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

A. Chepical/Phvaical Characteristics - —

The herbicide commonly known as 2,4,5-T (chemical

name, 2,4,5«Trichlorophenoxyacetic Acid) has an empirical

formula of C83501303. The pure acid ferm occurs as white
crystals and has a molecular weight of 255,49, The melte
ing point 1is 156.69C. 1Its solubility in water is 278 parts

per million (ppm) at 25°C; it is also scluble in acetone,
ethanol, ether, and alkaline sclutions (l). Tha estsr? of
2,4,5=-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 Procecss and Contaminants

2,4,5«T i3 produced commercially by a praocess 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-tria

ehlerophencl (2,2,5-TCP).1/

1/ 2,4,5«TCP is the subject of a separate Rebuttable’
Presumption Against Registration (RPAR) Position Document.
It 13 discussed in this document because both it and its
gentaminant 2,3,7,8=-tetrachlorodibenzo=-p=dioxin (TCDD) may
be present in some coumerceial 2,4,5-T and in 2,4,5-T samples
used in animal experiments,
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This product i3 reacted with chloroacetig acid under

mildly alkaline conditions, Sulfuric acid (stou) is then

added to the product of this step to produce 2,4,5-T. The
acid form of 2,4,5«T can be readily reacted with a variety
of alechols to produce a large selection of esters and with

amines to producs amine s3alts (3).

During tha first step in the manufacturing process
of 2,4,5-T, if temperature and pressure are not carefully
eontrolled, highly toxic contaminants, polychlorinated
dibenzo«p=dioxins, may be formed in large quantities, The
particulapr dioxin rorged 1s dependent on the chlorophencls
present (4), The term dioxin does not apply t¢ any one
aompoﬁnd but to a group of related substances, which are
distinguished by the numbser and orientation of chlorine
atoms thay caontain. Diaxin toxiclty alssc varies with the
position and numbers of c¢hlorines attached to the phanol

rings.

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

formed when the reaction temperature is excessive (8, 9, 10,

11, 12), most commonly at temperatures abave 160°¢.
Halogens at the 2, 3, and 7 positions are known to produce

toxie dioxins (13). In the case of TCDD, the chlorine atoms
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are attached at the 2, 3, 7, and 8 posit;ona whichlare
eonsidared the most toxic pasitions possible (14}, The
Hdioxin-contaminang in 2,4,5-T is of particular.céncern
becauss of dits extremely high texicity, and because of the
apparent inability of manufacturers to produce 2,4,5-T

without the c¢ontaminant, TCDD_(?).zj

TCDD occurs as a white arystalline solid., It is
99.5% decomposed at 800°C. TCDD has the following solubility

in various solvents at 25°C (7).

Solvent Selubildity (wt. per cent)
Acetone . 0.011

Banzene 0.057
Dimethylsulfoxide £0.01

Methanol 0,001 -

Water 0.00000002 (0.2 ppb)

It has been recognized far quite some time that
chlerinated dibenzo=p-dioxins occur as possiblg byproducts
(contaminanta) in the manufacturing of ch;orinated phenols
(15). The formation of TCDD during production of 2,4,5-TCP
was demonstrated by Ximmig and Schulz (16). TCDD was

ebtained from $the pyrolyzing of 2,3,5-$CP 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 contaminated with some level of
TCDD.

.



et al., (l1), They noted that ths specific diexin formed
depended on the chlorophenol pyrolyzed.f Kearne} et-al.

- (17), however, reported that TCDD is historically associated
with any pesticide depivad from Z,E,S-TCP."i.numbe? of
researchers (12, 18, 19, 20, 21) have reported on the
formation of TCDD by thermal decompesitiocn of the sedium
salt of 2,4,5-TCP under alkaline conditions during the

manufacturing process,

Since 1950, most of the chemical industry has known
that large quantitiss of TCDD may be formaead as a byproduct
of the 2,4,5-TCP manufacturing process if the procedurss arse
net carefully controlled. At one time 2,4,5-T was produced
.which contained hetween 30 to 40 ppm of TCDD (T, 22,'55).H
Between 1968 and 1969, one manufacturer had a 90% decréaae i
in the amount of TCDD present in the 2,4,5-T it produced. ’
Diffarent manufacturers produced 2,4,5-T with differant TCDD

dontenéa {(17).

-—

After cancern arose in 1968 about ine extrenaly toxic
affects of TCDD, manufactyring methods were changed and
carefully controlled by manufacturers, By 1971 industry
had reduced TCDD content in commercial samples of 2,4,5=-T to
less than 1 ppm (9, 23, 2&). Current U.S. manufacturing

sapecifications require 2,4,5«T7 presently being scld to
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gcontain less than 0.1 ppm TCDD (7). Several countries now
produce commercial 2,4,5-T containing less than 0.05 ppm

TCDD (25).

Camlﬁm

- —

2,&;5-T {3 classed and used as a selegtive herbicide,
especially for brush contrel (2), It is formulated in many
forms of salts and esters which are available as emulsifiable
concentrates containing 2, 4, or & pounds actual aeid
equivalent per gallon and as 6411 soluble concentrates with 4
or 6 pounds active ingredient (AI) per gallon. The most
commonly used formulations are thes low volatile estefs (26).
2,4,5-T also ceccurs in registrations mixed with 2,4=D,
Dicamba, Picloram, Silvex, and 2-(2-methyl-l-chlorcphenoxy}

propionis acid (27).
D. LHBegistered Useg and Production

2,4,5=-T has been produced as a registered pesticide in
the United States since 1948, According to EPA records,
approximately 122 companies hold Federal éegiatration: and

formulate 424 registered productis; eleven companies have

fermer state registrationslland fornulate 21 products.

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

for sale solely within intrastate commerce are subiect

to Federal pesticide ragulations under 30 CFR Section
4162.17(a), Application has been made to obtain Federal
registration for intrastate use of these products, For

a list of trade names under whieh 2,4,5-T 13 marketed,

see Lhe registrant/product list attached to this document.
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gection 7(c) of FIFRA reqguires menufacturers znd
formulators to submit to EPA information om production,
sales, and distribution. ‘Under FIFRA.sections 7(c) and
10, this information may not be made available to the
ovblic, A confidential memorandum containing this informa-
tion has been se~t to the Deputy Assistant Addministrater for
vagticides (28). The Pesticide Review (29) reported that
11,626,070 pounds of 2,4.5-T acid, esters, and salts were
produced in the United States in 1969 and 12,335,000 pounds
15370. The Pesticide Review (29) also reported that the
Uniteﬁ States imported 738,907 pounds of 2,4,5~T during
1971 through 1974.3/ Of this total 155,342 pounds were
{mported in 1974. This was down from nearly 392,000 pound:
v 1973 bt uyp from the S-year average of 148,000 povnds.
While The Pesticide Review (29) does not report expoft
figqures for 2,4,5~7 alore, it does report éxpctts of 2,4=D
and 2,4,5-T together. Exrort of 2,4-0 and 2,4,5-T was
reported at 6.8 million pounds in 1972; 21 million pounds in
1973; and almost 22 million pounds in 1974.
A great deal of var;abillty exists in reports on
usage of 2,4,5-7. Agricultural end-use data obtained
from the Mational Study of Agricultural, Governmental,
ané Industrial Uses of Pesticides, conducted by this

‘gency (30), indicated the following uses of 2,4,5-T in

' the United States in 1974.

4/ The l-vel of TCDD in the lmported 2,4,5-T was not
reported.
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[ | . pounds AI" | $ total !
[Crop I applied ! agriculture|
| Rangeland and Pastures | 968,000 J 97.24
Inic a/ . | 16,000 | 1.54 |
[ I |
INursery Crop o 12,000 [~ = 1.20 |
| b | I
'Turf and Crnamentals [ 200 [ 0.02 |
{ ! ‘o I
IBlueberriesE/ ! 8 ! = I
]
|Estimated total use | 996,000 ! 100.00 !
f [ |

[in agriculture for 1974
a/ The Agency has looked at erffects on aquatic organ-
1sms rcepresentative of species likely to be exposed
from application of the triethylamine formulation of
2,4,5-T %e¢ rice. The calculated concentration of this
formulation in a f~inch layer of water at the highest
recommended usge rate is 0.9 ppm. The LC-30 bioassay
values for bluegill and ca2tfish are well above this
iavel (rangina from a 24-hour LC~S50 of 53 ppm for
pluegill to a 36~hour LC~S5C of >72 ppm for bluegill

and channel catfish). Rainkbow trout, which cannot bhe
congidered "reprasentative of the crganisms likely te

be exposed™ in tle geographic aress where rice is grown,
have & S6-hour LC=-3508 ranging from 0.7 to 0.07 ppm.

8/ Thiz is no longer a redgistered use.

In addition, this suvrvey reported that 324,491
pounds of active 2,4,5-T were used by federal and state
agencieg and 659,463 pounds by industry.

Other scurces have reported usag;s for 1974 as
follow: rights-of-way, 4 million pounds; rangelan& 1.5 to
2.3 million pounds; rice, 220,000 pounas, and forestry,
50, 000 pounds.

E. Metabeolism in Exmerimental Svstems

Several studies have demonstrated that 2,4,5-TCP is
- the primary degradation’product or metabolite formed in the
breakdown of 2,4,5-T, by either physical or biclogical
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mechanisgms. Crosby and Wong (31) fournd that 2Z,4,3-TCZ

was. one of the major dacompositio? procucts in the ghotode~—
composition of Z,i,s-t'invwater. Sha?pee (32) found that
microbial degradation of 2,4,3-T in culture, sail, and |

aguatic ecosystems resultad in the formation of small

%

amounts of 2,4,5=-TCP.
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Shafik st al. (33) dosed Sprague-Dawley qats by
gavage with 2,4,5-T at 59, 5, 0.05, and B.Oqs ng/kg for
.three-days. TWwo rats were dosed at each level, The authors
found that, at 0.005 ag/kg, axcretion of 2,4,5-T {n urine
was complete two days aftar the final dose. They also found
2,4,5-TCP excreted as a metabolite in the urine of rats
given 50 mg/kg, but no dstectable 2,4,5.TCP was found at the
twe lowest dose levels., A hydroxylated trichlorephenoxyacetic
acid and a ﬁydroxylated trichlorophenol were identified, by
unconfirmed mass spectrometric analysis, as possibliy being

two additional metabolites of 2,4,5T,

Grunow et al. (34) Studied seven male Wistar rats fed
a single Z;Q,S-T &a:e-at 50 mg/kg body weight. They found
that the daily renal e:cretian of freq 2,R;S-T was, in |
gensral, at i1tas maxinmum oﬁ the second day after feeding.
After seven days, free 2,4,5=-7 in the urine decreased to &
value Delow 2% for 3ll animals, In addition to 2,4,5-T
axeretad in the free form, the authors found it to b;
axcereted as derivatives which could ae converted into
2,48,5-T by acid hydrolysis. TRey were abls to identify one
" of these as chrM:éjlrichia;o;henoxyacetyl) glyc;ne;

Grunow and Bohme (35), in a study using Wistar rats
and NMRI mice, fod doses of 2,4,5-T a3t 200 mg/kg body

waeight. These authors isclated N(2,4,5-trichloraphenoxy



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

the metabolites named above.

_Clark et al. (36) found residuss of 2,4,5-TCP in the
musole; liver, and kidney of sheep which Qen;‘fed ratigns
¢ontaining 2,000 ppm of 2,4,5-T for 28 days. The 2,4,5a-T
used in this study had 2 purity of 399% 2nd contained no

detectable dioxin (detection limit: 0.5 ppm).

Leng (37) conducted a fesding study duriné 1969 and
1970, in which dairy and beef cattle and shesp werse given‘
2,4,5-T at levels from 10 to 2,000 ppm in the total diet for
intervals of two to four weeks at each level tested, The
aythor repoertsed that n;qr;siduea (<0.05 ppm) occurrad in
milk or ceream of cows ingesting 10 to 30 ppm 2,4, 5-T. At 160
ppm 2,4,5-7 in the dist, traces of 2,4,5~- TCP (0,06 ppam)
appeared in milk and ceream. When givsen high levels of
2,3,57T,_squivalent te 300 and 1,000 ppm in the total diet,
residues of 2;&,5-T and 2,4,5-TCP ranged from 0.05 to 0.5

ppm in the milk of individual cows.

Fitzgerald et al, (38), studying the degradition
of 2,%,5-T in woody plants, reported that colorimetric
analysis sugpgested, and chromatographic analyses confiroed,
that the n-butyl ester of 2,4,5~T i; degradad in sweet
gum (Liguidaphar stvpaciflua) and southern red oak (Quercus
Laleata) to yield 2,4,5-TCP.



Fe Environmental Fafte

(1) a a H

bSoil surface and follage are the ma;q:_reqip;ents of
phenoxy herbicides (39) whether applied by ground spray
systegs or from aircraft. Onee 2,4,5-T reaches the soil it
may be degraded chemically or bioloegically, volatilized and
moved %o other areas, absorbed on soll colloids or in

arganic matter, or leached to depths or logations where

it sannot be absorbed by plant reoots (47).

Narris ot 2l. (178) reported on the persistance
of 2,4,5-T in a Pacific Nortawest forest. The suthors
found that ﬁix.months after application of 2,4,5-T at 2.2%
kg/ha {2 pounds/acre), the level of herbicide in %the farest'
floor deelined 90%; after one year, less than 0,02 kg/ha
remained in the forest floor. The authors found littls
leaching of 2,4,5-T from the forest fleor inte seil, and
no residues were found deeper than 15 em (maximum residue
found was 0.08 ppm) despite rainfall of 24 em the first
month and 70 em the first three months after application.
Norris et al. (176) stated that the rabid disappearance
of 2,4,5-T from the forest floor suggests abundant mi-
srobial activity. Hﬁrris {40) reported microbial ace
tivity to be important in the disappearance of 2,4,5-T

from forsst-floor material in the laboratory,
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Wiese and Davis (41) found that, in an agricultural
soll, 2,4,5«T remained in the upper six inches even after
‘application of 4.5 inches of water over a short period of

timse,

Belling et al. (39) found that 2,4,5-T is relatively
mobiles in sandy s0ils but that movaement decoreases as organie
eontent inereases, Thus 2,4,5=-T i3 moderatsly mobile in

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

Yoshido and Casfro (43} studied the degradation
of 2,4-D, 2,4,5«T, and Picleram in two Philippine soils
under upland and sdgm;;géahconditicns. The authors found the
degradation of 2,4,5«T to be rapid in Maahas clay. S3lightly
more 2,4%,5-T residues were recovered in submerged than‘
in upland Maahas 3o0il. In Luisi#na s0il under submerged
conditions, 2,4,5=T deéraded rapidly in eight weeks after a
four-week lag period, while it degraded gradually under
upland conditions, with only abouft 40% of .the 2,4,5=-T

recovered after 12 wesaks,

Morton et -2l. (43%), using technical grade 2,%,5-T
labeled in the carboxyl position with ecarbon-lly, found that
its apparent half-life averaged 1.6 weeks in green tigsues
of native grasses at College Station and Spur, Texas, and

1.7 weaeks in litter tissue, The authora stated that the

alla



amount and frequancy of rainfall were conducive both to
leaching and microbial decomposition of the herbicide, and
to growth of sidecats gramma plants, all of which were

factors contributing to rapid reduction of herbicide concen-

tratlions. - s

When considering the persistence of 2,4,5-T, the
persistence of its manufacturing eontapinant, TCDD, must
alse be considered., Helling et al., (39) found.that TCDD was
rot photodecomposed on soil., TCDD was found to be immebile ‘
in Norfolk and Lakeland sandy loams, Hagerstown silty clay
loam, Barnes c¢lay loam, and Celeryville muck, and was not
leached further into soil by rainfall or irrigation.

During surface Qroéion of s20il, howevepr, labteral trans-~

port of TCDD could occcur,

The persistaence of TCDD in Lakeland loamy sand and
Hagerstown silty e¢lay loam a2t 1, 10, and 100 ppa was studied'
by Kearney et al, (U46) for 360 days. After one year thes%
ressarchers recovered 56 and 63% of the originally applied
TCDD in Hagerstown and Lakéland sails, respectively.

Helling et al. (39) observed that TCDD's persistence was

predictable aince it 12 insoluble in water.

(2) . - -_# T

Current information indicates that, although sone

2,4,5-7 nay enter atreams rlowing through or adjacent to

-12—



areas being sprayed, residue levels in streams will be

very low, Norris (47) reported the results of én intensive
study of stream oontaminatién from spray projects on range
and fofﬁat-lands in QOregon which showad that‘ﬁeak concéntra-
tions of ﬁhenoxy herbicides seldonm exceedeﬁdg.l ﬁ#& and that
herbidide residues persisted for only a few hours in nearly
all streams. Norris (347) spsculated, however, that applicé-
tion of herbicides to marshy areas may result in high-leval,

long persistence of chemical residues in nearby streanms.

The Report of the Advisory Committes on 2,4,5-T
to the Administrator of the Environmental Protection
Agency (48) stated that all available data indicated that
the amount of 2,4,5-T entering water is small and does not
persist long. It 4is adsorbad on clay or absorbed bf biota*

within a matter of days.

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

there i3 adsorptlon on bdottom sediment (U8, 49, 50),.

Kenaga (51) stated that esters of 2,4,5«T in most
kinds of water, except highly acidic waters, are usﬁally.

hydrolyzed within 2 matter of days. ¥hen the 2-ethylhexyl



ester of 2,4,5-T was applled to water in the laboratory at a
concentration of 1 ppm for an hydrolysis study, 58% remained

after 8 hours; 33%.after 8 hours; and 12% after 16 hours.

‘ Trichell et al., (52}, studying the logs of herbigides
in runoff water, found 2 ug/ml of 2,4,5-T in runoff water 24§
haurs‘after it was applied at 2.24 kg/ha, after which 1.3 ca
of rainfall was simulated on sod-coversed plots of 33 slope.
Four months after application, concentrations of 2,4,5-T in

runof’ water had diminished to 0,04 ug/ml.

Edwards and Glass (53) monitored runoff and percola-
tisn of 2,4,5-T at Coshocton, Ohio, for 14 months following
application of 11,2 kg/ha of 2,4,5-T and found that 5.5
g/ha, or aver (.,05% of the herbicide, was lost from the
treatad area, Most of the 2,4,5-T was removed in runoff
water during the first four months after application, and
more thin half of the loss acceurred the first month after

treatment,

Kearney et al. (46) concluded that.cantaminatian
of underground water suppliess with TCDD seemed very unlikely,
since vertical movement of TCDD did not eceur in a wide
range of soil types. The fact that no leaching oacurred,
haowaever, would not preclude runoff loss when s0il arosion is

significant {(39).



(3) ZIransport

Issnsee and Jones (54) measured uptake of TCDD from
soil by two crop specles., Qats (Avyens satival énd soybeans
(Glvcine max) were grown in Lakeland sandy leoam soil treated
with 0.06 ppm TCDD; The concentration of TCDD in soil
was approximately 4,000 times greater than the amount that
would be deposited in soil from an application of 2,%,5-7
(with 1 ppm TCDD) at a rate of 2 pounds/acre in the tap
1/3 inch of the s0il surface, The tops of these plants
were harvested 2% intervals to maturity. Mature oats and
soybean tops contained less than 1 part par.billion {ppd)
TCDD. 17TCDD was detected (with a detection limit of 1 ppb)
in mature cat grain, while no TCDD waa found in the baan of ’
soyb@ans. The authorﬁ concluded that soil uptake of TéDD by
planﬁs was highly unlikely, sincee little or ne TCDD was
taken up by ocats or soybeans under the conditions of this

experizent (54).

(4) Biloaccumulation

Woolson ot al, (55) conducted a study to determine if
TCDD residues could be detected in bald eagle (Halisectas
leycocenhainug) tissue extracts, as a reprasaﬁtative of the
top of a food chain. Selentists at the Patuxent Wildlirfe
Center {(U,S5. Department of the Interior, Laurel, Maryland)

collectad, and furnished to these researchers, 19 bald eagle
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sarcasses from Alaska, Maine, North Dakota, Wisconsin,
Michigan, Minnesota, Arkansas, Illinois, Miasodri, Maryland,
Yirginia, Iowa, New York, New Jersey,'and Florida between
1966 and 19T71. Th;se states were selected as sampling
sites in arder to provide a widely dispersed..sample popu;ation.
The aagle tissuss wers preparsd and extragted as described
by Mulhearn et al,., (56). Woolson et al, (55) detected no
dioxin residues at a level of 0.05 ppm TCDD, the lower linmit
¢f detectlian for most pesticides in tiszue samples run by
the Patuxent Wildlife Research Center at that time., The
authors stated that the non-detection of dioxin residues
gould imply that there was no dioiin puild«up in the food
ehain; that the build-up was less than the [then] current
dstectabie lavel of 0.05 ppm [50 pph]; that the eaglas
examined were not contaminated althoughk other samplés ﬁight
be; or that other speciss could fsed on a diffsrent food

chain to acoumulate dioxins.

Isensee and Jones (57) axposed sevaral organisms in

a model aquatic scaesystem Lo T8:_12beled TCDD for up to 31
days to determine the distribution and bicacumulation
potential in the agquatic snvironment. Soil containing from

0.0001 to 7.45 ppm adsorbed 1I‘C-'IC!IZID wag placed in agquaria,

eontaining eight snails (Physa sp.), a few strands of algae
(Qedozonium gardiacum), and 10 ml of old aquarium water
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eontaining various diatoms, protozoa, and rotifers, Fifteen
duckweed (Lemnz minor) plants were also added to one aquarium, -
Samples of daphnids were takan for analysis at 30 days, and |
two mosquito rish (ﬁ;nhn;i@ affinis) were added to each

tank., Three days later all of the organisms ware remcved

for analysis, and two fingerling channel catfish (Jefalurus
Dunctatus) were added to each tank and exposed for six

i

days.

