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[6560-01]

ENVIRONMENTAL PROTECTION
AGENCY

[FRL 882-2; OPP-30000/26]
PESTICIDE FROGRAMS

Rebutiable Presumption Agalned Registration
ond Continved Registration of Pasticide
Products Containing 2,4,5-T

AGENCY: Office of Pesticide Pro-
grams, Envirommental Protection
Agency (EPA).

ACTION: Notice of rebuttable pre-
sumption.

SUMMARY: 2,4,5-Trichlorophenoxy-
acetic acid (2,4,6-T) has bheen found to
exceed certain risk eriteria set forth in
40 CFR 162.11. Thiz notice requests
registrants and other interested per-
sons to submit rebuttals and ofher in-
formation on the presumption and to
submit any other data on the risks and
benefits of this pesticide chemical.
This notice 1s the first of several
which will give public notification of
the Agency’s progress in reviewing this
chemical.

DATE: Rebuttal evidence and other
information must be received on or
before June 5, 1978,

ADDRESS MATERIAL TO: Federal
Register Section, Technical Services
Division (WH-569), Office of Pesticide
Programs, EPA, Room 401, East
‘Tower, 401 M Street SW., Washington,
D.C. 20460.

FOR FURTHER INFORMATION
CONTACT:

Harvey Warnick, Office of Special
Pesticide Reviews, Office of Pesti-
cide Programs {WH-666), Room 447,
East Tower, EPA, 202-765-5754.

SUPPLEMENTARY INFORMATION:
The Deputy Assistant Administrator,
Office of Pesticide Programs, EPA,
has determined that a rebuttable pre-
sumption exists against registration
and continued registration of all pesti-
cide products containing 2,4,5-T.!

I. REGULATORY PROVISIONS

A. General, Title 40, § 162.11, of the
Code of Federal Regulations for the
Federal Insecticide, Pungicide, and
Rodenticlde Act (FIFRA) as amended
(B6 Stat. 973, 86 Stat. 751, T U.S.C. 116
et seq.), provides that a rebuttable pre-
sumption against registration shall
arise if the Agency determines that a
pesticide meets or exceeds any of the
risk criteria relating to acute and
chronic toxic effects set forth in

1A pogition document, containing an ap-
pendix of references, background informa-
tion, and other material pertinent to the is-
suance of this notice, has been prepared by
. the Agency Working Group on 2,4,5-T and
is also published with this notice.

NOTICES

$162.11(a)3). I it is determined that
such a rebuttable presumption has
arisen, the regulations require that
the registrant be notified by certified
mail and afforded an opportunity to
submit evidence in rebuttal of the pre-

-sumption. In addition, the Agency has

determined that the publie should also
be given notice of the bases for the

- presumption to provide an opportuni-

ty for comment and to solicit addition-
al information relevant to the pre-
sumption.

A notice of rebuitable presumption
against registration is issued when the
evidence related to risk meets the eori-
teria set forth in §162.11(a)3). It is
emphasized that a notice of rebuttable
presumption against registration and
continued registration of a pesticide is
not a notice of intent to cancel the
registration of a pesticide, and may or
may not lead to cancellation. The
notice of intent to cancel is issued only
after the risks and benefits of a pesti-
cide are carefully considered and it Is
determined that the pesticide may
generally cause unreasonable adverse
effects to the environment,

All registrants and applicants for
registration are invited pursuant to 40
CFR 162.11{aX4) to submit evidence in
rebuttal of the presumptions listed in
part IT of this notice and, in the case
of oncogenicity, to submit information
which relates to the assessment of on-
cogenic risks as set forth in the Agen-
cy’'s Interitm Procedures and Guide-
lines for Health Risk and Economic
Impact Assessment of Buspected Car-
cinogens (May 25, 1976; 41 FR 21402).
Registrants and other interested par-
ties may submit for consideration data
on benefits which they believe would
justify registration or continued regis-
tration, In addition, any registrant
may petition the Agency to voluntar-
ily cancel a current registration pursu-
ant to section 6(a)1) of PIFRA.

B. Rebuttal eriferia. Section
162.11(a)4) provides that a registrant
may rebut the presumption by sustain-
ing the burden of proving:

{1) In the case of a pesticlde pre-
sumed against pursuant to the acute
toxicity or lack of emergency treat-
ment criteria, “that when considered
with the formulation, packaging,
method of use, and proposed restric.
tions on the directions for use and
widespread and commonly recognized
practices of use, the anticipated expo-
sure to an applicator or user and to
local, regional, or national populations
of nontarget organisms is not likely to
result in any significant acute adverse
effects” (40 CFR, 162,11(a)X(4)X1));

(2} In the case of a pesticide pre-
sumed against pursuant to the chronic
toxicity criteria, “that when consid-
ered with proposed restrietions on use
and widespread and commonly recog-
nized practices of use, the pesticide
will not concentrate, persist or accrue

to levels in man or the environment
likely to result in any significant
chronic adverse effects” (40 CFR
162.11(aX4Xii»; or

(3) In either case, that “the determi-
nation by the Agency that the pesti-
cide meets or exceeds any of the crite-
ria for risk was In error” (40 CFR
162.11¢a)4)(il)).

