cystogfam three months latervappea}ed normal,
CYStoscoPY'at this timg did, however, demonstrate‘numérous

punctate haembrrhagic.aréas in the bladder, especially in
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the region of the trigone., Five years later, an investiga-
tion'shoued that this girl had grown normally;;reéults of a
physical examination, includ ng a detailed neurological
examination, were normal, Cystogram and liver-function
tests were also normal, as was the urinary excretion of

. uroporphyrins, coproporphyrins, and thyroid function..

On July 10, 1976, an accident at the ICMESA chemical
plant in the Seveso Region of Italy released 2 eo lb pounds
of TCDD ofer a wide area (90, 99, 100). Hundreds of animals
died, many area residente reported skin disorders, aﬁd an
area of 110 ﬁectares was evacuated. (101). ﬂeports of the
immediate symptoﬁg?gggwiggications of many long-term effects

are just becoming available.

' Sevese inhabitants initially eiperienced numerous,
;:?burnllke skin lesions which gradually receded; Whiteside
(90) believed this type of lesion was probab‘y due to direct
eontact with the sodium hydroxide andvphenolic components of
the fallout. Two and a half moqths'after the explosion,
however, children and yohng people in the zone most affected

by the fallout developod symptoms of true chlporacne, a sign

-

- of dioxin poisoning, on theiv faces,~arms, and bodies. By
:4 November 1976, 28 people had»develqped confirmed cases of
chloracne, and the number rose to 38 by Decemﬁer.1976; one
'.'year later, the_nﬁmber of confirmed cases of chloracne was

_;30‘ : :
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A number of Seveso women wWere pfegnant at the
time of the accident, Whiteside (90) reportg& that the
‘ﬂumber of legal and illegal abortions performed after the
. accident prébably totalled 90, Results of a survey by an
epidemological commission showed that 183 babies were
delivered in ﬁhe two months following the accident and that
'theré were 51 spontaneous abortions as distinet from induced
abortions (apbroximately double the rﬁte of spontaneous
abortions previously reported for the ayea). Whiteside
(90) reported that eight cases of birth abnormalities have
been noted to.datelémong babies born to women in the Seveso
area who were pregnant at the time of the explosion.
thsiciaﬁs in the Seveso area have had difficulty rélating
this directly to the explosion,.hsﬁever; g8ince this incidence
gof birth aSnormalities wés no; disproportionaté to the usual

“incidence of abnormal births.

Be oler e

Thére are no tolerances establishéd for 2;4,5-T in or
on food crops., Likewise, no tolerances have been set
specifically for—~ECPD 4n-or-on food crops. However, 40 CFR
Section 180,302 does establish a tol;;ance‘of 0.05 ppm for
~hgxachlorophene on cotton seed (a nonhuman dietary food

_item); with a stated limitation that the technical grade
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' hexachlorophene used in the formulation shallhnot contain
more than 0.1 ppm TCDD. The limitation does not constitute

a tolerance (l102).

A'I.}fBeSticide Episode Reports System (PERS)

_gPA's Pesticide Episodé Response Branch of 'the Office
qf Pesticide Programs maintainéya Pesticide Episodé Reborts
Systeﬁ (PERS) which éollecté reports of pest;pide exposure
affecting humans, domestic animals, livestock, and wildlife
(;03), According to their records, there were 96 episodes

from 1966 to April 1977 involving 2,4,5-T.

| Many of these 96 episodes recorded effects in more
. than one area of the environment.. Plant damage was reported
60 times,'effécts on humans 16 times, water poﬁtamination
ii.#luifiﬁes, eff§§ts én domestic animals and soil contamination
i27 £imes‘eagh, gehgrai-enviréﬁhentﬁl contamihation 3 times;A

---and fish kills and complaints against use of 2,4,5~T twice

each,

,Theré was substanéial evidence in i3 of the 96
-episodes linking Z,H,S-T‘to the episode's effects; there was
circumstantial evideﬁée in 20 of the episodes for invblvement'
‘of 2,4,5-T; there was insufficient evidence in 62 of the
. episodes t§ péove_or disprove involvement of 2,4,5-T; and

one épisode had no verification status listed.
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of the 13 episodes for which there was substantial
evidence linking 2,&,5-T to the episode's effécts, two-
; involved humans (inclﬁding one suicide); 2,4-D was also
involved in both episodes, Three episodeélinvolved plant
damagé from drift of herbicidés;AZ,H,S-T residues were
found in_plant samples in ﬁwo episodes; 2,4-D was also
1nvolved in 6ne of these episo&es. Two eplisodes invoived
fish kills re;ulting from accidental spills into streams,
with z,u-b involved in both incidents; in one of these
episodes, 6,000 fish (90% juvenile salmon) were 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

T e S e,

4-§ere déstrbyed by a tornado and fire; many other pe;ticides

were involved iﬁ both in;tances; Two episodes involved'~

. domestic animals; in one, Zu»cows died after herbicide
iapplicééién:' Arsenic residues were fouﬁd in two cows;

“and aréenic contamination of the herbicidefmix'was suspecté&.
In the ather instanée, 8 cows dfank water cohtaminated with
2,4,5-T; residue levels of 0.03 and 0.02 ppm were found in
the milk five and‘eight aays, respectively, after the
incident. Two~923§;?q;§2q_forty gallons of milk were
dumped. One incident inyolQed wéter‘éoﬁtamination as a

Aresult‘of a warehouse'fire; many other pestiqides were also

involved,
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II. REGULATORY HISTORX

2,4,5-? was developed during World War.II and was.
first registered as a pesticide on March 2, 1948 (3). Since
then, it has been the subject of several Federal regulatory

actions.

" "On April 13; 1966, the United States ﬁepértment of
Agriculture (USDA) and the Foodiand.Drug Administration
(FDA) publishe; an annodncement in the Federal Registér‘
aﬁolishing the "No Residue and Zero Tolerance"™ concepts as
scientifically untenable. Futurg registrations wouid be
granted on the basis of either "Negligible ﬁesidue" or
'"fermissible Residueo™ Industry ﬁés gived until December

A 31, 1957, to compl& by obta;ning tdlerances for ?esidues of
2,4,5-T in all tre;ted'food, feed products, and_byprodﬁcts-

'giﬁ}iﬁ addition no registrations would be continued beyond
1libgéember'3}, 1970). 8 RN

Following this action, a series of Pesticide Regiétra-

T e

 ‘i;t1oﬂ (?h) Notices were issued over several years, extending
fcertéin "no residue® and-"iero tolerance™ registrations
beyond the December 31; 1967, deadline for obtaining

reSid@e tolerance. (These and all following PR Notices

are cited in Reference 104,) Among uses pf 2,4,5-T extended
.béyond the deadline were uses»on.pa;ture grasses and

. rangelandg on applés (McIntosh), blueberries (low bush),
cereal grains (undesignated), rice; and sugarcaﬁe; and in
1gkes and ponds. |
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PR Notice 70-8 issued by the USDA on March 10, 1970,
"4dentified data needs for certain compounds. .2,4,5-T
wés identified as one of the compounds requiring further

teratogenib.studies.

' PR.Notice 70-11 puﬁlished on April 20, 1970, suspended
2,4,5-T products bearing certain directions for use. .
The suspended uses were all usés in lakes, ponds; or on
ditch banks; énd liquid formulatioﬁs for use around the

home, recreation areas, and similar sites.

PR ﬁotiee 70-13 issued by the USDAvon May‘l, 1970,
cancelled 2,4,5-T products bearing certain directions
for use, The cancelled uses were all granular 2,4,5T
‘ formulétions fbr use around the hone, regreational areas,
and similar sites; and all Z;d,s-T uses on foéod crops

"intended fer human consumption.

.iAil.registrants wefe édvised of these actions,Aand
two of the 2,4,5=-T registrants,'Dow Chemical and Hercules
*  Incorporated,. excercised their right under section k(e) of
the Federal Insecticide,:Fungicide, and Rodenticide Act
(FIFRA) [T U.S.C. 135 et seq.] to petition for referral of

the cancellation (rice use only) to an Advisory Committee.

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

*_a nine-member Advisory Committee of scientists was appointed
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to ﬁonsider all relevant facts, submit a report and reconmen-
détion; reéarding registration for certain uses of 2,4,5-T,
and state the reasons or bases for these recommendations.
Their report'was submitted to the Administrator of the
Envirénmental Protection Agency on May 7, 1971 (48). The
Committee recommended that use of 2,4,5-T be permitted in
forestry, range land, and rights-of-way providing that the
limit of 0.1 ppm of ccntamihafion with TCDD be set for all
future production of 2,4,5-T; that 2,4,5-T be applied no

more than once a year at any Sns site; and that 2,4,5-T be

applied with proper caution so that it will not contaminate

. other areas where 1t nay

e e P —

come into contact with humans.

.. The Committee also recommended that this action be
. reviewed again when existing deficiencies in information
'Aiﬁoub possible magnificatibn of TCDD in the food chain

have been rectifigd by specific research.

In the meantime, PR Notice T70-22, published by the
USDA on September 28, 1970, addressed the presence of
chlorodioxin contaminants in economie poisons. This notice
stated that the USDA had determined that certain toxie
ﬁhlorodioxins (such as TCDD) may be p;esent as contaminants
in the basic mate;ials used in formulating 2,4,5-T and

- silvex. The notice also stated that the presence of such
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chlorodioxins constituted a possible hazard to man since they
had been found to be extremeiy toxic to labondtory animals,
and that appropriaﬁe regulatory action would be taken under
provisions of FIFRA since products containing chlorodioxins

are considered to be in violation of FIFRA.

.Dow‘Cheqical obtained an injunction against EPA in
July 1972, enjoining further administrative action against
'2,4,5-T. The United Stdtes Court of Appeals for the Eighth
Circuit overturned the injunction in 1973, and addinistrative-

proceedings were allowed to go forward,

On July 20, 1973, a notice of intent to hold public
hearings on all) uses of 2,4,5-T was filed with the EPA

Hearing Clerk under Section 6(b)(2) ovaIFRA, as amended

.. -1972. All federally approved uses ofiz,u,SQT were to be

.  gexplored-in’a.public hearing.scheduled for April 1974,

' fgllog%Qs doﬁpletion of an intepsive'monitoring program for
-détecting dioxin in the ppt range (38 FR 19869, July 29,
1973). . o o

On May 10, 197& the information hearing was expanded
lto include all insec¢ticides and herbicidcs having 2,4,5-TCP
in their manufacturing process, These included silvex,
"erbon, and ronnel, as well as 2, h 5-T and 2, 4,5~ TCP,_all

'-of which may contain TCDD.
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On June 24, 1974, EPA withdrew cancellatiSn and
information;gathering proceedings initiated against 2,4,5-T
and related compounds'because of its inability 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 "will continué its TCDD
residue monitoring progranm and’will_take such further action
as it deeﬁs 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 Plaﬁning
Confeéen;s in Washington, D.C., primarily.for those parties
'»hayipg an interest in.the withdrawn 2,4,5-T/dioxin hearings,
to address ;ata analysiﬁ and r;trieval (in the areas of
‘analytical methodolgy, tbxicélogy;‘and monitoriné)-with
emphasis on énalytical methodology for TCDD at_the-ppt
5,1ev§1.' As a resuit; tﬁ§ Agenéy eStablished é bioxih Implemen-
-fatioﬁ Plén (D1P) inteh&ed to identify é.preferable analyéical
.ﬁethodology to monitor human and environmental samples for
$CbD. | _ |

On-gping-TCDD studies under the DIP inclﬁde::-an
analyticai method validation study to produce statisticélly
'_defénsible déta; monitoring for resicues in human nilk in
fhe Pacific nogthyest; additional beef fat residue studies;
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additional technical pesticide residue studies; and an

environmental monitoring program for TCDD residues in soil,

water, and biota.

IXI. SUMMARY OF SCIENTIFIC EVIDENCE RELATING TO

* BREBUTTABLE PRESUMPTION

The_f&ilowing adverse effects.of 2,4,5-T and/or
TCDD have been found to exceed the eriteria‘for issuance of
a rebuttable presumption as stated in Section 162.11 of the
Code of Federal Regulations (CFR 40). Because of industry's
apparent inability to produce 2,4,5-T without. TCDD contamiqa-
tion; none_of the studies cited are for pure 2,4,5-T. The |
effects of TCDD must also be considered when assessing

2,4,5-T by the Agency's risk cri@eria.
A o) eﬁ'c ect

40 CFR Section 162.,11(a)(3)(ii)(r) provides.ﬁhat a
rebuttable presumption shall arise "if a pesticide‘s
_1ngredient(s)...(i)nduceg oncogenic effects in experi-
mental mammalian species or in man as a result of oral,
inhalation or dermal exposure...." Section 162.3(bb)
defines the term oncogenic as "the property of a substance
‘or a mixture of substances to produce or induce benign

or malignant tumor formation in living animals,.,"



The studies summarized below ihdicate that 2,4,5-T
éontaining less than‘0.0S ppm TCDD and/or TCDb alone have
oncogenic effects in two mouse strains and 6ne rat strain.,
Since 2,4,5-T, as currently formulated, contains TCDD (at a
maximum amount of 0.099 ppm), a rebuttable presumption
«against the registration of 2,4,5-T products has arisen
becausé of the oncogenic effect of 2,4,5-T and its contami-
nant, TCDD. )

(1) 2,4,8-T
'(a) fo of Distar =T (L
o ode

In their bioassy of 2,4,5=-T for carcinogenicity in

mice, Muranyi-Kovacs et al"(IOSY’administered 2,4,5=-T

”igfconﬁaining €d;os ppm‘TCDD)ﬁlt§'inbréd C3Hf and XVII/G mice.
Th; mice wefe giveﬂ 160 mg/liﬁer ofvz,ﬁ,S-T in the drinkiné

ﬁater for two months beginning.at.six weeks of age. Dﬁring
. _the succeeding 15 to 20 mohths, the mice were given 2,4,5-T

mixed in the diei at a concentration of 80 ppm ad libitum.

“ In CSHf-mice, NBf of the treated'females (12/725) and
55% of theAfreated males (i2/2é) developed tumors, compared
" with control values of 21% (9/44) and 49% (21/43), respeéa
.tively (Tableiz). The‘differences between the ﬁumber of
tumors observed aﬁd éhe number expected ﬁere signiff&aht for

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

”

£/ This TCDD level is less than the 0.1 ppm TCDD currently
found in most co.mercial formulations (see Section I.B).

-5l



(p'< 0.01).1/ For non-incidental tumors,

!

the differences

were significant for each sex and the combination; no

significant differences were found in incidental tumors.

8/

HNo other strain-sex combination yielded statisticallj

significant values (106). Rare types of tumors, not seen in

the control animals, were observed in the treated C3Hf

females,

Table 2, Oncogenic Effects of 2.4.5-T on Miced’

| {Di eta"y. Mean iMice with Leukemia| !
{ | Level | Survi= :and Lung and Liver| ' A
P i val Timej Tumors | 1 Incidence of Tumors !
1 1 1 ]
train 'Snxiklppm)g/igfdays) L,NQ/TOVEI N oS/} & | T5¢al ! Lung ! Livenr j Leukeria ; Qther:
] § ] i 1 ] .
csur Mt o f 63 | 2wm3 g f, 22 4 21 191 - § &
t - 1 1 ] ] 1 ] ]
{1 80 | stk a0 iss 1 131 - { w0 2 | &
I{F{ O i 680 |} 9/44 121 § g I 5 i 3 1 1 S
L 1 t [ 1 ] o t t ]
® | ! sy i g0 4 voyes— lugl 43} .o} A T A
] ] ! 1 1 :
vive fml o 1 s21 .| 2s/32 78 § 27 | 22 | [ - | &
: 1 ] 1 1 1
I 1 80 § s83 | 1s/20 f7s 4 16 1 1§ —- | P/
| | | 53 | | 20 | | | A
: iH, 0 i 569 | 214 531 24 | 20 |} -- | 2 | 2¢
ot 1 1 1 t ' ' $ 3 t :
® I 1 80 P surd/ I 46710 184 6 b 15 b .. 1 1 T
Data from Muranyi-Kovacs (105).
Estimated daily oral dose = 12 mg/kg body weight. .
Effective number of mice are mice surviving longer than 300 days or developing a tumor

rfore 300 days of age.
leomorphic salivary gland tumor

ibrosarcoma; one hyperplastie urlnary bladder and one hyperplastic forestomach not

sluded,

One osteogenic sarcoma; two sarcomas; two cutaneous tumors; one cervical tumor.

Forestomach tumor,

Urinary bladder papilloma; two hyperplastic lesions of urinary bladder nét included.

wo hemangiomas. ‘
p € 0.01 compared with contro’s.
p < 0.001 compared with controls.

—h T A = T -

———

"The investigators found no signlflcant sex-"elated

fPerences,

Incidental tumors are tumors discovered at necropsy
an animal which died from some other cancer; none-
cidental tumors are tumors diagnosed during life or

ich caused the death of the animal.
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A decrease in survival time for mice with tumors was
noted in both male and female treated C3Hf mice when compared
with controls, C3Hf treated male mice survived an average

of 511 days compared with 630 days for control male mice,

" According to the evaluation by EPA's Cabcinogen Assessment

Group [ CAG] (106), this difference was significant (p <0.001).
Treated female C3Hf mice survived 620 days compared with 680

days for control female;. Chemically induced oncogenic

effects typically show long latency periods. " The finding

of reduced longevity among treated animals as compared

with controls complicates the assessment of the potential

oncogenic effects of 2,4,5-T,

" In XVII/G mice, 84% of the treated females (16/19)

.and 75% of thé treated males (15/20) developed tumors,
compared with econtrol values of 53% (21/40) and 78% (25/32);

" respectively,

An.increage_in survivﬁl time for mice #ikﬁ fumors
over éontrol§ was noted among the XVII/C treaﬁed ahimals.
There Qas aﬁ-averége survival time of 583 days for tréated
male mice comp#fed with 521 days for control male mice.