The authors stated that all organisms in both treat-
ment and control tanks prospered during this exposure
period, indicating that TCDD was not toxic at the concentra=-
tions used, TCDD accumulated in all organisms. At the
nighest TCDD concentration (7.45 ppm) algae accumulated
6,690 & 960 ppb TCDD; snails, 1,820 = 170- ppb; daphnids,
10,400 + 480 .ppb; and Gambusia, 1,380 = 220 ppb. Catfish
were not analyzed for TCDD residueé. At the second highest
TCDD concentration (3.17 ppm), however, catfish accumulated
720 & 130 ppb TCDD. The authors stated that accumulation in
all of the test organisms from soll containing 0.1 ppb TCbD
is important ;inca this concentration approcachss the conecen-
tration whieh would occur undar normal field use of 2,4,5-T.
The authors concluded: that the dafta suggested that under

certain circumstances (discharge of storm runoff from
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recently treated rangeland into a-small pond}, watar-erodad
surface soil or debris may contain enouéh TCOD for ﬁeasurabla
' residuss (parts pa; thousand [ppt] quantities) to accumulate
in fisﬁ or other aquatic organisnms. Howevgrlmthe authors
spaculated that TCDD, orginating from 2,4,5-T applications,
discharged inte large lakes, strsams, or estuarie§ would

probably become sufficiently diluted so that nc measurable

acounulation would oecur,

As part of a broad study to determine whether 2,4,5-T
use leads to TCDD accumulation in the enviroament, Shadoff
et al, (58) collected samples of fish, mud, water, and human
milk from areas in Texas and E;kansgs. The Texas samples
Aé water, mud, catfiéh, and walleyed pike wers collagted
from the San Angelo Reservolr, an impoundﬁént of the North
Concho River. The authors stated that this watershed has
%Eige achQEZs that have besn sprayed with 2,4,5-T at 0.5
pounds/acre (2,4%4,5-T acid equivalent) for brush control.
These researchers also obtained six samples of humaa milk
from mothsrs re?iding in tﬁe general area of the San Angelo
Reservoir. Imaddition, bass from a l2%-acre pend in the
heart of the Ark#naas rice-growing area werae gollseted,
Water from fhis pond is used to fload rice fields treated
with the equivalant of 1,25 pounds/acre of 2,4,5-T acid,

four to eight weeks prior to flooeding. Ths water is
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later drawn off the fialds and pumped back into the pond for
re=-uss, In addition, the pond is supplemented’by'water rfom
walls and by water collecte& as run-off from surrounding
rice fields during the rainy season, The authors statéd
that thisvcyclo had been in use (including_égé pfoﬁer use of
2,4,5-T) for 18 years up to tﬁe time of ihair study.
The authors stated that no TCDD was detected in the tissues
samplad, using a Gas Chromatography-Mass Spscﬁfomatry
procedure with a detection limit which averaged less than 10
ppt. No evidenge was found that TCDD is accumulating in the

environment from the use of 2,4,5-T deseribed in this

study.
G. HReslduas
(1) Seil

Qoo?ipn et al. (55) studied Lakeland sandy soil
f&.determine if TCDD residues could be detected in soil
receiving exceedingly large application of 2,4=D and 2,4%,5=-T,
The heaviest rate of 2,4,5-T application was 947 pounds/acre
applied aerially during 1962 through 1964, while the

lightast rate was 160 pounds/acre appliad aerially during
1968 and 1969. During this period, it was not uncommon

for commercial samples of 2,4,5-T to contain levels of

30 to 40 ppm TCDD.
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The authors wers able to detect small amounts of
2,4,5+T in the so0il samples. They observed that the residue
level decreased with €ime after applicétion and stated
that lLeaching and micerobial decomposition could account for
this decrdase, Using a detection limit of léss than 1t ppb,

the authors did not detect any TCDD at any depth in 36-inch

. gore samples of the soil.

(2) Xatsr

In Qctober 1965, the U.S. Geological Survey initiated
2 limited program of pesticide monitoring on 11 waterways
in the western United States (59), The streams, representing
agricultural arsas #Eere the_probability of observing
pssticide residues ﬁould ba greater, included the M;ssouri,,
Brazos, Yellowstone, Sacramento, Colorado, Arkansas, Iékimé,
Rio Grande, and Snake Rivers., Pasticides chosen for analysis
'}ngludgdltgg insecticides aldrin, DDD, DDE, DDT, dieldrin,
endrin, heptachlor, heptachlor apoxide, and lindane, and
the herbicides 2,4=D, 2,4,5-T, and silvex. The authors
reported that no herbiclde was found at any tims at any
station during the first ysar of the sampling program. The

lowver limit of sensitivity (detection) was 5 ppt.

Manigeld and Schulze (60), reporting on the results

of the U,35, Geclogical Survey stream monitoring program for



the two-year period October 1966 to September 1968, obsarved
that beginning in August 1967 2,4-D, silvex, aﬁd 2,4,5«T had
been detacted frgquently. 2,4,5-T was found in 28 of the

' -320 samples and ranged from 0.0l to 0.07 ppb. The authars
stated_tha? the sstablished ceriteria §ermitted 100 .ug/liter
I(ppb) for harbicides, These authors reported that the
analytical procedures were changed from the preceding report
to use Law's gample cleén-up procedure, which_permits
‘routine detection of pesticides at 0,005 ug/Yiter in most

waters,

Norris (47) observed that peak concentrations of
phenoxy herbicides seldom exceeded 0.1 ppm in streams
contaminated from spray projects on range and forest lands

in Oregon.

Lawson (61) studisd 2,4,5-T residues in storm runorg
from three small watersheds in Arkansas., Two watersheds,
.ggé cléared and the other partially ecut, were sprayed with
the iscoctyl ester of 2,4,5=-T, A third gatershed, adjacent
to the two treated ones, was used as a control, Sprayingh
was done in September 1971, June 1972, and July 1973, either
te control waody sprouts and hroadleaf vegetation or just to
provide herbicide application for monitoring. The cleared

watershed was treated with 4 pounds acid equivalent per acre

and the partially cut asite with 2 pounds/acre.



In water samples taken after the first runoff-producing
storm in October 1971, Lawson (61) detected an‘averaga
of 2,1 ppm 2,4,5=-T. fronm the.cleared watershed and 1.0 ppa
frou.fhé partially ocut site. Maximum amouné? detectad were

242 and 1.3 ppm for the two areas. No 2,4,5-T was detected

fronm éhe cantrol site.

Only trace amounts (less than 0.2 ppm) were detectad

from each af the two itreatad sitea affer the nexf runoff.

producing storms in November 1971. None was detected from

the control.

In appro:imataiy 90 samples taken after storms during
the period December 1971 through September 1973, no 2,4,5=T
was detected by Lawson (61) im the runef? from the treated

or control water szheds,

Sinee TCDD is immobile in soii (39) and soluble in
water at only 0.2 ppb (7), the p&asibility of ground watar
eontamination 1s virtually nonexistent (46), TCDD could be
present in runoff when soil erosion is significant (39),.and

thus TCDD contamination of water bodiss could oceur,

A recent Natiopal Academy of Sciences raport on
drinking water stated that 2,4%,5-T and TCDD have naver baeen

detectad in drinking water; the limit of detection was in
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the parts per trillion. However, ths report did project the
toxicity of 2,%,5-T and TCﬁD, their acceptadle daily intake,

and ﬁﬁgéested no-adverse-effect levels (62).

- . . ——

(3) Al

Prior to 1970, phenoxy herbicides were widely
usaed for early postemergence control of weeds in wheat,
Jonhnson (83) reported that air samples collected during

spring and summer in the state of Washington where these
erops are grown conbtained as much as 0.06 ug/m3 2,4=D and

2,4,5-T, Assuming Xhaf_a _man inhales about 30 3 of air per

day, the authors estimated that exposure to 0,06 ug/n3 wdulq
amount to inhalation of 1.8 ug phenoxy herbicide/day

or 0,025 ug/kg of bedy welight par day for a 70 kg man.

Ambient air monitoring for pesticides in predominantly
agricultural areas of 28 states was conducted by ﬁhe
National Air Monitoring Program in calendar years (CY) 1970
through 1972 using ethylene glycol impinger type samples,
-- Table T-records thae arithmatic mean of residues of 2,4,5-T

—

detected in this program (64).
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Table 1, Air Monitoring Data for 2,4,5-7 in 28 State
Monitoring Programs (1970 %o 1972)

1 ] 1 ) 3
! Name of | 2,4,5-T Ester | ns/ma--l ng/m3 ) ng/m3 i
LlStats or City | Monftorsd Fop ' CY 1670 ! CY 1971 ! CY 19721
- Louisana i Isopropyl ester| - } ND 1 1.9 |
IMontana. | ) ; ND i ~ND | 0.8 |
{New Mexico ) | - ] ND ] 1.0 |
| Idaho ' } ND i . .ND i 1.7 1}
1Illinois | BOEE ! ND i 3.5 ! ND |
|Oregon ] i ND I 0.5 i ND |
| Tennessee ' D P § ' Nb } ND |
| Tennesses |Iscoctyl ester | ND T 2.7 | ND |
lQklahoms ! } ND | 12.8 ! ND !

ND = Nof Detected.
(4) Apimals

Phenoxy acetice acids are relatively strong acids,

and animals rapldly execrete them unchangsd in their urine
{(36). In their study of the fate of atrazine, kuron,
“silvex, and 2,4,5-T in the dairy cow, St. John et al. (§5)
found that dairy cows given 2,%4,5-T and silvex in their feed’
at § ppm for four days, completely eoliminated both 2;u,s-r
and sflvex &3 goluble salts in the urine two days after '
Ja;ing'atopped.

Zislinski and Fishbein (66) treated female CSTBL/6
mice with a single subceutaneous injeetion of 100 mg/kg body
weight of 2,4,5-T in dimethylsulfoxide solution. They
sacrificed the animals at various intervals after injection
and analyzed jn fofo for 2,4,5-T. The amounts recovered as
percentage of the amount injected indicated deersasing
levels at the following time intervals after dosing: at Q
hours, T7.1 & 5.0%; at 1§ hours, 56.9 = 4.2%9; and at 2%
hours 23.7 £ 3.6%.
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In a preliminary repert of a two=year chronie
toxieity feeding stu&y, Dow Chemical U34 {110)ireported
the following rgsidue dataz for rati fed indicated TCDD
doses: 24,000 ppt in liver and 8,100 ppt in.fat of females
ingesting 2,200 ppt/day; 5,100 ppt in liven—and_1,700
PRt i? fat of femaies ingssting 220 ppt/day; and 540 ppt in
liver and fat of females ingesting 22 ppt/days. The pre-
liminary report gives no residue data for treated malas,

or for controls of either sex,

Piper et al., (67) studied the rfate of 2,4,5-T follow~
ing oral adminiatration t¢o rats and dogs. Four groups of
three male and three female Sprague-Dawley rats (Spartan

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

given single doses of 1uc-labeled 2,4,5-T.by intubation

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

S mg/kg body weight in dogs. The authers combined data

obtained for males and famales since the pharmacokinetics of
2,4,5«T were essentially the same in gach sex. In this

| study, the clearance half-life for 5 mg/ké 2,4,5-T from dog

plasma was 77.0 hours; in rats the half-life was 4,7

hours at 5 mg/kg and 4,2 hours at 50 mg/kg. At doses of

100 and 200 mg/kg body weight, the clearance halfe-life for

rats increased to 19.4 and 25.2 hours, showing that the

2=



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 exceaded the excratory capacity of the rats.,

Zitko (68) assayed chlorinated dibenzodioxin residuss
in gquatic animals, but was unable to detect these compounds
(detection limit: 0.04 ug/g [ppm] for TCDD) in any of
saveral aquatic animals from Canadian locations. The author
had selected specles from hnigh %Srophie levels of the
aquatic food web {to measures ocumulative pesticide contzmination,
More recently, using improved aralytical methods for detection
af dioxin at ppt levels, Baughman and Meselson (69) found
mean TCDD lavels ranging from 18 pﬁt to 810 ppt in fish and
crustaceans taken from Vietnamese rivers in August énd
Septamber 1970, TCDD levels tended to be higher in fish
from interior rivers than in those from seacoast locations.,
‘iglcombarison, Baughmoan aﬁd Meselson found less than 3 ppt
TCDD in’fiah obtained in a2 market in Cape Cod, Massachuseits,

In another study, Matsumuraz and Bensezat (70) placed TCDD;I ~
ccated sand directly in an aquarium containing brine shrizmp,
mosquito larvae, and fish (silverside), TCDD pickup was low
in fish (2 ppb) and brine shrimp (LS7 ppt) undser the axperi-

mental eonditions. But mosquito larvae, whieh are hottonm
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feeders, showed a surprisingly high rate of pickup (4,150
ppb). The authors concluded that TCDkaas_notllikély to
accumulate in as-many biolagical systems Qs DpT becausg of
TCDD'Q iow solubility in water and lipids; ;; well ag its

low partition coefficient in lipids.

(5) Rlants

Clark et al. (36) reported that, when herbicides
are appliéd toe rangeland, the levels of phenoxy herbicides
avallable for ingestion by grazing livestock depend uﬁon
the nature and degree of cover, the rate and mode of applica-
tion, time after application, and climate conditiona.
Studies by Morten et al., (44) showed that reaidues on grass
immediataly after application of 2,#,5-?_;re not likely
to excee& 100 to 150 ppm for each pound of actuazl herbilceide

applied per acre,.

Lang (37) stated that herbicide residues in or on
plants daclined rapidly, with a half-life of cne to two
waeks, due to photodecompésition by sunlight, wash-off
by rain, metabolism by plants, and dilution from growth of
plants. 2,4,5-T was applied to grass in four states at an
application rate of U4 pounds/gallen, 3 gallons/acre;
initial residues immediately after treatment in California

averagad 683 ppm (or S7 ppm/pound applied per agre); 1,668
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ppm {or 139 ppm/pound) in Michigan; 1,464 ppm {or 122
ppr/pound) in North Carolinay and 1,335 ppm or (111 ppm/pound)}
in Texas, After two weeks, residues in the four locations
avaeraged gﬁ to 34 ppm/pound per acre. After 16 weeks, all
resjidues had declined to an average 3 ppm/pound applied per

aqra,

Baur et al. (71) treated grass species indigenous
te Yiatoria County, Texas, with 2 pounds/aar§ 2,4,5-T ester.
One month after application the concentration averaged
4,060 ng/g (ppb) for 2,4,5-T acid and 2,890 ng/g (ppb) for
2,8,5«T ester. Six months after application the concentra-
tion averaged 80 and”lfo ngfg (ppb) for 2,4,5-T acid and

aster, respectively.

Getzendaner and Hummel (72)3/ deseribed a 1969 ‘
study 4in which a 2,4,5-T propylene glycol butyl sther ester
;Brmulation was sprayed on Texas grass at an appliecation
rete equivalent to 12 pounds of 2,4,5-T per acre; this ratae
was § to 24 times the usual rate applied to grazing 1and§

for brush control. At this time, manufacturing specifications

5/ 3tudies submitted by registrants as part of petitions
for residue tolerances are classirfied confidential, pending
cutcome of litigation in U.S. Distriet Court,
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for no detectable TCDD Ain 2,4,5-T used a methoq sansitive £o
1 ppm. The authors found that residues of TCﬁD decrazsed
rapidly from about 500 ppt TCDD within'ona day of application, |
to about 35 ppt TCDD after four weeks, and about 15 Dpf TCDD
after 16 weeks. The TCDD decrease roughly paralleled the

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

(6) Humans

Matsunmura (73) studied 2,4,5-T in the blood and urine
of human male velunteers who had ingested the chemical,
After ingesting 150 mg (2.2 mg/kg), the plasma concentration

of 2,4,5-T in one subject reached a peak of 21,1 ug/ml after .

TEE e st e

four hours., A linear, semi-logarithmic concentration-fime
curve (a gradient of ~0,065) four hours post-treatment

indicated first order elimination and ab#brption kineties.

In a second part of this study, Matsumura gave
two male volunteers single oral doses of 100 mg 2,4,5-T.
Urine samples were collected over 72 hours. About 45% of
the original dose was found in urine collected during
the fiprst 24 hours-artep tieapmant; 60% had been recovered

36 hours after treatment; and after 72 hours, more than 30%

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

Gehring et al. (74) alsc studied the fate of 2,U4,5aT

following oral administration to man. Five male volunteers,
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ages 31 to 58 years, each ingested a singls 5 mg/kg oral
dose of analytical grade 2,4,5-7, withfa purity greater than
99% and. less than'the detectable lesvsl (0.0S.pﬁm) TCDD,
directly or as a slurry in milk. Blood, urine, and feces
“ware collected at intervale for up te 96 hours after
ingestion. Essentially all (88,5 £ 5.1%) of the 2,4,5aT
iagestéd by these subjects was excreted unchanged in the
urine after 96 hours. The plasma 2,4,5-T concentratian
increased rapidly following ingestion and after 7 hours
reached a peak of appéaximately 57 ug/ml, after which the
plasma contained §5% of the 2,4,5-T in the bedy, of whieh

99% was bound reversidly-to protein.,

Kohli‘at al. (75) alse studised absorption and
excvsﬁion of 2,4,5~T in man. Eilght male"volunteera; age 25
to 35 years, réceived a aingle oral dose (2, 3, orr §
mg/kg) analytical grade 2,4,5«T with a purity greatar than
89%., Urine was collected up to 96 hours, and blood samples
were collected up to 168 hours. 2,4,5-T was detected in
some two-hour urine samples, indicating rapid exgretion of
the compound. Mare than half of the 2,4,5-T was exereted in
the urine in the first 48 hours, although small quantities

were 3till being exereted at 96 hours.
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2,4,5-T appeared in all plasma samples oﬁe hour
after 2,4,5-T ingestion, indicating rapid abshrpt;cn.
Maximum concentration (approximately 2; ug/ml far the 35
mg/kg'dpse) was reached between 7 and 24 hours‘ after
ingestion and began to decline at a first-onder rate

af'ter 32 hours.

These investigators concluded #hat 2,4,5-T was
readily absorbed from the gastreintestinal {traet, that it
was sliminated unchanged in the urine, and tﬁat the half-;ife
for plasma clearance was 18,8 & 3.1 hours, These authors
pointed out that, in general, higher recoveries were reported
by Cehring et al, (74) who used an sal2ctron capture detector,
instead of the flame-ionization detector used in their

study.

The National Human Monitoring Program for Pesticides,
_ through its cooperative arrangement with the Health and |
NHutritional Examination Survey Il (Hanes II project), is-
gurrently analyzing human urine samples for silvex, 2,4,5-T,
and 2,4,5-TCP (64). The survey is scheduled feor complatian
in 1979, but some extremely tentative results are available,
Ho quantifiabie.z,u,s-T residues have been detacted in the
first 400 samples; however, trace amounts (<lo.ppb) have

been found in a few samples.

Dougherty and Piotrowska (1T7) repoerted on screening

of human urine for environmental contamination with toxic
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rasidues by negative chemical lonization masa ;pectrometry.
The procedure is based on salvent extraction with minimal
¢lean-up followaed-by examiﬁation with negative chemical
ionizétion nmass spaectrometry for organochlo?ine residuss and
related o;mpounda with massea greater than 130 daltonse.

Urine for the screenlng procedurs was cbtailned from students
at Florida State University (25 dorm residents; 21 football
teanm ﬁembsra; and 11 swimming team members), The authors
reported that the limited survey of human urines indicatss
sontamination of the subjects with 2,4,5-T, pentachloraphenol,
other polychlorophenoxy acids, and numerous unknown compounds.
The authors indica&gﬁ_ﬁfiféz,u,s-r was found in 36% (9/25) of
the dorm residents; 28% (5/21) of the féotball team; and 9%
(1/11) of the swimming team. .The autharqiattempted-tavder;ﬂe
the source of thé coﬁtaminaficn by applying the same

scraening procedurs %to environmental substrates and asuggeated
tha food chain (beef fat in the case of 2,4,5-T) z3 one

aignificant sourcs of the contamination.
(T) Anipal Produgtg

iooher st_al, (76) surveyed beef fat from catile
grazing on land where 2,4,5-T had been applied to determine
i TCDD was present in this tissue. None of the 2,4,5-T

samples used were availlable for analysis for TCDD content,
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The authors did not know whether the samples were produced
before 1972 {when maximum allowable TCDD content was 1 ppm;)
or after 1972 (when mﬁximum allowable TCDD content was 0.1
ppm).- Nons of the 16 samples from Sugarland, Texas, Missouri;"
and Oklahoma showed TCDD residues when analyzed by a gas
¢hromatography-mass spectrometry detection technique (detection
‘11mits: 3_to 6 ppt). Three of the eight samples from
Mertzon, Texas, where animals had grazed for 30 days in a
fenced pasturs sprayed in its entirety with 2,4,5-T, gave

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

In another surveillance study, Mahle et al, (77)
analyzed milk ffom_epw;,ggazing en grasse ﬁﬁeabed with
2,4,5-T7 in aceord with normal agricultural practices,
Twenty-five samples were collected from different farms
in Oklahoma, Arkansas, and Missouri; thess areas were
selected as representative of those where 2,4,5.T i3 used to
gontrol broadleaf weeds and brush in pasture and rangeland,
Milk purchasad in Midland, Michigan, an areza ﬁherg 2,4,5-T
is not usaed, provided control samples, ﬁased on gas
chromatography-mass spectrometry data (detsction limit: 1
ppt), the authors -stated tﬁat—control‘?amplea ware indistin-
gulshable from the samples froam ireated areas and concluded

that TCDD was not present,



“Tne residue levels reported in animal products in
the studies cited below were obtained in laboratory
feaeding studies and not froﬁ animals grazing on pasfures
and rangelands treated at dosage ratesa recommended on
registered product labels. Nevertheless, residues obtained
in these fesding studies qould oecur in the environment and
at these same levels since animals grazing on forage plants
immediately after treatment at recommended rates of applica-
tion cpuld ingest 2,4,5«T in apounts similar to those fed in

the studi=zs,

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

were found in milk and eream, When the diet contained 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,%,5-TCP ranged from

0415 to 0.5 ppm in milk of individual cows,.

-Leng (37), reporting on residues in meat and meat
byproducﬁs, statead that calves slaughtered after.ingesting
300 ppm 2,4,5=-T in the total diet contained average raesidues
of 0.12’to 0.28 ppm in muscle, fat, and liver, and 3.3 ppnm
in kidney, Animals fed 900 to 2,000 ppa 2,4,5-T in the
total diet and slaughtered without withdrawal had propors
tionally higher average residues in tissue. No residues'were
detected (detection limit: 0.05 ppm) in most tissues whenl
animals were given umitrexted feed far one week after they
had been on the highest levels (1,800 and 2,000 ppm) of
2,4,5-T for four weeks, Residues of 2,4,5-T declined
rapidly in tissues as soon as animals started to eat

untreated faed.