C. Benefits information. In addition
to submitting evidence to rebut the
presunption of risk, § 162.11(a)5X({li)
provides that a registrant “msay submit
evidence as to whether the economic,
social, and environmental benefits of
the use of the pesticide subject to the
presumption outwelgh the risk of
use.” If the risk presumptions are not
rebutted, the benefit evidence? sub-
mitted by the registrant, applicants,
and other interested persons will he
considered by the Administrator in de-
termining the appropriate regulatory
action, Specifically, § 162.11¢a)H)X{ii)
provides that if the benefits appear to
outweigh the risks, the Administrator
may issue a notice of intent to hold a
hearing pursuant to section 6(b¥2}) of
FIFRA to determine whether the
registration(s)} should be cancelled or-.
application(s) denied. Alternatively, if
the “benefits do not appear fto
outweigh the risks, the Administrator
shall issue a notice pursuant to section
3(e)6) or section 8(bX1) of the Act, as

‘appropriate.’ Moreover, if at any time

the Administrator determines that a
pesticide poses an “Imminent hazard”
to humans or the enviromment, a
notice of suspension may be issued
pursuant to section 6(c) of the Act.

II. PRESUMPTIONS

Registrations and applications for
registration of pesticide products con-
taining 2,4,6-T meet or exceed the 40
CFR 162.11{aX3) risk criteria relating

*Registrants or other interested persons
who degire to submit benefit information
should consider submitting informatlon on
the following subjects, along with any other
relevant information they desire to submit:

1. Identification of the major uses of the
pesticide, Including estimated quantities
used hy crop or other appleation.

2. Identification of the minor uses of the
pesticide, Ineluding estimated guaentities
used by category such 8s lawn and garden
uses and household uses.

3. Identification of registered alternative
products for the uses set forth in (1) and (2)
above, including an estimate of thelr avail-
ability.

4, Determination of the change in costs to
the user of providing equivalent pesticide
treatment with any avallable substitute
products.

B. Assessment of regulation impact upon
user productivity {e.g., yield per acre and/or
total goutput) from using avallable substitute
peaticides or from using no other pesticides.

8. If the impacts upon elther user ¢costs or
productlvity are signifieant, a qualitative as-
sessment of the regulation’s impact on pro-
duction of major agricultural commodities
and retail food prices of such commodities.
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to oncogenic effects and terstogenic
and/or fetotoxic effects in mammalian
test species. The Agency's basis for
concluding that these risk criteria
have been met or exceeded Iz set out
in “24,5-T: Position Document 1,7
which follows. Copies of attachments
to the Positlon Documént which are
not published with this notice are
availahle for publie inspection.in the
Qffice of Special Pesticide Reviews.
Information protected from disclosure
pursuant to FIFRA section 10 cannot
he provided. Specifie inguiries con-
cerning the Position Document, as
well as requests for access to these
files, shouwld be directed to Project
‘Manager Harvey Warnick, Office of
Special Pesticide Reviews (WH-568),
EPA, Room 447, East Tower, 401 M
8treet SW., Washington, D.C. 20480,
202-76556-5'754.

A, Oncogenicily. 40 CFR,
163.11aX3)iiX A provides that a re-
buttable presumption shali arise if a
pesticide “(I)nduces oncogenic effects
in experimental mammaslian species or
in man as a result of oral, inhalation
or dermal exposure * * *” As a further
clarification of the provision, the pre-
amble to the Agency’s Interim Proce-
dures and Chuidelines for Health Risk
and Keconomie Impact Assessment of
Suspected Carcinogens (May 25, 1978;
41 FR 21402) siates that “a substance
will be considered a presumptive
cancer risk when it causes a statistical-
ly significant excess incldence of
benign or malignant tumors in
humans or animals.”

On the basis of scientific studies and
information summarized in the Posi-
tion Document, the Agency has con-
cluded that all registrations and appli-
cations for reglstration of pesticlide
products containing 2,4,5-T and/or its
dioxin contaminant (TCDD) exceed

this risk criterion, and that a rebutia-

ble presumption against new or contin-
ued registration of such products
arisen. :

B. Gther chronic or delayed toxie ef-
fects. 40 CFR 162.11a)X3)X{iXB) pro-
vides that rebuttable presumption
shall arise if a pesticide ''(p)roduces
any other chronic or delayed toxic
effect in test animals at any dosage up
to a level, as determined by the Ad-
ministrator, which is substantlally
higher than that to which humans can
reasonably be anticipated to he ex-
posed, taking into account ample mar-
gins of safety * * *.”

On the basis of scientific studies and
information summarized in the Posi-
tion Document, the Agency has con-
cluded that all registrations and appli-
cetions for registration of pesticide
products containing 2,4,5-T and/or
TCDD exceed this risk criterion for
teratogenic and/or fetotoxic effects
snd that a rebuitable presumption
agalnst new or continued registration
of such products has arisen. :

NOTICES

111, ApprtioNal GROUNDS FOR REVIEW

Ag discussed (n detail in the attached
Position Document, some data has as-
gsociated 2,4,5-T and/or TCDD with
mutagenic effects in test anlmals and
TCDD with toxic effects In humans,
The dais and analyses available at
this time with respect to these effects
are not sufficient to warrant the issu-
ance of a Rebuttable Presumption.
The Agency specifically solicits fur-
ther evidence hearing on these possi-
ble adverse effects. All comments and
information received with respect to
the potential adverse effects, including
analysis thereof, may serve as a basis
for a final decision on registering pes-
ticldes containing 2,4,5-T and/or
TCLD.