Treated females survived 641 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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Innes et al, (107) studied the tumorigenicity of
.Z:nglf, contéining about 30 ppm TCDD, in two hybrid
strains of mice, designated as "X" and "YI", after Sral of
subcutaneous administration of the maximum tolerated dose
(Table 3). The testing was performed at Bionétics Research
Laboratérieﬁ,_under contract from the.Nationai Institutes

of Health, Results of the studies were'calculated comparing

treated groups with matched and pooled controls.%/

l 'In the subcutaneous study, mice were given aAsingle
Ainjection of 21.5 mg/kg of Z,R,S-f in a dimethyl sulfoxide
(DMSO) solution at approximately 18 months-of.ageolvSéventeen
‘percent (3/18) of the treated "Y" maieswaeveloped pulhonéry
-&denémas, éompared with 1% (H/71) of the matched contr&ls and
3% (4/122) of the pooled controls: This increased incidence
oflpulmonary-adenoﬁas was significant relative to-both con-

trol groups [p = 0.024 matched and p = 0.04 pooled] (106).

In the oral study, 21.5 mg/kg of 2,4,5-T in gelatin

was administered daily by stomach tube, beginning at seven

9/ Because this was a large scale scheéning study,
several control groups were used. No significant dif-
ferences were found among these groups.,
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days of aée. After weaning, 60 ppm-of 2,4,5-T was mixed

in the diet and provided ad libifum until the end of the

study at approximately 18 monthss Gross and histological

examinations were made of all major organs and visible

lesions;

thyroid 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

respect to tumors at specific sites or total number of

tumor-bearing animalse.

Table 32, Tumors in Mige Inzesting,z.u.S-T

b
!

Mice with Specifiec Tumors

| i i 1

{ {iDose IMice with Tumors{Reticulum Cell{Tumor Type Pumonaryi ‘{
{StraintSex! (ppm) iNo/Total No! ¢ {Sarcoma {Adepomz & CarcinormalHenatomal
f X {M! o i 5/15 i 334 0 - 2 i3 i
| -} i(matched)} i ] ! P '
| i t o Po22/79 | 28 | 5 | 5 18 |
¥ . .| 1(pooled) | = P R B o
| 41 60 I 6/18 { 33 1 1. o 1. I S
| {Fi1 o0 I 2718 P11 1 | 1 | -}
i |  {(matched)! N R i : R {
| I S ¢ i 8/87 b9t 4 ! 3 i -
| ! | (pooled) | - i ! | d ’ |
y ! 0] ! 1/81 i 61 - ! 1 Y e-
P Y 1Mt o | 3/18 P17 -— ; 3 | - ]
} i 1(matched)! ! e ! } i
| . ! t o i 16790 | 18 | 1 { 10 i 5 ]
] I {(pooled) | | | : | | !
| i | 60 P3/18 T 2 | - {1 |
| {F1 0 I /15 PoT 1 I - b -
| |  {(matched)! H | | | |
| SO SR B ¢ i 7/82 i 91 3 | 3 P1 ]
| !  l(pooled) ! - N 1 . |
4 4 {60 i 2/18 1114 1 | - S
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Yan Miller et al, (109) recently reported the results
'of a two-year feeding study with male Sprague-Dawley rats,

Ten groups of ten animals per group uere fed ground chow
containing 0, 1, 5, 50, or 500 ppt (= 10°12 gram TCDD/gram

} food), and 1, 5, 50, 500, or 1,000 ppb (= 10-9 gram TCDD/gram
food) TCDD. | |

» Food intake (10.1 4 g/day) §a3 significantly lower in.
rats-iﬁgesiing the thfée highest dose levels (50, 500, or
1,000 ppb TCDD) than in controls (21 2 g/day), and none of
: the rats in these vhree groups galnad weight after the start_
;of the experlmnntal diet. A1l rats receiving these three
 dose levels died between the second and fourth week'of
;treatmeﬁt.. | |

1Y

~On the oiher hand, food intake for rats on other dose
levels was similar to controls (20 + 2 g/day). Weight
gain was significantly less only for rats given 5 ppb TCDD

(391 + 54 g) as compared to‘contréls (531 & Rhlg). In these
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seven groups only one animal died before the 30£h week, and
that death occurred in the 500-ppt group at the 17th week.
In the 5- and l-ppb groups; all animals die& by the 90th
week of‘the experiment, Tgble 4 shows the mortality figures

‘for all groups.

.,__2/

Table 4. Mortality in Rats Ingesting
Levels of TCDD

Various

‘No. Rats Dead

t . i

Dose | p¥eek 8L en | at o5tn week?/
o2 | 68 | 6710 (60%) |
- s/ | | 1
11 ppt ! 86 | 2/10 (20%) |
5 pptd’ | 33 | w10 (hogy |
|50 ppe2/ | 69 | w10 (%0%) |
500 pp¥/ T 717 | 5/10 (50%) !
| 1 ppu® | 31 | 10720 (2007) |
s pp® i 31 | 10710 (100%) |
|50 ppod/ | '3 | 10710 (100%) |
ls00 pppt/ | 2 | 10/10 (100%) |
11,000 ppb¥/i 2 ! 10710 (100%) |

=57~

.2/ Surviving animals sacrificed at 95 weeks.
Control group. Diet contained no TCDD,

e/ Approximate weekly dose was 0.0003 ug/kg body wt.
- 8/ Approximate weekly dose was 0.001 ug/kg body wt.
e/ Approximate weekly dose was 0.01 ug/kg body wt.
L/ Approximate weekly dose was 0.1 ug/kg body wt.
£/ Approximate weekly dose was 0.4 ug/kg body wt.
h/ Approximate weekly dose was 2.0 ug/kg body wt.
.4/ Approximate weekly dose was 24 ug/kg body wt.
.3/ Approximate weekly dose was 240 ug/kg body wt.

k/ Approximate weekly dose was

500 ug/kg body wt.



‘Laparotomies were pérformed.on all rats surviving
through the 65th week, and all tumors.obsefved';ére biopsied.
Rats‘were maintained on these diets until the 78th week and
were -then placed on the con;rol'diet. Sur?iving animals
vere kiiled at 95 weeks. Complete necropsies were done.at
death or sacrifice, aﬁd tissue ;amples were microscop~
ically éxamined. Special'staining methods were used to "ai&
in £he diagnosis of neoplasms,” |

fumorigenic énd foxic effects were observed in'rats

in the six lowest dose groups. The overall'incidence

of neoplasms in fhe six experiﬁental groups.kas 38% (23/60),
compared with 0% (0710)~"imthe control group. The difference
is Statistically significant.(106).‘ Neoplastip nodules and
cholangiocarcinomas of thg"iiv;riwgre observed in 40% (4/10)
iideﬁﬁé rats ingeéting-s pﬁb TCDD; two animals had both
fn%gﬂléstie nodﬁigs of the liver and cholangiocarcinomas.
-6né rat (10%) inwthe 1 ppd éroup had hepatic carcinoma
__éomﬁared to ddne of the controls. Hepatic tumors were not

found in other dose groups:(Table 5).

Table 8§, [iver=Tymors in Rats Ingesting TCDDE/

{ ! Rats With i Rats With { Rats With H
R | Neoplastie | Cholangio- | Nodules plus]
{ ! Nodules | carcinomas ! Carcinomas |
dDose (ppdb) | No, | ¢ ! No, V¢ } No, I ¢ H
4 0 i os10 } © i 0710 } © i 0710 } © i
{ 1 { 0710 } © i /7104 10} w10 | 10 :
{ | ] ] ] t )

J Unzag s/t osag o ooR/t wygg T oweRl U

&/ Data from Van Miller (109). ) :
2/ Two animals 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 ppb'TCbD, compared to none
(0/10) in thé control rats, Van Miller et al. noted that
"nineteen (57%) [sic - Agency calculation is 54% (19/35)]
of the animals that died in the six groups fed subacute
| levels of TCDD had neoplastic alterations."™ Carcinomas were
observed in the ear ducf, kidney, énd liver, Three retriperi-
fonéal histiocytomas were described as metaséasizing to the
"lungs, kidney, liver, and skeletal musculature." According
to CAG's evaluation (106), Statistiéaliy significant increases
in tumors at all éites were found in rats fed 5, 500, 1,000,
and 5,000 ppt as compared with control ‘animals (p=0.05)
- fTab1e_6]. Three of the ten deaths which occurred in the
_S-ppB dose group were attributed to aplastic anemia. One

_ﬂaﬂimai in tné 500-ppt group had a2 severe liver infarcﬁion.

"7 Dow Chemical USA (110) has provided EPA with a

preliminary report of a study of TCDD's chronic toxic effects
;—ih Sprague-Dawley rats. Groups of 50 réts of each sex were
 fed 0.1, 0.01, or 0.001 ug TCDD/kg body weight daily for two
: ﬁears. To provide these dose levels, the concentrations of

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

_'Eighty-éix animals 6? each sex were 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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6.  Total Tumors in Rats Ingesting TCDDE/

Table
| | | Rats With ]
l b/ Tumors ] Tumors !
1Dose ! Benign Malignant Total | No, % H
) ]

| o e 0 | o | o0 o3&/ |
[ 1ppt | 0 : 0 { o0 | 0s10 0% !
. . ]

5 ppt ! 1 | 5 [ 62 | 5/10 5052/ |
{50 ppt ! 2 4 | 3£/ | 3710 308 f

- / /

500 ppt | 2 f 2 O yos2’ |
1ppb | 0 | s ! s&/ | w10 w0y |
[ s pop | 8 | > 103 1t 7710 701 4

a/ Data from Van Mlller (109), .

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

dead within four weeks,

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

- 84/ One rat had ear duct carcinoma and lymphocytic leukemias
The following tumor types were each observed in one rat:
adenocarcinomas (kidney), malignant histiocytoma (retroperi-
toneal), angiosarcoma (skin), and Leydig cell adenoma (testis),
2/ Three rats died with aplastie anemia.

. £/ The following tumor types were each observed in one rat:

fibrosarcoma (muscle), squamous cell tumo" (skin) and

" astrocytoma (brain).

- B/ The following tumor types were each observed in one rat:

fibroma (striated muscle), carcinoma (skin), sclerosing '

~seminoma (testis), and adanoca"einoma (kidney).

h/ One rat had a severe liver infarction.

J/ One rat had cholangiocarcinoma and malignant hlstlo-
cytomas (retriperitoneal). The following tumor types were

~each observed in one rat: angiosarcoma (skin), glioblastoma

(brain), and malignant histioecytoma (retroperitioneal).

Y/ One rat had squamous cell tumor (lung) and neoplastic

nodule (liver), Two rats had cholangiocarcinoma and neo-

. 'plastic nodule (liver). Three rats had squamous cell tumors
. (lung). One rat had neoplastic nodule. :



turbinates, and tongue in rats at.0.1 ug/kg. They also
reported decreased incidences of pituitary, uterine,
mammary gland; pancreﬁtic, and adrepalAgland fumors at this
dose levél. Dow also reportéd that this dose level produced
increaséd nortality, decréased body weight gain, and changes
:in blood chemistry values which suggested severe toxicity.
ngatocellular nodules and alveolar hyperplésia were
osserved.in‘the 0.01 ug/kg group. A squamous cell carcinoma
of the hard palate was obser§ed in one fémale receiving this
‘  dose§ Dow considered this unrelated to TCDD tfeatmentf
‘because absimilar tumor occurred in "other concurrent
1$£udies.“ At 0.001 ug/keg there were no "discernible effects
,Ain m;le rats and an incbeasedvinéidénce of {reversible]
E-lfgﬁollen hepatocytes in female rats."

;ﬁt;bog's preliminafy reﬁoft doeS not'include'éontrol
_data; qﬁéntitative data on ﬁumor incidence, ar statistical‘
“analyses. CAG has not evaluated this study. Table 7
describes ‘the available.tumor inforiation. Dow has submittéd
.  the final report for this study,iwhich CAG is currenﬁly‘i

. reviewing.
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Table 7. Tumors in Sprague-Dawley Rats

Ingesting TCDDE/

i Dosge ! }
Jug/ke/day | ppt ! Tumors l
P o r 0 | ==== |
l0.001 - ! 22 | we-- o
{0.01 ! 210 | Hepatocellular Nodules !
| l ' Squamous Cell Carcinomah/ l
H ! Alveolar Hyperplasia i
. 1 1
!0.1 I 2,220 | Hepatocellular Carcinoma®’ !

] ]

] i

Squamousg Cel} CP"cinomaQ/ H

a/ Data from Dow Chemical USA (110), a preliminary report,
b/ Hardpalate squamous cell carcinoma observed in only

one female rat,

e/ Observed only in females,

d/ 'Squamous cell carcinoma observed in lungs, hardpalate/—
nasal turbinate, or tongue,

(b) _Effecﬁs Closely Related to Oncogenicity in Test

ff’?kmﬂimals _

Many chemiéally non-"éactive'ca"ciﬁogﬁns are
enzymatically converted to biologically active carcinogens.
. The enzyme aryl hyd"ocarbon hydroxylase (AHH) is strongly
.1mplicated in thlS»process (112). For example, the incidence
of bronchiogenic carcinomas in humans (113) and mouse
“sarcomas induced by 3-methyl-cholanthrene (lih) have been

related to the level of inducibility of ARH (99).

Kouri et él. (114) studied AHH induction in hﬁméﬁ
'lymphoéyte cultures by TCDD, fhe authors stated, "TCDD

"'itsélf is not a potent carcinogen in mice; hSwever; the

‘x'synergiséic #ction of TCDD with 3-methylcholanthrene (MC)

" produces cancer in different strdins of mice in direct
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proportion to the degree of elevation of the induced hydroxy-

.lase activity and associated cytochrome p1-450 content.”

?he;r study showe¢ a'positive cofre;ation between baéal
-enzyme activity and enzyme levels'maiimally induecible by
either TCDD or MC. They also found that TCDD is about 40 to
60 times more potent than MC aé an ihducer of hydroxylase .
activity in'cultured human lymphocytés. ‘These authors
turther suggested that, ﬁecause of the relatively high
levels of TCDD in certain parts of the world, TCDD

ma} also presgnt'considerable long-term risk because of
possible synergism inAchemically initiated qncogenesis, in

addition to short-term risks posed by its toxic and terato-

genic properties.

The implicatlon of TCDD in AHH induecibility has

;also been repo"tod by Poland and Glover (115, 116) and

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

;livérs, Poland and Clov;f (115f féung'that all dioxins

which are potent induceﬁs have halogéns agAthree of tﬁe

four lateral ring positions and af least one nonhalogenated

' egrbon atom, Poland and quver (116) compared the po-
tency of TCDD as an induéer of hepatic AHH with that.of

" MC, the most commonly employed inducing agent. Ihey

- stated that analysis of thé_data by 5 computer program“

_for_pioassay showed that TCDD was 28,640 times as potent



Qs MC on a polar basis, (The 95% confidence interval

of the potency ratjo.is 2,07 to 3,95 X 10".) The index of
precision, A R waé-o;lé..'Poland et al. (117) suggested thét
a hepatic cytgﬁol species which binds TCDD ié'the recéptor

for the induction of hepatic aryl hydrocarbon hydroxylase.

Allen et al. (118) conducted a stu&y in which female
"rhesus monkeys were fed diets contaihing 500 ppt TCDD for
nine months. Anemia, thrombocytopenia, aﬁd leukopenia were
the moSt debilitating éhanges. ‘The altered lymphopoiesis
_Acould be associated with immune suppression. The authobs
beported widespread hypertrophy, hyperplasia, and metaplasia
in the epitheliﬁm of monkeys exposgd to TCDD, and related

this to data showing increased tumor frequency in TCDD fed

" rats.

éﬁo epidemioigical studies lend .support to a finding
of“inéreased fumorigenicity due to Z,H,S;T exposure., The
Ehglish sunmary of a Swediﬁh péper.by Hardell (108) stated
that "there were seven cases of malignant mésenchymal tumors

in [87] persons [who had been] exposed to 2,4,5-T over a
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period of 10-20 years;” In five of the cases, exposure had
been direct and comparatively massive, The latent periéd of
10 tb 20 years i; in agreement with that assumed for chemical
.carcinogengsis. The statistical distribution of 7 of the

87 patients deviated from the national average with a

‘dominance of tumors in males,

Tung (120) reported an elevated incidence of primary
liver cancers among Vietnamesg-following the ﬂide application
of "Agent Orange" as a defoliant during the years 1961 to
'1962. TM"Agent Orangé" isAcomposed of equal parts 2,4,5-T and
'2,8-D (2,4-dichlorophenoxyacetic acid) and 1s contaminated

with TCDD. During 1962 to 1968, 10% (791/7911) of all

© . ecancers were liver cancers, compared with 3% (139/54&2)

f during 1955 to 1961, "The latent period invol&ed is shortgr

| than that normally assumed for chemical carcinogenesis; the
possibility of a shorter latent period for some chemicals,

. however, cannot be eliminated. Neither of these sﬁudies is
sufficient to be the basis of any firm conclusions concerning
a causal connection between 2,4,5~T and can&er. But in view
of the Eesults obtéined in experimental animals, they |

wvarrant noting.

. .-65-‘.A..



The Working Group concludes that there is sufficient
evidence to indicate that Z,Q;Szf, containiné TCDD at
levels as low as 0.05 ppm, and TéDD alone can produce
oncogenic effects in mammalian species. Since 2,4,5-T, as
currently formulgted, contains TCDD (at a maximum amount of
0.099 ppm), a rebuttable presumption aga;nst registration of
"2,4,5-T products has arisen because of the oncogenic effects

. of 2,4,5-T and TCDD.