Clark and Palmer (78) found 0.08 ppm 2,4,5=-T in
omaental fat of sach of two shesp given four oral doses of
either 0.15 or 0,75 mg/kg of the propylene glycol butyl

ester of.a,u,s-t. They also  found 368 ppm 2,4,5-T in

Y

kidneys of animals killed by four daii} 250 ng/kg doses of a

2’ u,s-'f Bﬁte!'.

Ciark et al. (36) found 2,4,5=-T no higher than 0.05

ppm in musele or fat of sheep held one weak 2n untreated



faed, Residues of the metabolite 2,4,5-TCP were not detected
in the fat of any of the animals. They also found that the
2,4,5=T lavel in liver and kidneys was less than 0.05 ppm

after the animals were on untreated feed fap ssven. days,

Leng (79) found low levels of 2,4,5-T in muscle and
fat of calves receiving 300 to 900 ppm 2,4,5=-T in the diet
and muceh higher residues in tissyes of animgls fed 1,800
ppm 2,4,5-T for 28 days. Calves fed 300 ppm 2,4,5-T showed
0.32 and 0.28 ppm 2,4,5-T in muscle and fat, respectivaly,
Calves fed 900 ppm showed 0.24 and 0.38 ppm in muscle and
fat, respectively. 4nd at 1,800 ppm in the diet, calves
showed 1.2 and Z.d_éﬁm in muscle and fat, respectively. In
this same study, Leng found relatively low residues of
2,4,5«T in liver at feeding lavels of 306 and 300 ppm (0.2‘
and 1.0 PR, respeatively) and sharply increased rasidues -

(7.9 ppm) at 1,800 ppm, indicating that the threshold level
may have been exceeded at this higher dosage level, FResidues
;fqz,h,S-t in kidney appeared to be proportiocnal to the

lavel in the diat,

Elghtyefive sampies af beef fat were analyzed
for TCDD content under the ausplees of the EPA Dioxin

Inplementation Plan (see Segtion II)s, These beef fat
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gsanples included 18 samples from control areas{and 87
samplea from areas previously treated with 2,4;5-T;
None of the 18 control samples had detectab;g amounts

of TCDD at a detection limit of 10 ppt. Of the 67 samples
from areas previously exposed to 2,4,5-T, one showed a
poaiéive TCDD level of 60 ppt; two appeared to have TCDD at
20 bpt; and five may have had TCDD levels which ranged fronm
8§ to 10 ppts The valuss for thesea five samples were at or
below the limits of detection of 10 ppt. Forty-three beef
liver samples were analyzed and showed no TCDD residues at”a

detection limit of 10 ppte

(8) Enad

Evidence that very little 2,4,5-T gets into Tood is_' -
seen in results of Market Basket Surveys conducted by
the Food and Drug Administration (FDA). Of the 134 total
diet samples involving 1,600 food composites (Market Basket
Survey) anzlyzed from 1964 through April 1959; oniy three
econtained 2,4,5-T, Two were dairy produéts eontaining 8 to
13% fat with 0.008 and 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).

FDA Market Basket Survey sample=z fronm 1959‘thrcugh

July 1974 showed no 2,%,5-T resjdues (detection limit: 0,02
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ppm) in 155 total diet samples involving 1,889 food compasites
(85, 86, 87, 88, 89). '

-{9) Human Exposure via Industrial Accidents

—

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

in human exposure te TCDD,.

Whiteside (90) reported on a 1949 explosion at a
shemical ‘plant producing 2,%,5-T in Nitro, West Virginia.
The release of intermediats chemicals led to 228 cases of
ehloracne among exposed workers. Whiteside statad that
symptoms of affacted workers lancluded skin eruptions, .
shortness of breath, intolerange to cold, palpable and
tender liver, l0ss of sensation in extremities, damage to
peripheral nerves, fatigue, nervousness, irritability,

insomnia, loss of libide, and vertigo.

Goldmann (91) reported on.a 1983 aceident at a
2,4,5-TCP produection plant in Germany. Temperature and .
pressure rose axplosively in the autoelave, forming previously
unknouﬁ, very ftoxie chlorinated hydrocarbens; 42 persons
contracted serious cases of dermatitis, in which ik persons
sufferad consequent damage to internal'argans, and safen

persons experienced disturbances of the nervouvs system.
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A similar acecident oc¢curred in Amsterdam in 1953 when an
explosion in a 2,4,5-T factory resulted in 50 workefs

-contracting chloracne (90).

In 1954, 31 workers in a Bamburg, Germany, chemical
plant producing 2,4,5-T from fechnical 2,4,5-TCP contracted
echloracne (1o, 18, 92) and suffered the physical and psychow
logical symptoms associated with it (93). Kimmig and Schulz
(10) extensively investigated the workers! conditions
and condueted experiments treating the skin of a rabhit’s
ear with chemicals to whieh workers had been exposed,

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

identified TCDD as the cause of chloracne.

In 1964 workers in a 2,4-D and 2,4,5=-T plant in
the United States developed chloracne (93, 94%). Bleiberg
gt -al, (94) found evidence of porphyria cutanes tardaz (PCT)
o{_varying deagreaes of saverity im 131 out of 29 workers, PCT
had &e?er before been described as related to chloracne, nor
nad it been ascribed to industrial exposurs in the United

States, The authors stated that either the finished chemicals

or some intermediate were responsible for both diseases,

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

had been producing 2,4%,5-TCP for nearly three years without
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incident when an explosion occurred at midnight on April 23,
19684 As a result of this exothermal reactioﬁ, TCDD had

accidentally been-produced. Workers at this plant were

accidentally exposed to TCDD, and 79 cases of chloracne were

recorded,. many of them severe (9, 95), - =

Beginning in May 1971 an ac¢cidental polsoning episode
cccurred in the Unitaed States that affected humans, horses,

and eather animals. The exposure was related e the spraying

| of waste oil, contaminated with TCDD, on riding arenas to

coptrol dust, Thres §ays after spraying, sparrows and
other birds wers found dead on the arena floor. Of 85
horsas exarcised within the arena, 62 became ill, and 48
died, The first horse died an Juns 20, 197l. Horses
continued to die as late as January 19743 Human illnessaes
were less saevere, but did ineclude one case of hemorrhagic
cystitis in 2 §-year-old girl whe frequaqtly played in thé
areana, Analyasis showad the arena contalned 31.8 to 33.0

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

Beale et al, (98) hresented follevw=up information.on
the 6=-year-old girl involved in this accidental poisoning.
These authors stated that the girl's symptoms resolved in
three to four days and did not racur, Hesults of a3 rapeat
voiding ceystogram three months later appeared normal.
Cystoscopy at thils time did, however, demonstrate numaerous

punctate haemorrhagic areas in the bladder, especially in
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the region of the {rigone, Five years later, an investiga-
tion showed that this girl had grown ngraally;Qresults of a
physical examination, including a detalled neuralogical
exanmination, were normal., Cystogram and liver;runotion
tests were alse nqrmal, as waz2 the urinary -excretion of

uroperphyrins, copreporphyrins, and thyroid funetion,

On July 10, 1976, an accident at the ICMESA chemical
plant in the Seveso Region of Italy released 2 to 10 pounds
of TCDD over a wide area (90,-95, iOG).ﬁhHundreds of animals
died, many area r;sidents reported skin disorders, and an
area of 110 hectares was evacuated (101). Reports o: the

immediate symptoms and indications of many long-ternm effects

are just becoming available,

Seveso inhabitants initially experienced nuﬁerbus,-
burnlike skin lesions whiceh . gradually recseded; Whiteside
(90} bélieved this type of lesion was probably due to direct
eontact with the sodium hydroxide and phenolic components of
the fallout., Two and a half months after the explesion,
however, children and yoﬁns peaple in the zone most arf;cted
by the fallout developed symptoms of true chloracné, a sign
of dioxin poisoning, on their faces, arms, and bodies. By
November 1976, 28 people had developed confirmed cases of
e¢hloracne, and the number rose to 33 by December 1976; one
year later, the number of confirmed cases of chloracne was
130.
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A nunber of Seveso women wera pregnant at ths
time of the acocident., Whiteside (90) reporte& that the
number of legal and 1llegal abortions'perfcrmed after the
ageident probably totalled 90, Results‘ar a survey by an ‘I'-.
epldemological commission showed that 183 dablies were
delivered in the two months followlng the aceident and that -
there were 51 spontanecus abortions as distinet from induced
abortions (approximately double the rate of spontaneocus
adertions previously reported for the area). Whiteside
(99) reported that eight cases of birth abnormalifies have
baen notad to date among babies bern to women in the 33§aao
area who were pregnant at the time of the exploslion.
Physicians in the Seveso area have had difflculiy relating
this directly to the explosion, hcwever; since this incidsence
of bdbirth abnormalities was not dispropartionate to th; usual

incidence of abnarmal births,

He Jglarances

There are noe tolerances aabablisﬂed for 2,4,5-T in o;
on food orops, Likewise, no tolerances have been 3set
specifically for TCDD in or on food ¢ropse However, 4Q CFR
Saction 180.302 does establish a tolerance of 0.05 ppm for
hexachlorophene 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 shall not e¢ontain
more than ¢.) ppm TCDDs The limitation does not constitute
a tolerance (102).

I. :2z;Llsi1a_Eni;gﬂg_ﬁgngzliJﬁuuam;izzﬂél

- -

EPA's Paesticide Episode Response Branch of the Office
of Pesticide Programs maintains a Pesticide Episode Reports
System (PERS) which collects peports of pesticide exposure
affecting humans, domestic animals, livestock, and wildlife
(103). According to thelir 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, effects on humans 16 times, water pontamination"
14 times, effecta on domestic animala and soil contamination
7 times sach, general environmental contamination 3 times,

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

each,

There was ;ubstan&ial evidence in 13 of the %6
episodes linking 2,4,5-T to the episode’'s effects; there was
circumatantial-:;IEQQQ:ﬁ;;.éE of the episcedes for involvement
of 2,4,5=-T; there was insufficient evidence in 62 of the
eplsodes to prove or disprove invoelvament of 2,4,5«T; and

one episode had no verification status listed,

'
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Of the 13 episcdes for which there was subatantial
evidence linking 2,4,5-T to the episode's eff;cts, two
involved humans (includiné ons suioide); é,H-D_was also
involved in both episodes, Three episodes involved plant
damage féom drift of harbicides;IZ,H,S-T‘r;;idues‘were
found in plant samples in two episodes; 2,4-D was also
involved in one of these episzodes, Two spisodes involvad
fish kills resulting from aecidental spills inta_streéma,
with 2,3-D invoalved in both incidents; in one of these
eapiscdes, 6,000 fish (90% juvenile salmon) were killed;
residues of bBoth 2,34-D and 2,4,5-T were found in these fish,
Two incidents involved soil contaminatien when two warehouses
ware destroyed by a tornado and fire; many other pesticides
ware involved in both instances. Twe spisodes involved
-domestic animals; in one, 24 cows died ;rter herbicide
application., Arsenic reosiduss were found in two cows,
and arsanic contamination of the herbicide mix was suspected.
In the ather instance, 8 cows dfank water contaminated with
2,4,5-T; residue levels of 0,03 and 0.02 ppm were found .in
the milk five and eight days, respectively, after the
incident., Two hundred and forty gallons of milk were
dumped. Jne incident involved water contamination as a
result af a warehocuse fire; many cther pesticides ware also

involvad,



II. BEGULATORY HISTOQRY

2,4,5-T was developed during quldlwarJII and was
first registered as a pesticide on March 2, 1948 (3). Since
then, 1t has been the subject of several Federﬁl regulatory

actions, - B

On April 13, 1966, the United States Department of
Agriculture (USDA) and the Food and Drug Administration
{FDA) published an announcement in the-Federal Register
abolishing the "No Residue and Zere Tolsrance® concepts as
scientifically untenable. Future registrations would be
granted on the basis of either "Negligible Residue® or
"Permissible Residue," Industry was given until Decamber
31, 1967, to comply.;ylzgiaining tolerances for residues of
2,4,5-T in all treated food, feed products, and byproducts’
(in addition no registrations would be continued bayond -

December 31, 1970). .

Following this action, a series of Pesticide Registra-
tion (PR} Notices were issued over several years, extending
certain "no resgidue” and "zero tolerance” registrations”
beyond the Decsmber 31, 1967, deadline for obtaining
residue tolerance. (These and all following PR Notices
are cited in Reference 104.) Among uses of 2,4,5-T extended
bayond the deadline were usesz on pasture grasgssaes and
ranéeland; en apples (MeIntosh), blusberries {low bush),
gareal grains (undesignated), rice, and sugarcane; and in
lakas and ponds,



PR Notice 70«8 issued by the USDA on March 10, 19790,
identified data naeeds for certain compounds. .2,4,5=-T
was ldentified as one of the compounds requiring further

teratogenle studies,

PR Notice 70-11 published on April 20, 1970, suspended
2,4,5-T products Eearing cartalin di;géfions for use,
The suspended uses were all uses iﬁ l;kes, ponds, or on
diteh banks; and ligquid formulations for use around the

home, recreation areas, and similar sites,

PR Notiee 70-13 issued By the USDA on May 1, 1970,
canca2lled 2,4,5-T produsts bearing certain dirsections
for uszss, The cancelled uses wers all granulap 2,4,5=T
farmdlations for use around the home, recreationai areas,
and similar sites; #nd all 2,4,5-T uses on food erops

intended for human consunption.

L Ali.ragistranta ware advised of these actions, and
twe of the 2,4,5-T registrants, Dow Chemical and Hercules
Incorporated, axcercised their right under Section 4(e) of
the Federal Inseatieide,.Fungicide, and Rodenticide Act
(FIFRA)Y [7 U.8.C. 135 et seq.] to petition for refarral of

the cancellation (rice use only) ta an Advisory Committes,

As provided by Section U4(¢c) of FIFRA (1964 amendmeant),

2 nine-member Advisory Committes of acientiats was appointed
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to consider all relevant facts, submit a report and recommen-
dations regarding registration for certain uses of 2,4,5-7,
and state the reasons or bases for these recommendations.
Their report was submitted to the Administrator of the
Environmental Protection Agency on May 7, 1971 (48). The
Committee recommended that use of 2,3,5~-T be permitted in
foreatry, range land, and gights-ar-way providing that the
limit of 0.1 ppom of contamination with TCDD be set for al;
future production of 2,4,5-T; that 2,4,5«T be applied no

more than once a year at any one =ite; and that 2,4,5-T be

applied with proper caution so that it will not contaminate

other areas where it may come into contaecet with humans.

The Committme also recommended that this action be
reviewvaed zgain when existing deficiencies in information
about possible magnification of TCDD in the food chain

have been resctified by specific research,

In the meantime, PR Notice 70-22, published by the
USDA on September 28, 1§70, addressed the presence of
chlorodioxin contaminants in economic poisons. This notice
stated that the USDA had determined that cerftain toexie
chlorodioxins (2uch as TCDD) may be present as contaminants
in the basic materials used in formulating 2,54,5-T and

8ilvex, The notice also stated that the presence o&f such
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shlorodioxinas conatitgted a8 possaibles hazard to man since they
had dbeen found to be extremaly toxic to labor;tory animals,
and that appropriate regulatory action would be taken under
provisions of FIFRA since products containing chioredioxins

are considered to be in violation of FIFRAC

Dow Chemical obtained an injunetion agains=t EPA in
July 1972, enjoining further administrative action against
2,4,5«T¢ The United States Court of Appeals for the Eighth
Circuit ovearturned the injunetion in 19?3,.and administrative

proceedings were allowed to go forward.

On July 20, 1973, a netica of intent to hoeld publie
hearings on all uses of 2,4,5-T was filed with the EPA
Bearing Clsrk under Section &§(b}(2) of FIFRA, as amendead
‘1972. All federally approved uses of 2,4,5<T wepe‘to.bo
explored in a public hearing scheduled for April 1974,
following completion of an intensive monitoring program for
detecting dioxin in the ppt range (38 FR 19869, July 29,
1873).

On May 10, 1974, the information hearing was expanded
to include all inaecticidea and nerbicides having 2,4,5-TCP
in their manufacturing process, Thess Included silvaex,
srben, and ronnel, as well aa 2,4,5-T and 2,4,5=-TCP, zll

af which may contain TCDD.



On June 2%, 1974, EPA withdrew cancellatién and
information-gathering proceadings initiated against 2,4,5-T
and related compeunds because of its i;ability te monitor
food for TCDD residyes with the necessary analftical
precision., Although the 2,4,5-T notice of .hearing was
withdrawn, the Agency stated fthat it "will continue itslTCDD
residue ponitoring program and will take such further action
;s it deems appropriate once the resultsmof the monitoring
project are available™ (39 FR 24050 June 28, 1974).

On July 25-26, 1974, the Agency held a Dioxin Planning
Conference in Washington, D.C., primarily for those parties
having an interesf in the withdrawn 2,4,5-T/dioxin hearings,
to address data smalyeis-and retrieval (in the areas of
analytical methodelgy, toxicology, and moniteoring) with
emphasis on analytical methodology for TCDD at the ppt
lavel, As 3 result, the Agency established a Dioxin Implemen-
tation Plan (DIP) intended to idantify a péeferahls analytica}
methodology to monitor human and environmental samples for
TCDD.

On-going TCDD studies under the DIP include: an
analytical method validation study to produce statistically
defensible data; monitoring for residues in human milk in
the Pacific northwest; additional beaf fat residue studlies;
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additional technical pesticide residue studies; and an

environmantal monitoring program for TCDD residuss in soil,

water, and biota,

- ——

III. SUMMARY OF SCTENTIFIC EVIDENCE RELATING TO
REBUTTABLE PRESUMPTION

The following adverse effeats of 2,4,5=-T and/or
TCDD have been found to exceed the criteria-for issuance of
a rebuttable presumption as stated in Section 182.11 of the
Code of Federal Regulations (CFR 40). Because of industiry's
apparent inability to produce 2,4,5-T without TCDD contaminaw~
tion, none of the atudies cited are for pure 2,4,5-T7, The
affacts of TCDD must alss be ¢onsidered when assessing

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

A+« Qnooganje Effects

PR——

]

- 40 CFR Section 162.,11(a)(3)(ii)(A) provides that a
Prebuttadle presumption shall arise *if a pesticide's
ingredient(s)...(i)nduces oncogenic effects in expari-
zental aoammalian species or in man as a result of oral,
inhalation orldermal exposure...." Secation 162.3(bb)
deflines the term oncogenic as "the property of a substance
or a aixture of substances to produce or induce henign

or malignant tumor formation in living animals.®
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The studies summarized below indicate that 2,4,5-T
containing less than 0,05 ppm TCDD and/or TCDB alone have -
oncogenic effects in two ﬁouse strains and one rat strain, =
Sin§§ é,h,S-T, as currently formulated, coﬁéains TCDD (at 2 -
maximﬁm Qmount of 0.0%9 ppm), a rabuttabi;—breﬁﬁmﬁtion
against the registration of 2,4,5«T products has arisen

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

nan%, TCDD,

(1) 2,8,5-T

(a) a " -

e TR S

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

-——

mice, Huranyi-&ovéci‘at alse (105) administered 2,4,5aT

(containing {0.05 ppnm TCDD)ﬁ/tc inbred C3Hf and XVII/G mice.
The mice were given 100 mg/liter of 2,4,5=-T in the drinking
water for two months beginning at six weseks of ages During
the succeeding 15 to 20 months, the mice were gifen 2,4,5-T

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

" In C3Hf mice, 48% of the treated females (12/25) and
55% of the tre;;:; malgﬁ-(12/22) daveloped tumors, compared
with control values of 213 (9/%4) and 49% (21/43), respec-
tively (Tabl? 2)s The differesnces between the number of

tumors observed and the number expected were significant for

females 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 commerclial formulations (see Section I.B).
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{p < 0.01}. For non-incidental tumors, the diffserences

were significant for =each gex and the combination; no

significant difrergnces were found in incidental tumors.ﬁ/
é No other strain-sex combination ylelded statistically
; significant values (106)}. Rare types of tumors, not seen in
! the eqntrol animals, were observed in the treated C3Hf
females,
Table 2. Oneogenic Effascts of 2 I 5-T on Miced’

Dietary! Mean IMices with Leukemial
Lavel | Survi- |and Lung and Liver)

| val Timei Tupors, | . Incidence of Tumors
: | 3/} 4 1 4ve ' anleom

v A e -

b

v

P
Strain {Sax! ing _ -
boemriul o 8 o630 | awes dwi 21 24 w9 - | &
| P so | st a2 dss) o3l - el 2
} iFloo 1 g8 ! 9 210 91 5 31 1 ) -
! P o} oso b 60 b 4208 sg ! g3 b oo oy} 3 b e
lveve b ul o b osa1 o} 2532 s 21 L o224 a ]l - 1 &y
| boloso | oses | s drsd e b o i o~ 0} &
: tel o | ses | awvwe  isai a2 —~ 1 2 | M|
! N - B T A BT AL o 98 | 48 1 1 T P

i/ Data from Muranyi-Xovacs (105).

1/ Estimated daily oral dose = 12 mg/kg body weight.

3/ Effective number of mice are mice surviving longar than 300 days or daeveloping a tumor
jafars 300 days of age.

i/ Pleocmorphic salivary gland tumor,

3/ Fibrosarccma; one hyperplastic urinary bladder and ons hyparplaatic foreatomach not
lneluded.,

£/ Qne osteogsnic sarcoma; two sargopmas; two cutaneaus tumors; one cervieal tumor.

z/ Forestomach tumor,

1/ Urinary bladder papilloma; two hyperplastic lesions of urinary bladder not included.
if Two hemangiomas.

1# p < 0.01 eompared with controls,

¢/ m < 0,001 compared with contrels.

I/ The investigators found no significant sax-related
diffarences,

8/ Incidental tumors are tumors discovered at necropsy
of an animal which died from some other cancer; non-
ineidental tumors are tumors diagnosaed during life or
ukich caused the de2ath of the animal.
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A decrease in survival time for mice with tumors was
noted in both male and f;male treated C3Hf mic; when compared
- with controls, G3Hf treated male mice survived an average
of 511 days comparsed with 630 days for control male mics.
According to the evaluation by EPA's CarcinoRen Assessment
Group [CAG] (106), this difference was significant (p <0.001).
Treated female C3IHf mice survived 6§20 days compared with 680
days rfor control females, Chemlcally induced oncogenic
effects typically show long latency periods, The finding
of reduged longevity among treated animals as compared
with controls complicates the assessment of the potential

‘ongogenic effects of 2,4,5-T.