IV, REGISTRATIONS AND PRODUCTS
SUBJECT TO THE NOTICE

All registrants and applcants for
reglstration listed below are being no-
tifled by certified mail of the rebutta-
ble prezumption existing against regis-
tration and continued registration of
their products,

The registrants and applicants for
reglstration shall have 456 days from
the date this notice iz sent or until
June 5, 1878, to submit evidence in re-
butital of the presumption. However,
the Administrator may, for good cause
shown, grant an additional 60 days
during which such evidence may be
submitted, Notice of such an exten-
sion, if granted, will appear in the Frp-

.ERAL REGISTER.

A registrant or applicant for regis-
tratlon may, if it desires, assert g husi-
ness confidentiality claim covering
part or all of the informaion submit-
ted in rebutial. The registrant or ap-
plicant may assert the claim by plae-
ing on or attaching to the information
a2 cover sheet, stamped or typed
legend, or other suitable form of
notice employing language such as
“trade gecret,” “proprietary,” or “com-
pany confidential.” Allegedly confi-
dential portions of otherwise nonconfi-
dential documents should be clearly
marked.

¥f a contidentiality claim 15 asserted,
the information covered by the c¢laim
will be disclosed by EPA only to the
extent and by means of the procedures
set forth in 40 CFR part 2, subpart B
(41 FR 36906; September 1, 1876). If
no confidentiality claim accompanies
the Information at the time it is re-
celved by EPA, EPA will place the in-
formation in the public comment file
where it will be available for public in-
spection.

If a registrant or applicant does
assert a confidentiality claim for some
but not all, of the information submit-
ted to EPA in rebuital, the registrant
or applicant should furnish two copies
of the information to EPA. The first
copy should eontain all of the infor-
mation submitted in rebuttal with in-
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formation claimed as confidential
clearly 1identified. The szecond copy
should be identical to the first except
that all information claimed as confi-
dentisl should be deleted. The second
copy will be placed in the public com-
ment file. The first copy will be treat-
ed in accordance with the procedures
set out above.

V. Dury To SOBMIT INPORMATION ON
AvveERSE EFFECTS

Registrants are required by law to
submit to YA any additional informa-
tion regarding any adverse effecis on
man or the environment which comes
to & registrant’s attention at any time,
pursuant to section 6(aX2) of FIFRA
and 40 CFR 162.8(d). If any registrant
of 2,4.5-T products hag any published
or unpublished information, studles,
reparts, analyses, or reanalyses regard-
ing any adverse effects In animal spe-
cles or humans, residues, and claimed
or verifled accldents to humans, do-
mestic animals, or wildlife, which have
not been previously submitied to EPA,
the material must be submitted imme-
diately. When responding to this
notice, each registrant shall submit s
written certificalion to the Agency
that alt information regarding any ad-
verse effects known to the registrant
has been submitted. In addition, the
registrants should notify EPA of any
studies currently in progress, inciuding
the purpose of the study, the protocol,
the approximate completion date, and
?ia sts;ununary of all results ohserved to

e,

VI, PurLic COMMENTS AND INSPECTION

During the time allowed for stibmis-
sion of rebuttal evidence, specific com-
ments on the presumptions set forth
in this notlee and on the material con-
tained in the Position Document are
solicited from the publie, In particu-
lar, any documented episodes of ad-
verse effects to humans, domestic ani-
mals, or wildlife, and Information as to
any laboratory studies in progress or
completed are requested to be submit-
ted to EPA a5 soon as possible. Specifi-
cally, information on the fate and ef-
fects of 2,4,5-T, its impurities, metabo-
lites, and degradation producis on
flora and fauns, particularly animals
with metabolisin similar to man, is so-
licited. Similarly, any studies or com-
ments on the benefits from the use of
2,4,5-T are requested to be submitted.
All' comments and information re-
ceived, as well as any other relevant
information and analysis thereof,
which come to the attention of the
Agency may serve as a basis for finat
determination pursuant to 3J162.11
(8)(5).

All comments and information
should be sent to the Office of the
Federal Reglater Sectlon at the ad-
dress given above, if possible in tripli-
cate to facllitate the work of the
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Agency and others interested in in-
specting them. The comments and in-
formation should bear the identifying
notation “OPP-30000/28.” Comments
received after the specified time
period will be considered only to the
extent feasible, consistent with the
time limits imposed by 40 CFR
162.11(a)5)il),

All written comments and informa-
tion filed pursuant to this notice will
be available for public inspection in
the Office of the Federal Register Sec-
tion from 8:30 am, to 4 p.m. during
normal working days. Interested per-
sons are encouraged to take advantage
of the opportunity to Inspect Agency
files during normal working hours
since: (1) All of the information re-
ceived may serve as a basis for final
determination pursuant to
8 162.11¢a)5), and (2) the Agency will
not generally publish a summary of in-
formation received in the FEDERAL
REeGisTER at the close of the rebutial
period.