~

Be Other Chronic or Delavad Toxie Effects

50 CFR Section 162.11(a)(3)(41i)(B) provides th;t ng
rebuttable presumption shall arise if a pést;cide's
;pgredient(s)...(p)boduces any other chronic or delayed
toxic'éffee£ in test animals at any dosage up to a level, as
. determined by the Adminisﬁfator; which is,sﬁbstantially
y;ﬁighér than that té which humans can reason#ﬁly be anticipated
to bé exposed, taking into éccount ample mérgins of safety."
This sectlon reflects concern that chronic exposure to
chenmicals may result in injury to the reproductlve systen
and/or the fetus and provides that a rebuttable presumption
shall arise if cyronic chemical eiposure in test animais

produces such results.

"The studies summarized below show that 2,4,5=-T

~  contalning 0.5 ppmn or less TCCD produces teratogenic and/or

fetotoxic effects in mice at 30 mg/kg, in rats at 100.mg/kg,

:in hamsters at 40 mg/kg, and in birds at.l mg/kg. Other
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‘studies show that pesticide~free 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 micee Specifically, these studies

show th#t exposure to TCDD and/or 2,4,5-T gontaining TCDD
duriné pregnancy 1s associated with statistically significant
iﬁcreases in the incidence of cleft palate, kidney anémalies,
skeletal and intestinal tract anoﬁalies, and embryonic
resorption. iMéternal toxicity has also been observéd in
.many of these stﬁdies, primarily in fhe form of reduced
weight.gain and increased liver-to-body ﬁeight ratio.
Whenever it has appeared particularly relevant, details have

Raman Ve SR N RS S,

been cited in the individual studies.)

fﬁe Working Group has concluded from these studies
"that 2,4,5-T containing TCDD, z,ﬁ,s-r witﬁqut»deﬁeét;ble
Vdioxin; and TCDD alone produce fetotoxiec ahé teratogénic
effects in manmmals. TheAWorkiﬁg Group ﬁas‘also coﬁcluded
that an amﬁle margin of safety does hot exist for the
"populaiion at risk (women of child-bearing ége) for dermal
an¢ inhalation exposure'and for cumulative oral, dermal, and

inhalation exposure to both 2,%,5~T and/or TCDD. For these

-y -

reasons, the Working Group recommends issuance of a rebuttable

presumption‘bassd on the fetotoxic and teratogenic effects

of 2,4,5-T and/or TCDD.
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(1) esticide=free

A Bionetics Research Institute study on 2;4,5-T

,provided the first indication that TCDD adversely affected
mammalian development‘(;23). In this study, detailed with
later co?firming studies in Section III.B.(2) below, 2,4,5-T
éignificantly increased the frquency of cleft palate,
kidney.aqomalies,.and fetal mortality in the litters of
treated dams. -The 2,4,5-T used in this study contained
;pproximafely 30 ppm TCDD.‘ Subsequent studies, detailed in
~ this section, using pesticide-free TCDD have established °
that TCDD alone produces these effects, and that the TCDD

_contaminant may be the princiﬁal chemical determinant

* —,

of the fetotoxic and teratogenic effects in mammals expOSéd

. to the pesticide 2,4,5-T,

(a) Studies in-whicn ICDD Produced Teratogenic

And/or Fetotoxic Effects in Mice

"CourtneyAand Moore (128) studied TCDD's embryotoxiec
and‘teratogenic‘effects'inithrée mouse strains (Table 8).
Test animals were administered'1 or 3 ug TCDD/kg ﬁody
.:weight sﬁbcutanequs;x_iqﬂqg}p%ﬁons of 100% dimethylsulfoxide
(DMSO) on days 6 to 15 of geségtion. DMSO was administered as
che control, TCDD produced cleft palates in all three
strains. At 3‘ugfkg, 30% (3/10) of the CD-1 litters had
tétuses with cleft palates compéredAfo 65 (6/9) of the

controls; 71% (5/7) of the C57BL/6 litters had cleft palates
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TCDD was administered orally at 25 to 400 ug/kg body weight

and subcutaneously at 25 to 200 ug/kg.

Mortality per litter increased .with the dose and
reaéhed 97% (oral) and 76% (subcutaneous) in the litters
adminiséered TCDD, as compared with a mortality of 6 and'

_ jﬂ% in the oral and subcutaneous control groups,vrgspec-
tively. ‘The most common anqmalies‘observed were cleft
palates and maiformed.kidneys. All of the fetuses iﬁ

'the 200 and 400 ug/kg (oral) and 200 ug/kg (subcutaneous)
groups exhibited cleft palates as compared to 0% of the
cﬁntrols. Of the fetuses in the 200 ug/kg (oral) group,
100% had kidney ma@ﬁquiféggs as compared to 1% of the
controls. Other anomalies observed were hydrocephalus,
open eye, and club foot; Edema and.petechiae were also

".observed in fetuses administered the high doses.

Table G, Fntotox;c and T°“atqg°n1c Effccts of TCDD in CD-1 M*csé/

H i HE .Average # sbnormal fnomalies/Toial Fetuse

I
{ Dose | ! {Abnormal (Cleft | Kidney i Clud

el

] i

“ug/kg i Route of‘ Ad-}% Average Fetal |Fetuses {Palate ! Anomalies | Foot |
iDer dav)!ministration!Mortalitv/Litteriper Litter! 4 1 4 R S

i 25 | Oral i .6 i . b.6 i3 i 34 i3
{50 i  Oral H 13 t 8.1 1 19 ] 72 TT
{ 100 {  Oral ] 14 i 8.3 i 66 i 71 P13 |
{ 200 i Oral ! 87 i 1.5 i 100 | 100 Vo1
!‘400 H Oral ! Q7 . . 4 .0.n ! 100 i 50 1 _E0 !
25 | Subcutaneous! 36 i 6.7 i 82 i 53 L B B
50 } Subcutaneous} 56 -1 5,0 179 ! 58 I I (R
100 | Subcutaenous| 72 | 3.5 i 85 i 95 N B
200 1Subcutaenous! 76 3.1 ! 100 1. 38 118 1
5% i Oral H 6 I 0.8 HE i 1 i y |
@isole | ] i { { i '
corn oil! t I ! ] 8 i
(0.1 m’)' ! { ! i ; H
b 1 { i t [} ]
QMSQ- | Subeutansous! ar t 02 ! o | 0 L1

Data from Courtney (133).
DMSO = dimethylsulfoxide.
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Moore et al, (174) also found tgat TCbD caused
fétotoxic and teratogenic rgsbonses in C57BL/6 mice at

1 ug/kg administered on days 10'through 13 of gestation.

'Compared with 0% incidence (0/27) in the control litters,

Agﬂx'(15/16) of the treated litters exhibited kidney

~anomalies, and 19% (3/16) ‘had cleft palates. At 3 ug/kg,

the incidence of these anomalies was Jooi (14/14) and 86%

(12/1@), respectively,

.Neubert and Dillman (127) tested the embryotoxic

and teratogenic.effects of TCDD in NMRI mice (Table 10);
In oneftest, pregnant mice wene.given varying ddses of TCDD
(0.3 to 9 ug/kg) by intubation on days 6 t§ 15 of gestation.
. At 9 ug/kg, 100% (3/3) of the viable litters had besorptions;
| 67% (6/9),§f all litters had totél resorptioﬁs. 0il eontrol

‘values were 32 and 0% for litters with resorptions and

PR B - 22

litters with total resorptions, respectively. Cleft palate

An was observed in all of the litters and 82% of the fetuses

at 9 ug/kg; comparable oil control values were 6 and 9.7%,
respectively: Statistically significant (p < 0401)
proportions of the fetuses evidenced cleft palate at 3, 4.5,

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

"with the oil control., o S o v
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Table 10. Embryotoxic and Teratogenic

Effects of TCDD on NMREI Miced’
1Litters pAffectred/Viable Litters:

Cleft Palate |
#

| Dosehll Resorptions
d(ug/ke) £ 9

]
ﬁ ——

l

! !
‘ 0 i 23795} 24 i 6/95 6 :
! oil | 21/65} 32 ! 4/65 | 6 i
{ 0.3 | 7713} '54 ' 0/13 |} 0 |
! 3.0 | 16/24% 67 I T/24% }\ 29 i
I 4.5 | 5/7121 42 I 6712 | 50 |
i 9.0 | 3/3 1% 100 i 3/3 | 100 '
! 9,0 1 3/6 ' 50 ! 876 ! 83 |

3/ Data from Neubert and Dillman (127).
b/ All doses administered on days 6 to 15,
except second 9,0 ug/kg dose which was
administered on days 9 to 13.

In this study, a single oral dose of 45 ug/kg TCDD §n
day 6 producéd resorption in 100% of the viable litters; 23
ug/kg on day 1041ed £o 50% resorptions. Seventy-one per
cent of ‘the. viable litters had embryos with clnft palate
when &5 ug/kg was given as a single dose on’ day ll. Control
{_values were 24% for lltt rs with resorption and 6% for
;Slitters w1th cleft palatos. | | |
~ . Smith et al. (135) administered 0.001, o.o1,:o.1,
"?fb, and 3.0 ug TCDD/kg body weight per day to CF-1 mice by
gavage f%ém«days 6 through.15 of gestation (Table 11). :The-
percentage af resorptions per implantation was significantiy
higher in tr°§fgd mice than 1n the controls only 1n the 1.0
ug/kg group. Cleft palate occurred in 71¢ of the lltters
treated at 3.0 ug/kg and in 21% of the litters treated at

"‘1.0 ug/kg; bilateral dilated renal pelvises occurred in 28%
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of the litters treated at 3.0 ug/kg, and‘in 54 of £he

"litters treated at i.O ug/kg. No significant inicrease in
‘either cleft-palate or dilated renal pelvis was observed at
0.1, 0.01, or 0,001 ug/kg; None (0/34) of ;he control

litters had cleft palate or abnormal kidneys.,

Table 11, -Fetotoxic and Teratogenic Effects of TCDD in CF=-1 Mice®/
| {Incidence of CleftiLitters With {Litters With Dilated|
| .Palate in Litters {Resorbed FetusesjRenal Pelvis per
! Dose lper Live Littoﬂs Iper Live [itters!live Litters

i

1
VWug/ke)l # 1 ¢ v § 4 e a4 ]
) i 0/34 | 0 i 25/34 1 74 1 0/34 | 0 H
{ 0,001} 2781 } 5 ! 30741 % 73 !oo/41 ) 0 i
{ 0,00 }o/19 | O { 17719 1 89 ! oo/19 0 1
| 041 LR VA ¥ S 6 { 16717 | 94 i o/17 | 0 i

] 1\ [
| 1.0 gu/w b2 fezi9f o5 | w19 | s !
1 ]

} 2.0 171 4 79 baqsqud g8 b wqy | ol

a/ Data from Smith et al. (135). )
D/  Statistically different from controls by the Fishers. exact
probability test (p < 0.05).

Neubert et al. (175) estlmatod the ED=-50 for cleft
3fpalate in ’e.uses to be Lo ug TCDD/kg per day (Table 12).
"The no-effect-level during days 6 to 15 of gestation was
;estimatad to be 2 ug/kg per day for NMRI mlce. No pronounced

'fetal mortallty was obse"ved when 3 ug TCDD/kg body weight

was administered on days 6 to 15 of pregnancy.

Table 12J Occu"“nncn of Claft Palate in Offsp"lnz,of;Mlca FndATCDDQ/

R

H { Dose |% Cleft Palates per \ e !
JStnain!!uz/kz)'Total Fetuses Examined| # 1 g !
B o 2 T Y B <0.3 P 0/29 i 0 ]
A 3 | 3 ! /10 ! 30 !
Il DBA | 0 | <1 ! 0/23 i~ .0 !
H 3 ! L H 2/9 H 22 H

"I NMRI |} o0 | 0.7 ! 10/ 160 ] 6 :
| } 3 1 3 ! 7/24 H 29 L
{icstB1} o !} <1 ] 0/23 i 0 i
L I S 22 ! 5/1 | !

\1
.  ad

8/ Data from Neubert et al. (175).



Khera and Ruddick (6) studied the perinatal ef=-
fects of TCDD in Wistar rats.’In one test, rats.were orallf
administered 0.125, 0.25, 0.5, and 1.0'ug TCDD/kg per day on
~days 6 through 15 of gestation (Table 14), Visceral

lesions were observed at 0.25 ug/kg.and above; slight
decreases in fetal ﬁeight were also seen, Postnatal effects
of prenatai exposure to TCDD were studied by allowing
offsﬁring of treated dams to be reared by unt:eéted dams
until weaning. Reduced survival, body weight gain, and
reproductive ability in the proéeny'were observed after
maternal treatment with 0.5 and 1.0 ug/kge No fetotoxie

—

. effects were observed at 0.125 ug/kge

| 'l ;In a second‘eXperiﬁeht,‘rats.were treated ofally

;:with i, 2, 4, 8; and 16 ug TCﬁD/kg body'weight.pér.day

-~ on days 6_through 15 of.gestation. TCDD treatment reduced
fetal weighéj and the number of live fetuses per litter, and

J;EAJceE visceral lesions in 509 (3)6) of the 1.0 ug/kg
fetuses and 43% (3/7) of the 2,0 mg/kg fetuses, as compared
to none (0/10) in_the controls. The incidence of Skeletal
anomalieé was compargble to that in the controls at all dose

' ievels. Doses of 1 ug/kg_or more produced maternal toxicity;
4 ug/kg or more produced 100§ embryomortality. The authors
concluded thatlbral treatment of pregnant Wistar rats with
0;25 ug (or more)/kg per day‘on_days 6 to 15 of gestation

-adversely effected rat development.
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Table 18, Teratogenic Effects of TCPD in Wistar Ratsa/

{ ! iFetuses with |Fetuses with Micro- !

| !Avg. Fetal!Skeletal Anomalies/-}scopic Visceral }

yge | Avg.# Live | Weight |Total # Examined iLesions/Total # Examined;
1/ke) {Fetuses/Litter] (zgrams) | & ! 2 { ft L y S
Ex AR i i i i i =
Un- | 10.7 { 4,82 | 5/107 | 5 ! 1 0/13 | 0 i
eated| { { ' { ] i
ntroli ! { { i ! {
eated| 11.0 { 4,51 | 217116 | 18 | K745 0 i
ptrol} ] { i i { {
10125 | 10.6 H 4,64 | 3/121 | 2 { 0/38 | 0 :
3.25 | 10,9 ] 4,79 | 6/109 | 6 | 1/33 | 3 i
3.5 | 10.5 i 4,4 | 10/105 | 10 ! 3/31 | 10 !
.0 1 9.3 ! 4,10 't 6/81 | 7 ! 3/10 ! 30 !
est 2 | i i - i o |
én- | 11.5 i 4,68 | 8116} T | 0/10 | 0 |
reated! ] 1 t i ! i
:ontroll i ! ! ' ! i
ireated| 9.8 i 477 4 9/89 } 10 : 0/10 | 0 ]
sontrol} ! i : ! : ] i
1.0 | 6.5 ! 4,17 | 7/80 |} g ! 3/6 I 50 :
&0 | 6.0 : 3.31 |} 7/57 P12 i 3/7 i 43 i
y,0 | 0 I - + ‘ | : |
8.0 |} 0 i ! ! : = !
16,0 T 0 ! : 1 ! 1 !

) treated controls given anisole-corn oil.

./ Data from Khera and Ruddlck (6

| HCOurtney and'Méq}e;(f28) adminisﬁered TCDD to CD rats
subcutaneously in solutiénsAﬁf 106%>bMSO on days 6 through
15 of géstation'(Table 8). DMSO was administered as the
cantrol. ‘Kidney anomalies were found in four of the six
‘iitfers (67%) whose dams werezadministered 0.5 ug/kg-as
* compared to QE_&p/Q).in the controls. TCDD did not affect
fetal mortaliéy; fetal weight, or.eleft palates in the

fetuses,

Dow Chemical USA (110) conducted a three-generation
reproductive study on Sprague-Dawley rats continuously fed

the equivalent of 0,00t, 0.01, or 0.1 ug TCDD/kg per day.
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A.preliminary report cites reduced fertility and litter
o
0.1 ug/kg dose level; significantly reduced fertility was

survival in f ':éts as the reasons for discontinuing the

also observed at 0.01 ug/kg. "Clearly evidenf" indications
“of toxicity at 0.01 ug/kg'amoné f2 and f3 litters included
smaller litter size at birth, pius decreased survival and
growth of neonates., Dilated renal pelvis was obsébved in
. each of the three f1 rats at 0.1 ug/kg which survived to
adulﬁhood. Increased frequency of this ahomaiy was élso
seen among weanlings at lower doses} however é dose- |
related or generational correlation could not be made.

In sumpary, Dow concluded thét-“the reproductive capacity
“of rats ingeﬁting TCbD was clearly affected at dose levels
 of 0.01 and O.f ug/kg pér déy, but not at 0.001 ug/kg per-
day ,Athrough.three_successivé genefaéions." The pre-»_"
limiﬁary repoft-did not include the numerical-data‘neces-

As;;y.foﬁ-Agency evaluation. Analysis will continue as

these_become available.
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Adverse reproductive effects due to TCbD;have also
been observed in hamsters and chickenﬁ. Gastrointestinal
hemorrhage was noted in hamster fetuses after administra-
tion of TCDD at 0.5 ug/kg per day on days 6 to 10 of gesta-
tion (48; 62). Buu Hoi et al. (111) established that |
>0.02 ug/kg TCDD caused teraiogenic effects in chick embryos.
Bowes et al, (137) and Verrett (136) confirmed these
results, They found abnormalities in the beaks; eyes,

" and feet of chick embryos after TCDD exposure,

(c) ﬁummi:x

Stud;és have established that TCDD is fetotoxic

~and teratogenic at doses as low as_q.125 ug/kg in rats

| (129) and at 0+3 ug/kg in mice (127); preliminary data fron
Dow (110) indiqates.thét TCDD may Have effects at 0.01 ug/kg

..iéuréts. Ciefﬁ-palate and kidney.anomalies ha§s beeh ‘
6b§erved in rats, mice, and hamsters. No fetotoxic or
tégqtogedic effects havé been osserved at doses of 0.03

"ug/kg in rats (129) and 0.1 ug)kg in ﬁice (135). Table 15
‘lists the no-effect-levels in rats and mice for teratogenicity

from TCDD.