In XVII/G mice, 84% of the treatad females (16/19)
and 75% of the treated males (15/20) developed tumors,.
compared with control values of 53% (21/40) aand 78% (25/32),

raspeciively.

An inersease in survival time for amice with tumors
over controls was noted among the XVII/G treated animals,
There was an avarage survival time of 583 days for treat;d
male mice compared with 521 days for control male mics,
Treated females ;:;;;;;ahg;;”&ays compared with 589 days for
gontrol 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
2,4,5=-T, containing about 30 ppm TCDD, in twao hybrid
strains of mice, designated as "I"™ and "I", after oral or
subcutaneous administration of the maximum tolerated dose
{Table 3). The testing was perrorméd at Bionetiscs Research
Labaoratories, undar contract from the National Institutes

of Health. Results of the studies wars calculated comparing

treated groups with matched and pooled controls .2/

—,

v am—

In the subecutaneouszs study, mice wers given a single
injection of 21.5 mg/kg of 2,4,5=T in a dimethyl sulfexida_‘
(DMS0) solution at approximately 18 months of age. Seventaeen
parcent (3/18) of the treated "Y"™ males devaloped pulmonary
adenomas, compared with 1% (1/71) of the matched controls and
3% (4/122) of the pooled controls. This inereased incidencs
of pulmonary adencmas was significant relative to both ccn-'

trol groups [(p s 0.024 matehed and p = 0.0U pooled] (106).

T i e "y o —

In the oral study, 21.5 mg/kg of 2,4,5-T7 in gelatin

was administered dazily by stomach tube, beginning at sevsn

9/ Because this was a large scala scereening study,
saveral control groups waere used., No significant dif-
ferances were found among these groups.
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days of agsa, Afﬁer weaning, 60 ppm ofvz,#,s-f was mixed

in the diet and provided gi libitum un£11 the end of the
stud}’aé approximately 18 months. Gross anh'histological
examinations wers made of all major organé‘;hd visible
lesions; thyroid glands were not examined. Acgording to
CAG's evaluation (1068), there ware no significant differences
between 2,4,5.T treated and control groups of mice with
reaspeat to ‘tumors at specific sites or total nuamber of

tumor«bearing animals.

Iahla_a._ﬂm._a_m_}ﬂim._lnu_inr 2. 4,5-T

; b | L Mie,..xm_sm.ﬁs_nmu___..
! i  iDose iﬁigg_gi;h_lgmg:;;ﬁeticulum Cell.Tumor Type Pumonary:

F x tM! o0 | 5/15 P33 ! 0. v 2 i3 |
i ! |(mateched)! ! ! } ! -
! S B+ to22/79 | 28 5 ] 5 b8 I
; I {({pooled) | | ' | ' '
i i1 60 i 6718 i 33 1 1 } 1 | & i
i tF1 0 | 2/18 b1 1 | 1 PV =]
} ! j(matched)!| | l i ' ' |
; « 1 } O | 8/87 P9 i ! 3 | e ]
i I 1(pooled) | i : \ } }
! { B0 ! 1/81 P61 - i 1 | - 1
Y i Mi 0 I 3/18 V1T -— i 3 | o=
] | |{matched)| ! i ! ' |
) I \ 16/%0 | 18 | 1 } 10 - I
' I 1{pocled) | i | | ; }
} I | &0 I 3/18 b 17 2 ! -~ i1 ;
| 1FI 0 S V4 1- Sl T i R | -~ I
t | |{matched)| i | ! i }
; I B+ | 7/82 1 91 3 { 3 b ]
! | {(pooled) ! i ' } 1 ;
1 | 1 60 1 o/18 91 ) 1 ) - SRS
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(2) Ig¢Dp
(a) ‘a o | v

on HRodents

Van Miller et al. (109) recently reportad the results
of a two=year feaeding study with male Sprague-Dawley rats.

Tan groups of ten animals per group wers fed ground chow
eontaining 0, 1, 5, 50, or 500 ppt (= 10°'2 gram TCDD/gran

food), and 1, 5, 50, 500, or 1,000 ppd (= 1(:)"9 gram TCRD/gram
food) TCDD.

Food intake"(lO_:_h g/day) was significantly lower in
rats ingeating the three highest dose levels (50, 500, or
1,060 ppbd TCDD) than in countrols (21 £ 2 g/day), :nd'none_éf
the rats in thase three groups gained welght after the start
sf the aexperimantal diet., All rata receiving these three
dose levels dled between the second and fourth week‘of

treatment,

On the other hand, fcod intake for rats on ather dosa
levels was similar to controls (20 = 2 g/day). Weight
gain was significantly less only for rats givea 5 ppb TCDD

{391 » 54 g) as compared to controls (531 » 4% g)e In these

‘56"



sevan groups only one animal died before ths 30th week, and
that death occurred in the 500-ppt group at the 17th week.
In the 5- and l-ppb groups, all animals died by the 90th |

week of the experiment, Table 4 shows the mortality figures

for all groups.

Table 4. Mortality in Rats Ingesting
VYarlous levels of TCDD
| i {No. Rats Dead |
Ipose | p¥eek 8Ly | ot osen weeyd’l
| o2/ | 68 | 6s10 (60%) |
|1 oppes/ | 86 | 2710 (20%) |
[ 5 pptd/ | 33 [ w10 csos) |
|50 ppt® | 69 | »/10 (v08) |
l500 ppt/ | 17 | s/10 (s08) |
| 1 ppp®/ | 31 ! 10/10 (100%) |
5 ppod | 31 | 10710 (100%) |
ls0 pppd/ | 3 | 10/10 (100%) |
ls00 ppot’ | 2 + 10/10 (1008) |
! 1,000 pous/t 2 | 10710 (100%) |

&8/ Surviving animals sacrificed at 95 weeks.

b/ Cantrol group.

Diet contained no TCDD.

&/ Approximate weekly dose was 0.0003 ug/kg body wt.
-4/ Approximate weelkly dose was 0.001 ug/kg body wt.
&/ Approximate weekly dose was 0.01 ug/kg body wt.
£/ Approximate weekly dose was 0.1 ug/kg body wt.
2/ Approximate weekly dose was 0.4 ug/kg body wt,
b/ Approximate weekly dose wasgs 2.0 ug/kg body wt.
L/ Approximate weekly dose was 24 ug/kg body wt.
J/ A4Approximate weekly dose was 2340 ug/kg body wt.
k/ Approximate weekly dose was 500 ug/kg body wt,
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Laparctomies were performed on all ratg surviving
through the 65th week, and all tumcqa observed ;Ere blopsied,
’Rgts were maintained on thea; diets until tﬁe 78th week and
wers th?n placed on the control diet. Surviviﬁs animalﬁ
wepre killedhat 95 waeka, Complets necropsi;;_§ere dﬁne at
death ar sacrifice, and tissue samples were microscop-

- 1ecally examinad., Special staining methods were used to "aid

in the diagnosis of nsoplasms,”

Tumorigenic and toxic effacts were observed iIn rats
in the six lowest dose groups. The overall incidence
of neoplasms in the six experimental group$ was 38% (23/60),
compared with 0% (0/10) in the contreol group. The difference
is statistically significant (1068). Neoplastie nodules and
cshoelangiocarcinomas aof Zhe liver were observed in hoi (h/10}
of the rats ingesting 5 ppb TCDD; two animals had both
neoplastic nodules of the liver and chelangiocarcinomas,
One rat {(10%) in the 1 ppb group had hepatic carcinoma
eompared to none of the controls. Hepatic tumors were not

found in other dose groups (Table 5), -

Table 5. [diver Tumors in Rats Ingesting Toppd/

H | Rats With | Rats With | Rats With i
| | Neoplastic | Choelangio=- | Nodules plus|
! ] HQd!ll‘ﬂ 1 carcinomas ! gﬁ"gjngmiﬁ 1
lDose {(oob) ! No, 1 % P No, 4 % L Ne. 1\ % !
' ) L 0710 ) 0 ! 0710 | © { 0710 | 0 !
| 3 l a/10 } o V110 ) 10 ) 17210 ) 10 \
1 ] N 1 1

H 5 R VAD) ! nch’! s/10 ! 20%71 /19 ! yoR/ i

a/ Data from Van Millsar (108),
h/ Twoe animals had both neoplastic nodules of the liver
and cholangiocareinomas.



Tumors developed in M46% (23/50) of the rats ingesting
5, 50, or 500 ppt and 1 or 5 ppb TCDD; compared tﬁ nﬁue
(0/10) in the control rats. Van Miller et al. noted that
"nineteen (57%) [aic ~ 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 duct, kidney, and liver., Three retriperi-
tonsal histioéytomas ware dasaribed as metastasizing tc the
“lungs, kidney, liver, and skeletal musculature.,” Aceordins
to CAG's evaluation (106), statistically sfgnificant inqereases
in tumors at all sites were found in rats fed 5, 500, 1,000,
and 5,000 ppt as compared wits control animals (p=20,05)
[Table 6], Three of the ten deaths which occurred in the
S-pjb dose group were attributed to aplastic anemia,- an‘

‘animal in the 5Q00-ppt group had a severe liver infarction.

Dow Chemical USA (110) has provided EPA with a
preliminary report of a study of TCDD's chronic toxic effects
in Sprague~-Dawley rats, Graups of 50 rats of sach sex were-
fed 041, 0.0%, or 0.001.u3 TCDD(kg bedy welght daily for two
years, To provin these dosae 1a§els, the concentrations of

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

Eighty=-23ix animals of each 368X were used as controls.

Dew (110) reported "discernible inereases” in the
incidence of hepatoecellular carcinomas of the liver

and of squamous cell carcinomas of the lung, hard palate/nasal



Iabls 6. Totﬁlmlnmgzz_in_naiz_lnssjﬁinz TCUUA/

] ! | Rats With H
| - YA ) Tygors | Tumors !
iDose | Benign Malignant Total ! No.. )3 i
b o S T I o 1 orr0 038 |
} 1 ppt " | 0 ! ) ! Q ! 0o/10 0% i
lspot ¢ 1 1 s I 6% | s/10 5052 |
tsoppe | 2} 1 b 32 | 370 308 |
lsao ppt | 2 | 2 b | a0 ses® |
l 1 ppb I 0 I 5 I Sij I 4710 4o% I

& nob |8 | 2 103 1 7710 704 1

a/ Data from Van Hiller (109).

b/ Rats administered 5¢, 500, and 1,000 ppb were all

dead within four weeks.

&/ Forty male rats used as controls for another study that
were raceived at the same time and kept under identical
conditions did not have neoplasms when killed at 18 months.
4/ One rat had ear duct careinoma and lymphoeytie leukemia,
Tha following tumor types ware each observed in ane prat:
adenocarcinomas (kidney), malignant histiceytoma (retroperi-
toneal), angiosarcoma (skin), and Leydig cell adenoma (testis).
8/ Three rats died with aplastic anemisz.

L/ The following tumor types were sach observed in one rat:
" fibrosarcoma (muscle}, squamous cell tumor (skin), and
astrocytoma (brain).

£/ The following ftumor £ypes were each obaervad in cne rat:
fibroma (striated muscle), carcinoma (skin), sclerosing
seminoma (ftestis), and adenoccarcinoma (kidney).

b/ One rat had z severe liver infarction.

1/ QOne rat had cholangiccareinoma and malignant histio-
aytomas (retripsritoneal), The following tuzmor types wers
sach observed in one rat: angiosarcoma (skin), glioblastoma
(brain), and malignant aisticeytema (retroperitioneal).

1/ One rat had squamous cell tumor (lung) and neoplastis
nodule {(liver). Two rats had chelangiocarcinema and neo-
plastic nodule (liver). Three rats had squamous cell tumors
{lung). One rat had neaplastic nodule,



turbinates, and tongue in rats at 0.1 ug/kg. They also
reported decreased ilncidences of pituitary, uterine,
mammary_gland, panereatic, and adrenal s}ggg tgmo;s at this
dose level. Dow also reported that this dose level produced
ineoreased mortality, decraeaased body welight gain, and changes
in blood chemlatry values which suggested severe toxicity.
Bepatocellular nodules and alveolar hyperplasia were
observed in the 0.01 ug/kg group. A squamous cell carcinonma
of the tard palate was obsarved in one female recsiving this
dose; Dow considered this unrslated to TCDD treatment
because a similar fumor_occurred in "other concurrent
studies,™ At 0.001 ug/kg there were no "discernible errectsi
in male rats and an incfeased incidence of [reversible] ‘

suollen hepatocytes in fbmale rats.®

Dew's preliminary report doeas not include control
data, quantitative data on tumor ineidence, ar ;tatiatical
analyses, CAC has not evaluated this study. Table 7
deseritea the available tumor information., Dow has submitted

the final report for this study, which CAG is currently

- ~ i owm- s

reviswing.
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Table 7, Tumors in Spragus«Dawley Ratas
tpzesting Tonpd’

! Dose ! !
Jlug/ka/day | oot | Tumors !
I Q l ) i -~ - - l
10,001 H 22 | weew o '
10.01 i 210 | Hepatocellular Nodules P
l l l Squamous (=all Carcinomad’ |
| ' | Alveolar Hyperplasia i
lO-l l 2,220 I Hepatosgellular Carcinomaﬁll
i l |  Sausmous Cell Carcinomad/ |

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

one female rat.,

&/ Observed only in females,

4/ Squamous cell c¢arcinoma observed in lungs, hardpalate/-
nasal turbinate, or fongue. .

(b) a [y >
Animals . ... _

Héay-chemically non-reactive carcinogens ar;‘
snzymatisally convertad to‘biologicallf active carcinogads.
The enzyme aryl hydrocarbon hydroxylase (AHH) is strongly
implicated in this process (112). For example, the incidencs
o ﬁréﬁchidgénic carcinomas iﬁ‘ﬁumaﬁé'flis) and mouse
sarcoﬁas induced by J-methyle-cholanthrene (114) have been

fali%;d to the level of indueibility of AHH (99).

Kouri et ui, (113) studied AHH induction in human
lymphoeyte aultures by TCDD. The authors stated, "TCDD
itsel? 13 not a potent carecinogen in mice; howavar, tha
synergistic action of TCDD with 3-methylcholanthrene (MC)

produces cancer in different atrains of mice in direct
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propertion to the degreas of elevation of the induced hydroxy-

lase activity and assoclated cytochroﬁe p1-450 content."

Thelr study showed a positive correlation between basal .
enzyme activity and enzyme levels maximally inducible by
either TCDD or MC. They alszse feund that TCDD is about 40 to
60 times more potent than MC as an inducer of hydroxylase
activity in cultured human lymphocytes. These authors
further suggested that, because of the relaztively high
levels of TCDD in certain parts of the world, TCDD

ma} also present considerable long-term risk because of
possible synergism in chemically inltiated oncogenesis, in

addition to short-termz risks posed by its toxie and terato-

genic properties. -

The implication of TCDD in AHH indueibility has
also bean reported by Poland and Glover (115, 116) and
. Poland et“al. (117}, In their studies on chick embryo
livers, Poland and Glover (115) found that all dioxins
“which are potent inducers hav; halogens at three of the
four lateral ring positions and at least one nonhalogenated
carbon atom. Poeland and Glover (116) coempared the po-
teney of TCDD as an inducer of hepatic AHH with that of
MC, the most commonly employed inducing agent. They

stated that analysis of the data by a computer progran

for bicassay showed that TCDD was 28,640 times as potent



as MC on a molar baais. {The 95% confidence interval

u.) The index of

of the poteney ratio is 2,07 to 3.95 X 19
precision, k , was 0,18, Poland et al. (117) suggested that
2 hepatlic eytosol species which binds TCDD is the receptor

for the induction of hepaticec aryl hydrocarben hydroxylase,.

Alien et al, (118) conducted a study in which famale
rhesus monkeys ware fed dists containing 500 ppt TCDD for
nine months. Anemia, thrombocytopenla, and leukopenia warse
the most debilitating changes. The altered lymphopoiesis
could be assceiated with immuns supprsssion. The authers
reported widespread hypertrophy, hyperplasia, and metaplasia
in the epithelium dF'Eoné?s exposed to TCDD, and related
this to data showing incraessad tumor frequency 1in TCDD fed

rats.

(3} Prelimipnarvy Eoidemiological Studies

Two epidemiolgical studies lend support to a finding
of increasad tumorigenicity due to z,ﬂ,S-T_exposure. The
English summary of a Swediﬁh paper by Hardell (108) statad"
that "there wera saven casas of malignant mesenchymal tumors

tan [87] perscns [who had Eeen] axposed ta 2,4,5~-T over a
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pericd of 10-20 years.™ In five of the cases, exposure had
been direct and comparatively massive., Tne latent period of
10 to 20 years is in agreement with that d§sumed for chemical
carcinogenesia, The statistical distributicn of 7 aof the

87 patients deviated from the national average with a

dominance of tumors in malas,

Tung (120) report;d an elevated incidance of primﬁry
liver cancers among Viztnamese following the wide application
of "Agent Orange" as a defoliant during the years 1961 to
1962, "Agent Orange™ i3 composed of squal parts 2,4,5-T and
2,4-D (2,4%-dichlorophenoxyacetic acid) and is contaminated
with TCDD. During 1962 to 1958, 10% (791/?911) of all
cancers were liver cancers, compared with 3% (159/5442)
‘during 1935 to 1961, The latent period involved is shorter
“"than that normally assumed for chemical carcinogenesis; the
_possibility of a shorter latent period for some chemicals,
however K cannot be eliminated. Neither.of these studies is

sufficient to be the baslis of any firm conclusions concerning
a causal ccg;gction between 2,4,5-T and cancer, But in view

of the results obtained in experimental animals, they

warrant noting.
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The Working Group concludes that there 1ia sufficient
avidence to indicate that 2,34,5-T, containiné Tcﬁn at
levels as low as_0.05 ppm, and TCDD élone can producs
onesgenic effects in mammalian specles, Since 2,4,5-T, as
currently formulated, contains TCDD (at a maximum amount of
0.099 ppm), a rebuttable presumption against registration of
2,4,5~«T praducts has . arisen because of the oncogenic effects

Be Qther Chronjc or Delaved Toxioc FCfacts

40 CFR Section 162.11(a)(3)(i1)(B) provides that "a
rabyttable presumptlon shall arise i1f a pestlcide's
| ingredient(s)...(p)roduces any other chroniec or delayed
toxiec effact in test animals at any dosage up to a lgvel, as
deterunined by the Administrator, whiceh ia substﬁntially
nigher than that %o which humans can reasonably be anticipated
;;fo be ;x;;sad, taking into account ample margins-of salety."”
This section reflects concern that chronie exposure to
"“ohemicals nmay result in iajury to the reproductive system
and/or the fetus and prévides that a rebuttable presumption

. shall arise-t&f ehronle chemical exposure ia Cest animals

produces auch resuylts,

The astudies summarized below show that 2,4,5-T
containing 0.5 ppm or lsss TCCD produces taratogesnie and/or
fetotoxic affscts in mice at 30 mg/kg, in rats at 100 mg/kg,

in hamsters at 40 mg/kg, and in birds at 1 ag/kg. OQther
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studies show that pesticide-free TCDD is fetotoxiec and/or
teratogenic at doses as low as 0,125 ug TCDDjkg in rats and' .
0.1 ug TCDD/kg ‘in mice. Specifieally, these astudies |
shoﬁ‘ghat exposure to TCDD and/or 2,4,5-T Eéntaining-TCDD
during ﬁragnancy 1s associated with stati;;icalif significant
increases in the incidence of cleft palate, kidney anomalies,
skeletal and intestinal tract anomalies, and embryonie.
regsorption. {(Maternal toxiceity has also begﬁ obssrved in
many of these studies, primarily in the form of reduced
weight gain and inereased liver-to-body weight ratio.
Whenever it has appeared particularly relevant, detalls have

been cited in the individual =tudies.) 5 ' &

The Working Group has concluded from these studies

that 2,4,5-T containing TCDD, 2,4,5-T without detectadle .

dioxin, and TCDD alone produce fetotoxic and teratogenic
~-effects In mammals. The Working Group has also conclude&
“—;ﬁéﬁ.;n ample margin of salfety does not exist for the
-—papulation at risk (women of ehild-bearing age) for dermal

and inhalation exposure'and for cumulative oral, dermai; and

inbalation _exposure to both 2,4,5-T and/or ICDD., For these

reasons, the Working Group recommends issuance of a rebuttable

presumption based on the fetotoxic and teratogenic effects

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

A Bionetics Rasearch Institute study on aﬂu,s-r
“provided the first indicatioﬁ that TCDD adversely affacted
mammalian development (123). In this study, dQﬁailed with
later confirming studies in Section IIIOB.(éi—ﬁeloﬁ,.z,n,s-T
gignificantly inereased the frequaency of cleft palate,
kidney anomalles, and fetal mortality in the litters of
treated dams. The 2,4,5-T used in this study contained
approximately 30 ppm TCDD. Subsequent studies,.datailed in
this section, using pesticide-fres TCDD have established
that TCDD alone produces thase affacts, and that the TCDD

contaminant may be the principal chemical determinant

4 — —a—e

~0of the fatotoxiec and teratogenic effects in mammals exposed

to the pesticide 2,4,5-T.

(a) - anr a

B —

- & [} =

] -

Ccurtﬁey and Moore (128) studiad TCDD's smbryotoxic
and“teratogenic effects in three mouse strains (Table 8).
Test animals were administered 1 or 3 ug TCDD/kg body
welght sﬁbodgzgzﬁhsly in solutions of 1009 dimethylsulfoxide
(DMSQ) on days 6§ to 15 of gestation. DMSO was administered as
the gontrol, TCDD produced cleft palates in all three
strains. At 3 ug/kg, 303 (3/10) of the CD-1l litters had
fatusas with eleft palates comﬁareﬁ to 0% (QG/9) af the

eontrols; 7i% (5/7) of the CST7BL/E litters had cleft palates

=58~



ratope o £/
iStrainijbDose | r ad/Liv tarsifv s Fe 2 rgl
} 1{ug/kg) iCleft Palate|Kidney Ancmalies) Cleft Palate{Kidney Anomalies !
o i & b1 1 & v ! # g LI % !
. |Mouss | i ! i ] : \
ICD=1 0(DMSO}! 0/9 0 | 3/9 33 i 0/9 0 119 11 |
). b1 Ve 11 ) 5/9 56 i 2/9 22 14.6/9 0 1 ;
‘} Y3 1.3/10 30 119710 100 : 171010 16,5710 65 ;
. {DBA/2 10(DMSO}} 0723 O | 3/23 13 { 0/23 0 V1723 4 :
' b3 1 2/29 23 1 8/9 89 { 149 31 11.8/9 20 H
- {CSTBL/{O(DMSQ)} 0/23 ¢ i 2/23 9 j 0/23 0 11723 4 }
16 | 3 ‘&7 71 77 100 | 2. &/7 37\ T 43 !
| Rak | = ! | | ‘
€D 10(DMS0){ 0/9 0 | 0/9 0 ! 0/9 ¢ 1 0/9 0 i
1 0,5 ! n/8 1] | u/8 &7 | 0/6 g ‘'t1,8/8 30 !