Your cooperation is solicited in iden-
tifying any errors or omissions which
may have been made in the following
computer listings. Corrections to the
listings may not necessarily be pub-
lished in the FepeEraL REGISTER, but
rather handled by mail with affected
parties, Omissions will be corrected by
notice in the PEDERAL REGISTER,

Dated: Aprfl 11, 1978.

EpwIN L, JOHNSON,
Deputy Assistant Adminisirator
Jor Pesticide Programas.

2,4,5-T: Pos1T10N DOCUMENT 1

2,4,6-T WORKING GQROUP, U.5. ENVIRONMENTAL
PROTECTION AGERCY

i Backyround

A, Chemical/physical characteristics, The
herbiclde commonly known as 2,4,5-T
(chemical name, 24.5-Trichlorophenoxy-
acetic acld) has an empirical formula of
C,H:C1,0,. The pure acid form oc¢ours as
white ¢rystals and has a molecular weight
of 255.49. The melting point iz 156.8°C, Its
sojubflity in water is 278 parts per million
(pbpm) at 26°C; it is also soluble in acetone,
ethanol, ether, and alkaline solutions (1)
The esters of 2,4,6-T are formulated to be
emulsifiable in waler and soluble Iin most
oils, while its amine salts are soluble in
water but insoluble in petroleum oils (2, 3.

B. Manuwfacturing process and contemi-
nanis. 2,4,6-T I8 produced commercially by a
process using 1,2.4,5-tetrachlorobenzene as
the starting material which is reacted with
methanol and sodium hydrexide under high
termperature and high pressure to give the
sodlum salt of 2.4,6-trichlorophenol (2,4,5-
TCP),!

12,4,6-TCP i3 the subject of & separate Re-
buttable Presumption Against Registration
(RPAR) Position Document. It i5 discussed
in this document because both it and its
contaminant  2,3,7,8-tetrachlorodibenzo-p-
dioxin (TCDD) miay be present in some com-
mercial 2,4,5-T and in 2,4,5-T samples used
in animal experiments.

NOTICES

This produet is reacted with chloroacetic
acid under mildly alkaline conditions. Sulfu-
ric acid (H,80,) is then added to the prod-
uct of this step to produce 2,4,5-T, The acid
form of 2,4,5-T ¢an be readily reacted with a
variety of aleohols to produce a large solec-
tion of esters and with amines to produce
amine salts (3).

During the first step in the manufactur-
Ing process of 24,6-T, if temperature and
pressure are not carefully controlled, highly
toxie contaminants, polychlorinated di-
benzo-p-dioxins, may be formed in large
quantities. The particular dioxin formed is
dependent on the chlorophenols present (4).
The térm dioxin does not apply to any one
compound bhut to s group of related sub-
stances, which are distinguished by the
number and orientation of chlorine ‘atoma
they contain, Dioxin toxlcity also varles
with the position and numbers of chlorines
attached to the phenol rings.

In the 2,4,5T manufecturing process an
eapecially toxic dioxin, 2,3.7.8-tetrachlorodi-
benzo-p-dioxin (T'CDD), 18 formed when the
reaction temperature is excessive (8, 9, 10,
11, 12), most commonly at temperatures
above 160°C. Halogens at the 2, 3, and 7 po-
sitions are known to produce toxic dloxins
(13}, In the case of TCDD, the chlorine
atoms are attached at the 2, 3, 7, and 8 posi-
tions which are considered the most toxic
positions possible (24). The dioxin contami-
nant in 2,4,5-T is of particular concern be-
couse of its extremely high toxicity, and be-
cause of the apparent inability of manufac-
turers to produce 2,4,6-T without the con-
taminant, TCDD (7).?

TCDD occurs as a white crystalline solid.
It is 996 percent decomposed at 800°C.
TCDD has the following solubility In var-

fous solvents at 25°C (7),
Solvent Boalubility?

0.011
0.057
<0001
0.001
00000002

'Weight percent.,

0. 2pph)

It has been recognized for quite some time
that chlorinated dibenzo-p-dioxins oceur as
possible by products (contaminants) in the
muanufacturing of chlerinated phenols (15).
The formation of TCDD during production
of 2,4,5-TCP was demonstrated by Kimmig
and Schulz (16). TCDD was obtalned from
the pyrolyzing of 2,4,5-TCP by Hieggln-
botham et al. {12), They noted that the spe-
eific dioxin formed depended on the chloro-
phenol pyrolyzed. Kearney et gl. (I7), how-
ever, reported that TCDD ia historically as-
soclated with any pesticide derived from
2,4.5-TCP. A number of researchers (12, 18,
18, 20, 21y have reported on the formation
of TCDD by thermal decomposition of the
godium salt of 2,4,5-YCP under alkaline con-
ditions during the manufacturing process.