Table 18, Ho-Effect-levels for Termtogenesis from TCDD
| {|Route of Ad-|No-Effect-Level|

1
t
JSpeciesiministrationlug/ks per day | Reference !
| Rat iSubcuvaneous; <0.5 {Courtney and Moore (128) |
{ H Oral ' 0.125 {Khera and Ruddick (6) '
| } Oral 4 0.03 iSparschu et al, (129) ]
| Mouse {Subcytaneousi| <1,0 {Courtney and Moore (128) |
{osanof b .0ral™s H <0.3 {Neubert and Dillman (127)|
1 ! Qral 1 0,1 1Smith et al, (135) H
(2) - o) . o) rom ] atectable

to 30 ppm) _

(a) ‘JTeratogenic and Fstotoxic Effects in_Rodents

. ‘Courtney et al. (123) developed the first evidence

,that a 2,4,5-T pesticide product was'teratogenic and fetotoxic

- -

-__(Tébie 16) .12/ The'Z?H,S-T used-in,this'study contained
app;oximately 30 ppa TCDD. The pe:ticide was administered
'daily either-orally or suﬁédtaneodsly on dayS.G to 14 of
‘gestation ig!CS?BL/é mice, days 6 to 15 in AKR mice, and
‘iéys 10 to 15 in Sprague-Dawley rats, Subcutanequs adninis- .
btration oﬁ 113 mg/kg body éeight resulted in significant

. m—— e

'incréases in the incidence of cleft palate and éystic

kidneysll/ in the embryos of both strains of mice, -and

fetal mortality in the C57BL/6 mice. Oral administration of

J0/ Results of this study were published by the Department of
Health, Education, and Welfare (121) and by Clegg (122).

J1/ In a recent report on studies measuring renal alkaline
phosphatase in fetal mice, Highman et al. (45) attributed

the increased incidence of "cystic kidneys"™ in the offspring
of 2,4,5-T treated animals to retarded development, rather
than true teratogenesis. Reduction in fetal weight and
increased incidence of cleft palate were also observed

among the fetuses of treated dams,
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b/

Table 16, Teratogenie Eva yation of 2.4,5- Tﬁ in Mice

i i i i IL__J;LLLi: | '

! H ! {Avg. # Live|Abnormali% Fetuses ! '

!Route of 1 | ! Fetuses |Fetuses | with IFetal {Abnormal
9. {Adminis-  |Dose I# Lit=! | ¢  ICleft !Cystic !Mortality!Litters
.rain 1tration 1(meg/ke) iters | H iPalateiKidney { ¢ i3

/ 3 i i \ | i i i H
,7BL/6Q i i | ! i | i
mtreated! ---- | == 72 | 5.8 S & S T T 26 | 38
ntrol  |Subcutaneous} f/ | 106 |} 5.5 i 2 1 <1y 2 V29 42
@trol  iStomach tubel g/ 1 32 | 7.1 i 14 {} o0 | 1} 15 )} 44

1 ol h/} . i H H | i
seated =SUbCUtan‘30US| 21.5 6 | 1.7 H 12 0 0 H 3 i 50

] ! 1 1 - i 1 ) ' .

-eated .Subcutaneous.113 o—/t 18 0 osy 3 osE/ 0 22 o g 1 ged

/l i ] / { { . / ] 1 /

*eated lSt,omach tube ! H6.Hi i 6 ! 8.5 ! 37k ! 2 f 33i ! g8 | 100K
[] 1 i ] ] 1 2 ] ]

uted |stomach tube!113.047! 12 | e o | ool el 471/ I 100/

t : { H H E~ ] i '

] ] ] ] ] [} { ]
75769 | | | ! | | | ! !
ntreated] —e-e- { === | 8 | 5.1 S 5 R SR o B Y AN 36 0T
:ntrol  |Subcutaneous! f/ | 10 | 6.1 |} 8 + o} o0 ! 23 | 30

: [] § ] ] { { ]
@uted .Subcutaneous|113.0'b'/ o100 | T.7 b 1 20l g0l 111 100
i - i i H : H i ' E
] [ ] 1 t 1 ]
S AN ! | A b | !
;ntreated! —— | e 58 | 7.1 ! 5 | <1 | «1 i 16 | 19
ontrol  {Subcutaneocus! £/ | 72}t 6.9 ! y 1 <t} <1 15 1 24
ol iStomach tube] g/ | 12 | 8.8 i -0 + o} o i 9 | 0

B | ] { [ ] 3 ] ] { t
-eated }Subcutaneous}113.on/{ 14 | . ! 294/ ' 281/} B 23 | 711/

i i 371 1 ! s/ s /1 1 I
-eated {Stomach tubej11%,0‘/} 1 5.3 ] 551/ 5 4551/} 0 ] 49K/ ] 1001/

_— - B S Snem e B e en GSen R Eha Y GRem S e A8 e Gren e GPUman M Ghes Men GeEm e frem e e e -

Contained approxicmately 30 ppz TCDD.
Data from Courtney et al, (123).

ireated from
reated from
Treated fronm
Dose, 100 ul
Dose, 100 ul
Administered

DMSO per mouse.

- mouse,
p - 0.01-
P =

0.05.

day 6 through 14 of pregnancy.
day 9 through 17 of pregnancy.
day 6 through 15 of pregnancy.

S

honey solution (honey to water, 1:1) per mouse.
as a solution of 2,4,5-T in 100% DMSO in a volume of 100 ul per mouse.
@ 4:5-T was suspended -in & honey solution (honey to water,

Killed on day 18 of gestation.
Killed on day 18 of gestatione.
Killed on day 19 of gestation.

1:1) in a volume of 100 ul



the same dose caused increased incidence of cleft palate and
fetal mortality in bothAstrains and Eystic-kidnéys in
CSjBL/6 mices Courtney et al. also reported increases ip
1ive;-to-body weigh; ratios in fetal mice.l

These investigators also found that 4,6, 10, or 46.4
‘mg/kg 2,4,5-T giyeﬁ orally to Sprague-Déwley rats produced
kidney anomalies and other embfyotoxic effects at all levels
(Table }7). The occurrence of hemorragiec gastrointeétin;l

tracts in rat fetuses was also reported, -

Roll (125) féund émbryotoxic and teratégenic effects
in NMRI mice after prenatal exposure tb 2,4,5=-T containing
0.05 + 0,02 ppm dioxin (Table 18).- ~2,.1¥,5-T at 20 to 130

ng/kg body weight was administered prélly to the dams on
.each of days 6V£o 15 of gestation; At 90 or 130 mg/kg,

. the percentage of resorptions and/or dead fetuses was
markedly iqcreased7relative to the controls; however,

maternal toxic effects were also observed at these dose
levels.lz/ Statistically significant, dose-related

reductions in fetal weight were observed at 20 mg/kg

and above,

'A2/ Although the LD-50 for female NMRI mice had been

- previously determined to be 778 mg/kg, an increased maternal
mortality rate was seen at 130 mg/kg and weight gain was
depressed at doses above 60 mg/kg (125).
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Table 17, T°tapoz°nlc Evaluation of 2,4,5~ Ta/iﬂ Ratsh/

J Por- L\ t‘;on

] ] ] ! i
[ i ! ! . 1Avg. # Live|Abnormali$ Fetuses ! i
| | i | Fetuses |Fetuses } with: | !
o ! ] | N § iEnlar-{Cystic | !
|Route of ] ! 1 A lged iKidney |Fetal ! Abnormal
st ° {Adminis~ iDose  i# Lit-| i {Renal | iMortalityiLitters
%ial itration {(rg/ke) fers | 4 IPelvis! ! b HE -
/ | i ! i | i i i ]
ts< ' ' i i i i o V.
ntreated! ===- b VT 9.9 i g + 9 ¢+ o | 11 1 43
ntrol  iStomach tube] 4/ ~ 1 14 | 847 R - SR V-2 R 4 B LI Y |
e | e/| | H /| H i i
eated |Stomach tube! 4.6} 8 | 8.2 36 181 21 | 12 | 88
| | { | ] -l i 1
@ted !Stomach gavel 1000271 7 1 g 1 w1 a1 31 281 g
] t t ] . 1 ] ] !
eated  |Stomach tuve! ug, 42/ ¢ | 2,7 1 gl o7 1 a1 s g

pe e " - W G magme [ mme e e e Gees w

Contained approximately 30 ppm TCDD.
Data from Courtney et al. (123).°
Treated from day 10 through 15 of pregnancy. Killed on day 20 of gestation.
ose, 200 ul honey solution (honey to water, 1:1) per rat,
,4,5-T was suspended in a honey solution (honey to water, 1:1) in a volume of 200 ul
rat.

p = 0.01,

p = 0.05. .
The sampl° size was poss;bly too small to show a significant dlfference.
e ) ‘

Table 18. Erbryotoxic Effects of 2.4.5-T in HIPT Mi eé/

i |Resorptions and/or|Fetal | ]
»se jImplantations! _ Dead Fetuses  lweight | Cleft Palat° H
/Kkgiper PreznzncviNo,/Total No,! t(grams)iNo,/Viable Noi ¢ |

3

0 | 10.1 i 19/332 P 5.T4 1.23 | 6/313 {1491
P | 9.8 | 30/344 i 8471 1,09 | 6/314 i 1.9
5 9.5 | 227248 | 8.91 1.06 | 147226 | 6.21
0 | 9.9 i 157208 i 7.21 .05 | 19/193 { 8.8
10 | 9.8 i 35/293 111.9! 0.86 | 39/258 115414
0 1 9.6 1 191/316 160:4% 0,73 1 61/125 148,81
Data from Roll (125).
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three of the litters treated with 90 mg/kg of sample (B);

none ﬁas seen in‘the controls, Fetal weight was significantly

depressed in all treated groups compared with the oil

control,’

The percentage of fetuées with cleft palate was
significantly higher than the control grohb in all 2,4,5-T
groups treated w;th 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 cleft palate compared with oil control valueﬁ of

6% (4/65) and 0.7%_(5/669), respectively,

These investigatoré also ﬁested the butyl ester

,1 éf.Z,ﬁ,S-T and found similar effects;‘ In experiment$
.’_cshbining z,ﬁ,S-TVaﬂd TCﬁD, ﬁotentiatioh of teratogepic
 effects was observed. Sixty ng/kg of 2,4,5-T (sample

4) combined wifh 0.3 ug/kg TCDD increased cleft palate

frequency among fetuses-from 5 to 14¢. In this study no

fcleft palates were'observed among fetuses treated only with '

0.3 ug/kg TCDD.

S —T
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/
Table 19, Frhryntoxie Effacte of 2 U 62 Ti

| { { { __Resportion (RFS) 1 H :
{Dioxin | 1§ Litters!% RES/Implan-|RES/Single .F°tal J Cleft Palate (D)
H {Content!Dose iwith RES itation Sites |Litter w/RES|Weight {$§ Litters|!3% Fetuse:s
{Treatment !{pem) Heg/ked)l - ; ] (M) Herams) twith €2 lwigh CP
'Hone : - ! - i 2& , . n ! 006 l 1.25]2/' 6 { 0.6 :
{011 control| «—= | Ou4mli 32 | 4 | 0.5 | 1.30 | 6 + 0.7 !
l | .02 | 80 | | [ Y | :
2,4,5-T (1) <0.02 ; 8.0 b 35 3 0.4 1 1.2 ' <7 H <1 H
. ] ] ]
| hso | 38 | 5 !_ os il s 1 4 i
l l, !30.0 ! 56 ) 7 ' 0.8 '! 1.09n/§- 1 { 1 !
| ! liso | 55 | 6 ! 0.6 ! o.ésh/g 16 E radi
| l feo.o | 63 ! 11 oY ol 20 |
[] t . 1 1 ] H
| 1 loo | 53 | 8 I 1Y .: 1.02‘1/5 35 | &
| | l1ao.o ! s8 1 10 o o.9sh/{ 56 1
1 :
!2 4,5-T (B)! 0.05 .30 0 f 44 ! S '! 0.6 I 1.11h/! 22 ! 2 |
. 1 ] 1 H
| | !60. o5 | 7 I 0.8 | 1.17“’{ (AN &/ :
l ! !90.0 ! 7 ! 8. | ¥ | 0.0/ s | 23¥
1 [} []
Jz 4,5-7 (&) unymownlon.0o | 71 1! 13 ' nub/ ioo | o2 ! 262/
a/ Data from Neubert and Dillman (127) Z,H,S-T sample (b) received from Roll (125).
p,S(JOI. ) L ; .o )

=Y

o Bage et al. (132) inJected NMRI mice subcutaneously

.Auith 50 and 110 mg/kg 2,4,5=-T (<1.0 ppn dioxin) on each of
days 6 through 14 of gestation. At 110 mg/kg, 2,4,5-T was
teratogenic, causing fetal death, cleft palate, and othe}

anomalies,

Courtney and Moore (128) studied the effects of
- 2,84,5-T TA CD=T rafidon-bred mice, two strains of inbred

.mice, DBA/2J and C5TBL/6J, and CD rats (Table 20).
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/
Table 20, E:nb"yotoxic Effects of Analvtical and Technical 2, 11 R-J‘a

oo o fan e i s W Gt D S S WRAPES e WA M e Y ST A B AP mpee e snen asen frer soen

| ] i : | Cleft Paloze (CP)| Kidnev gnozaljes |
| { I .$ Fetal {Fetal i3 Littersi¢ CP peri$ thtars.# Affected Fotusns.
H | Dose |Mortality (Weight }Affected |AffectediAffected {per Affected H
Species! Comnound ! (ne/ke) iper Litteri(sramns)} {Littepr | iLitter !
cD-1 | ] H H i ] H : :
Mouse |} | ! H | i H } i
Expte 1] DMSO | === | 6.6 I 1.35 | 0 i o | o | 0 H
12,4,5-T ! 50 | 6.6 ! 1.26 | o | 0o | o i 0 4
{{Tech.) | | | - H } | 1
{2,4,5-T4 100 { 7.5 {100 { 33 | 30 | o i ] !
" {{Tech.) | { i i i { | |
' t t ’
{2,4,5-T | 150! 517 fo.01 ! 10 | 5.3 ! 0 5 0 5
4{Tech,) ! ! H ! 1 ! H H
Expt. 2| DMSO |} --= | 8.8 | 1.02 } R ot 33 1 1.0 :
1 ) ] x /l : : [] :
i2,45-7 ¢ 100 | 9.6 1073} 8 ¢ uma ! 78 | 1.7 B
HEER N H H | ! ! H H
Expt. 31 DMSO | - | 84 1109 § 0 | o i 63 | 2.0 :
4
l2,8,5-1 1 100~ —10e7—J 0.85¢/f wm ! 2.0 | 80 | 2.4 |
{(Tech,) | é H ! -4 | | s
{2,45-11 100 | 1.6 lo.86¢) w0 | 20 ] 100 ! 5.2 !
{(4naly.)! } | H { H H H
! H H | a7y - i ! | H
12,4,5-T § 125 | 12.9 { 0,71 78 | 5.8 | 67 | 4.3 H
HENELN ! ! 4 { H ! !
DBA/2 | DMSO § =--= | 2841 i 0.85 o o | 13 1.0 i
' ' t ! a/1 i H i i
Mouse {2,4,5-T { 100 ! 27.0 | 0.67*f 27 | 1.0 |} 9 | 1.0 !
{(Tech,) ! ! : ! R : :
C57B1/61 TMSO | —== | 10.8 i 0.99 | o i o | 9 1.0 b
Mouse }2,4,5-T | i i i 3 ] i i
. ] t ] 3 1 1
] Yreeny 1 100 ! 5.9 | g 7591 v ! o120 ! o ! 0 !
{ CD Rati{Sucrose | === | . 3.4 P 2.48 0 i o | 0 i 0 i
| 12,4,5-T 1 10 | 1.8 i 2.40 | o ! o | 20 1.0 ]
} {(Tech.) | H { f H { H H
H 12,4,5-T | 21.5 1 1.4 | 2.54 | o o | 38 1.3 }
i }(Tech.) | i H H i H { H
l 12,4,5-T | 46.4 | 3.8 } 2.20 |} 0 H 0o .} 14 H 2.0 H
{ {(Tech.) |} ; P 1 | H H
| 8001 sa.1 | 280 | | | |
l !2 5,5-1 | 80.0%! s2.1 | 2.30 | 0 - o ! s | 3.0 :
d '(Toch ) 4 ! ! H H 1 } ;
2/ Data from Courtney and Moore (128).
b/ Investigators thought this data to be close to a maternal toxic dose.
L&/ Matermal LD-40.
-8/

p < D.D5.
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2,4,5~T containing 0.5 ppm (technical) or 0.05 ppn (analytical)
TCDD was administered subcutaneously to mice atiSO to 150

. mg/kg in DMSO and orall} to rats at 10 to 80 mg/kg.in

sucrose on each of days 6 to 15 of gestation. At 100 mg/kg

or more; both 2,4,5-T samples produced significant reductions, -
whicb appeared to be dose related, in fetal weight in all
strains of mice; rats were not affected. Z,H,S-T_was

fetocidal at th dosés,'but the investigators considered

this effect to be due to maternal toxieity.