-
1
-3/ Data from Courtney and Meore (128).

!
!
;

w0

at 3 ug/kg as comparaé to 0% (0/23) of the centrols; and 22%
(2/29) of the DBA/2 litters had cleft palates, és cempared
to 05 (0/23) of the controls: The authors alse found a
“marked‘increase in the fnocidence of kidney anomaiies in all
strains. Qne especially senaitive strain, C57BL/6, developed
kidney anomalies in 100% (7/7) of the litters as compared to
9% (2/23) in the controls. Maternal liver<to-body ;eisht
ratio was signifiéantly increased in the inbred strains,
C57BL/6 and DBA/2, but not in the randﬁmly bred CD=1 mice.
TCDD had no effect on fetal mortality, fetal weights, or

maternal waights at the doses administered,

In anothe{ﬂizgsx“}fﬁﬁﬁ;sh six dioxins were admini-
stered suboutansously and oraii} to cn-%lmice, Courtney
{(133) found TCDD to be the most fetotoxice and teratogenie
of the &ioxin coﬁpounds, by either prouta of exposﬁre at alil

dose levels tested (Table 9). On days 7T to 16 of gesfation,
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TCDD was administered orally at 25 €o 400 ug/kg bhody waight

and subcutaneoualy at 25 to 200 ug/kg.

Mertality ps; litter increased with the dose and
reached 97% (oral) and 76% (subcutansaus) in the litters
administer;d TCDD{ ags comparsed with a mortality of § and
14% 1n the oral and subeutansous control groups, respec-
tively. The mosat common anomalies observed were cleft
palates and malformed kidnaeays. All of the fequéea in
the 200 and 300 ug/kg (oral) and 200 ug/kg (subeutanaeocus)
groups sxhibited c¢lefft palates as compared to 0% aof the
gontrels. Of the fetuses in the 200 ug/kg (oral) group,

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

- ..eontrols, (Qther ancmalies observed were hydrocephalus,

open aye, and alub foot, Edema and petechlas were alsoc

obsarved in fetuses administered the high doaes,

Table 9., Fe s ar = /
' R |Average # LAbnormal Avoualiss/Total Fetusesl
| Dose | H |Abnormal |Cleft i Kidney | Club |
{(ug/kg IRoute af Ad-}$ Avsrage Fatal {Fetuses |Palate | Anomalies | Foot |
Jper dav)iminisirationiMortality/Litteniper Litter! ¢ i 3 N S
i 25 ) Oral ] 8 . W 13 : 34 L3
1 50 ) Oral i 13 P 8.1 I 19 | 72 7T
| 100 ! Qral i 14 I 8.3 | 66 | 71 {13
t200 | Oral | .87 | 1.5 ! 100 | 100 T E
P 890 1 Gral ! a7 | 0.4 ! 100 ! 50 159 !
i as | Subeutaneous! 36 i 6847 i 82 ' 53 I & B
i 50 | Subeutaneous| 56 I 5.0 P79 ' 58 N i G
! 100 | Subcutaenous) 72 i 3.5 | 85 ' 95 I
1.200  lsubeytaenous! 78 ! .1 { 100 ! 38 18 1
153 { Oral ' 6 b 0.8 i 0 i 1 T T
fanisole | | i i g i ;
leorn oil] ] | ! | i !
G NIH H H ! | ! !
' | l | ' | | '
_}_nusgp-/_,'_symmneoust 14 - | ¢ . g A

af

Data from Courtnsy (133).
Bf DMSQ = dimethylaulfoxide.
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Moore et al, (174) also foundjfhat TCﬁD caused
fetotoxic aﬂd terategenlic responses in CST&L/S mice at
1 ug(kg_administered en days 10 through 13 of gesatation.
Compared with 0% incidence (0/27) in the control litters,
94% (15/16) of the treated litters exhibited kidney
anomalies, and 19% (3/16) had cleft palateﬁ. At 3 ug/ksg,
the incideance of these anomalies was 100% (14/14) and 86%

(12/18), respectively.,

Neubert and Dillman (127) tested the embryotoxie
and teratogenic effects of TCDD in NMRI mice (Table 10).
In ons tQat, pregnant mice were given varying doses of TCDD
(0.3 to 9 ug/kg) by intubation on days & to 15 of gestation.
At 9 ug/kg, 100% (3/3) of the viable litters had resorptions;
87% (6/9) of all lifters had total resorptions, 0Oil centrol
values were 32 and 0% for ligters with resorptions and
litters with total resorptions, respectively. <Cleft palate
Wwas observed in all of the litters and -82% of the fetuses
at 9 ug/kg; comparable Qil control values were § and 0.7%,
respectively. Statistically significant {(p < 0401)
proportions of hh;“;ggﬁseswévidenced'cleft palate at 3, 4.5,
and 9 ugskg (3, 13; and 82%, respectively) when compared.

with the oil cecontrol.
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Table 10, Embryoctoxic and Teratogenic

: Effects of TCDD on NMAT Miced/
& a 1 amg !
l Doseh/i Resorptions | Claft Palate 1
(ue/kz)! g1 1 ! # ! g !
' o . -} 237951 24 ! 68/95 | 6 i
} eil } 21/651 32 | 4/65 | 6 i
}0.3 1. T7/131 54 Vo013 | v b
3.0 | 16/24F 67 | r/724% | 29 !
I 4.5 | s712f 42 4 6712t 59 t
i 9.0 | 373} 100 } 373 | 100 '
} g¢.0 1 /6 1 89 | _s8/6 1 813 t

a/ ﬁata ¢from Neubert and Dillman (127),
b/ All doses administered cn days § to 15,
axcapt second 9.0 ug/kg dose which waa
administared on days 9 to 13,

In this study, a single oral dose of 45 ug/kg TCDD on
day 6 produced resorption in 1Q0% of the viable litters; 23
ug/kg on day 10 led to 50% resorptions. Seventy-one par
gsant of the viahle litters had embryos with claft palate
when 45 ug/kg was given as a single dose on day 1l. CQntrol‘
values were 243 for litters with resorption and 6% for‘
fitters with alaff palates.

Smith et al, (135) administered 0.001, 0.01, 0.1,
.0, and 3.0 ug TCDD/kg body welghf per day to CF-l mice by
gavage from days 6§ through 15 of gestatiop (Table 11)., The
parcsntage of resorptions per implantation was significan£ly
higher in trsated mice than in the controls only in the 1.0
ug/kg group. Cleft palate occcurred in 71% of the litters
treated at 3.0 ug/kg and in 21% of the litters treated at

1.0 ug/kg; bilateral dilated renal pelvises occcurred in 28%
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of the liftters treated at 3,0 ug/kg, and in 5% of ihe
litters treated at 1.0 ug/kg. No significant inerease in
eaithaer cleft palatg ar dilated renal pelvis was observed at
‘0.1, 0.0%, or 0.001 ug/kg., None (0/34) of ths.cbntrol

litters had cleaft palate or abnormal kidneys.-.

a 3 o a -

i jIncidence of CleftiLitters With iLitters With Dilated|
| {Palate in Litters |Resorbed Fetuses|Renal Palvis per H
i ]

Dosa lmar " o iva ng! a et
) HI . R S A | | $§ 1 )3 L
1 0 107348 | 0 } 257381 T4 {0734 | 0 |
P 0,001 2781 | 5 | 30781} 73 1oo/4 0 {
} 0.01 |} 0/19 ) 0 } 17719 | 8% I 0/19 } 0 }
P 0e1 L1217 {6 I 16737 | 94 ! os17 | 0 }
l10 twre | 2% dasng) 95 Lo Vs |
t
| a0 fvoz1s 4 298/ | qqzeul 78 1 wpqw | g |
&/ Data from Swith st al, (135).
R/ Statistically different from gontrols by the Fishers exact
probability test {p < 0.05). .
Neubert at al, (175) sstimated the ED=50 for claft
palate in fetuses to be 40 ug TCDD/kg per day (Table 12).
The no-effect-level during days 6 to 15 of gestation was
estimated to be 2 ug/kg per day for NMRI mice. No proncunced
fetal mortallty was observed when 3 ug TCDD/kg body weight
was administered on days 6 to 15 of pregnancy.
E- 1 Lasad- ] = /

} { Dose |4 Cleft Palates per _Affscted [itters/Total Littersi
| Stradin! (ug/ke) ! Tota)l Fetysss Examined! # l g :
| CDe1 | ¢ <0.3 | 0/29 ) 0 :
H 1 3 1 3 ! /10 ! Civ) !
| DBA | o0 | <1 i 0/23 i 0 \
i [ 3 ! 3 d 279 i 22 A
 NMRZ | o | 0.7 ] 10/160 ! 3 |
! HEC 3 H 7/24 H 29 !
i¢s7Bt 1 0 ! <1 { 0/23 | Q I
! H 3 ! 22 | 5/7 | T1 !

A/ Data from Neubert et al., {175).

073-



(b) Studies in Which TCDD Prodused Teratosenig

. Sparschu et ;1¢ (129) administered TCDD to Sprague-
Dawley rats by gavage at 0.03, 0,125, 0.5, 2,0, and 8.0
ug/kg per day on days & threugh 15 af gestation (Table
13)s Intestinal hemorrhages were observed in 14% (18/127)
of the fetuses at 0.125 ug/kg; 36% (36/99) at 0.5 ug/kg; and
57% (4/7) at 2.0 ug/kg; none (0/248) of the contrcl fetuses
had intestinal hemorrhages. At 3.0 ug/kg per day, all B
fetuses (100%) were resorbed as compared Lo 20% (863/309) in
the controls, Fetal welights wers depressed at 0,125, 0.5,
and 2 ug/kg. This effect was statistlcally significant (p
{0.,05) in all groups excapt females at Q0.5 ug/kg. No
adverse aoffectis were noted in the fetuses whose mothérs'were‘
fed 0,03 ug/kg. The authors.coysluded that TCDD induced a
high level of maternal and fetal toxicity and that 0.03
ug/kg per day was the no-effect-lev§1 for fetal and sabryoctoxic

aeffects in rats.

Table 13.  Intestinal Hemcbrhages in Qffspring

: of Soragus-Dawlsy Rats Fedq TCppR/
{ Dose IFatusea Affectad/=|Littars Affacted/«|
§

1(ug/%g JFetuses Fxamiped ~{Litters Examined |
iper davi! # ! 3 ! § L g t
{0 (con~ | 0/246 | 0 i aos24 | 0 )
ltral) : | ] | }
I 0.03 i o/118 | 0 i osz10 | 0 i
| 0.12% | 18/127 | 14 T 7 U B B £ i
i 0.5 | 36799 | 36 } 10712 | 83 '
[ 2.0 H /7 i 57 T 2/4 | 50 !
1 8.0 | mmm [ ao= ]  amm e wmw 4
A/ Data from Sparschu et al, (129).
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Ehera and Ruddick (8§) studied the perinatal ef-
fects of TCDD in Wistar rats. In one teihg ;ats uer§ orally
‘administered 0,125, 0.25, 6.5, and 1,0 ug TCDD/kg per day om

days 6 through 15 of gestation {Table 14, Visceral
lesions were observed at 0.25 ug/kg and above; slight
decreases in fetal weight were also seen, Postnatal effacts
of prenatal exposure to TCDD were studied by allowing
offspring of treated dams to be reared by untreated danms
until waaning; Reduced survival, body weight gain, and
reproductive ability in the progeny were observed after
naternal treatment with 0.5 and 1.0 ug/kg. No fetotoxie

effects were observed at 0.125 ug/Kge

In a sscond ;xperiment, rats were {resated orally

with 1, 2, %, 8, and 16 ug TCDD/kg body weight per d;y‘
on days & through 15 of gestation. TCDD treatment reducsd
fetal weight, and the number of live fetuses per litter, and
produced visceral lesions in 50% (3/6) of the 1.0 ug/kg
fetuses and 539 (3/7) of the 2,0 mg/kg fetuses, as compargd
to none (0/10) in the controls. The incidence of skeletal
anomalies was comparable to that in the controls at all dose
lavels, Doses of 1 ug/kg or more pﬁoduced maternal toxicity;

4 ug/kg or mora producsd 100% ambryomertality. Thg authors
concluded that oral treatment of pregnant Wistar rata with
0.25 ug (or more)/kg per day on days & to 15 of gestation

adversely effected rat development,
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15 of gestation (Table 3),

Table 14, Ter e g/
¢ ! |Fetuses with |Fatuses with Micrce }
! ! lAvg, Fetal|Skeletal Anomalies/-}scopic Visceral !
| Dose | Avg. ¢ Live | Weight |Total # Examined - |Lesions/Total # Examined)
4Lygﬁkglij3§g§¢§LLi§15ri {(grags) | v ) 4 } i ! g 1
1Taat 1 | ' | | } ) SR ' }
} Un- | 10.7 ; h,82 | s5/107 | 5 } 3/13 ' g i
| Ereated| ! : ! | oy |
leontrol| ] o ; ] { '
" | Treated| 11.0 | 4,51 § 217116 | 18 i 0/1% |} 0 ]
{eontrol! ’ i { ; { l !
} 0.128 | 10.6 ] .64 | 37121 | 2 i 4/38 | i} }
| 0.25 | 10.9 } 4,79 | 67109 | 6 ! /33 | 3 !
1 0.5 | 10.5 : 4,4 | 107105 | 10 } /31 | 10 !
! 1.0 | 2.3 3 210 1 B/8% ! 7 ! 3/ 10 } 30 }
1lest 2 | I | | } i t
| tUa= | 11.5 i 5,68 | 8&/116 | 7 \ /16 | Q !
{treated| ] ! } | ] ]
~ {eontroi} } i ! | ! |
- } Trreated) 9.8 ! 8,77 + 9/8% | 10 ] 0/10 | 0 i
{eontrol| i ; | ! I i
{ 10 6.5 } 8,97 { /80 | 9 } 3/6 | 50 1
t 2.0 6.0 i 3.3t L /5T 4 12 i 3/7 i 43 }
} 4.0 - | 0 } | } } } !
i 8.0 |} 0 i : } i i ]
116,0 ! 0 i ] | ] | L
Data from Khera and Ruddick (6); treated controls given anisole-corn oil.

Courtney and Moore (128) administered TCDD to CD rats

subcutaneously in solutions of 100% DMSQ on days & through
DM30 was administered as the
control. Kidney anomalies were found in four of the six
litters (67%) whose dams were administered 0.5 ug/kg as
compared to 0% (0/9) 4in the controls., TCOD did not affect
fetal mortality, fetal weight, or cleft palates in the

fatuses,

Dow Chemical USA (110) conducted a2 three-ganeration
reproductive study on Sprague-Dawley rats continuously fad

the equivalent of 0,001, 0,01, or 0.1 ug TCDD/kg per day.
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4 preliminary report cites reduced fertility ané litter
“aurvival in fo rats as the reasons for discantinging the
0.1 ug/kg dose level; significantly reduced fertility was
also obser§ed at 0.01 ug!kg. "Clearly evident” indiCaticns
ofltcx{city at 0.O1Iug/ks among fz and f3 litters included
smaller litter size at birth, plus decreased survival and
growth of necnates. Dilated renal pelvis was observed in
each of the three f1 rats at 0.1 ug/kg whieh survived to
adulthood. Increased frequency of this anomaly was also
seen anong weanlings at lower doses; however a dosew
related or generational correlation could not be madae.

In summary, Dow concluded that "the reproductive capacity
of rats ingesting TCDD was ¢learly affected at dose levels
of 0.01 and 0.1 ug/kg per day, but not at 0.001 ug/kgvpér
da} , through three suyccessive generations," The pre=
liminary report did net include the numerical data neces-

sary for Agency evaluation., Analysis will continue as

thesa becoﬁe available,
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Adverss reproductive effects due to TCDD have also

been observed in hamsters and chickens, Gastrointestinal

hemorrhage was noted in hamster fetuses after‘adﬁinistra-

tion of TCDD at 0.5 ug/kg per day on days & to 10 of ge
tion (U48; 62). Buu Hoi et al. (111) established that
0.02 u;fkslTCDD caused teratogenle effects in chick embd
Bowes et al, (137) and Verrett (136) confirmed these
results. They found abnormalities in the beaks, eyes,

and fsat of chick embryocs after TCDD exposurs,

(¢) Summarvy

Studies have established that TCDD is fetotoxic
and teratogenic at doses as low as 0.125 ug/kg in rats
(129) and at 0.3 ug/kg in mice (127); preliminary data
Dow (110) indicates that TCDD may have effects at 0.01
in rats. Cleft palate and kidney anomalies haée bsen
observed in rats, mice, and hapsters, No fetotoxie or
teratogenic effects have been observed at dose§ of 0,03

ug/kg in rats (129) and 0.1 ug/kg in mice (135), Table

sta-

ryos.

from .

ug/kg

15,

lists the no-effect-lavels in rats and mice for teratogenicity

from TCDD.
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Table 18, _No-Effaect-levals forn Toaratggenesals frem TCDD

| |Reute of Ad=-|No-Effect=Level|

]
]
b Refaranace 1

aalmi tn ! » 7,
.. | Rat i Subcutaneous| <0.5
! ] oral = | 0¢125
- ! Qral | 0.03
| Mouse |Suybcutaneous) <1.0
] ! fral \ +€0.3
] ] Qral ! Q.1

|Courtney and Moore (128) |
IKhera and Ruddick (8) i
| Sparschu et al, (129) o
|Courtnay and Moore (128) |
INeubert and Dillman (127)}
18mith ot at, (313%8)

- Courtney at al., (123) developed the first evidence

that a 2,4,5-T pesticide product was teratogenic and fetotoxie

(Table 16).12/ The 2,4,5-T used in this study contained

approximately 30 ppm TCDD., The psesticide was administered

daily either orally or subcutaneously on days 8§ to 13 of

gestation in CS57BL/6 mics, days 6 to 15 in AKR mice, and

— days 10 to 15 in Sprague-Dawlsy rats,

Subcutaneous adminig-

tration of 113 mg/kg body weight resulted in significant

inecreases in the incidence of cleft palaté and g¢ystic

kidneysL/ in the embryos of both strains of mice, and

fetal wmortality in the CSTBL/6 mice, Oral administration of

10/ "'Results of this study ware published by the Dapartment af
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 inereased incidence of "cystic kidneys" in the aoffspring
of 2,4,5-T treated animals %o retarded development, rather
than true teratogenesis, Reduction in fetal welight and
ineroased incidence of ¢left palate ware alse observed

among the fetuses of treated dams.
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Table 16, Teratosents Buslustian of 2.4 5&:1: VAR _.

e —
———

1

i

{ .Avg. Live;AbnormaliS Fetuses . :

' | Fetuses |[Fetuses | with. }Fetal - }|Abnormal
H

|Route of,

_ Mouse = |Adminis- {Dose # Lit-| - iCleft lestic IMortality!Litters

Strain teration 1 {ma/ke)iters ! L iPalatelXidney | ¢ i3
/) ' ‘ | | | ‘ | ’

- cs7BL/6Y | t l t '

. Nontreated! ea-m | —we ] 72 | 5.8 A e S R 4 I T B 26 | 38
Control  |Subcutansous| b 108 | 5.5 O -2 R S T - 29 1 k2
Control  |Stomaeh tubel g/ | 32 | Tat [ B S R « I S B 15 1 B
Treated %Subcutaneous! 21.5h/§ 6 ! 7.7 | 12 i 0 ! 0 ! 3 ! 50

] i
Treated ESubcutaneous!113.0h/} 18 ! B4 ! 5?1/ ! 221/5 s/ i 42 | Bﬁif
] ] ) 1 ] ]
Treated |Stomach tubel 6.4 & | 85 | 31 2 | 37V | s | 100¥
- I 1
Treated !Stomach tube[113.01/' 12 i 4.8 ! 701/ ! 231/5 381/ ! ﬂTJ/ ' 10011
. 3 ) i H ) ' i } :
]
es7L/64 i | | | | | | | |
" Nontreated| ewae | a=m |} 8 |} Bt i 3t 0 T 3% !0
- Control  |Subcutaneous! £/ | 10 | 6.1 | 8 + o 0o i 23 1 30
] 1 i ] I 1
Treated iSubcutaneousE‘lB.Gh/ TR X 5 T T BT L T O R T
i ; | ] o | ! ! '
a ! 1 ! ! |
axp | ! | i { | | ] 1.
Nontreatasd| ewew | wew | 58} Te1 i s | <& <1 v 18 19
. Comtrol  {Subeutanesus! f/ | 72 | 6.9 ! Bt o<1 | o< 15 | 2%
Control  |Stomach tubel g/ | 12 i 8.8 i 6 + o}V o | 9 | 0
] } 1 ] ] 1 ]
Treated ISubcutaneousl113¢0n/§ 14 i 6.9 to2gd/ | 2&1/5 1 23 | TTi/
I I ] 1
‘ oh tubel113, 08! gt g3 | ssd/t ged/t o | ol | 400l

K‘x. m L N e T N N

Contained approximately 30 ppm TCDD.
Data from Courtney et al., (123). : :
Treated from day 6 through 14 of pregnancy. Killed on day 18 of gestation.
Treated from day ¢ through 17 of pregnancy. Killed on day 18 of gestation.
Treated from day & through 15 of pregnaney. Killed on day 19 of gestation.
Dose, 100 ul DMSQO per mouse,
Doss, 100 ul honey sclution (honey to water, 1:1) per mouse,
Administered as 2 solution of 2,4,5-T in 1004 DMSO in a volume of 100 ul per mouss,
2,4,5-T was suspended -in & honey solution (honey to water, 1:1) in a volume of 100 ul
mouse. N
s 0.01,
p z 0.05.
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the same dose caused increased ineidsnce-of cleft palate and

.fetal mortallitiy in beth strains and cystic kidneys in

CSTBL/G'ﬁiee. Courtney at al, also reported ihcreases in

- —

li?er-to;bohy weight ratios in fetal m;ce.‘

These investigators alse found that 4.6, 10, or 46.3
ng/kg 2,4,5=-T given orally to Spragus-~Dawley rats produced
kidney anomalies and other smbryotoxic sffects at all levels
{Table 17)+ The eccurrence of hemorragic gastrointestinal

tracts in rat fetuses was also reported,

Roll (125) found embryotoxie and teratogenic effects
in NMRI mice arter-;;gﬁziiftéxposure to 2,4,5-T containing
.05 2 0.02 ppm dicxin (Table 18). 2,4,5-T at 20 to 130
ng/kg ﬁody walght was administersd_ﬁr;l;y io the danms an
each of days 6 to 15 of gestation. A% §0 or 130 mg/kg,
the pergentags of raescrptions and/or dead fatusles was

markedly increazsed relative to the controls; however,

maternal toxic effects were also observed at these dose

levals.izf Statistically signiricant, dose-related

reductions in faetal weight were observed at 20 ag/kg

and above,

J2/ Although the LD-50 for female NMRI mice had been
praviously determined to be 778 wmg/kg, an increased maternal
portality rate waza seen at 130 mg/kg and weight gain was
depressed at doses above §0 mg/kg (1251},
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Table 17. Teratoss vall R /
Par Litier :
Avg, # Live!Abnormall$ Fetuses H
Fetuses {Fetuses | with: ' |

% |Enlar-]Cystic |

— — ——

i {
H ;
! ;
f ' 1 } ;
; | Route of i i ! lged  |Kidney |Fetal | Abnormal
' TeSt {Adminise Dose |# Lita| ; |Renal | {Mortality|Litters
. Animal itration 1 {me/ke)iters | ! jPelvisi ! % .
: ! g ! 1 8 1
pats®’ | | | | z ! ! | |
Nontreated! we=a } e 1T 9.9 ' 9 I ¢ 1 o | 11§ i3
. Control  |Stomach tubel 4/ | 14 | 8.7 12 b 12 Y o1 1 | 87
. 1 ] 1 I l GE/ i i i ,
© Treated |Stomach tube| 4.53/! 8 | 8.2 i3 ! 181 21 ! ) - 88
: 1 1 ' I
" Treated !Stomach tube! 10.0% | 7 ! Te1 | ugd | 17 ' 30‘/ E 2 | 86
1 i ] { ]
! Pag @l g 1 o0 1 g1 op | o/ L& o

/ Contained approximately 30 ppm TCDD.