Since 1960, most of the chemical industry
has known that large quantities of TCDD
may be formed as a byproduct of the 24,5
TCP manufacturing process if the proce-
dures are not carefully controlled. At one
time, 2,457 was produced which contained

28ince manufacturérs are unable to pro-
duce 2,4,8-T without TCDD, all references
to 24.5-T in this document refer to 2,4,5-T
contaminated with some level of TCDD.

between 30 to 40 ppm of TCDD (7, 22, §5).
Between 1968 and 1968, one manufacturer
had a 90 percent decrease in the amount of
TCDD pregent In the 2,4,6-T it produced.
Different manufacturers produced 2,4,8-T
with different ‘TCDD contenta (17,

After concern arose in 1968 about the ex.
tremely toxie effects of TCDD, manufactur-
ing methods were changed and carefully
controlled by manufacturers. By 1971 indus.
try had reduced TCDD content in commer-
clal samples of 2,4,5-T to less than 1 ppm (9,
23, 24). Current U.8. manufacturing specifl-
cations require 2,4,5-T presently being sold
to contain less than 0.1 ppm TCDD (7). Bev-
eral countries now produce commercial
2,4,5-T containing less than 0,06 ppm TCDD
25,

C. Formulation and class. 24.5-T is
classed and used as a selective herbicide, es-
pecially for brush control (2). It is formulat-
ed in many forms of salta and esters which
are available as emulsifiable concentrates
containing 2, 4, or ¢ pounds actual acid
equivalent per gallon and as ol soluble con-
centrates with 4 or 6 pounds active ingredi.
ent {AD per gallon. The most commonly
used formulstions are the low volatile esters
(26). 2,4b-T nlzo occurs in registrations
mixed with 24-D, Dicemba, Picloram,
Slivex, and 2-(2-methyl-4-chlorophenoxy}
prapionic acid (27). -

D. Registered uses and pmdﬁcﬁoﬂ» 2,4,6-T
has been produced as a registered pesticide
in the United States since 1848. According
{0 EPA records, approximately 122 compa-
nies hold Federal registrations and formu-
late 424 registered products; eleven compa.-
mies have former State registration? and fo-
mulate 21 products.

Sectlon T(c) of PFIFRA requires manufac-
turers and formulators to submit to EPA in.
formation on production, sales, and distribu-
tion, Under FIFRA sections 7(c} and 10, this
information may not be made available to
the public. A confidential memorandum
containing this information has heen sent to
the Deputby Asasistant Administrator for Pes-
ticides (28). The Pesticide Review (28 re-
ported that 11,628,000 pounds of 2,4,6-T
acid, esters, and salts were produced In the
United States in 1989 and 12,335,000 pounds
in 1970. The Pesticide Review, (28 also re-
ported that the United States Imported
738,807 pounds of 245T during 1971
through 1974.4 Of this total 165,342 pounds
were imported in 1974, This was down from
nearly 382,000 pounds in 1973 but up from
the B-year average of 148,000 pounds. While
The Pesticide Review (29) does not report
export flgures for 2,4,5-T alone, it does
report exports of 2,4-D and 2.4,8-T together,
Export of 2,4-D and 2,4,5-T was reported at
8.8 milllon pounds in 19%2; 21 mliilion
pounds in 1973; and almost 22 million -
pounds in 1974,

A great deal of variabllity exists in reports
on usage of 1,4,5-T. Agricultural end-use
data obtalned from the National Study of

*Pegticlde produets formerly registered
under state pesticide registration lews and
shipped or distributed for sale solely within
intrastate commerce are subject to Federal
pesticide regulations wunder 40 CFR
162.17¢a). Application has been made to
obtsin Federal registration for intrastate
use of these products., For a list of trade
names under which 2,4,3-T iz marketed, see
the registrant/product iist attached to this
document, GO

The level of TCDD in the Imported 2,4,5-
T was not reported.
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{in egriculture for 1974

NOTICES
Agricultural, Governmentisal, and Industriai (30, Indieated the following uses of 2,4,5-T

Uses of Pesticides, conducted by this Agency  in the United States in 1574,
i I pounds AI | % total |
[Crop | applied | agriculturel
IRangeland -and Pastures | 968,000 i 97.24 ]
Nriced” | 16,000 | 1.54 |
[ | | |
|Fursery Crop | 12,0800 [ l.20 |
] | I !
fTurf and Ornamentals ] 200 1 0.02 }
i | [ '
‘ElueherriesE/ ! 8 ‘ - '
[ | !
|Estimated total vse i 996,000 l 100.00 |
| | )

a/ The Agency has looked at effects on aguatic organ-
iems representative of species likely to be exposed
from application of the triethylamine formulation of

2,4,5~T to rice,

The calculated concentration of this

formvlation in a 6-inch layer of water at the highest

recommended use rate is 0.9 ppm,

The ILC-50 bioassay

values for bluegill and catfish are well above this

level

franging from a 24-hour LC-50 of 53 ppm for

bluegill to a 96-hour IC-50 of >72 ppm for bluegill

and chapnel catfish).

Rainbow trout, which cannct be

considered "revresentztive of the organisms likely to
be exposed"” in the geographic areas where rice is grown,
have a 9%6~hour NILC=50 renging from 0.7 to 0.07 ppm.

b/ This is no longer a registered use.

In addition, this survey reported that
324,491 pounds of active 2,4,5-T were vsed
by Federal and State agencies and 659,463
pounds by Industry,

. Other sources have reported usages for
-1974 as follow: Rights-of-way, 4 million
pounds; rangeland, 1.5 to 2.3 million pounds;
rlee, 220,008 pounds; and forestry, 50,000
pounds.