Both 2,4,5-T samples produced cleft pélate in mice,
For CD-1 dams treated with 100 mg/kg of either 2,4,5~T
f éample, 40% of the—Iitéers—and two fetuses per affected
litter evidenced cleft palate comparéd with 0% in the
.control (Expt. 3).. No cleft palates were observed amoﬁg the
fat fetusés; »ToAvérify tﬁié cbservation; a second groﬁp
of rats was given two 150 @g/kg doses of technical Z,Q;S-T
subcutaheousl}.at the time.of palate closure (days 13
to 1%4)., Aéain, no cleft palates were observed; however,
; there was a significant increase in fetal mortality among

‘treated animals (142) when compared with the controls

ton). | e
‘Fetuses of CD-1 mice treated with analytical Z,H;SQT'

~ also showed increased incidences of kidney anomalies;

the response to technical 2,4,5-T was not as great, At 100

ng/kg, 100% of the litters aﬂd 4.2 fetuses per affected

litter of dams treated with analytical 2,4,5-T displayed
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kidney.anomalies,'compared with 80% and 2.4 for eechnieal
2;u,5-r and 63% and 2.0 for controls (Expt. 3): The effect
.1n inbred strains of mice was comparable with control
values. In rate, technical 2,4,5<T at all dose levels
produced higher incidences of litters affected and numbers
of fetuses per litter affected than seen in the control
animals. The maximum effects on kidney anomalies in rats-
were 50% of the litters and 4.0 fetuses per litter at 80
ﬁg/kg, compared with 0% in the control litters,

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

'Z,R,S-T (0.05 ppm dioxin) either orally or subcutaneously

~during various seggeﬁts of the gestatlon period (Table 21)13/
Cleft palate was seen in all groups treated with 2,4,5-T;
“'there were no instances of this‘ahomaly within the.control
’ gro :ps. At 0.8 mM/kg, 48% of total fetuses and 37% of the
litters ev1denced this malformation, Stetistically signifi-
:cant (p $ 0.05) increases in the percentage of fetuses dead -
and/or resorbed were observed at the highest doses. All
M_dose levels had adverse effects on fetal weight. The author
noted that by sllghtly alteﬂlng expenlmental condiftions, the

cleft palate effect and the effects on- fetal mortality and

fetal weight could be produced independently.

- J3/ Maternal toxicity was also observed, evidenced by
‘reductions in maternal weight gain and lncreased lxver-
to-body weight ratios (13#). .
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4
per litter%“/ The larger proportion of malformed fetuses

in the treated groups resulted from either an ;ncreased
incidence of skeletal anomaiies also seen in the controls or
a low incidence of abnqrmalities not observed in the controls,
The forme;AcatégorQ included wavy ribs, retarded ossification,
extra ribs, and'a variety of sternal defects; th: latter
included fuéeﬁ ribs, small-sized distoried scapula, malformed
humerus. shaft, and bent nadius'5r ulna, Abneormal kidneys

. were observed in 7 to u§z of the examined fetdses treated

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

Table 22, [Effects of 2,4.5-T on Wistar Bat Fetuses®’
Compund | Dose i¢ of {Avg. # per Litteri{Fetal (Avg. % Male

t
t
i .(mg/kg) thters.VLabVe .Dnad iWeight {formed Fetuses|
. JA J 1 'petU3°SJF°tUS°S iizrams).n°"gL1tt° b/ i
! T-1  |Treated} 14 | 11.1 | 0.6 i 4.65 | 15 i
- {Control} i - i {- . i
4 ‘100 ' g9 1 99,2 'Y y,0° ! neo ! 29 !
{ T=-2 ! Treated! 10 i 9.2 | 0.6 ! 5.34 |} 10 H
"~ . {Control} | 1 | o _ i
1 i 25 | 13 | 1.5 | 0.8 1 5.06 | 15 {
' 45 __1} 12 11,7} 0.5 ! 5.15 | 9 i
1 7-- 400 4 o t-86 ' 2.1 i 487 1 32 H
| —— - {Treated] 10 | 12.6 | 0.7 i 4.67 | 26 H
| iControll | i o i i
] i 25 | 11 |} 12.7 | 0.5 ! 5.15 |} 10 H
-7 {1 50 { 14 | 11.5 | 1.4 i 4.91 | 28 ~:
} ! 100 |10 | 11.0 | 0.6 P 4.35 |} 36 !
H 1150 V85 11,6 ' 2.2 1 3.08 | 56 1
{ T-3 LTreated}! 10 |} 11.8 | 0.7 i 5.31 | 17 i
} iControlt+ — - | ] ! 1 {
| t 25 | 14 | 12,2 | 0.9 i 5.00 | 1" b
i {t 50 | 2 | 11.0 | 0.5 i 4.75 | 56 P
{ {100 | 12 | 12.6 | 0.9 | 5.00 | 37 H
Jd ! 150 ! 1! 11,0 !t 1.0 13,00 ! 91 1
i c/ : ) ] ' y T [} 1 \
4 T-4=" ! 50 t 8 1 11,2 ' 1.1 4 404 |} 14 1

&/ Data from Khera.and McKiniey (130).
b/ One or more skeletal malfo”matlon (viable fetuses).
&/ No treated control given. :

4/ Statistical significance was determined using the
average value per dose level, Data from T-4 were not
used in this analysis.

- 1-



In the postnatal portion of the study, after
hormél delivery, survival rate, sex ratio, aﬁd pup weight
on days 1’and 21 were compared. Although treated pups
surviviqg from day 2 to 21 were slightly‘smallgr at sone
dose levels, there were no significant differencés from
controls for any variablg. In'ﬁome experiments, litters
were standardized at 8 pups on day 2, and the remaining
littermates examined for defects. The increased incidences
of malformations among treated groups were comparable
to those found in the prenafal stud&. Assuming the same
incidence for pups not examined, the investigators_con-
~ cluded 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 effects,

Sokolik'(131) orally administered 106 and 400 mg/kg
and 50 and 200 mg/kg of 2,4,5-T and its butyl ester to rats
of thé Rappolovo line on each of days 1 to 14 or 1 to 16 of
pregnancy. At 100 mg/kg, 2,4,5-T produced embryos with a
;pmbination of deformitieé.including absenée of lower.jéw,
abnormal hind limbs, and exophthalmos. At 400 mg/kg, the‘
embryos of treated raggdé:;;;;;ed cleft palate, hydrocephalus,

hydronephrosis, and abnormalities of the upper limbs which

included tridactyly, webbed’toés, and abnormal shortness.



The ﬁutyl ester of 2,4,5-T was m&re toxic than
the parent compounﬁ, causing more than 3094 embrfonic mortality
at 200 mg/kg. The lower dose, 50 mg/kg, aléo‘caused
high mortality amoné'the embryos, Cleft pélate, hydronephro-
si{is, hydrocephalus, and extensive gastrointestinal hemorrhageé
were also observed within the treated groups, Fronm these
results, the author conclpded that.Z,H,S-T and its derivativ;s

have a high potential ‘for teratogenic activity.

Collins and Williams (124) tested seven samples
of 2,4,5-T from different sources for embryotoxic effects in

golden Syrian hamsters (Mesocricetus auratus) [Table 23]..

The dioxin contents ranged from not detectable (detection

—m—

o et .

1imit < 0.1 ppm) to 45 ppm. Daily oral doses of 20 to 100
mg/kg ﬁody weight were administered in acetone:corn oil:car-
:boxyméthyl celluicsé (1:5.8:10)'on Aaysv6 to‘10 of gestation. -
2,4,5-T with no detectable dioxin significantly (p < 0.05)
reduced fetal weight and fetal viability per litter at all

“levels tested,

Total fetal mortality'was greatly increased at all

levels when compared with controls and was dose-dependent,

; as was the effect on fetal viaﬁility. The increased

incidence of gastrointestinal hemorrhage also appeared to be
dose related., At 100 mg/ké; "pure®™ 2,4,5-T caused increased
incidences of malformations and redudtions in the number

of live fetuses per litter, One ®“pure®™ sample, F, at

100 mg/kg significantly reduced fetal weight from 1.8

: : : :-93‘ . b



Erhnyotoxic Effests of 2 4. 6-T in Hamstersg/
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to 1.6 grams, reduced fetal viability from 96.7 to 71.4%,
and increased abnormalities from 3.5 to 3015 The anomalies
associated with 2,4,5-T containing no dioxin were exencephaly,

eye abnormalities, delayed head ossification, and hind

limb deformities.

| Increasing the level of dioxin contamination inecreased
:etal mortality and the ihcidenqe of abnormalitie$ per
Alitter; fetal viability was reduced. A clear correlation
vas found between the levél of dioxin and abnormalities per
li?ter. Although the incidence of hemorrhages also increased,
no relationship between it_and dioxin level»could be found.
Bulging eyes (absence.of eyelid) ipd delayed ossification
'were'the most common anomalies seen among fetugses expossd
to dioxin-contaminated 2,4;5~T; exencephaly, edgma, cleft
’paiate, ectopic heart, and fusedlribs were also observed.
| vf Emerson eﬁ al. (141) found no adverse effects of
-commercial 2,4,5-T, containing 0.5 ppm TCDD, on fetal
development in>5pr;éue-Dawley derived rats and New Zealand
- white rabbits. Daily oral doses of 2,4;5-T in gelatin were
- administered to the rats at 1 to 24 mg/kg on days 6 to 15 of
" gestation; to the rabbitsat=30 to'ubngg/kg on days 6 to-18
of gestation. The investigators fouﬁd no maternal or |

embryonic toxic effects in either species, nor was 2,4,5-T
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coﬁsidered teratogenic under the conditions of these experi-
menté. The most freqﬁently observed abnormalities were
accessory ribs, hydronephrosis, and retardation in the
development of the sternebrae, With the exception of partial-
ly oésified sternebrae in boéh species and bilateral acceséory
ribs in‘the rabbit, the incideﬁée of these anomalies was
greater in thé control animals thag in the examined treated
'groups;

Sparschu et ai. (140) Qraliy administered 2,4,5-T,
containing 0.5 ppm TCDD, to rats in daily doses of 50
and 100 mg/kg onAdays 6 to 15 and 6 to 10 of gestation,
respectively. Results-are given in Table 24, At 50 mg/kg,
there were no significaﬂt maternal or embryonic toxic
:gffects attributable to;Z,H,S-T éxcept‘for an ipcreased
}fipéideﬁcé of aelayed.skull ossificétiod, énd'a Qingle fetﬁs
-Qifh intestinal:hemorrhage.> At 100 mg/kg, 2,4,5-T was toxic

15/

to both dams and fetuses.

158/ The high rate of maternal mortality caused dosing
to be stopped on day 10, instead of day 15. Significant
reductions in weight gain were also observed,
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Table 24, Fffaots of 2.4.5-T on Fetal Devliopment of'Ratsﬁ/

| H Dose (mz/kg per dav) H
| Parameter ! 0 L 50 1 100 1
{# Viable fetuses H H . '
l } . i E b /]
Total v 252 vy 203 13 1
{ Mean per litter H 11 11 4 —-——— 1
|% Resorptions | | H H
| Litters : _ 3 68 | 61 | 100 H
1 ) {
| Total fetuses : 6.7 ' 12,1 | 758/ 1
|Fetal weight (grams) { | : !
| Maze ‘ bVooowar g3 4 3.57ed
|l Femals | .17 w5 | 3.508/]
{Sex Ratio (M:F) H 53:47 y husmpi 23377 !
|Abnormalities H H H H
(% fetuses examined) H | i {
| Poorly ossified sternebrae| | | i
1
| Fifth b o152 22,1 1 57,127
! "Second and fifth | 3.0 i 4.2 | 14,3 |
| Multiple : 8.3 | 12.6 | 14.3 |
- T , ! t !
* Malaligned sternebrae H 0.8 2.1 | 28.63/3
~{ Delayed ossification ! ' R i !
‘ Interparietal _ fl 3.8 |16.89/} 28.627|
‘ Parietals v"";'! 3.0 !16.83/‘ 57.1Q/i
J Frontals » ’ij 0,8 i 7.UQ/§ 14,3 i

a/ Data from Sparschu et al. (140).
b/ All viable fetuses from one litter,

g/ - p < 0.05

.—._ Resorptions were observed in all litters; 75% were

totally resorbed. Fetal weight was significéntly (p <

0.001) reduced in.both sexes and the sex ratio was shifted
in favor of females. Abnormalities observed which had

significantly (p < 0.05) higher incidences than in the
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controls were poorly ossified and malaligned sternébrae and
delayed skull ossification. The investigator; concluded thgt
:the delayed ossificétibn observed in this study §a3 a
reve:sibie manifestation, rather than a true teratogenic

“effect,

(b) -Adverse ReDroductiye Effects in Other Mom-
ll'a est Syste g
Adverse re?roductive effects of 2,4,5~T exposﬁre
have been observed in other mammalian test systéms.
'Lloyd e£ al. (173) reported on jip vivo enzymatic studies
showing reduced uptake and metabolism of testosterone
by the prostate gland in male mice treated orally with
doses of 2,4,5-T (6.25, 12.5, or 25 mg/kg, ten times |
| ;daily). | ' o '
Yefimenko (151) reported on the éffects of écuﬁe
"and cﬁfonic exposure to the butyl ester of 2,4,5-T on
'gonadal and somatic tissué in an jpn yivo cytogenetic
:sf;dy in malemalbino rats., Chronic effects on the go-
' nads were observed after exposure to 0.1 ug/kg for two
'_anﬁ one half months. Adverse effects (seen.at seven months,
when the experiment was terminated), which were considered
persistent effécts, inclﬁded testicula? atrophy, decreas;d
sperm count, desquaﬁated tubules, and‘éberrant cells
in the germinal epithelium. Chromosomal aberrations
"uére'also observed during the chronic phase of.the ex-'
periment., EPA evaluation Qf this study found inadequécies
in the methodology which would prevent the drawing of

firm conclusions from this data (106).
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Recent studies in rats by Sjoden and SOQerberg
[cited in (25)] appear to show that prenatal eiposure
to 2,4,5-T leads to behavioral‘abnefmaliiies and changes -
in thyroid activity and brain seritonin levels in the
-progeny. Single oral doses of 100 mg/kg were administered
to the dams on days 7, 8, of.g of pregnaney.

(0)4' dverse Effects i vian ecie

Embryotoxic effects in avian species due to 2;4,5-T
_exposure have been reported. Verrett (136) studied the
effeets 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
air cell of the eggs, either preincubation or on the
fourth day of incubation. The semble conteining 27 ppm
- TCDD was found tb‘ee meee lethal (LD-Sd = 25 ug/egg) than
vthe ;essvcontaminated semple (LD-50 = 100 ug/egg). éoth |
e;mples pboduced‘teratogenic effeets; including chick
edema,'eye defeets, beak defects (primarily cleft palate),
and short, twistea feet resultiné from tendon slippage.
Teraiogenic effeets were observed at doses as low as
1 ppm (So‘uélegg) with the sample containing 0.5 ppm
TCDD and as low as 6.125 ppm (6.25 ug/egg) with the sample
contalnlng 27 ppm TCDD. _ | | |

‘ Lutz and Lutz-Ostertag (138) studied the action
of 2 4 S T in aqueous solution at a concentration of
2 to 10 g/liter, on the embryenie development of quail
(.Qe.t_u.m.z coturnix japonica), chicken (ﬁe;.__u gallug),
. -99-.



pheasant (Phasiapus colchicus), and two paftri&ée species
(Alectoris rufa and Perdrix perdrix). 'The 2,4,5-T was
administered by &ipping, spraying, and organo-typic cultures,
-Abnormal genital tracts.vere observed in all species,-

- indicating abnormal sexual differentiation. furfher,
'morphological changes in the testes often gave the appearance
of true teséicular atrophy. 1In another study, 2,4,5-T

affected fertility in birds of both sexes (139).
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(d)

Effects HYere Not Obseryed

Using Z,R,S-T'contaminated with less than 0,1 ppm
~dioxin, Strange and Kerr (142) found no abnormal development
-4n chicken embryos. Doses of 12.5, 25, 50, 75, 100, and 125

ng/kg were'injected into eggs on‘days Oland 5 of incubation;
observations were made 48 hours later., At this developmental
“stege, kidneys were not sufficiently developed to detect the

tubule lesions reported by Bjorklund and Erne (143).

: Studies have established that 2,4,5-T is fetotoxic
-and teratogenlc at doses as low as 35 ng/kg (0.05 = 0.02
ppm TCDD) in mice (125); 4.6 mg/kg (approximately 30 ppm
;TéDD) in rats (123); and 20 mg/kg (0.5 ppm TCDD) in hameter§
4(12&). Cleft palate and kidney anomalies have been .observed
in-mice, rats, and hamsters. No fetotoxiec or teratogenic
'effects (ho-effect levels) have been observed af doses of

20 mg/kg (0.05 + 0.02 ppm TCDD) in mice (125) and 25 to 150

wg/kg (0.05 + 0.02 ppm TCDD) in rats (125).
'(3) Exposure Analvsis
“In order £oidetermine whether.a rebuttable péesumption
"should be issued based on reproductive and fetotoxic effects,

" pursuant to Section 162,11(a)(3)(ii)(B), the Working Group

must dete}mine whether or not an ample margin of safety’
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exists between the levels of 2,4,5=-T and/or TCDD which
produce reproductive and fetotoxic effects, and the level(s)

to which humans can reasonably be anticipated to be exposed,

The cancellation of uses of 2,4,5-T on food crops
intended for human consumption and for use éround the
'home, recreation sites, équatic areas, and ditch banks in
1970 was thought to have eliminated the potential exposure

.>to that portion of the population at risk (women 6f child-

bearing age).
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Social changes over the last few years, however,
have given women the opportunity for employmenthin areas
that‘once were considered open only to'men.‘ Since women
of child-bearing age are now employed in occupations such
as pesticide applicators, operators of highway construc-
tion and maintenance equipmeht, foresters, and chemical
formulators,‘they have become part of the population ét

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

In order to determine whether an ample margin of
safety exists, the Working Group must first determine
how much 2,4,5-T a woman could be exposed to through‘
: Sral, dermai, or inhalation exposure., For each of these
7analyses, the Working Group assumes'a:woman to weigh
60 kg. The following célculationsvére based on an exposure
*jaﬁalysis for 2,4,5-T and TCDD performed by EPA's Criteria

and Evaluation Division [CED] (164).