/ Data from Courtney et al, (123). '

/ Traated from day 10 through 15 of pregnancey. Killed on day 20 of gestation.

/ Dose, 200 ul honey solution (heney to watsar, t:1) per rat,

./ 2,4,5-T was suspended in a honey soclution (honey to water, 1:1) in a volume of 200 ul
ar rat.

/ = 0.01.

/ p = 0.05. .

/ The sample 3ize was possibly too small to show a significant difference,

hi Lad . - , /
i |Resorptions and/oriFatal |
]

Dose |Implantations! Read Fetyses ,waight L cleft Eala:g ;

1 1
0 | 1041 io19/332 i S.74 1.23 i 6/313 b o149
20 | 9.8 i 30/34% I 8471 1,09 |} 67314 | 1.9
5 | 9.5 | 22/248 I 8.91 1.06 | 14/226 | 8428
60 | 9.9 i 15/208 { 7.2t 1.05 | 19/193 i 9.81
90 | 9.8 | 357293 111.91 0.86 | 39/258 115.14
130 4 9.6 [ 1917216 160,41 0,73 | 817125 | 48,81

~ / Data from ﬁoll (125).
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Claft palate increased among fetuses exposad to 3§
ng/kg or more and wa9 significant when comparsed with control
values, Sksletal retardation effects, manifested as insuffi-
aient ossification, were also observed, The teratogenic
no=-effect laeval {n mice for this 2,54,5-T was Tonsidersd to
be 20 mg/kg. Later studies with a specially prepared sample
of 2,4,5-T with no detectable amounts of dioxin (defection
limit: <0.02 ppm) confirmed these results in miece (125,
128)« By contrast, daily oral adminiatration of 29 %o 150
ng/kg of either the dioxin-free or cosmercial grade 2,4,5aT
{<0.1ppm dioxin) did not produce taratogenic effscts in FVW
49 rags (126).

———— - e

HQubegt and Dillman (127) also studied the effaects of
g,u,s-r in RHRI mice, using three samples containing either"
{A) lesa than 0.02 ppm dioxin,.(B) 0.05 & 0.02 ppm dioxin
(pfavided b?unr. Roli), or (C) an unknown amount of dioxin
(Table 19). Their results confirmed those obtained by Roll
(125)s  2,8,5~T was administered to the dams orally in
rape;saed oil on each of days 6 through 15 of gestation at 8

to 120 mg/kg body weight.

The avarage number of resorptions was significantly
higher than the oil contrel at 60, 90, and 120 mg/kg of
sample (i), and 90 mg/kg of samples (B} and (C), Total
resorpticn of one litter was observed in four of the groups

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

w8 bw



three of the litters treated with 90 mg/kg of saﬁple-(B);
none was seen in the controls, Fetal'weiﬁht was ;ignifieantly
depressed in all treated groups compared with the oil

cantrol,

L

The percentage of ret&ses with elerft paléte was
aignificantly higher than tﬁe control group in all 2,4,5-T
groups treated with 45 mg/kg or more. In the groﬁp treated
with 120 ng/kg 2,4,5=T containing <0.02 ppm dioxin, 54%
(7/13) of the litters and 119 (16/145) of the fetuses
exhibited eleft palate compared with oil control values of

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

These inveatigators also tested the butyl ester
of 2,4,5-T and found similar effects. In experiments ‘
combining 2,4,5-T and TCDD, potentiation of teratogenic
effects was observed. Sixty mg/kg of 2,4,5-T (sample
A) combined with 0.3 ug/kg TCDD increased cleft palate
frequeney among fetuses from 5 to 14%. In this study no
¢left palates were obaebvad among fetuses treated only with

0.3 uwg/kg TCDD,



Tabls 19, Embrvotoxio Effects of 24,57

| ! | ] Rasnortion (RE3) | : -

1Dtoxin | |% Littersi$ RES/Implan-iRES/Single |Fetal | Cleft Palats (CP)
{Content|Dose  |with RES jtation Sites jLitter w/RES|Weight |% Litters{$ Fetuse:
1Treatpent ifoom) ‘ima/kgdi. | () i(gransdiwinn CP  lwien CP
fwone e = | 2 | 4 I oo | 1.26‘4 6§ | 0.6
1042 qontrol] «== | Q.4 mli 2 | b | 0.5 ! 1.30 8 I 0.7
fa,5,5.t ] c002lao | 5 | 3 | e |12 ! a | a
s | 3¢ | s 1 oes Ml os
| | lse0 | s | 7 1 a8 Lol a1
| l fsse § ss 1 6 1 e  dose®l s | &
| | oo | 63 | 1 1 @ el 20 | &
| | fgous | =3 | 8 1 1 e 33 | ¥
| l l1zosa | 58 | 10 b Joel osu 1
f2,8,5.7 | 0.08 {3000 | a4 | 5 oo tia® 2 | 2
i | lsoas | s7 | 7 | o 1 o | &
| | lsos | 71 | 8 | e o™l s | 2
L2 s5-r corlummounlong 1 70 | 13 | oo iRt s i 262/

A/ Datz from Neubert and Dillman (127); 2,4,5~7 sample (k) r!ceived from Roll {12%
B/ p L 0.0t

Bage ot al. (132) injectsd NMRI ttice suboutaneocusly
with 50 and 110 mg/kg 2,4,5-T (<1.0 ppm dioxin) an sash of
days 6 threugh 14 of gestation, 4t 110 agrkg, 2,4,5-T was
teratogenic, causing rfetal death, sleft palate, and sther

anomalias.

Courtney and Moore (128) studied the affacts of
2,4,5=T7 in CD=1 random-bdred mice, twe atrains of inbrad

mice, DBA/2J and CéTBL/EJ, and CD rats (Table 20).
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I Tablse 20, Eﬂh. yotoxis ﬁcrgg;: gr Analytieal and Teehnical 2 Y% 5. Tl/

! [ | Clefy Palake (CP)] 1 ;
| } ] ls Fetal .Fetal .s Littersi# CP perl!% Litters!s Affected Fetusss]
H , | Doas .Hortality IWeight |[Affectad |Affected|iffected |per Affected ;
! ag! ! ! r 3)1 1L itter | [ ittan !
{ CD=t § ! ] ] J | ! | ]
| Mouse | i ! i } ) | ] |
{Expt. 1} DMSQ | o= | 6.6 | 1,35 | ¢ | 0 | 0o | 0 !
' 12,4,5-T 1 50 | 6.6 | 1,26 | 0 | 0 | o | 0 Vo
' {(Tech,) | ] | | | | | ]
' 12,%,5=-T { 100 1 T.5 i 100 | 3 3.0 | 0 | 9 i
! 1{Tach.) !} } i ! ! ! | }
| 2, 4,5-7 {o1se?] s1.7 0,91 { 100 | s3 ! o | 0 |
' i(Tach) | ! ! j! ; ' !
|Expt, 2| DMSO | -=v | 8.8 | .02 \ 0 t 0 1 33 | 1.0 :

i [ , I [}
| {2,452 1 100 | 9.6 o7} 85 { a4 i 78 1.7 ;
) 1{Amaty 3! ! ! 1 { H !
| 2,452 1 100 | 107 loestl w0 | 201 & | 2.4 I
| {(Tach,) | | { ' | | } E
| le,0,5.7 1 100 | 116 fo.es¥i 30 ! 20 | t00 | 8.2 :
! |CAnaly.}} } | ' } | b s ;
! | ] 1 | 4/4 . ! [ . i
! 12,4,5«T | 125 | 12.% ! 9.7 | 78 ' S8 | 67 | 4.3 |
] 1¢analy )i ! J 1 1 i i !
| Mouse f2,8,5-7 1 100 } 210 fos®l 27 Ve 1 9 | 1.0 !

§(Tagh,) ! i ! ! ! ! ] :
{C57B1/6) DMSO | —== | 10,8 1 0,99 | o | 0 9 | 1.0 :
| Mouse }2,4,5-T | | ] i ! ! ] E
| !('rg:h ) 00 | 8.9 0. 75Y Ip 1.2 g | 0 !
| CD RatlSuerose -~ | 3.4 2.48 | 0 0 ' B 0. i
! I('rech.) i i | i | i | :
! {(Tech,) | } } i } ! ! }
] {{Tech.} ! i ! } } 5 ! i
I l2,4,5.7 | 80. o‘/l 527 123 1 o | el s | 8.0 {
i Y Tach,) | ! ! ! | ] !
a/ Data froa Courtney and Moars (128).
L/ Investigators thought this data to be close to a maternal toxic doss.
5/ Matermal LD-40,
4/ p < 0.05.
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2,3,5-7 containing 0.5 ppm (technical) or 0.05 ppz (analytiecal)
TCDD was administered subecutaneously to @ice at.so to 150
-mg/kg in DMSO and orally to rats at 10 te 80 mg/kg in

aucroaé on each of days 6§ to 15 of gestation; At 100 mg/kg

-

or mere, both 2,4,5-T samples produced significant reductions,
which dppeared to be dose related, in fefal weight in all
strains of mice; rats were not affected., 2,4,5-T was
fatoeidal at two doses, byt the investigators considered

this effeat te be dus te maternal toxiecity.

Both 2,4,5-T samples produced claft palate in mice.
For CD«l dams treated with 100 mg/kg of sither 2,4,5«7
sampla, U0% of the litters and two fetuses per affected
litter evidenced claft palate ocmpared with 0% in the
sontrol (Expt. 3). No eclaft palétes ware observad aﬁoné the
rgt fetuses,., To verify this observation, a second group
of rats was given two 150 mg/kg doses of technical 2,4,5aT
subeutaneocusly at the tiﬁe of palate closure (days 13
to 1%),. Again, no cleft palates were observed; however,
thers was a 3ignificant increase in fetal mortallity among )
treated animals (14%) when compared with the controls

(0%).

Fatuses of CD=1 migce treated with analytical 2,4,5-T
also showed inereased incidences of kidney ancmalies;
the responae to technical 2,4,5-T was net as great.,. At 100
mg/kg, 100% of tha litters and 4.2 fetusas per affacted

litter of dams treated with analytical 2,4,5-T displayed
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kidney anomalies, compared with 80% and 2.4 for fechnical
2,4,5-T7 and 63% and 2.0 for controls (Expt. 3): The effect
in inbred strains of nice was comparabie‘with contrel
values, In prats, technical 2,4,5.T at §11‘¢ose lavels
produced higher incidences of litters affected and numbars
of fepus?s per litﬁar affected than seen in ﬁhe eontrol
animals, 7The maximum effects on kidney anomalies in rats
ware S50% of the litters and 4.0 fetuses per litter at 80
ag/kg, compared with 0% in the contrel litters.

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

2,4,5-T (0.05 ppm dioxin) either orally or subcutaneously

during various segments of the gestation periocd (Table 21}%3/
Cleft palate was seen in all groups treated with é,;,SfT;
there ware no instances of this anomaly within the control
groups, At 0.8 unM/kg, U8% of total fetuses and 37% of the
littarﬁ evidenced this malformation. Statistically signifie
cant {(p £ 0.05) inecreases in the percentage of fatuses dead
and/or raesorbed were observed at the highest doses. All
dose levals had adverse effscts on fetal weight. The author
noted that by slightly altering experimental conditions, the
cleft palate effect and thg effects on fetal mortality and '

fetal weight could be produced independently.

J3/ Maternal toxieity was also observed, evidenced by
reductions in maternal weight gain and inereased liver=
to=body weight ratios (1334),
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4 T [ - -01

A { ) L¥iable Normal Fetuses! tFetal 1Cleft Palate (gvg, 33!

1 | Daze {Days j#/total #t % |$ Fetal IWeight iFehuses {  Litters)

|Yehicla !(mM/ke)!Dogs ! : {Mortalitvi(gramg)i i ]
1 I | 1

Hottead®| —— frowis! 7580 | o4 1 6 Jows o — ] e |

' | we=  J11=13) 997112 | a8 i i 0,94 | ] |

H } === }12-15| 108/126 | 86 P13 1.0t — ] —

i} | 0.45 |10-15) 86/107 | 80 e | 0.89 | 7 6 !

it | 0.80 1711-13] 88/122 | 72 i | 0.87 | 16 | 18}

L : { 1

i: !o.ao Fietsl 259 | 36 | 26 | o.87 | 48 | a7 |

] 1
i | 1,001 180 75/82 | a3 | 8 toas | ]
i [

bouso/ | —  lizwisl wseiml s 1 o2 bz ) e | e

| i 1,00 512=js! 11268 | 16 | 7o 19,70 | 48 1 g7 1|

a/ Data from Courtney (134),

b/ Carn oil:idcstona (9:1)--oral.

g/ Dimethylsulfoxida - subcutaneous.

4/ This concentration excseded the solubility characteristics of the vehicle,

Doubling the volume of wvehicle resulted in sffects more consistent with those

found at lower doses,

'‘a/ p £ 0.05. '_—' —
ﬁ'pgmmu

KEhera and McKinley (130) studied th; prenatal
and postnatal sffects of 2,4,5-T in Wistar rats, using
- four samples containing no TCDD (detection limit: 0.5
mg/kg) [Table 22]. Twenty-five to one hundred firfty mg/kz
body welght per day weré administered to the dams, orally in
gelatin or corn ail, on da;s & to 15 of gestation., At 25

E and 50 mg/kg, the differences between experimental and

pp—— L "-

control values were minimal, However, at 100 and 150 mg/kag,
there were significant (p < 0.05) seffects on fetal weight,

number of dead retuses, and percentage of malformed fetuses
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per litteréjf The larger proportion of palformed fetuses

in the treated groups resulted from either an increased
ineidence of ske}etal anomalies alsolseen in the controls of
a loﬁ_incidénce of abnormalities not observed in the c¢ontrols., .
The ropmer category included wavy ribs, retarded_ossification;
extra ribs, and a variety of sternal defents; the latter
ineluded fused ribs, smali-sized distorted scapula, malformed
humerus shaft, and bent radius or ulna, Abnormal kidneys

 were observed in T to 4535 of the examined fetuses treated

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

/
iCompundi{Dose |# of jAvg, # per Litter|{Fetal |Avg. % Mal- |
. }(mg/kg) iLitters|Viable |Dead {Weight |formed Fetuses)
¥ 1 [} ] ]

' } i | Patyses | Fe ‘ an 27
| T=1 |Treated| 148 | 11,1 | 0.6 | 4.65 | 15 '
i |Control | ] ] | ] '
] i 50 { 7 J12.9 t 1.3 I 4,84 | 24 '
! J 100} ¢ 11,3 ' 1.9 t 4. 60 ! 29 i
| Tw2 |Treated! 10 | 9.2 | 0.5 i 5«34 | 10 i
{ |Control} } i H } |
| I 25 | 13 1} 10,5 | 0.8 I 5.06 | 15 |
} i 50 | 12 | 1.7 | 0.5 | 5,15 | 9 '
} o0 1 9 ! BAR 1 24 | b 87 | 32 H
} iTreatad] 10 | 12.6 | 0.7 | 4.67 | 26 '
| . {Control! ! ] | ] : ]
| b 25 } 11 | 12.7 )} 0.5 i 5.15 |} 10 1
] P 80 1 18 111,53 | 1.4 to4.91 28 ]
! {100 1 10 | 11,0 | 0.6 i 4,35 | 36 |
{ i 15¢ 4 & f 11,6 ' 2.2 { 3,08 | 56 i
| T=3 {Treated} 10 | 11,8 | 0.7 } 5431 | 17 i
! iContrel) ' h ] ' }
; I 25 | tlewt32,2-3~09- | 5,00 | 11 '
} ! s0 |} 2 | 11.0 § 05 POBTS 56 }
' 1100} 12§ 12.6 | 0.9 i 5.00 | 37 i
{ l 8¢ 1 1t 11,0 1 1.0 P 2,00 ! 91 !
bpp8/ | s9 1 gt qsa 444 daon i 14 i

a/ DbData from Khera and MeKinley (130).
b/ One or more skeletal malformation {viable fatuses),
&/ No treated control given,

Ji4/ Statistical significance was determined using the
average value per dose lavel, Data from T-4 were not
used in this analysis. Cl
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In the postnatal portion of the study,‘atter
narmal delivery, survival rate, sax.ratig, and pup welght
on days 1 and 21 were compared. Although treated pups
surviving from day 2 to 21 ware slightly amaller at .some
dozse levels, thers were no significant differences from
ccntrois for any variabie. In sqame experiments, litters
were standardized at 8 pups on day 2, and the remaining
littermates examined for defects. The inceressed incidences
of malformations among treated groups wers comparable
te theose found in tﬁe prenatal study, Assuming the same
incidenecs for pups not examined, the investigators con-
e¢luded that there were no real differences in survival
rates among control and treated groups. The butyl ester of

2,4%,5~T produced similar toxie affects,

Sokoelik (131) orally administered 100 and %00 mg/kg
and 50 and 200 mg/kg of 2,4,5-T and 1%s butyl ester to rats
of the Rappolovo line an each of days t to 14 or 1 ta 18 of
pregnancy. At 100 mg/kg, 2,%,5-T produced embryos with a .
combination of deformihies'including absence of lower jaw,
abnormal hind limbs, and exophthalmes. 4t 400 mg/kg, the
smbryos of treated rats svidenced cleft palate, hydrocephalus,
hydronephrosis, and abnormalitias of the upper limbs which

included tridactyly, webbed ftoes, and abnormal shortness.
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The butyl eater of 2,4,5-T was more toxie than

the parent compound, causing more than 30% embryonic mertality -

_at 200 mg/kg, The lower dosa, 50 mg/kg; also caused

high mortality among the embryos, <Claft paléﬁe,'hydronephro-
sis, hydrocephalus, and extensive gastrointestinal hemorrhages
were also observed Qithin the treated groups, From these
results, the author concluded that 2,4,5«T and its derivatives

have a high potential for teratogenic activity.

Collins and Williams (124) tested seven samples
of 2,4,5=-T from different sources for embryotoxic foects in
golden Syrian hamsters (Msaocricetus auratus) [Table 23],
The dioxin centents ranged from not detectable (detection
limit < 0.1 ppm) to 45 ppm. Daily oral doses of 20 to 100
ng/kg body weight were administered in acetone:corn dilicar-_’
boxymethyl cellulose {(1:5.8:10) on days ﬁ to 10 of gestation.
2,4,5«T with no detectable dioxin significantly (p < 0.05)
reduced fetal weight and fetal 7iabili£y per litfter at all

levels tasted,

Total fetal mortalit} was greatly inereased at all
lavels when compared witP controls and was dose-dependent,
as was the affect on fetal viability. The inereased
incidence of gastrointestinal hemorrhage alsoc appeared to be
dose related, At 100 mg/kg, "purs” 2,4,5-T caused increased
incidancgs of malformations and reductions in the number
of live fetuses per litter, One "pure" sample, F, at

100 ag/kg significantly reduced fetal weight from 1.8 -
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t/ Data from Collins and Williams (124).

i Rat detected.
¥V p < 0.05,
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to 1.5 grams, reduced fetal viability from 96.7 to_71.h$,
and increased abnormalities from 3.5 to 40%. The anomalies
assoclated with 2,4,5-T containing no dioxin.wére exencephaly, -
aye abnormalities, delayed head ossification, and hind
l1imb deformities.