E. Metabolism in Experimental Sysiems.

Severnl studies have demonstrated that
2,4.5-TCP ig the primary degrada

uct or metabolite formed in the breakdown
of 24.6-T, by either physical or bhiological
mechanisms, Croshy and Wong (31 found
that 2,4,5-TCP was one of the major decom-
position products in the photodecomposi-
tion of 2,4,5-T in water. Sharpee {12) found

tlon prod- -

that microbial degradation of 2,4.5-T In cul- *

ture, soil, and aquatic ecosystems resulted in

Shafik et al. (33) dosed Sprague-Dawley
rats by gavage with 2,4,5-T at 50, 5, 0,05, end
0.006 mg/kg for three days, Two rats were
dosged at each level. The suthors found that,
at 0.005 mg/kg, excretion of 2.4.5-T in urine
was comblete two days after the final dose.
"They als0 found 2,4.5-TCP excreted as a me-
tabolite in the urine of rats given 50 mg/ kg,
but no detectable 2,4,6-TCP was found at
the two lowest dose levels, A hydroxylated
trichlorophenoxyacetic acid and a hydroxy-
lated trichlorophenol were identified, by un-
confirmed mass spectrometric analysis, as

" gidues (<0.05 ppm)

possibly being two additional metabolites of
2,4,6-T.

Grunow et al. (34) studied seven male
Wistar rats fed a single 2,4,5-T dose at 50
mg/kg body welght. They found that the
daily renal excretion of free 2,4,5-T was, in

general, at its maximum on the second day -

after feeding. After seven days, free 2,4,5-T
in the urine decressed to a value helow 2
percent for all amimals. In eddition to 2,4,6-
T exereted {n the free form, the authors
found it to be excreted as derlvatives which
could be converted Inte 2,4,5-T by acid hy-
drolysis. They were able to identify one of
these as N(24,5-richlorophenoxyacetyl)
glyeine,

Grunow and Bohme (35), in a study using
Wistar rats and NMRI mice, fed doses of
2.4,5-T at 200 mg/kg body welght. These au-
thors isolated N(2.4,5-trichlorophenoxy-

the formation of small amounts of 2,4.5- acetyl) tauring as a me lite of 2,4,5-T, in

addition to the metabolites named above,

Clark et al. (36) found residues of 2,45
TCP in the muscle, liver, and kidney of
sheep which were fed ratlons containing
2,000 ppm of 2,4,5-T for 28 days, The 2,4,5-T
uzged in this study had a purity of 99 percent
end eontained no detectable dioxin (detec-
tion Hmit: 0.5 ppm).

Leng {37 conducted a feeding atudy
during 1989 and 1970, In which dairy and
beef catile and sheep were given 2,4,6-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 author reported that no re-
n milk or
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cream of cows ingesting 10 to 30 ppm 2,4,6-
T. At 100 ppm 2,4,5-T in the diet, traces of
2,4,5-TCP (0,08 ppm) appeared in milk and
cream. When glven high levels of 2,4,5-T,
equivalent to 300 and 1,000 ppm in the total
diet, residues of 2,4,5-T and 24,5 TCP
ranged from 0.05 to 0.5 ppm in the milk of
individual cows.

Fitzgerald et al. (38), studying the degra-
dation of 2,4,5-T in woody blants, reported
that colorimetric analysis suggested, and
chromatographic analyses confirmed, that
the n-butyl ester of 2,4.5-T is degraded in
sweet gum (Liquidombar styracifiua) and
gsouthern red oak (Quercus falcata) to yleld
2,4,5-TCP.

P. Environmental fote.—(1) Persisience:
Sotls. Sofl surface and foliage are the major
reciplents of phenoxy herbicides (39
whether applied by ground spray systems or
from aircraft. Onece 2,4,5-T reaches the soil
1t may be degraded chemically or biological-
ly, volatilized and moved to other areas, ab-
sorbed on soil colloids or in organie matter,
or leached to depths or location where it
cannot be absorbed by plant roots (47).

Norris et al. (176) reported on the persis-
tence of 2,4.5-T In a Pacific Northwest
forest. The authors found that 6 months
after application of 2,4,5-T at 2.24 ke/ha (2
pounds/aore), the level of herbicide in the
forest floor declined 90 percent; after 1
year, less than 0.02 kg/ha remained in the
forest floor. The authors found little leach-
ing of 2,4,53-T from the forest floor into sofl,
and no resldues were found deeper than 15
cm (meximum residue found was 0.08 ppm)
desplte rainfall of 2¢ e¢m the first month
and 70 cm the first 3 months after applica-
tion. Norris et al. (174) atated that the rapid
disappearance of 2,4.5-T from the forest
floor suggests abundant microbial activity.
Norria (40 reported microbial activity to be
fmportant in the disappearance of 2,4,5-T
from forest-floor material in the laboratory.

‘Wiese and Davis (41) found that. in an ag-
rieultural soll, 2,4,6-T remained in the upper
6 inches even after application of 4.5 inches
of water over a short period of {ime.

Helling et al. (39} found that 2,4,5-T is rel-
atively mobile in gandy soils but that move-
ment as organic content increases.
Thus 2,4,5-T iz moderately mobile in clay
solls and only slightly mobile in muck (42).