(a) QOr osure

'Fob pﬁrposes of this analysis, the Working Group
_considered currently registered uses whg;e the possibilit&
of oral exposure to Z;H,S-T and/or TCDD existed. Treat-
_ment of range and pasture land could result in oral eXxw
posure through ingesti&n of meat and milk from animals
érazing on the treated area. Since actual déta on residues

of 2,4,5-T in animals grazing on treated rangeland is
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unavailable, for purposes of the 2,4,5-T oral exposure
‘analysis, the Working Group used residue information
obtained in a feeding study (37) in which cattle were
fed.coﬁsiderably higher amounts of 2,4,5-T than they

‘ ﬁould normally be exposed to in grazing on tregted land.

The following calculations are based on the average quanti=-

‘ties of food eaten per day (1.5 kg), as reported by Lehman
(144, 165). | | |

Table 25, 2 U4 85.T QOral Exposure Ana2lvysis
{ ¥Whole Milk Meat (Bsef)}
{No~adverse~effect 20 mg/kg 20 mg/kg
- 4level for terato-

i

|

lgenicity in mice o H

]

§Average level of 0.103 ppmA/ 0.2 ppmal !
12,4,5-T identified H

$ . - |

] . ]

1% of food item in 19.6% 4.6% i
ttotal human diet e )
- S T {
lAverage amount of = 1.5 kg 1.5 kg i

. {food eaten per day . : }
o _ L l
{Exposure to 2,4,5-T 0,0005 0.0002 H
iper day ng/kg mg/ke H

" &/ Animals were fed at 300 ppm 2,4,5-T in the diet for 2 to
: 3 weeks. This is a worst case assumption for cows grazing
on freshly-treated pasture without a withdrawal period; all
milk and meat was obtained from such cows. Meat (beef)
includes muscle, fat, and liver tissues which constitute the
major portion of edible meat.

To find the average daily intake of a single food
“item, multiply the average daily food intake by the percent
of that item in the total diet: for milk, 1.5 kg X 19.6%

" '2'0.294 kg; and for meat (beef), 1.5 kg X 4.6% = 0.069 kg.
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The quantity of 2,4,5-T in the average dadily diet
equals the average daily intake of each food item multi-
plied by the level of 2,4,5-T in the food item: for
milk, 0.294 kg X 0.103 ppm = 0.03 mg; and for meat (beef),

0.069 kg X 0.2 ppm = 0,014 mg,

The theoreticai exposure of an average woman equals
;hé amount of 2,4,5-T in the daily diet divided by the
veight of the average woman: for milk, 0.03 mg / 60 kg
= 0.0005 mg/kg; and for meat (beef), 0.014 mg / 60 kg
= 0.0002 mg/kg; total exposuré from milk and beef products

could be 0.0007 mg/kg per day.

¢ Existing data on TCDD residues in animals grazing

on treated rangeland are toobmeager to use for an analysis
of TCDD exposure to humans through ingestion of_meat or

.'hilk from animals so exposed.

The Working Group consiﬁeré that the difference
between the ng-adverse-effect level of 2,4,5-T for terato-
- geniec effects (20 mg/kg) and the calculateﬁ oral expoéure
level for 2,4,5-T (0.00074mg/ké'peb day) does constitute an
ample margin of safety. Since this risk criterion for other
chronic adverse effeétS'has not been met or exceeded, a

rebuttable presumption does not arise.
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(b) arpal Exposure

In order to conduct these analyses, the Working
Group must determine the amount of 2,4,5-T and/or TCDD
vhich would come in contact with the skin and the amount

that would be absorbed.

(i) Sprav Applicator: Back-pack Spraver

| For purposes of this analysis, the Working Group
.assumes ohe applicator to be a 60-kg woman of child=-
beabing‘age, and tno site of application eithér a right-
of;way or spot treatment of pasture or rangeland. The
equipment is a back-pack sprayer (166). The following

calculations of exposure are based on dilution for spray-

- ing of throe pints of formulated pvoduct per 32 pints. of

i fvater. Typical 2, 4 S T formulations, based on inspoctlon of
iAa large number of reglstered labels (164), range from 4 to_6'
pounds active ingredient (acid equivalent) per gallon. The
'product used in thls exposure analysis has an assuned |
concentration of y pounds 2,4,5-T per gallon. Label recommen-

'dations vary from a "ecommend d dilution of 0 094 to 4

n pounds acid equivalent per 32 pints of water. A dilutlon

rate of 1.6 pounds per 32 pints has been seleoted as represen-

"tative of a typically-used spray mixture.

Wolfe et al. (166) studied dermal exposure 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,
uitﬁ a mean value of 3.6 mg/hr (6 ml/hr). Method of applica-
tion wﬁs a hand pressure sprayer, using a 0.06%(spray.
Horkers wore shorte-sleeved, open-necked shirts with no

gloves Ar hat. Based on Wolfe's data, CED (164) calculated

a dermal exposﬁre of appgoximately 0.177 pints per day. CED
(164) also determined that,approXimately 104 of the 2,4,5-T
énd'TCDD'coming§in contact with the skin of the applicators
vould be absorbed even after washing, based on absorption

~studies with other pesticides (145, 146, 163).

Table 26, Back-pack Spraver Dermal Exposure Data

<

- {level for terato- . C—
dgenic effects ‘

i 2.4,5=T JLCDD i

jUse Dilution rate ‘=3 " pints 3 pints '

| ‘ (1.6 pounds (0.00000016 |

o 2,4,5-T) per - pounds TCDD) |

. 32 pints’ per 32 pints |

b - water : ~ water !

e ST : e o Lo . !

- tAmcunt of dlluted 0.18 pint " 0418 pint t
~ {material gotten _ _ 4 R -

“ton skin daily i
B ' : o S .

{9 Diluted material 10% Co . 10% {

labsorbed ‘ SR 1

’ T - 1

{Exposure level 409 mg ‘ - 0.,0409 ug H

’ | L | |

|Dose level - 6.8 ng/kg . ‘ . 0.0007 ug/kg |

‘ | | :

ulNo-Adverse-Effect__‘m_“ 20 ng/kg 0.03 ug/kg i

t

[}

]

i

The following calculations (see Table 27 for mathe=-

“matics) will givé the daily dermal exposure for both 2,4,5-T
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and TCDD: 1) convert the dilution rate to grams; 2) mﬁlti-
ply this figure by 1,000 (for 2,4,5-T) to convert to milli-
grams and by 1,000,090 (for TCDD) to convert to micrograms;
3) ﬁultiply.this figure by the daily dermal dose of diluted'
ﬁaterial; 4) multiply this figure by the pércent absorbed;
and 5) divide this figure by the weight of the applicator
for the daily exposure to 2,4,§-T or TCDD per 8-~hour working

day{

Table 27

_  ICDD

1) 0.00000016 pounds/-
32 pt X 454 g/pound =
0.00000227 g/pt;
0.00000227 g/pt X
1,000,000 ug/g =

]

= [}

1) 1.6 pounds/32 pt X 454 g/~ t
]

|

t

]

H

{

) 2.27 ug/pt X 0.18 pt = |
t

!

=

I

_}_

pound = 22.70 g/pt;

2) 22.70 g/pt X 1,800 nglg =
22,700 mg/pt;

[)¥)
~r

4,086 mg;

0.41 ug;
) 4,086 mg X 10% = 408.6 nmg

‘0+841 ug X 109¢ =
0,041 ug,

0.041 ug / 60 kg =
0,0007 ug/kg per dav

3) 22,700 mg/pt X 0.18 pt =
4

= W
~r

5) 408.6 mg / 60 kg =
6.8 mg/kg per dav

wm
~

focrr wran omon e e i asen W e wees e anen Eme

}
{
!
|
|
!
!
!
{
!
i
|
4

The Working Group considers that the difference
between the no-adverse-effect level of 2,4,5-T for tera-
togenic effects (20 mg/kg) and this calculated dermal

exposure level for 2,4,5-T (6.8 mg/kg), as well as the

e e T g am— = =

difference between the no-adverse-effect level of TCDD for
teratogenic effects (0.03 ug/kg) and this.calculated exXpo-
sure lgvel for TCDD (0.6007 ug/kg), do not constitute aﬁ

ample-margin of safety. The Working Group theréfore recom=-

mends issuance of a rebuttable presumption against pesticide
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products containing c,-v,. -

Section'162.11(a)(3)(1i)(a).

(ii) Spray Applicator: Tractor-mountegd, low-boom

r uipme

For the purpose of this analysis, the Working Group

assumes the applicator to be a 60-kg female of child-

bearing age clearing brush on either rangeland or rightse-

.of-way. Tﬁe same product cited above (2,4,5-T at 4 pounds/gal)
" 48 being used, and the dilution rate is 1.6 pbunds of

formulation to 32 pints of water (equal to 4 pounds of

2,4,5-T per 10 gallons of water). Based on exposure sfddies

using similar equipment but a different herbicide (147), the

:Horking Group determined that, during an eight-hour working

day, the applicator would get 0.0&8 piﬁts of diluted

'm;terial on her skin, The Working Group determined that 10%
:}og.theApestiéiaé'oﬂ the skin_ﬁoﬁid'be absorbed (145, 146, 163){

Table 28. Derma) Exposure Data (Tractor Mounted Eguipment)

| 2. 4,5=-T ~ICDPD |
{Use Dilution rate 3 pints 3 pints !

t (1.6 pounds (0o.00000016 !
g 2,4,5-T) per _ pounds TCDD) |
' 32 pints per 32 pints |

H water ..water -
P ' . A - {
lAnount of diluted -0.048 pint 0.048 pint |
{material gotten ’ t
-fon skin daily i
{ ' -
{$ Diluted material 106 ' 104 |
tabsorbed ‘ . S
:Exposure level S 109 mg N . 0.0109 ug i
{Dose level 1.8 ng/kg - 0.00018 ug/kg!

] . ]

[ : H
{No~Adverse-Effect 20 mg/kg . 0.03 ug/kg |
{level for terato- ‘ ' {

. Jgenic effects H
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The following calculations.(sge Table 29 for mathew
matics) wili»give the daily dermal exposure for‘b;tb 2,4,5-T
and TCDD: 1) convert the dilution rate to grams; 2) multi-
ply this figure by 1,000 (for 2,4,5-T) to convert to miili-
grams and by 1,000,000 (for TCDD) to convert to microgranms;
3) multiply this figure by the daily dermal dose of d;luted
‘material; 4) -multiply this figure by the peroent‘absorbed;
and 5) divide this figure by the weight of the applicator
for the daily exposure to 2,4,5-T or TCDﬁ per 8-hour working

day.

Table 29

0

1.6 pounds/32 pt X 454 g/=-
pound = 22,70 g/pt;

ICDP
"0.,00000016 pounds/=~

32 pt X 454 z/pound =
0.00000227 g/pt;

- 0,00000227 g/pt X
1,000,000 ug/g =
2.27 ug/pt;

-
L
-

St

n
~

22,70 g/pt X 1,000 mg/g
: 22,700 mg/pt;

n
~

3) 22,700 mg/pt X 0.048 pt = ([3) 2.27 ug/pt X 0.0%48 pt =
1,089,.6 mg; 0.109 ug;

4) 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 / 60 kg =

e an Snan G Hon G Al EREe GAGN SN SHOR SEar G S

.
fr e oman e e G G G . G e S Eer Emem
o= e o e e er - - -

1.8 mg/kg per day 0,00018 ug/kg per davy

't"The Horking Group c&nsiders'that thg‘differenee
.Setweeh the no-a?zsfée-gffggyulevel of 2,4,5=-T for tera-
tdgenic effects (20 mg/kg’ and this calbul;teq dermal |
expoﬁure level fosz,k,S-T (1.8 mg/kg),~as well asvthe
difference between the no-adverse-effect lévél of TCDD for

teratogenic effects (0.03 ug/kg) 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 recom-
mends issuance of a rebuttable presumption against pesticide
products containing 2,4,5-T and/or TCDD pursuanf to 40 CFR

Section 162.11(a)(3)(i1)(B),

(111) Aerial Application: Exposed Population

Directly Beneath Spray Plane

Caplan et al. (167), workiné with aerially applied
malathion in oil sprays applied at 0.46 pounds per 0.76
gallons water/acre, determined a dermal exposurelto persons

,directly beneath the spray plane for bare skin (head, neck,
shoulders, forearms, hands, and thighs) of 3.556 mg/day.

. With these data, an equivalent dermal exposure for 2,4,5-T'

T e e ST e

and TCDD, aerially applied at 4 pounds:acid equivalent

2,4,5-T per 10 gallons water/acre, can be determined.

{Dermal exposure to 3.556 mg/0.46 pounds malathion
laerially applied per acre

2,4.5-T ICDD

llevel for terato=-
Jgenic effects

i

i
A
‘3 i
| . S '
{Use Dilution rate 4 pounds . 0.0000004 '
i ' - 2,4,5=T per : pounds TCDD |
| "10 gallons of per 10 gal- |
t water/acre lons of water|
{ per acre i
| ) ' o _ . i
{9 Diluted materiaT~ - -"7**10% - : T 10% 1
labsorbed ' - H
! : L Doy
{Exposure level: : 3.1 mg . ' 0.0003 ug i
| L . R |
|pose 1evel " 0.051 mg/kg 5% 1078 !
: _ S T S ug’/kg :
. . . . [ 4
INo=-Adverse-Effect 20 mg/kg . .0.03 ug/kg '
. . ]
| ;

S a110-



The following calculations (see Table 31, for mathe-
matics) will give thg daily dermal exposure for both E,R,SQT
and TCDD: 1) divide the dermal exposure to malathion |
by the malathion application rate and multiply by the
appliéation 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 percent
absorbed; and 3) divide this figure by the we;ght of ﬁhe

- ‘applicator for the daily exposure to 2,4,5-T or TéDp ﬁer

8~hour working day.

Table 31

2,.4,5=-1 N

1) 3.556 mg/0.46 pounds X
4 pounds = 31 mg;

' ICDD
1) 3.556 mg/0.46 pounds X
0.0000004 pounds =
0,000003 mg X 1,000 =
- 0,003 ug; _ ‘
0.0C3 ug X 10% =
0.0003 ug;
0.0003 ug /7 60 kg =

5 X 10"6 ug/kg per dav

[ mun o ot mom o e e oo

) 31 mg X 10% = 3.1 mg;

n
.~

2
3) 3.1 mg/ 60 kg =
0.051 mg/kg per day

W
~

e cmm s amwe W maw Ene e - W
fe e o S e G i s amams o

The Working Group considers that the difference

between the no-adverse-effect level of TCDD for teratogeﬂic

effects (0.03 ug/kg)>and this calculated dermal exposure
. 6

level for TCDD (5 X 10~ ug/kg) does constitute an ample
1 margin of safety. The Working Group also considers,
however, that the difference between the no-adverse-effect

lgvel'of 2,4,5-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 rebuttable presumption
against pesticide products containing 2,4,5-T pursuant to

40 CFR Section 162.11(a)(3)(ii)(B).
" (e¢) JInhalation Exposure: fperial Application

There are no studies available on inhalation exposure
of 2,4,5-T. Tﬁere are, however, sevéral studies on iﬁhala-
tion exposure to malathion (167, 168) which CEb used as a
model for thi; 2,4,5-T exposure analysis (164). Caplan et
al. (167) determined an air concentration, for unprotectéd

‘persons directly beneath the spray plane during application

_and for two hours aftérward, éf 0.067 mg malathion/m> frém
aeriai application of 0.46 pounds A;/gallon per acre. The
collection period spahned the cou:sé of the actual application
tiae plus tﬁo hqurs thereaftef. The authors considered the . .sam-
plihé technique to be equivalent to average inspiration through
the nostrils.v This inhalation exposure (amount availaSle for
ih;;iatipn) was—12$ of the applied malathion. Caplan et al.
‘further réported that the average median diameter (= volume
median diameter, or vm&lﬁ{ was 109 microns. Based on work

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

size of the malathion droplets which could be inhaled was

16/ The vmd is that droplet size -which divides the total -
volume 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 microng, Since 2,4,5-T is typically agpliea as a
pedium or coarse spray, while malathion is applied as a fine
spray, the percent of 2,4,5-T droplets small enough to be
inhaled (under 60 microns) would be less thaﬁ the percent of
malathion droplets small enough to be inhaled. According to
Akesson and Yates (168), 2% of 2,4,5~T spray droplets Qould
be available for.  inhalation (or 1/6 the amount pf malathion

droplets available for inhalation), on a "worst case" basis.

Table 32, Inhalation Exposure Data (Aerial Application).

1

{level for terato=-
lgenic effects

. 1

{Air concentration of 0.067 mg/m3 with application !

faerially applied rate of 0.46 pounds malathion '

- {malathion — per gallon per acre i

{ ]

1 ' : 2.4,8=-7 . ICDD :

{Use Dilution rate 4 pounds - 0.000000% '

1 - . 2,4,5-T per pounds TCDD |

B 10 gallons of per 10 gal- |

- - water/acre lons of water|
' : per acre HE

. t . . R : . N ) ) . . =

~iLung Absorption . -100% : 100% 1

{Rate : S , o _ =

‘ :

. ) ’ t

éBreathing Rate 1.8 mw3/hr 1.8 m3/nr !