Increasing the level of dloxin contamination inecreased
fetal mortality and the Ilneidence of abnormalities pepr
litter; fetal viability was reduced. 4 clear correlation
was found betwaen the lsvel of dioxin and abnoermalities per
litter, Although the incidences of hemorrhages alsce incraased,
no relationship between it and dioxin level could be found.
Bulging eyes (absence of eyelid) and delayed ossification
were the most common anomaliss seen among fetuses exposed
to dioxin-contaminated 2,4,5«7; exencephaly, edema; cleft -
ﬁalate, ectoplec heart, and fused ribs were also cbserved. -

‘Emerson et al, (141) found no adverse sffects of
commercial 2,%,5-T, contalning 0.5 ppn TCDD,Ion fatal
davelopment in Sprague-Dawlasy derived raps and New Zealand
white rabbits., Daily oral doses of 2,4,5-T in gelatin w;re
administered to the rats at 1 to 24 mg/kg on days &§ to 15 of
gestation; to the rabbits at 10 to Y40 mg/kg on days 6 to 18
of gestation., The investigateors found no maternai or

epbryonic toxic affects in either species, nor was 2,4,5T



qonsidered teratogenic under the condiiians aé:theﬁe expéri-
ments, The most }requently observed abnormg;ities were
accessorz ribs, hydronephrosis, and retar@;ﬁion in_the
development of the sternebras., With the excepticn of partial-
ly ossifiad zternebras in both species and bilateral accessory
ribs in the rabbit, the incidence of these ancmalles was
greater in the control animals than in the e;amined treated
groups., |
Sparschu et al. (140) orally administered 2,4,5-T,
containing 0.5 ppm TCDD, £o rats in daily doses of 50
and 100 mg/kg on days & £o 15 and & to 10 of gestation,
reapectively.- aaQuIEQ are gzvsn in Table 24. At 50 mg/kg,
there were no significant maternal or eabryonic toxice:
effecty attributable to 2,4,5-T except for an inereased

ineidence of delayed skull ossification, and a2 single fetus

—with iptestinal hemorrhage. At 100 mg/kg, 2,4,5-T was toxic

o both dams and fetuses.li/

J5/ The high rate of maﬁernal gortality caused dosing
to be stopped on day 10, instead of day 15. Significant
reductiony fm—weight gain were alsc ahservad.
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4 a - . a 1 “a a . | ‘a'/

) ' deeRose {pmz/kg per day) |
} Parampeter } 0 50 | 1090 !
|# Viable fetuses | | ! |
| Total | o2s2 oae3 ) 2]
| _Mean per litter L1191 een
1% Resorptions | : ' ! '
| Litters ' 63 | 81 | 100 |

1
‘ o | 6.7t 12,9 1 75%/ |
{Fetal weight (grams) i o | I
| Maie booowesr | os3s ] 3570/
| Female . | 8,17 5,15 3,528/
1Sex Ratio (M:F) } _53.47 44.54 22:77
{Abnormalities ! i ¢ |
1(% fetuses examined) ! i ! |
} Poorly ossified sternebrae| ! ! -
¥
b Fifen I 152 b2z ) s7.197
| Sacond and fifch ! 3.0 P42 14,3 |
! Multiple . } 8.3 1| 12.6 | 14.3 |
B ] 1
i Malaligned sternebrae ' 0.8 bo2.1 28.&Q/!
| Delayed ossificatien ! ' : l ]
i Interparietal I 3.8 l16.88/| 28.887]
¥
l Pa!‘ietals | 300 |16.8£,| 57»13/!
4
I Frontals | 0.8 | ogue/l  qy.q |

a/ Data from Sparschu et al, (140),
b/ All viable fetuses from one litter,
s/ p < 0.08

Resorptions were observed in all litters; T75% werse
totally resorbed, Fetal weight was significantly (p <
0,001) reduced in both sexes and the sex ratic 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 osaified and malaligned stern;brae and
delayed skull cssification. The investisgtora gonceluded that
the delayed ossification observed in this study was a
”reversible manifestétion, rather than a true teratogaenic
effect, . | ---'

(»)

Adverse raproductive effects of 2,4,5-T exposure
have been obsarved in other mammalian test systems,
Lioyd at al., (173) reported on in ¥ivo enzymatic studies
showiﬁg raduced upbtake and metaboliasm of testostarone
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).

fefimenko {(151) reported on the affects aof acﬁte'
and chronic sexposure to the butyl ester of 2,4,5-T on
gonadal and somatic tissue in an ipn yive cytegenetic
study in male albino rats, Chroniec effects on thé g§0=-
nads were obsarvad after exposure to 0.1 ug/kg for two
and one half months., Adverse effects (seen at seven month;,
when the experiment was tarminated), which were considerasd
persistent effecty, tneluded teaticular‘atrophy, decraasad
sperm count, desquamated tubules, and aberrant calls
in the germinal epithelium, Chromosomal aberrations
.were also obsarvaed during the chronic phase of the ex-
periment. EPA svaluation of this study feund inadequacies
in the methodolaogy which would prevent the drawing of
firm conclusions from this data (106).
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Recent studies in rats by Sjoden and Serrbers
[ecited in (25)] appear to show that prenatal eiposdre
to 2,4,5-T leads‘to behavioral abnormalities and changes
in thQréid aotivity and brain seritonin 1ev;is in the
pregeny. TSingle oral doses of 100 mg/kg were administered
to the dﬁms on days 7, B8, or ¢ of pregnancy.

(e) o e scie

Embryotoexic effects in avian spec;as due to 2,4,5«T
exposure have been reported. Verrett (136) Qtudied the ‘
effects of 2,4,5-T, containing either 27 or 0.5 ppm TCDD,
on chicken eggs., The 2,4,5-T was injectad through the
air c¢ell of the aggs, eithar preincubation or on the
fourth day of incub&%ion. T;; gample containing 27 ppm
TCDD was foundlto bé more lethal (LD-50 = 25 ug/egg) than
the less contaminated sample (LD~50 = 100 ug/egg). Both
samples produced teratogenic effects, ineluding chicek
gdema,_e}eq;efeets, beak def;cts (primarily cleft palatae),
and short, twisted fset resulting from tendon slippage.
T;Fﬁtogenio effacts were observed at doses as low as
1 ppe (50 ug/egg) with thé sanple containing 0.5 ppm
TCDD and as low as 0.125 ppm f&.zf ug/egg) with the sample
containing 27 ppm TCDD.

Lutz and Lutz=O0stertag (138) studied the action
of 2,4,5-T, in aqueous solution at a concentration of
2 £to 10 g/liter, on the embrycnic development of quail
(Soturnix coturnix daponica), chicken (Gallus gallus),

T



pheasant (Phasianus golehicus), and twofpartri&ée species
(Alsgtoris rufa and Bgzgzix-ng;gzii). The 2,4,5=-T was
admiﬁiatered by dipping, spraying, and organﬁ;typic cultures, -
Abnormal gvenital b:_‘acts were abserved in allll-rspelcie.s,
indicating abnormal sexual differentiation. Fuétner,
worphologieal changes in the testes often gave the appearance

of true testicular atrophy. In ancther study, 2,4,5-T

affectad fertility in birds of both sexes (139).
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(d) Studies dn Avian Species in Which Adverse

ra lad

‘Using 2,4,5-T contaminated with less than 0.1 ppm
dioxin, Strange and Kerr (142) found no abnormal development
in chicken embryos, Doses of 12.5, 25, 50, 75, 100, and 125
mg/kg were injected into eggs on days 0 and 5 of incubation;
observations were made 48 hours later. At this deavelopmental
stage, kidneys were not sufficiently davaloped to detec; the

tubule lesions reported by Bjorklund and Erne (143),

L4

(e} Summary

Studies have established that 2,4,5-T is fetotoxiec
and teratogenic at doses as low as 35 mg/kg (0.05 & 0.02
ppm TCDD) in mice (125); 4.5 mg/kg (appro#imately 30 ppm
TCDD) in rats (123); and 20 mg/kg (0.5 ppm TCDD) in hamsters
{128), Cleft palate and kidney anomalies have beesn observed
in mice, rats, and hamsters, No fetotoxic or teratogenic
effects (no-effect levels) have been obsgarved at doses of .
20 mg/kg (0.05 » 0.02 ppm TCDD) in mice (125) and 25 to 150

ng/kg (0.05 = 0.02 ppm TCDD) in rats (12%5).

(3 rs ¥

In order to determine whether a rebuttsble presumption
should be issued based on reproductive and fetotoxic effacts,
pursuant to Section 182.11(a)(3)(i1)(B), the Working Group

must determine whether or not an ample margin of safety
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axists betwesn the levels of 2,4,5-T and/or TCDD which
produce reproductive and fetotoxic effects, and the level(s)

to whieh humans can reasonably be anticlpated -to be exposed,

- - —— .

The cancellation of uses of 2,4,5-T on food érops
intended for human consumptiocn and for use arcund the
home, recreation sites, aquatic aress, and diteh banks in
1970 was thought to havae eliminated the potential exposure
to that portion of the population at risk (women of child-

bearing age).
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Social changes over the last few years, however,
have given women the opportunity for amﬁicyment:in ﬁreaa
 that once were considered open only to men. _gince women
of ohild-b?aring age are now employed in occupations such
as pesticide applicators, opegators of highway construce
tion and maintenance equipment, foresters, and chemical
formulators, they_hava become part of the population at

risk with potentizl exposure to 2,4,5«T and/or TCDD.

In order to determiﬁe whether an ample margin of
gafety exists,ltha-Wo}kiné Group ﬁust first determine
how much 2,4,5=T a woﬁan could be exposed to through
oral, dermal, or inhalation exposure, For each of thess
analyses, the Working Group assumes a woman to weigh_

60 kg. The following calculations are based on an exposure
analysis fer 2,4,5-T and TCDD performed by EPA's Criteria

and Evaluation Division [CED] (1684).

(a) Qral Exposure

Far purposes of thias analysia, the Working Gréup
sonsldered currently registered uses where the possibility
of oral exposure-QS‘Z,E,E-TLand/or TCDD . existed. Treat-
ment of range and pasture land could result in oral ex-
pesure through ingestion of meat and milk from animals
grazing on the treated area, Since actyal data on residues

of 2,4,5-T in animals grazing on treated rangeland is
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unavailable, for purpcses of the 2,4,5«T oral exposurs
agalysis, the Working Group ussed residuse £;formation
obtained -in a feeding study (37) iﬁ which cattle were
fed considerably hishér amoynts of 2,4,5-T than they .
would normally be exposed fo in g}azing en treated land.

The fellowing calceulations are based on the average quanti-

ties of food eaten per day (1.5 kg), as reﬁorted by Lehman

Table 26, 2. 8,85-T Oral FExposurse &nalvads

iNo=adverse~effect 20 mg/kg 20 mg/kg
ileval for tarato- ,

igenicity in mice
i

!

i

|

|

- . ¥

{Avarage level of 0,103 ppmi/ 0.2 ppmil |

[2,4,5-T identified \

' : }

|3 of food item in 19.6% 4.6% M

ltotal human diet ’ b

1 ]

] 1

iAverage amount of 1.5 kg 1.5 kg |

|food 22aten per day \

H i

t \
'Exposu*e te 2,4,5-T 0.0005 0,0002 i .

Iper davy ng/kz ng/ke !

4/ Animals were f9od a2t 300 ppm 2,4,5=-T in the diet for 2 to
3 . weeks, This is a worst case assumpticn for cows grazing
an freshly-treated pasture without a withdrawal period; all
milk and meat was obtained from such cows., Meat (beef)
ineludes muscle, fat, and liver tissuss which constitute tThe
majer pertion of adible m=at.

To find the average daily intake of a single fsod
item, multiply the average daily food intake by the percent
of that item in the total diet: for milk, 1.5 kg X 19.5%

= 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 dally 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, 0.29% kg ¥ 0.103 ppn = 0.03 mg; and for—meat (beef),
0.069 kg ¥ 0.2 ppm = G.014 mg.

The theorstical exposure of an average woman equals
the amount of 2,4,5-T in the daily diet divided by ths
weight of the aversage woman: for milk, 0.03 ﬁg / 60 kg
z 0.0005% mg/kg; and for meat (besf), 0,014 mg / 60 kg
2 0,0002 mg/kg; total exposure from milk and beef products

sould bde 0.0007 ag/kg per day.

w - —

Existing dataz on TCDD residues in animals grazing
on treated rangeland are too meager to use far an analyﬁis
of TCDD exposure t¢ humans through ingestion of meat ar

nilk from anmimals so expeaad,

——

The Working Group congziders that the differencs
genic effects (20 mg/kg) and the calculated oral sxposure
lavel for 2,4,5-7T (0Q.0007 mg/kg per day) does constitute an
ample margin of safety. Since this risk ceriteriocn for ather
eharonic adverse effegts has noet been met or excesded, 3

rabutftable presumption does not arise,
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(b) armal a

In order to conduct these analyses, the Working
Group must detsrmine the amount of 2,4,5-7 and/or TCDD
which would come in contact with the skin and--the amount

that would be abserbed,
(i) * - "

For purposes of this analysis, the Horkiss Group
assumes the applicator to be a 60-kg woman of child«
bearing ags, and the 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
~galculationas of =2xposure are based on dilution for spray-
ing of three pints of formuléted product per 32 pint? of
water, Typical 2,4,5-7 formulations, based on inspection of
a large number of registered labels (164), range from 4 to 6
pounds active ingredient (acid equivalent) per gallon. The
product used in this exposure analysis has an assumed
concentration of 4 pounds 2,4,5-T per gallon. Label recom#en-
dations vary from a recommended dilution of 0,094 to 4
pounds acid eqﬁivalant per 32 pints of water. A dilution
rate of 1.6 pounds per 32 pints has been aelected as represen-

tative of a typically-used apray 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 ag/hr,

with a mean value of 3,6 mg/hr (6 ml/hri; Methéd of applica=-
" tion was a hand pressure sprayer, using a 0.06% spray,

Workars wore shortesleeved, open-necked shirts with no

gloves or hat. Based on Wolrfe's data, CED (164) calcoulated

a dermal exposure of approximately 0.177 pints per day.;CED

(164) also deterumined that approximately 10% of the 2,4,5-T

and.TCDD coming in ceontact with the skin of t@e’applicators

would be absorbed even after washing, based on abserption

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

- ar Lol » M
i 2.48,5=T ICDD }
|Use Dilution Tate — © 3 pints 3 pints :
o | (1.6 pounds (0,00Q000156 |}
{ - : 2,4,5-T) per pounds TCDD) |
i 32 pints ) per 32 pints | .
‘ water water !
i {
| Amount of diluted 0.18 pint 0418 pint '
imaterial gottan }
lon -skin dafly i
—. ) !
i% Diluted material 104 10% |
labsorbed i
. . !
|Exposure leval 409 mg 2.0409 ug I
{ ' |
{Dose level 6.8 mg/kg 0.0007 ug/kg |
' - ]
INo=Adverse«Effact 20 mg/kg 0.03 ug/kg ]
|level for teratow !
Lesnie sffecky i

The following calculations (see Table 27 for mathe-

. matics) will give the daily dermal exposure for both 2,%,5-T
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and TCDD: 1) convert the dilution rate to grams; 2) multi-
ply this figure by 1,000 (for 2,4,5-T) to convert to milli-
I’gramS'and by 1,000,000 (for TCDD) to convert to ﬁicrograms;
3) multiply this figure by the daily dermal dovse of ‘diluted
material; 4) multiply this figure by the percent absorbed;
and S) divide this figure by the weight of the applicator
for the daily axposure te 2,4,5«T or TCDD per 8<hour working

day.

= ICRD
1) 1.6 pounda/32 pt X 454 g/=- |1} D.000000186 pounds/=-
pound = 22,70 g/pt; 32 pt X 454 g/pound =
0.00000227 g/pt;
2) 0.00000227 g/pt X
1,000,000 ug/g =

]
'
]
|
2) 22.70 g/pt X 1,000 mg/g =~ E
1
I~ 2.27 ug/pt;
i
}
!
}
|

22,700 mg/pt;

e et e A - SRS B GRS e e g
. — e AR ARLE apiy AR S ——

3) 22,700 mg/pt X 0.18 pt = 3) 2.27 ug/pt X 0.18 pt a
4,086 mg; 0.81 ug;
3) 3,086 mg X 10% = 408.6 mg %) 0.4%1 ug X 10% =
: 0,041 ug;
5) 408.6 mg / 60 kg = $) 0.041 ug / 60 kg =
] ar_davy 00,0007 ye/kg par davy |

iﬁf

The Working Géoup conslders that the diffarence
betwean the no-adverse-effect lsvel of 2,5,5-? for tera=-
togenic effects (20 mg/kg) and this calculated dermal
exposure level Tor 2,4,5-T (6.8 mg/kg), as well as the
difference between the noe-adverse~affect level of TCDD for
teratogenic effects (0.03 ug/kg) and this calculated expo=-
sure lavel for TCDD (0.0007 ug/kg), do not conatitute an
agple margin of safety. The Working Groﬁb therafore recom-

mands issuance of a rebuttable presumption against pesticide
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products containing 2,4,5-T and/er TCDD pursuant to 40 CFR

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

(11) “ ; ne _Low-
Spray Egquipment

For'the purpose of this analyazis, thé‘asrkiﬁg‘Group
assumes the applicator to be a 80-kg female of child-
bearing age <¢learing brush on éither rangeland or rights;
of-way. The same product cith above (2,4,5«T at 4 poundsa/gal)
is being used, and the dilution rate is 1,6 poundsncf
formulation to 32 pints of water (aqual to 4 pounds of
2,8,5=-T per 10 gallons of water). Based on axposure studies
using similar equipment but & different herbicide (147), the
Working Group detaéSﬁE;E‘EEét, during an 2ight-hour working
day, the applicator would get 0.048 pints of diluted
matarial on har skin. The Workiné Group d;tsrmined that 10?

of the pesticide on the skin would be absorbed (145, 146, 163).

| | )
{Use Dilution rate 3 pints 3 pints !
! (1.8 pounds (0.00000016 |
! 2,4,5=T) per " pounds TCDD) |
i 32 pints per 32 pints |
! water water |
i i
{Amount of diluted 9,048 pint 0.048 pint |
{material gotten - ~= - e '
jon skin daily " g
i |
{4 Diluted material 10% 10% i
labsorded ]
i , '
|Exposure lavel 109 mg 3.0109 ug !
| ]
iDase lavel 1.8 mg/kg 0.00018 ug/kg!
| '
jNo=Adverse-Effact 20 mg/kg 0.03 ug/ksg {
llavel for teratoe . |
igenic sffects L
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The following caleulations (see Table 29 for mathe-
maties) will give the daily dermal exposure for both 2,4,5-T
and TCDD: 1) convert the dilution rate to grams: 2) multi=-
ply this figure by 1,000 (for 2,4,5-~T) fo convert to milli-
grams and by 1,000,000 {for TCDD) to convert to microgranms;
3) multiply this figure by the daily dsrmal dose of diluted
material; 4) multiply this figure by the percent absorbed;
and 5) divide this figure-by the weight of tha applicator
for the daily exposure to 2,3 s-T or TCDD per 8~hour working
day.

Table 29
Asb.5=T ] IChD
1) 1.6 pounds/32 pt X 451 g/- i1) 0.00000016 pounds/-
pound = 22.70 g/pt; 32 pt X 454 g/pound =
0.00000227 g/pt;
0.00000227 g/pt X

1,000,000 ug/g =
2.27 ug/pt;

2) 22,70 g/pt X 1,000 mg/g =
22,700 ng/pt;

AV ]
. St

!
I
1
t
!
]
]
1
]
]
i
I
I
I
|
t
1
1
|

3) 22,700 mg/pt X 0.048 pt = 3) 2,27 ug/pt X 0.048 pt =
o 1,089.6 wg; 0.109 ug;
4) 1,089.6 mg X 109 = 4) 0,109 ug X 103 =
108,96 mg; 0.011 ug;
§5) 108,96 mg / 60 kg = 5) 0,011 ug / 80 kg =

it i AR s AR eim R m — ———

an v

e i = e e e vas A e A
'

0.00013 ug/ks per dav

The Working Group <¢onsiders that the diffasrence
betwean the no-adverssweffect level of 2,4,5-T for tera-
togenia effect# {20 mg/kg) and this calculated dermal
exposure level for 2,4,5-T (1.8 mg/kg), as well as the
difference between the no-adverse-effect lavel of TCDD for
teratogenic effects (0.03 ug/ks)“aﬁd this calcﬁlated axXpo=

sure level for TCDD (0.00018 ug/kg), do not constitute an
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ample margin of safaty. The Working Group thersefore recaom=
mands lssuance of a redbuttable presumption against pesticide
products containing 2,4,5-T and/or TCDD“pursuan£ to 40 CFR

- Section 162,11(a)(3)(11)(B),

(114} -3l H g

Caplan et al, (167), working with aerially applied
malathion in ¢4l sprays applied at 0.88 pounds per Q.76
gallons water/acre, determined a defmal exposﬁre to persons
directly beneath the apray planae 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
and TCDD, aerially aﬁplied at 4 pougds acid equivalsnt .

2,4,5=-T per 10 gallahs water/acre, can be determined,

llaval for terato=
Jgenic offects

Table 30, Dan r an

{Dermal exposure to 3.556 mg/0.46 pounds malathion |
laerially applied per acre - {
imalathion |
I - ) '
i 2. 0.5=T ICDR '
|Use Dilution rate 4 pounds ~0.0000004 I
' ’ 2,4,5-T par pounds TCDD |
i 16 gallons of per 10 gal- |
! watar/acre lons of water!
] per acere !
} : ——— !
i$ Diluted mataerial 10% 10% !
labsoerbed \
: }
{Exposure lavel 3.1 mg 0.0003 ug '
| |
!Dosa lavel 0.051 mg/kg 5 x 10°° |
: ' ug/kg )

L]

I
iNo=Adverse-Effect 20 mg/kg 0,03 ug/kg i

1

]

]
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The following calculations (sae Table 31 for mathew
maties) will give the daily dermal exposure for both 2,4,5-T
~and TCDD: 1) divide the dermal exposure to malathion
by the malfthion application rate and multiply by the
application rate of 2,4,5-T and TCDD to obtain the dermal
axposure; for TCDD, multiply this figure by.1,000 to convert
to migrograms; 2) multiply this figure by the peraeﬁt
absorbed; and 3) divide this figure by the weight of the
applicator for the daily exposure to 2,4,5+T or TCDD per

8-hour working day.