" Yoshido and Castro (43) studied the deg-
radation of 2,4-D, 2,4,5-T, and Picloram in
two Philippine sofls under upland and sub-
merged conditions, The authors found the
degradation of 2,4,5-T to be rapid in Mazhsa
¢lay. Slightly more 2,4,5-T residues were re-
covered in submerged than In upland
Mashas soll. In Luisiane soil under sub-
merged conditions, 2,4,5-T degraded rapidly
in 8 weeks after a 4-week 1ag period, while it
degraded graduslly under upland condi-
tions, with only about 40 percent of the
2.4,5-T recovered after 12 weeks.

Morton et al. (44), using technical grade
2,4,5-T labeled in the carboxyl position with
carhon-14, found that its apparent half-life
avernged 1.6 weeks in green tissues of native
grasses at College Station and Spur, Tex,,
and 1.7 weeks in ltter tiasue. The authors
stated that the amount ahd frequency of
rainfall were conducive both to leaching and
microbial decomposition of the herbiclde,
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and to growth of sideoats gramma plants,
all of which were factors contributing to
rapid reduction of herbiclde concentrations.

When considering the persistence of 2,4,5-
T, the persistence of its manutacturing con-
taminant, TCDD, must also be considered.
Helling et al. (38) found that TCDD was not
photodecomposed on goll, TCDD was found
to be immobile in Norfolk and Lskeland
sandy loams, Hagerstown sility clay loam,
Barnes Clay loam, and Celeryville muck,
and was not lenched further into soll hy
rainfall or irrigation. During surface erosfon
of sofl, however, lateral transport of TCDD
could occur. The persistence of TCDD in
Lakeland loamy sand and Hagerstown silty
clay loam at 1, 10, and 100 ppm wad studied
by Kearney et al. (46} for 380 days. After 1
year these researchers recovered 66 and 63
percent of the originally applied TCDD in
Hagerstown and Lakeland solls, respeciive-
ly. Helling et al. {(39) observed that TCDD's
pers{stence was predictable since it is insolu-
ble in water.

(2) Persistence: Water. Current informa-
tion Indicates that, although some 2,4,5-T
may enter streama flowing through or adja-
cent to areas being sprayed, residue levels in
streams will be very low. Norris (47) report-
ed the results of an intensive study of
stream contamination from spray projects
on range and forest lands in Oregon which
showed that peak concentrations of phen-
oxy herbicides geldom exceeded 0.1 ppm and
that herbicide residues persisted for only a
few houra in nearly all streams. Norris (47)
speculated, however, that epplication of
herbicides to marshy areas may result in
high-level, long persistence of chemicad res)-
dues in nearby streams.

The Report of the Advisory Committee on
2,4,5-T to the Administrator of the Environ-
mental Protection Agency (48) stated that
all avaflable data indieated that the amount
of 24,5-T entering water is small and does
not persist long. It 18 adsorbed on clay or ab-
sorbed by biota within a matter of days.

Phenoxy chemicals entering water may be
lost by volatilization, degradation, adsorp-
tion on sediment, adsorption by biota, and
dilution as sdditional stream water passes
through the aite. Almost all aunthoritles
agree that there is adsorption on bottom
gsediment (48, 49, 50).

Kenaga (57) stated that esters of 2,4,5-T
in most kinds of water, except highly acidic
waters, are usually hydrolyzed within a
matter of days. When the 2-ethylhexyl ester
of 2,4,5-T was applied to water In the labora-
tory at a concentration of 1 ppm for an hy-
drolysis study, 38 percent remained after 4
hours; 33 percent after 8 hours; and 12 per-
cent after 1§ hours.

Trichell et al. (52}, studylng the losg of
herbicides In ranoff water, found 2 pe/ml of
2,4,6-T in runoff water 24 hours after it was
applied at 2.24 kg/ha, after which 1.3 cm of
rainfull was simulated on sod-covered plots
of 3 percent slope. Four months after appli-
cation, concentrations of 2,4,6-T In runoff
water had diminished to 0.04 ug/ml.

Edwards and Glass (53) monitored runoff
and percolation of 24.6-T at Coshoeton,
Chio, for 14 monthe following application of
11.2 kg/hsa of 2,4,5-T and found that 5.5 g/
ha. or over 0.05 percent of the herbicide,
was lost from the trested area. Most of the
24,6-T wag removed In runoff water during
the first 4 monthe after application, and
more than half of the loas oceurred the firat
month after treatment.

Kearney et al. (46} concluded that con-
tamination of underground water supplies

NOTICES

with TCDD seemed very unlikely, since ver-
$leal movement of TCDD dld not oceur in a
wide range of soil types. The fact that no
leaching oceurred, however, would not pre-
clude runoff logs when soll erosion s signifi-
cant (39

(3) Transpari. Isensee and Jones (54) mea-
sured uptake of TCDD from soll by two
crop specles. Oats (Avena safiva) and soy-
beans (Glycine marxr ) were grown in Lake-
land sandy loam soll treated with 0.08 ppm
TCDD. The concentration of TCDD in sofl
was spproximately 4,000 times greater than
the amount that would be deposited in soil
from an applcation of 2,4,5-T (with 1 ppm
TCDD) at a rate of 2 pounds/acre in the top
one-third inch of the soil surface. The tops
of these plants were harvested at intervals
to maturity. Mature oats and soybean tops
contained less than 1 part per hilllon (ppb)
TCDD. TCDD was detected (with a detec-
tion limit of 1 ppb) in mature oat grain,
while no TCDD was found in the bean of
soybeans. The authors concluded that soii
uptake of TCDD by plants was highly un-
lkely, since little or no TCDD was taken up
by oats or soybeans under the conditions of
this experiment (54).