) . : . 1

- . i

{Exposure level 0.34 mg 0.000032 :

{ ' per 2 hr . ug per 2 hr |

. : _ - }

‘Dose level ' . 0.023 mg/kg 2 X 10 6ug/kgl

:A : per 8 hr , per 8 hr i

R ]

: ]

{No-Adverse-Effect 20 mg/kg " 0.03 ug/kg ]

t

1

]
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The following calculations (see Table 33 for mathe-

- matics) will give ﬁhe daily inhalation exposure'for both
Z,H,S-T and TCDD: 1) multiply the air concéntration of
malathion by the amount of 2,4,5-T and TCDD applied, then
multiply this figure by 1/6 for the inhalation exposure to
2,4,5-T and’ TCDD; for TCDD, multipiy this figure by 1,000 to
convert to michgrams; 2) multiply this figure by the
breathing rate; 3) multiply this figure by eight [8] to

get the 8-hogr exposure total;  and 4) divide this.figure

by the weight of the applicator for the inhalation exposure

to 2,4,5-T or TCDD per 8-hours'exposure,

g Table 33,

ICDPD
1) 0.067 mg/cu m per 0.46
_pounds X 0,000000%
pounds = 0, 000000058
- mg/cu @ ¥ 1/6 =
0.000000009 mg/cu m X
000 = 0.000009 ug/cu m;

4

]

1) 0.067 mg/cu m per 0.46 !

1]

E

t

IR

. N N . L ‘ 1

0.097 mg/cu m X 1.8 cu m/=- {2) 0.000009 ug/cu n X

|

]

H

|

H

i

1

!

pounds X 4 pounds = 0,58
mg/cu m X 1/6 = 0, 097
mg/cu m;

hr = 0.17 ng/hr; 1.8 cu m/hr =
- 0,000016 ug/hr;

3) 0.17 mg/hr X 8 = 1.36 mg; !3) 0,000016 ug/hr X
' . 8 = 0.000128 ug;
4y 1.36 mg / 60 kg = 4) 0.000128 7/ 60 kg =

0. 026 mg/kg exposure
per dav

et e e e At i e P e mie S Ee e e an

e s m e e o o e o e oo e e n
N .
g B

-6
2 X 10 vg/kg per dav

The WOrking Group considers that the difference
:betwaen the no-adverse-effect levol of TCDD for teratogenic
effects (0o 03 ug/kg) and this calculated dermal exposure

-6

'level for TCDD (2 X 107" ug/kg) does constitute an ample

margin of safety., The Working Group also considers,
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1

however, that the difference between the no-adverse-effect

level of 2,R,S-T'for teratogenic effects (20 mg/kg) and this

calculated dermal exposure level for 2,4,5-T (0.026 mg/kgll{
does not constitute an ample margin 6? safety. The Working
Group therefore recommehds issuance of a rebuttable presumption
against pesticide products containing 2,4,5-T pursuént to 40

CFR Section 162.11(a)(3)(ii)(B).

(d) Cumulative Exposure | |

The Horking Group has also considered.thé possibility
of a'single individual being exposed through two or more of
the above routes. The results (derived from Tables 27, 29,
and 31) are shown in Table;34. The Working Gréup also notes
that possible cumulgtive exggsure‘to several dioxin-containing
pesticides could iﬁcreaSe the tétél body burden and increase
':% totai risk.from dioxin ekposﬁre..

| The Working Groub coﬁsideré that the differsnces
._Sethen’tg; no-ad}erse-effect'level of TCDD for terato-
- genice effecis (0.03 ug/kg) and the calculated cumulafive

- exposure levels for TCDD in Situations 2 and 3 (see Table

- 34) do constitute an ample margin of safety. The Working

17/ Johnson (63) [see Section I.G.(3)], in a review article,
calculated a daily inhalation exposure to phenoxy herbicides
-of 0.025 ug/kg for a T0-kg adult. The calculations were
based on actual air monitoring data of air samples collected
in two wheat-growing areas in the state of Washington during
spring and summer and analyzed for phenoxy herbicides. The
~author did not specify how soon after appllcatlon the
samples were taken.
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Table 34, Cumulative Exposure to 2.4 .5-T and TCDD

!
| Sitvation #3; 2 U4 5-T
{Oral- 0.0007 mg/kg

!Dermal- 0.051 mg/kg

Situatio 2

0 al"’ . en e e
Dermal- 5 X 10~ ° ug/kg
iInhal.- 0.026 mg/kg Inhal.- 2 X 107" ug/kg

[

icum, = 0,0777 ma/ke = 7% 1075 veske
a2/ Calculations were made on a worst-case basis as 3%
of dermal exposure based on Wolfe (179) who states, Mover
87% of the pesticide to which the body is subjected during
most exposure situations, and especially to applicators of
liquid sprays, is deposiied on the skin." TCDD inhalation
' -6

| Situation #1: 2 4.5-T | Situation #1; TCDD ]
{Oral- 0.0007 mg/kg 10rale = cocce- !
iDermal- 6.8 mg/kg .Dermal- 0.0007 ug/kg !
H / H a/ i
i1Inhal.- 0.2 mg/kg‘a tInhal.- negligible H
{Cun. = 7.0 mg/kg iCum. = 0.0007 ug/kg !
' , { ‘
{ Situvation #2: 2. 4.858.T | Situation #2: TCDD H
iOral- 0.0007 mg/kg 10ral- e---- !
iDermal~ 1,8 ng/kg * {Dermal- 0,00018 ug/kg :
[}

{Inhal.- 0,052/ {Inhal.- negligibled’ |
{Cum. = 1.85 mg/kg {Cum, = 0.00018 ug/kg !
' . []

:'

'

]

1

]

]

i

1

!

e momem raman - = amen

]
-
i3
e

exposure values were negligible: Situation #1, 21 X 10
ug/kg; Situation #2, 54 X 10~7 ug/kg.

_nGroup'als6.coﬁszde;s, howaﬁer, thau tﬁo diffgﬂoncos benw;en
‘the no-adverse-effect levels of 2,4,5-T and TCDD for terato-
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 Situﬁtion 1 (see Table
34) do not constitute an ample margin of safety. The |
Working Group therefore recommends isguance of a rebuttable
presumption against pesticide products containing 2,4,5-T

pursuant to 40 CFR Section 162.11(a)(3)(ii)(B).
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IV, Q r »

This section addresses other ﬁypes of adverse
effects of 2,4,5~-T for which the Working Group has deter-
mined that insufficient evidence exists to initiate a
rebuttable presumptién. The Agency solicits comments
ffom registrants and other interested parties on the
evidence listed below, and requeéts submission of any
additional studies or relevant information on-Z;u,S—T

and/or TCDD relative to these potential adverse effects,
Aw enicit

 Section 162.11(a)(3)(ii) (A) provides that a rebuttable
ﬂvéesumption shall arise if a pesticide's ingredient(s),
metabolite(s), or degradation prodqct(s).induce mutagenic

~effects, as determined by multitest evidence.
(a)  Positive Stud

'Majumdgr and Golia £178) fed male Drosophila melano-
gaster either 250 or 1,000 ppm dioxin free 2,4,5-T (obtained
frpm Eastman Kodak) for 15 days. They were'then mated to

~ Sets of'virgin females to ggnerate three‘u-day broods of

-offspring. F1 flies were allowed to mate, and F, flies were

2
scored for X-linked recessive lethals. No differences among
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broods were noted, and data from all broods were pooled.

The percent lethals in controls, 250 and 1,000 ppm groups

were dose-related and were 0.05, 0.26, and 0.66%, respectively.
The control vs. 1,000 ppm lethal rates were significantly
different from one another (p < 0.01). Ethyl methane
sulfonate‘(ZSO ppm) was included as a positive control;

it yielded 13:70% lethals. The total number of flies

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

(b)Y Hegative Studies

The mutagenicity of 2,4,5-T was evaluated by Ercegovich
et al. (148), employihg the procedure of Ames, using five
strains of Salmopella typhimurium without activation. They

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

e, - -

Fujita et al. (149) reported chromosomal abnormalities
in in vitro cytogeneticvstudies of human lymphocytes

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

exposed to 10" to 10~
ppm TCDD. Breaks, deletions, and rings were observed,
~LChromatid breaks increased with increasing concentrations

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

was a toxic effect or a potential genetic effect (150).
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Majundar and Hall (169) reportgd on the cyto-
genetic effects of Z,H,S-Tlﬁl on in yivo bone-marrow
cells 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 5-day period
- of tﬁe Etudy.- Increasing numbers of chromatic gaps,

breaks, and fragments were obsgrved at‘250, 350, and
500 mg/kg doses, No exchange figures or isochromosome
.gaps or breaks were observed., This is not a definitive
experiment for‘indicating the potential of 2,4,5-T for
causing heritable chromosome damage (170). Toxicity

effects of the chemical could give similar results (170).

Davring and Hultgren (171) réported on an in
vivo study on the cytogenetic effects on bone-marrow
[-célls of Mus mpusculus (male mice)vinduced by a Swedish

commercial 2,4,5-T ester formulation‘g/

and its compo-
nents, The study showed that 2,4,5-T commercial pro=-
fdﬁcts can ;ffect chromosoﬁal and reproductive mechanisms.,
Two différent strains of mice were used with similar

results for both. These results correlated with effects

seen in Drosophila, The authors stated that chromatid

18/ The 2,4,5-T used in this study was purchased from
Eastman Kodak Company, Rochester, N.Y., and contained
no measurable amount of TCDD. The authors do not indi-
cate the limit of sensitivity. :

18/ The concentration of TCDD was guaranteed to be
less than 0.1 ppm in the product. B
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protocol were given, and statistical methods were apparently

not employed in assessing the data.

The second test by Hussain et al. (24) studied
reverse nutation from histidine dependence to histidine
independence in Salmonella typhimurium (Strains TA 1532 and
TA 1530). TCDD was positive in TA 1532 but negative in TA
1530. This indica;ed that TCDD acts a§ a frameshift mutagen.
ICR-l?O-w;s used as a positive control,ih the test with TA
153é. No positive or'negative controls were tested in IA.
1530. |

'In_ﬁhe third.tést Hussain et al. (24) observed slight
" prophage iﬁduction iﬁ-ﬁ:.;gli K-39.. However, data from this
"test:were difficult tq‘gvaiuate pecausé the solvent used,'

dimethyl sulfoxide; céuses cellular effects,

l'A preiiﬁinary report on the chfomosomal anélysis'of
hospital.patients expdéed.to TCDD in the accident at the
Seveso, Italy; factory was presented at the Department of
:Béalth, Education,-and Welfare meeting on October 12, 1976
(152). An increased number of chromosomal lesions (gaps,
chromatidic and éthmosoﬁal'breaks, and rearrangements) were
observed in somatic celis of the 2- to 28-yéar-old males
}and females tested. Cytogenetic studies of tissues from
.theraﬁéutic abortions performed on women who were exposed to

TCDD during the accident indicated thét there was chromosomal
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damage to cells in maternal peripheral blood, and placental
and fetal tissues, Théée preliminary results were based on
a small number of samples, and no specific data are available

at this time (150).

' (b) Negative Studies

Khera and Ruddick (6) conducted dominant lethal tests
in whiceh male Wistaf rats recéived TCDD at dosages §f 4 and*
8 ug/kg per day. The studies indicated that no dominént
lethal mutati&ns arose during the 35 days after treatment.
The peﬁiod examined corresponded to'postmeiotic stages of )

spermatogenesis,

T Y e

-‘A’cytogenetic screening study of the effeéts of TCDD
.‘65 bone mafréﬁ.éelis'cf_maie.OSSOrﬁe;Menﬁei rats was per-
 formed by.the Food and Dfug Administration (119). Two-
separate exberiments were performed. The first was a multiplé
';dose test in which 10 ug TCDD/kg per day was administered by
intubation for 5 eonsécutive days. In the second tes£,
single dosés of 5, 10, and 15 ug TCDD/kg were administered
intraperitoneally and 20 ug/kg.(the highest dose) was
uadministered orally:-“Théie'kaé no evidence "from these
sﬁudiés to indicate that TCDD produced cytogenetic damage in
the bone mafrow of these male ratse Toxicity, which was
~indicated by a slight weight loss, was noted in rats that
received a single dose of 15 or 20 ug/kg.(the highest

- dose levels). | o | o |
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Green (119) conducted a short-term inves@igation of
several dioxins, using male Osborne-Mendel :ats; to determine
Qhat potential these substances had to produce cytogenetic
damage in rat bone-marrow. In one study all of the dioxins
were tested by being intubated in the rats for five consecu-
tive ééys at 10 ug/kg per day. & second study involved TCDD
aione administered orally at 20 ug/kg and intraperitoneally
at 5, 10, and 15 ug/kg. The author found no evidence that
any of the substances tested produced cytogenetic damage in

the bone marrow of male rats.,

In conclusion, although Hussain et al. (24) have
demon#fratedlthat TCDD does appear to act as a point,(gepe)
mutagen, the evidence is weak for ﬁéritable geneti§ effects
i‘.sipcé?th§ 1evel of mutégenic_testing is meager and there
lﬁérehgome hajo? deficiences in éome tests. However, the
;tﬁd&'by'Hussain et al. does not fulfill the criterion of
 ’mﬁl£itest'evidence as prescribed in 40.CFR 162.11. Although
TCDD does appear to have the potential to act as a chromosomal
nutagen from the in vivo thogenetic studies (152), specific

‘data are not yet available from the Seveso accident.
(3) Chromosomal Damage
.The Working Group also wishes to call attention

to three studies (previously discussed in Sections III.B.(2)(b),

IV.(1), and IV.(2)(b)), which indicate that Z,R,S-T and/or
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TCDD may cause chromosomal damage. Fujita et al. (149)
reported chromosomal abnormalities ih in yitro tests on
human lymphocytes exposed téAz,h,S-T;_ébnormalities included
breaks, deletions, and rings. Yefimenko k167) reported
damage . to bone-marrow cell chromosomes (including breaks,
true aberrations, or rearrangements) in jn vivo tests on rat
gonadal and somatice tissue exposed to butyl ester 2,4,5-T.'
. The pfeliminary HEW report (152) on the Seve;q inciaent
indicated an increased number of chromosomal‘iesions (gaps,
chromatic breaks, and rearrangeméhts) in somatic cells of 2-
‘to 28-yecar-old humans exposed to TCDD.

o The Working Group concludes that there is é data gap
6n mutageﬁic effecﬁé and that fuyther evidence and testing
is needed on the‘iuiagenicity of 2,4,5-T and TCDD. The
HHorkiﬁé Qrouﬁ‘would like to evaIua£e mor§ detailed and
specific inféfmafién as.it becomes-available froﬁ thé Sé?eso
accident.. Félevant infofﬁatioﬁ 6r studies on the mutagenétic
effects of 2,4,5-T and/or TCDD should be submitted to the
~Ageney, ‘and the optioﬁ for re-evaluating their mutagenic
properties nust be left open should m&re conclusive evidence
‘becomne avail;ble. | |

B, oxieity to Humans:
(1) &nlésgsng
fA hhﬁﬁer qf researchers havé reported illnesé ascribed
to TCDD (90, 93, 95, 153). Most of these toxic effects have



occurred in chemical plant workers after accidental exposure
to the dioxin. While a number of ill effects have been

reported, the most widely known is chloracne,

Chloracne is a severe skin disease resulting from
exposure to highly chlorinated dibenzo dioxins, It is a )
'disease of the follicular and sebaceous glands. Its 3
gymptoms and signs include skin lesions, follicp%ar hyper-
keratosis, and the formation of large sebaceous cysts,
inflammed tubercies, and pustules, In addition to these
symptoms, chloracne is often accompanied by a brownish
keratinization of the skih, cystitis; pyelonephritis,
~depression, hirsutism, fatigue, neurological disturbanées,
raised cholesteroi levels,-liver'daiage, ﬁnd psychological
" manifestations (10, 15, 16, 154, 155, 156, 157). Several
L;researcheés:hAQQ observed éhat chlgrééné is not only'irfitat—'
“.4ing and persistent but also very difficult to cﬁre. It is-
oh; of ihe most frequenflyléontracﬁed forms of occupational
“'derﬁatiti;, occurring primarily in chemical plant employees

engageh in the production of 2,4,5-T and 2,4,5-TCP (16, 95,
155, 156, 158)..
T _ 2
The first report on a toxic material being the
causative aéent'for an occupational skin disease appears to

“have been by Dr. Karl Hérxheimer in 1899. Dr. Herxheimer

ﬁiagnosed the cause of dermatological problems in a German
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factory worker as exposure to chlorine ions in the produc-
tion of caustic potash (159)., It is from this éérly

, Hiagnosis th#t we get the name chlorache. During the early
1950's there were a series of industrial accidents in
Germany resulting in aq'outbreak of chloracne in the
employees of chemical plants manpfacturihg 2,4,5-T and
2,4,5-TCP, The-sympioms of the employees of one pf these
factories in BHamburg, Germany, were extensively‘investigatéd
rby Kimmigg and Schulz (16). These researchers, uéiné

“the rabbit ear test, proved that the cause-of the chloracne
ﬁas a contaminant found in c¢rude 2,4,5-TCP and ﬁot the |
. . formulated 2,4,5-TCP. Later on, Bauer et al. (15) conclusively

— -~ a—

_identified TCDD as the causative agent of chloracne,

(2) ri tarda = g-Am'nolevul'

¢ e——————

Porphyria cutanea tarda (PCT), a }érm of hepatie
:pérphyrié; is‘another disease caused by exposure to TCDD
‘aaam;ften accompanies chloracne., PCT occurs primarily in
‘industrial workers associated with the manufacture of

2,4,5-T (,93.'9"21’,’_1'60).‘

The symptoms of porphyria cutanea tarda, a defect in
,,pepétic metabolism of porphyrins, are fragility of the
.skin, photosensitivity of the skin, hypefpigmentation,

qver-production of . porphyrins, hirsutism, and neurological

¢
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and intestinal disorders (94, 160)., It is also characterized
biochemically by an increase in the activity of:the mitochon-
driai enzyne é;-aminoievulinic acid (ALA) synﬁhetase, which
48 the first and rate-limiting enzyme in heme biosynthesis
(160), TCDD was thought to be a poteht inducer of ALA
activity in chick embryo liver (115). Goldstein.et al, (161)p
reported that TCDD was found téAinduce ALA synthetase and
heéatic proph§ria in mice. These researchers sﬁatéd that at
i that time [1973) TCDD was the most poteht porphyrogenic
chemical known. Poland and Kende 1976 (4) found that the

duration of ALA induction from TCDD exposure is prolonged,

most likely due to the long biological half-1life of TCDD.