Table 3%

ICDD
1) 3.556 mg/0.46 pounds X
0.0000004 pounds =
0.000003 mg X 1,000 =
0.003 ug;
0.003 ug ¥ 10% =
0.0003 ug;
} 00,0003 ug / 60 kg =

5 ¥ 1078 Lz/ke per davy

2. 4,8=T
1) 3.556 mg/0.46 pounds X
4 pounds = 31 mg;

} 31 mg X 10% = 3.1 mg;

w N
—

2
3) 3.1 mg/ 60 kg =
0,051 mg/kg per day

. . g T — -
o e s . —— i —— ———an_
e e e a———————

The Working Group considers that the difference
batween the no-adversa-gffect level of TCDD for teratoganie
affects (0.03 ug/kg) and this calculated dermal exposure

level for TCDD (5 X 10‘5

ug/kg) does constitute an ample
nargin of safsty. The Working Group also considers,
however, that the difference between the no-adverse-effect
level 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 maprgin of safety, ‘The Working
Group therefore recommends issyance of afrebuttable bresumption
‘againat pesticide'prnducts containing 2,4,5-T pursuant to

40 CFR Section 162.11(a)(3)(41)(B).

(e) ] * ar

L)

Tpere are no studies availlable on inhalation exposure
of 2,4,5-T, There are, however, saveral studies on inhala.
tion exposure to malathion (167, 168) which CED used as a
model for this 2,4,5-7 exposure analysis (164). Caplan et
al. (167) determined an air concentration, for unprotected
persons directly beneath the spray plane during application
3

and for two hours afterward, of 0.067 mg malazthion/m” fron
aerial application.or 0.46 pounds AI/galloP per acre, The
eellection period spanned the course of the actual applicatiod
time plu; two hours thereafter, The authors considered the same
pling technique to be equivalent to average inspiration through
the nestrils. This inhalation exﬁosure (amount availaﬁle for
inhalation) was 12% of the applied malathion. Caplan et al,
further reported that the average median diameter (= volune
median diameter, or vmdlﬁf was 109 micronas., Based on work

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

size of the malathion droplets which could be inhaled was

16/ The vmd 1is that droplet size whieh divides the total
- volume of -drops in half, i.e., 508 of the volume is in
drops above the vmd size and 50% bealow it.
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under 60 microns. Since 2,4,5-T iz typically aﬁplied as a
medium or coarse spray, while malathion is applied a3 a fine
apray;‘tﬁe percent of 2,4,5-T droplets small enough to be
inhaled (under 60 mierons) would be lasﬁ than the percent of
malathion droplets ;mall snough to be inhaled. According to
Akesson and Yates (168), 29 of 2,4,5-T spray droplets.would
be available for inhalatien (or 1/6 the amount of malathion

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

level for terato=

1
|A4r concentration of 80.067 mg/m3 with application !
Jaerially applied rate of 0.4%6 pounds malathion !
imalathion per gallon per acre '
! |
| C 2u8.8=T ICDnD ]
|Use Diiution rate 4 bounds 0.Q00000% - |
i 2,4,5«T per "  pounds TCDD |
b 10 gallona of per 10 gal- |
i water/acre lons of watepr)
i per acre !
' : '
jLung Ahsorption 100% 1003 i
| Rate . :
i \
EBreathing Ratse 1.8 m3/hr 1.8 ma/hv !
1
'
|Exposure level 0.34 ng 0.000032 i
' per 2 hr ug per 2 hr |
i _ i
- ]
lDoae lavel ' 0,023 mg/ksg 2 x 10 6ug/k3§
i per 8 hr per 8 hr !
| i
INo=Advarse=Effact 20 mg/ks 0.03 ug/kg \
| '

g
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The following calculations (see Table 33 for mathe-
matics) will give the daily inhalation ékposure'fof both
- 2,4,5-T and.TCDD: 1) wultiply the air conceﬁtyation of
mglathion Ey the amount of 2,4,5=T and TCDD igpl;eq{ then
multiplf this figure by 1/6 for the inhalation exposure to
2,4,5-T and TCDD; for TCDD, multiply this figure by 1,000 to
convert to micerograms; 2) multiply tﬁis figure by the
breathing rate; 3) wultiply this figure by eight [8] to
get the 8-hour exposure total; and 4) divide this figure
by the weight of the applicater for the inhﬁlation axposure

to 2,4,5-T or TCDD per 8-hours exposure,

e oo Pablae 33,

2.8.5=T
1) 0.067 mg/cu m per 0.46
peunds X ¥ pounds = 0.58
mg/eu o X 1/6 = 0.087
ng/eu m;

i ICDD \
11} 0.067 mg/cu m per 0,46 | .
i pounds X 0.0000008 - |}
| pounds = 0,000000058 l
i mg/eu m X 1/6 = '
| 0.000000009 aag/cu @ X |}
| 1,000 = 0.000009 ug/cu m;|
0,097 mg/eu o X 1.8 cu m/= }2) 0.000009 ug/cu o X
hr = 0.17 mg/hr; ! 1.8 cu m/hr =

! 0.000016 ug/hr;
) 0.17 mg/hr X 8 = 1,36 mg; 3) 0.000016 ug/hr X
{ 8 = 0,000128 ug;
1
4
|

2 W
—

1.36 mg / 60 kg =

0.026 mg/kg exposure
per davy

i
:
:
}
}
4) 0.000128 7 60 kg = 1
2. X 10-6 ug/kg paw dav !

e e e " —— i — i —— — —
[N ]
-

The Working Group considers that the difference
between the noe-adverseeaffect levael of TCDD for teratogenic
effects (0.03 ug/kg) and this caleulated dermal axposure

6

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

nargin of safety. The Working Group also considers,
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however, that the difference betwaen the no-adverse-affaect

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

caleculated dermal  exposure level for 2,3%,5-T (0.026 mg/kgll{

does not constitute an ample margin of safety., The Working

o«

Group therafore recommends issuance of a rebuttable presumption
agalnat pestiecide products containiné 2,4,5-T pursuant to 40 -
CFR Section 162,11{a}{3)(11i)(B).

(d) va 2

The Working Group has also considered the possibilisy

of a single individual being exposed through two or more of

_the abovs routss. The results (derived from Tables 27, 29,

and 31) are shown in Table 34, The Working Group also notes
that possible cumulative exposure to several dieoxin-containing
pesticides could inerease the total bodyhburdan and incerease
total risk from diocxin axposure,

The Working Group considers that the differences
betwesn the noe-adverse-affect lavel of TCDD for teratoe
senic affects (0.03 ug/kg) aad ﬁhe galeulated oumulative
axposure lavels for TCDDIin Situations 2 and 3 (see Table

34) do constiftute an ample margin of safety. The Working

12/ Jonnsgon (63) (see Section I.G.(3)], in a review articls,
caleculated 2 daily inhalation exposure to phenoxy herbicides
of 0.025 ug/kg for a TO0-kg adult., The calculations wers
baged on actual air monitoring data of air samples coallactaed
in two wheat-growing ar=as in the atate of Washingtion during
spring and summer and analyzed for phenoxy herbicides. The
author did not specify how soon aftsr application the
gamplaa ware faken,
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Table 38,
: 1
loral-  0,0007 mg/keg
iDermal- 6.8 mg/kg

iInhal.- 0.2 mgfkgi/
ICum. z 7.0 mg/kg

I
(g
<
]
]
1

L-- . A — A A PR A dmmm e i R m— Vi —

Sityation #1: TCDD
Oral- - - .
Dermal~ 0.0007 ug/kg

Inhal.,= nésligibleﬁl
Cum, = 0.0007 ug/ksg

i
:
!
|

. {

ﬁi&uggjon g2: 2. 48.8-7 | Sityation #2: _TEDD

\ A
:
1
|
!
i
I
'

————

j0ral- -0.0007 mg/ks e

Oral- cm—n
{Dermal- 1.8 mg/ksg Dermal- 0.00018 ug/kg
{Inhal,- 0,058/ I

c

nhal.- negligibled’
}Cum. = 1,85 mg/ke um, = 0.00018 ug/kg

! Rifuation #3: 2, 48.5.T Situation #3: TCDD
|Orale- 0.0007 mg/ksg i0rale wamm- :
|Dermal- 0.051 mg/kg inermal— 5 X 10'6-ug/kg'
!Inhal - 0.026 mg/kg iznhal.- 2 x 10°% ugrks

loun, < 0.0777 ggrke  teum, = 7 % 1078 ugre
&/ Caleculations were made on a worstecase basis as 3%

of dermal exposure based on Wolfe (179) who statss, "over

7% of the pesticide to which the baedy is subjected during
most exposure situations, and especially to applicators of
liquid sprays, is deposited on the skin."™ TCDD inhalation
-6

exposura values were negligible: Situatien #1, 21 X 10
ug/kg; Situation #2, 54 X 10‘7 ug/kg.

Group alsoe ocnsiderﬁ, howevér, that thae differences baetwaen
the no-ad%erse-effect levels of 2,4,5-T and TCDD for teraéo-
"genic effects {20 mg/kg and 0.03 ug/kz, respgotivel?) and
the calculated cumulative exposure levals for 2,4,5-T in
Situations 1, 2, and 3 and TCDD inhSituatidn 1 (3ece Tabl;
34) do not constitute an ample margin of safety., The
Werking Grouﬁ therefore recommends isgssuance of a rebuttable

presumption against pesticide products containing 2,%,5-T

pursuant to 40 CFR“Section 162.11(a)(3)(i1)(B),
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IV. STUDIES RELATING TO POSJIRBLE ADVERSE EFFECTI

This section addresses other.types of adverse
'-etrecta of 2,4,5-T for which the Working Group has deter-
mined that .insuffiecient evidence exists to inmltiate .2 i
rebuttable presumption., The Agency solicits comments
from r;gistrants and other intarested parties an the
eavidence listed below, and requests submission of any

additional studies or relevant information on 2,4,5-T

and/or TCDD relative fo these potential adverae effects.
A. Hutaganicity

Section 162.11(a)(3)(1i4)(A) providaes that a rebuttable
presumption shall arise if a pesticide's ingredient(s),
metabolite(s), or degradation product(s) induce mutaéenic

effecta, as determined by multitest evidence,
(1) 2,8.3=T

(a) Roaitive Study

Majurdar and Golia (178) fed male Dprogophila melano-
Zaster sither 250 or 1,000 ppm dioxin free 2,4,5-T (obtained
from Eastman Kaodak) for 15 days. They were then mated to
gets of virgin females to g=nerate three 3-day bdroods of
offspring. F1 flies wera allowed to mate, and F, flies were

2
seored for l-linked regessive lethals. No differences among
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broods were noted, and data from all broods were pooled.

-The percent lethals in contrals, 256 and 1,d00 ppE groups

ware ddsa—related and were 0,05, 0.26, and 0.555, respactively.
The controf vs, 1,000 ppm lethal rates wsre‘QZgnifiQantly
different from one another (p < 0.01). Ethyl methane

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

it yielded 13.70% lethals, The fotal number of fliaes

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

(b) HNemative Studies

The mutaganicity of 2,%,5=-T was evaluated by Ercegovieh
at al. (148), empioying the procedure of Ames, using five

strains of Salponells tyuhimuriun without activation. They

eoncluded that 2,4%,5-T 1s not mutageniec.

Fulita et zl. (149) reported chromosomal abnormalities
in in yitro cevtogenetic studies of human lymphqcytes

axposed to 10~7 to 10°%

M of 2,4,5-T, which contained 0,09
ppm TCDPD., Breaks, delations, and rings werse obsarved, “
Chromatid breaks increased with increasing concentrations

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

was a toxic effect or a potential genetic effect {150).

«l10=



Majumdar and Hall (169) rsported on the cyto-
genetic effects of 2,4,5-Tl§( on in 1ixanbone-marrow-
‘aells 9f Mongolian gerbils, The animals were injected
with total amounts of 2,4,5-T at the rate of 50, 150,
250, 350, or 500 mg/kg body weight over the S-day perioed
of the study. Increasing numbers of chromatic gaps,
breaks, and fragments were observed at 250, 350, and
500 mg/kg doses. No exchange figures or isochromosome
gaps or breaks were observed. This 1s not a definitive
experiment faor indicating the potential of 2,4,5-T for
causing heritable chromosome damage (170). Toxieity

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

- -

Davring and Hultgren (171) reported on an in
¥iro study on the cytogenetic effects on bone-marrow
¢ells of Mus Dusculus (male mice) inducged by a Swedish
commercial 2,4,5-T ester fcrmulatiaﬁla/ and its compa=
nents. The study showed that 2,4,5-T commercial pro=-
dugts can afrect chromosomal and reproductive mechanisms.
Twa different strains of mice were used with similar
results for both., These results correlated with effects

- em -

seen in Drosaphila, The éﬁghors statad that chromatid

18/ The 2,4,5-7 used in this study was purchased from
Eastman Kodak Company, Rochaster, N,¥., and contained
no measurable amount of TCDD., The authors do not indie
¢ate the limit of sensitivity.

19/ The concentration of TCDD was guaranteed tao be
less than 0,1 ppm in the product,
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inter- or intraexchanges ware never observed. This
study was not carriad out aufficiently fBr the demon=
‘stration of chromosomal effects such as rearpapgéments

in future generations of somatic cells (1?0}:_‘

Bavring and Sunner (172) demonstrated cytogenetic
effects of a Swedish commercial 2,4,5-T formulationzﬂ/
on oogenesis and early embryogenesis in Dreosopiila me-
Japogagter., A 50% decrease in fertility for the flies
was determined to be 250 ppm; This level 13 40 Lo 60
timea less than field use concentration levels, Repro-

ductive and chromosomal effacts were observed,

S et iRt~ ——

(2) I¢pD

{(a) DRPositive Studies

. Bussain et al. (24) evaluated the mutagenic zctivity
ef TCDD (9§$ pure) on three different mierobial test systems,
in the rirst'study, TCDD aignificantly increased the incidaneg
of reverse gutations in Escherchia goli Sd;ﬂ adainistared 2 |
ug/ml TCDD from streptomycin dependence to streptomyecin
independence. This was tﬁe only dose at which mutations

were clearly observed, No details of the experimental

207 TCDD concentration was less than 0.1 ppm in this
formulation whieh was tested at practical field use
goncentrations or lower,
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protoecocl were given, and statistical methods were apparsntly

not employed in aszsessing the data,

- The second test by Hussain et al, (24} ‘studied
reverse mutation from histidine dependence td histidine
independence in Salmonella tyohimurium (Strains TA 1532 and
TA 1530). TCDD was positive in TA 1532 but negative in T4
1530, This indicated that TCDD acts as z frameshift mutagen.
ICR-1T0 was used as a positive control in the test with T4
1532, No positive or negative cenftrols were tested in TA

1530.

In the third test Hussain et al. (24) observed slight
_prophage induction 1in E. goli K-39, However, data from this
test were difficult to evaluate bDacause the sclvent used,

dimethyl sulfoxide, causes cellular effacts.

A preliminary report cn the chromosomal analysis of
hospital patieﬁts exposed Lo TCDD in the accident at the
Sevaso, ltaly, factory was presentad at the Daeapartment ar;
Bealth, Education, and Welfare meeting on October 12, 1976
(182). An inereased number of chrowosomal lesions (gaps,
chramatidic and chromoesomal breaks, and rsarrangements) were
observed in gsomatic cells of the 2- to 28-year-o0ld males
and females tested. Cytogenetic studies of tissues from
therapeutic abortions performed an women who wers axposed to

TCOD during the acceident indicated that there was chromosomal
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damage to cells in maternal peripheral bliocod, and placental
and feftal tissuea, Theaae prgliminary regults Wware based on
'a small number of samples, and no specific data are available

i —— - -

at this time (150).

(b) MNegative Studiss

Khera and Ruddick (6) con&ucted dominant lethal tests
in whiech male Wistar rats received TCDD at dosgges of 4 and
8 ug/kg per day; The studies indicated that no dominant
lsthal mutations arose ddring the 35 days after treatmensg.
The period axamined correﬁpondgd”to postneiotie sta;es of

spermatogenesis,

A cytogenetic screening study of the effects of TCDD
on bon; zarrow cells of male Osborne-Mendsl rats was per-
formed by the Food and Drug Administration (119), Two
separafe expariments were performed.'Ths first was a multiple
d&sa test in which 10 ug TCDD/kg per day was administered by
iﬁtubation for 5 consecutive days. In the second test, .
single doses of 5, 10, and 15 ug TCDD/ﬁg were administered
intraperitonea;ly and 20 ug/kg (the highest dose) was
administered orally. There waa no evidence.from these
studies to indigate that TCDD produced c¢ytogeneitic damage in
the bone marrow of these male rats, Toxicity, which was
indicated by a 3light weight loas, was noted in rats that
raceifed a singla dose of 15 or 20 ug/kg (the highest
dose levels),
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Green (119) conducted a shorteterm inves?igation of
saveral dioxins, us;ng male Osborns-uanéél rata; to determine
what potential these substances had to produce cytogenstic
damage in rat bone-marrow. In one study all_ef the diaxins
Wepe te#ted by.being intubated in the rats for five gonsecuy-
tive days at 10 ug/kg per day. 4 second study invelved TCDD
alone administered orally at 20 ug/kg and intraperitoneally
at §, 10, and 15 ug/kg. The author found no evidence that
any of the sybstances tested produced cytogenstic damage in

the hone marrow of male rats.

In conclusion, although Hussain et al. (24) have
denmonstrated that TCDD does appear $to act as a point (gene)
mutagen, the evidence is weak for neritable genetic effects
since the level of mutagenic {esting is ma;ger and there
were some major daficienoas in some fssts, However, the
study by Hussain et al. does not fulflll the eriterion of
multitest evidence as. prescribed in 40 CFR 162.11. Although
TCDD does appear to have the potantial to aet as a chromesomal
mutagen from the ip vivoe cftogenatic studies (152}, sapecific

data are not yet available from the Seveso aceident.

R e et

(3) Chromesowal Damage

The Working CGroup also wishes te call attention
to three studiaes {previously discussed in Sections III.B.(2)(b},

I¥.(1), and IV.(2)(b)], which indicate that 2,4,5-T and/or
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TCDD may cause chromosomal damage, Fujita et al; {(14%)
reported chromosomal abnormalities in in yitro tests on
human lymphoeytes exposed to 2,4,5-T; abnormalities included
breaks, deletions, and rings., Yefimenko (167) reported
damage to bone-marrow cell chromosomes (incTuding breaks,
true'aberrations,'or rearrangements) in ipn vivo tests on rat
gonadal and somatic¢ tissue exposed to butyl ester 2,4,5.T.
The preliminary HEW report (152) on the Seveso incident
indicated an increased number of chromosomal 1e§ions (gaps,
chromatic breaks, and rearrangements) in somatic cells of 2.
to 28-ysar-old humans exposed to TCDD.

The Working Group concludes that there is a data gap
on nmutagenic e«ffects and that further avidence and tasting
is needsd on the mutagen;city of 2,4,5-T and TCPD, The
Working Group would like to evaluate more detailed ana
Speciric infeormation as it becomes avalilable from the Seveso
accldent, Relevant information or studies on the mutagenetic-
gffects of 2,4,5=-T and/or TCDD should be submitted to the
Agency, and the option for re-evaluating. their mutagenic“
properties must be left open should more conclusive svidence
become available,

B, IToxiecltv to Humans: . ICDD
(1) ghlioracne

A number of researchers have reported illness ascribaed
to TCDD (90, 93, 95, 153). Most of these toxic affects have
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sagurred in chemical plant workers after accidental exposurs
to the dioxin, While a number of 111 effects have been

‘reported, the most widely known is chloracne.

Chloracne is a severe skin disease resulting from
exposure tao highly éhlorinated dibenzo dioxins., It i3 a
disease of the follicular and sebacecus glands. Its
symptoms and signs ineclude skin lasiohs, folliqeular hyper=
keratosis, and the formatlon of large sebaceou# eysts,
inflapmed tubereles, and pustules. In addition to these
symptoms, chloracnse 1s often accompanied by a browniash
keratinlization of the skin, cystitis, pyelonephritis,
derassion, hirsutism, fatigue, neurolegical disturbances,
raised cholasterol lavaels, livar damaée, and psychclqgical
manifestations (16, 15, 16, 154, 155, 156, 15T7). Several
researchers have observed that gchleracne is net anly irritata
ing and persistent but also very difficult to cure, It is
oene of tha most frequently contracted forms of occupaticenal
dermatitis, occurring primarily in chemical plant amployag;
engaged in the praduction of 2,4,5«T and 2,4,5-TCP (16, 95,
155, 156, 153),

¥

The first report on a toxic material being the
' causative agent far an ogcupational skin diszeaae appears to
have been By Dr. Rarl Herxheimer in 1899, Dr. Herxheimer

diagnosed the gause 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 ;érif
~diagnosis that ua-get the name chloracne. During the early
i950's thers were a serles of industriasl accidents in
Gernany'resulting in an outbreak of chloracne in the
smployees of chﬁmical plants manufacturing 2,4,5=T and
2,4,5-TCF. The symptoms of ﬁhe emnployees of 5ne of these
factories in Bamburg, Germany, were extensively invaestigated
by Kimming and Schulz (l16). These ressarchers, using

the rabbit ear test, proved ﬁhat the cause of the chloracene
wags a contaminant found in erude 2,4,5-TCP and not the
formulated 2,4,5-TCP, Later on, Bauer et al. (15) aonclusively

T e et —

1dentified TCDD as the causative agent of chloracne,

(2) WMM
Agid Svpthetase _ ' ~

!

Porphyria cutanea tarda (PCT), a form of hepatic
porphyria, is another disease g¢aused by exposure to TCDD.
and often accompanies chloracne. PCT oocdrs primarily in
industrial workers associated with the manufacture of

2,“,5"“? (93' 91‘, _lﬁ§0)c_"_ . "'"7’2{”
The symptoms of porphyria cutanea tarda, a defect in

hepatic metabolism of porphyrins, are fragility of the

skin, phoetosensitivity of the akin, byperpigmsntation,

over-production of porphyrins, hirsutism, and neurclogical
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and inteatinal disorders (94, 160), It Ls also characterized
biochemically by an increase in the activity of:the mitechon-
- drial enzyume g-aminolevuliﬁie acid.(kl._n) synthetase, which
is thg'first and rate-limiting enzyme in hemé.biosynthesis
(160). TCDD was thought to be a pobent inducer of ALA
astivity in chick embrye liver (115), Goldatein at al. (161)
reporte& that TCDD was found to induce ALA synthetase and
hapatic prophyriz in mica., These reaearchers stated that at
that time [1973] TCDD was the most potent porphyrogsnis
.chemical known., Poland and Kende 1876 (4) found that the
duration of ALA inducetion from TCDD exposure i3 prolonged,
most 1ikely due to the long biological half-life of TCDD.
Thess researchera alsoe found that ALA synthetase inducers
have halogen atoms ceaqupying at leaat threea of the four
lateral ring positions (positions 2, 3, 7, and 8}, and that
thers iz a3t least one fraeae, nonhalogenated ring positioen.

TCDD fulfills all of theae rsquirements.
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