These researchers also found that ALA synthetase inducers

'have halogen atomé occupying at‘léast three of the four

. lateral ring positions (bositions,z, 3, 7, and 8), and that
'ﬁherélis at least one free, nonhalogenaﬁéd rihé position.

TCDD‘fulfills all of these requirements,

128~



81,

“2-

3.

&y,

£5.

€6.

eg.,

€9,

2,4,5-T: Position Document 1

References

Raw, G.R., ed. 1970, CIPAC handbook, Vol. I,

analysis of technical and formulated pesticides.
Collab. Intntl, Pest. Anal. Council Ltd.,
Hertfordshire, England.

Meister,‘R.T., ed., 1977. Farm chemicals handbook.
Meister Publishing Co., Wllloughby, Ohio.

Report on 2,4,5-T: a report of the Panel on
Herbicides of the President's Science Advisory
Committee. 1971, Executive Office of the President,
Office of Science and Technology, Washington, D.C.

Poland, A., and A. Kende. 1976. 2,3,7,8-tetra-
chlorodibenzo~-p~dioxin: environmental contaminant
and molecular probe. Fed., Proc. 35:2404-2411,

Crossland, J., and K.P. Shea. 1973. The hazards of
impurities. - Env1ronment 15(5):35-~38.

Khera, K.S., and J.A. Ruddick. 1973. Polychlorodi-
benzo~p-dioxins: perinatal effects and the dominant
lethal test in Wistar rats. Pages 70-84 in E.A.-

Blair, ed., Chlorodioxins - origin and fate. Advances
in Chemistry Series, No. 120. Am. Chenm., Soc.,

;iUWashington, D.C.

Harvey, R.G. 1973, Dioxin, a contaminant in 2,4,5-T.
Presented at Wisconsin Pest Control Confer=nce with
Industry: January 17, 1973, (unpublished.)

Fishbein, L. 1973. Mutagens and potential mutagens in
the biosphere: I. DDT and its metabolites, polychlori-
nated biphenyls, chlorodioxins, polycyclic aromatic
hydrocarbons, haloethers, Sci., Tot. Environ. 4:305-340,

Milnes, M.H. 1971, Formation of 2,4,7,8-tetrachlorodi-
benzodioxin by thermal decomp051tlon of sodium 2,4,5-

trichlorophenate., Nature 232:395- 396.

PReferences marked with an asterisk are protected from
unauthorized duplication by copyright. A copy of the Position
Document and all references are avilable for public inspec-
tion in the Office of Special Pesticide Reviews (WH~566),
Office of Pesticide Programs, Environmental Protection Agency,
East Tower, Room 447, 401 M Street S.¥W., Washington, D.C.

20460,

=129~



€10, Schulz, K.H, 1968. On the clinical aspects and

: etiology of chloracne., (Transl, form German.)
Arbeitsmedizin Sozialmedizin Arbe itshygleno 3(2):
25-29.

©£11, Higginbotham, G.R., A. Huang, D. Firestone, J. Verrett,
J. Ress, and A.D, Campbell., 1968, Chemical and
toxicologicial evaluations of isolated and synthetic
chloro derivatives of dibenzo-p-dioxin., Nature 220:
702-703. '

€12, Muelder, ¥W.W., and L.,A, Shadoff, 1973. The prepara-
tion of uniformly labeled 140—2,7-dichlofodibenzoeg-
dioxin and luC-2,3,7,B-tetrachlor'odiben:f.o-_;_:)_--dic>x:i.n'.
Pages 1-6 in E.A. Blair, ed., Chlorodioxins - origin
and fate. Advances in Chemistry Series, No. 120.
Am, Chem, Socs, Washington, D.C.

€13, Burger, E.J., Jr. 1973. Summary: conference on
dibenzodioxins and dibenzofurans, National Institute
of Environmental Health Services, April 2-3, 1973.
Environ, Health Perspec. 5:279-282.

- 81y, Schwetz, B.A., J-M:~Norris, G.L. Sparschu, V.K. Rowe,
P.J. Gehring, J.L. Emerson, and C.G. Gerbig. 1973.

Toxicology of chlorinated d;benzo-g—diox1ns. Environ,
- Health Perspec. 5:87- 99.

" . 815, Bauer, H., n.H. Schulz, and U, Spiegelberg, 1061,

' Occupational intoxication in the production of
chlorinated phenol compounds, (Transl. from German.,)
Arch, Indust. Path. Indust. Hyg. 18:538-555,

£#}6. Kinmig, J., and K.H. Schulz. 1957. Qccupational

. acne (chloracne) caused by chlorinated aromatic
cyclic ether. (Transl. from German.) Dermatologica
115:540-546.

£17. Kearney, P.C., E.A. Woolson, A.R. Isensee, and C.S.
Helling. 1973, Tetrachlorodibenzodioxin in the
environment:. sources, fate, and decontamination,
Environ, Health Perspec, 5:273-277.

©18. Buser, H. 1975. Polychlorinated dibenzo-p-dioxins:
C separation and identification of isomers by gas
chromatography-mass spectrometry., J. Chromatog.
114:95~-108.

=130-



€19, Kimbrough, G.D., 1972. Toxicity of chlorinated
" hydrocarbons and related compounds: a review
including chlorinated dibenzodioxins and chlo"inated
dibenzofurans. Arch, Environ. Health 25(1):125-131.

€20, Firestone, D., J. Ress, N.L. Brown, R.P. Barron,
and J.N. Damice. 1972. Industrial chemicals:
determination of polychlorodibenzo-p-dioxins and
related compounds in commercial chlorophenols.,
J. Ass, Offic. Anal. Chem. 55(1):85-92,

#21, Jones, E.L., and H. Krizek., 1962. A technic
for testing acnegenic potency in rabbits, applied
to the potent acnegen, 2,3,7,8-tetrachlorodibenzo-
p-dioxin. J. Invest. Dermatol. 39:511-517.

£22, Anonymous. 1970. Another herbicide on the black=-
l1ist. Nature 226:309-311,

€23, Grieg, J.B., G. Jones, W.H. Butler, and J.M. Barnes,
1973, Toxic effects of 2,3,7,8~tetrachlorodibenzo-
p~-dioxin. Fd. Cosmet. Toxicol. 11:585-595.

#24, Hussain, S., L¢ Ehrenberg, G. Lofroth, and T.
Gejvall, 1972y Mutagenic effects of TCDD on
bacterlal systems. Ambio 1(1):32-33.

825, World Health O"ganlzatlon, International Agency for
' Research on Cancer. 1977. 1IARC mongraphs on the
evaluation of the carcinogenic risk of chemicals
to man: some fumigants, the herbicides 2,4-D and
.- 2,4,5-T, chlorinated dibenzodioxins and miscel-
. laneous industrial chemicals, Vol. 15. 1International
Agency for Research on Cancer, Lyon, [Francel.

€26, Thomson, W,T. 1975, Agricultural chemicals: book
II herbicides. Thomson Publications, Indianapolis,
Indiana.

27. Memo: Representative 2,4,5-T labels, dated June 30,
" 1977, From Harvey L., Warnick, Project Manager
Office of Special Pesticide Reviews, to Files,

28. Memo: 2,4,5-T production, dated September 30, 1977.
From Harvey L. Warnick, Project Manager, Office of
-Special Pesticide Reviews, to Edwin L. Johnson,
_ Deputy Assistant Administrator, Office of Pesticide
- Programs., (CONFIDENTIAL.) '

e131-



29, U.S. Department of Agriculture, Agricultural
Stabilization and Conservation Service, '1976. The.
pesticide review 1975. U.S. Department of Agriculture,
Washington, D.C.

30. Memo: Request for usage data - 2,4,5-T, 2,4,5-TP,
erbon and ronnel, dated September 16, 1977. Fron
A. Bale Vandermer, Program Planning and Analysis
Officer, Human Effects Monitoring Branch, to Harvey
L. Warnick, Project Manager, Office of Special
Pesticide Reviews, . ’

£31, Crosby, -D.G., and A.S. Wong. 1973. Photodeconm-

‘ position of 2,4,5~trichlorophenoxyacetic acid
(2,4,5-T) in water. J. Agr. Food Chem. 21(6):
1052-1054, '

©32, Sharpee, K. 1973. Microbial degradation of phenoxy
herbicides in culture, soil, and agquatic ecosysters,
Ph.D., Thesis. 94 pp. University Microfilms, Ann
_Arbor, Mich.

. #33, Shafik, M.T., H.C. Sullivan, and H.F. Enos. 1971,

. A method for determination of low levels of exposure
to 2,4-D and 2,4,5-T. Intntl. J. Environ. A4nal.
Chem, 1:23-33« ' .

- ®34, Grunow, W., Chr. Bdme; and B. Budezies. 1971. -
. .. Renal excretion of 2,4,5-T by rats. (Transl,
" from German.) Fd. Cosmet. Toxicol, 9:667-670.

. #35. Grunow, W., and Chr. Bohme., 1974, Metabolism of
.- 2,4,5-T and 2,4-D in rats and mice, (Transl,
from German.,) Arch. Toxicol. 32:217-225.

'®#36, Clark, D.E., J.S. Palmer, R.D. Radeleff, H.R.

Crookshank, and F.M. Farr, 1975, Residues of

chlorophenoxy acid herbicides and their phenolice

metabolites in tissues of sheep and cattle. J.
~ Agr. Food Chem. 23(3):571-578.

€37, Leng, M.L. 1972, Residues in milk and meat and
S safety to livestock from the use of phenoxy
herbicides in pasture and rangeland. Down to
.- Earth 28(1):12-20.

£38, Fitzgerald, C.H., C.L. Brown, and E.G. Beck.

1967. Degradation of 2,4,5-trichlorophenoxyacetic
acid in woody plants. Plant Physiol. 42:459-460.

o a132-



€39, Helling, C.S., A.R. Isensee, E.A. Woolson, P.D.J.
Ensor, G.E. Jones, J.R. Plimmer, and P.C. Kearney.
- 1973. Chlorodioxins in pestjcides, soils, and plants.,
J. Environ. Quality 2(2):171-178.

£40. Norris, L.A. 1966. Degradation of 2,4-D and
2,4,5-T in forest litter. J. Forest. 64(7):475-476.

#41., Wiese, A.F., and R.G. Davis. 1964. Herbicide
' ‘movement in soil with various amounts of water,
Weeds 12(2):101-103. '

€42, Anonymous. 1971, ‘A close look at TCDD, Agr. .
Res. 20(4):8-10,

543, Ydshida, T., and T.F. Castro. 1975, Degradation'
of 2,4-D, 2,4,5-T, and picloram in two Philippine
soils, Soil Sei. Plant Nutr. 21(4):397-404.

- ®#44, Morton, H.L., E.D., Roblson, and R.E. Meyer.
1967. Persistence of 2,4-D, 2,4,5-T, and
dicamba in range forage grasses, Weeds 15(3):
268-271., _

€45, Highman, B., T.B., Gaines, and HJJ. Schumacher.
' 1977, Retarded development of fetal renal alkaline
phosphatase in mice given 2,4,5-trichlorophenoxyacetic
acid, J. Toxicol. Environ. Health 2:1007-1018.

.. ®46, Kearney, P.C., EJA., Woolson, and C.P., Ellington,
- ~dr. 1972. Persistence and metabolism of chloro-
‘dioxins in soils. Environ, Sc¢i. Technol, 6(12):
1017-1019,.

#47. Norris, L.A. 1971. Chemical brush control: asses-
: sing the hazard. J. Forest. 69(10):715-720.

48, Report of the Advisory Committee on 2,4,5-T to
‘ The Administrator of the Environmental Protection
~Agency. May 7, 1971. (unpublished.)

®49, Bailey, G.W., A.D. Thruston, Jr., J.D. Pope, Jr.,
and D.R. Cochrane. -1970., The degradation kinetics
.., of an ester of silvex and the persistence of silvex
© . - in water and sediment. Weed Sci. 18(3):413-418,

®50. Frank, P.A., and R.D. Comes. 1967. Herbicidal

residues in pond water and hydrosoil. Weeds 15(3):
210-213, : : :

- =133-



#51, Kenaga, E.E. '197u, 2,4,5-T and derivatives:
toxicity and stability in the aquatic environment,
Down to Earth 30(3):19-25. :

£52, Trichell, D.W., H.L., Morton, and M.G. Merkle. 1968.
Loss of h“PblCldeS in runoff water 'Weed Scd,
16(4): 447-449,

853, Edﬁards, W.M., and B.,L. Glass. 1971.: Methoxychlor

: and 2,4,5~T in lysimeter percolation and runoff
water, Bull. Environ. Contam. Toxicol., 6(1):
81=-84, '

€54, Isensee, A.R., and G.E. Jones. 1971. Absorption
and translocation of root and foliage applied 2,4~
dichlorophenol, 2,7-dichlorodibenzo-p~-dioxin and
'2,3,7,8-tetrachlorodibenzo~p~-dixoin. J. Agr. Food
Chem. 19(6):1210-1214., ’

£55, Woolson, E.A., P.D.J. Ensor, W.L. Reichel, and A.L.
. Young. 1973, Dioxin residues in ‘lakeland sand and
bald eagle samples. Pages 112-118 in E.A. Blair,
ed., Chlorodioxins - origin and fate. Advances in
- Chemistry Serlns, No. 120, Am. Chem, Soc., Washington,
D.C. : ’

€56, Mulhern, B.M.,, W.L. Reichel, L.N. Locke, T.G.
© . . Lamont, A. Belisle, E., Cromartie, G.E. Bagley,
-and R.M, Prouty., '1970. Organochlorine
residues and autopsy data from baid eagles,
1966-68. Pest, Mon. J. 4(3):141-144,

€57, Isensee, A.R., and G.E. Jones. 1975. Distri-
bution of 2,3,7,8-tetrachlorodibenzo-p-dioxin
" —-.. (TCDD) in aquatic model ecosystem. Environ.
~ Sci. Technol. 9(7):668-672.

€58, Shadoff, L.A., R.A. Hummel, L. Lamparski, and J.

- H. Davidson. Undated., A search for 2,3,7,8-
tetrachlorodibenzo~p~dioxin (TCDD) in an environ-
ment exposed annually to 2,4,5-trichlorophenoxy-
acetic acid ester (2,4,5-T) herbicides. (In Press,
Bull. Environ. Contam. Toxicol,)

' €59, Brown, E., and Y.A. Nishioka. 1967. Pesticides
in selected western streams - a contribution to
the National Program. Pest. Mon. J. 1(2):38-46.

€60. Manigold, D.B., and J.A Schulze. 1969. Pesticides

in selected western steams -~ a progress report,
Pest. Mon, J. 3(2):124-135.

~134-



i )lv

#62,
£63.

64

£65.

£66.

‘.557;'

%68,

®69.

- ®70.

o7y,

Lawson, E.R. 1676, 2,4,5-T residues in stornm
runoff from small watersheds, J. Soil Water
Conserv, 31(5):217-219,

National Research Council, Safe Drinking Water
Committee., 1977. Drinking water and health:

Part II., National Academy of Sciences, Washington,
D.C.

Johnson, J.E. 1971. The public health impli-
cations of widespread use of the phenoxy herbicides
and picloram, .BioSei., 21(1):899-905.

Memo: Environmental monitoring data on 2,4,5=T,

" 2,4,5-TP (silvex), erbon, and ronnel, dated July 6,

1977. From Frederick W. Kutz, Acting Chief,
Ecological Monitoring Branch, to Harvey L. Warnick,
Project Manager, Office of Special Pesticide Reviews.

st. John, L.E., Jr., D.G, Wagner, and D.G, Lisk.
1964, Fate of atrazine, kuron, silvex, and 2,4,5=-T
in the dairy cow. J. Dairy Sci. 47(11):1267-1270.

Zielinski, W.Le., Jr., and L, Fishbein. 1967. Gas
chromatographic measurement of disappearance rates

" .of 2,4-D and 2,4,5-T acids and 2,4-D esters in mice,

J. Agr. Food Chem. 15(5):841-844,

.Piper, W.N., J.Q. Rosé, M.L. Leng, and P.Jd. Cehring.

1973. The fate of 2,4,5-trichlorophenoxyacetic
acid (2,4,5-T) following oral administration to .
rats and dogs. Toxicol. Appl. Pharmacol. 26:339-351.

Zitko, V. 1672. Absence of chlorinated dibenzo-
dioxins and dibenzofurans from aquatic¢c animals.,
Bull, Environ. Contam. Toxicol. T7:105-110.

Baughman, R., and M. Meselson., 1973. An analytical
method for detecting TCDD (dioxin): levels of TCDD

. in samples from Vietman. Environ. Health Perspec.

5:27-3’4.

Matsumura, F., and H.J. Benezet., 1973. Studies on the
bioaccumulation and microbial degradation of 2,3,7,8-

.tetrachloredibenzo-p-dioxin. Environ. Health Perspec.

Baur, J.R., R.W. Bovey, and J.D. Smith. 1969, Herbicide

"concentrations in live ocak treated with mixtures of

i picloram and 2,4,5-T. Weed Sei. 17(4):567-570.

=135