(4) Biloaccuymulation. Woolson et al. (55)
conduoted a gtudy to determine 1f TCDD re-
sidues could be detected In bald eagle (Ha-
lHaectar leucocephalus) tissue extracts, as u
representative of the top of a food chain.
Scientists at the Patuxent Wildlife Center
(U.8. Department of the Interlor, Laurel,
Md.) collected, and furnished to these re-
aearchers, 19 bald eagle carcasses from
Alaska, Mpaine, North Dakota, Wisconsin,
Michigan, Minnesota, Arkansas. Tilinols,
Misgourl, Maryland, Virginia, Tows, New
York, New Jersey, and Florida between 1960
and 1971, These States were selected o5 sam-
pling sites in order {0 provide a widely din-
persed samble population, The eagle tlssues
were prepared and extracted as described by
Mulhearn et al. (58). Woolson et al. (55) de-
tected no dioxin residues at a level of 0.05
ppm TCDD, the lower limit of detection for
moat pesticides in tizsue samples run by the
Patuxent Wildlife Research Center at that
time. The authors stated that the nondetec-
tion of dioxin residues could Imply that
there was no dioxin buildup in the food
chain; that the buildup was less than the
[then] currrent detectable level of 0.06 ppm
I60 ppb); that the eagles examined were not
contaminated although other samples
might be; or that other spectes could feed
on a different food chain to accumulate

_ dioxlins

Isensee and Jones (57} exposed several or-
ganisme in a model aguatic ccosysiem to
HCJabeled TCDD for up to 31 days to de-
termine the distribution and bioacumula-
tion potentlal in the aquatic environment.
Soil containing from 0.0001 to 7.45 ppm ad-
gsorbed “C-TCDD was placed in aquaris,
containing eight snalls (Physe sp.) a few
strands of algae (Oedogonium carduacum),
and 10 ml of old aquarfum water containing
various distoms, protozoa, and rotifers. Fif-
teen duckweed (Lemna minor) plants were
also added to one agquarium. Samples of
daphnids were taken for analysis at 30 days,
and two mosquite fleh (Gambusic uffinis)
were added to esch tank., Thrze days later
all of the organisms were removed for anal-
yels, and two fingerling channe] catfish (fe-
taiurus punctatus) were added to ench tank
and exposed for 6 days.

The suthors stated that all organisms in
bhoth treatment and control tanks prospered
during this exposure period, indicating that

TCDD was not toxic at the concentrations
used. TCDD aceumulated In all organisms.
At the highest TCDD concentration (7.48
ppm) algea accumylated 6,6901+960 ppb
TCDD; snalls, 1,8204:170 ppb; daphnids,
10,400+480 ppb; and Gambusia, 1,3803:220
pph. Catfish were not analyzed for TCDD
resldues, At the second highest TCDD con-
centralon (3,17 ppm), however, catfish acou-
mulated 720130 ppb TCDD. The authors
stated that accumulation in all of the test
organisma from goil containing 0.1 ppb
TCDD is important gince this coneentration
approaches the concentration which would
oceur undet normal fleld use of 2,4.5-T. The
authors concluded that the data suggested
that under certain circumstances (discharge
of storm runoff from recently trested ran-
geland into a amall pond), water-eroded sur-
face soil or debris msy contaln enough
TCDD for measurable residues {parts per
thousant (ppt) quantities) to accumulate in
fish or other aquatic organisms. However,
the authors apeculsted that TCDD, origl-
nating from 2,4,8-T applications, discharged
into large Iakes, streams, or estuaries would
probably become sulficlently diluted o that
no meamirable accumutation would oceur.
As part of s broad study to determine
whether 2,4,6-T use leads to TCDD acoumu-
lation In the environment, Shadoff et al,
(58) collected samples of fish, mud, water,
and humen milk from areas in Texas and
Arkansps. The ‘Texas samples of water, mud,
catfish, and walleyed pike were collected
from the Ban Angelo Reservoir, an jm-
poundment of the North Concho River. The
authors stated that thia watershed has large
acreages that have been sprayed with 2,4,5-
T at 0.5 pounds/ucre (2,4,6-T acld equiv-
alent) for brush control. These researchers
also obtained six samples of humen milk
from mothers residing in general ares of the
San Angelo Reservolr. In addttion, bass
from & 125-acre pond In the heart of the Ar-
kansas rice-growing area were collected.
Water from this pond is used to flood rice
flelds treated with the equivalent of 1.25
pounds/acre of 2,4.5-T, ncid, 4 to B weoks
prior to flooding. The water ig later drawn
off the fields and pumped back. inte the
pond for reuse, In addition, the pend is sup-
plemented by water from wells and by water
collected as runoff from sarrounding rice
fields during the rainy season. The authora
stated that thiz oycle had heen in use {in-
cluding the proper use of 3,4,5-T) for 18
years up to the tinte of their study. The au-
thors stated that no TCDD was detected in

ppt. No evidence was found thet TCDD {8
accumulating in the environment from the
use of 2,4,5-T described in this study.

. Residues.—(1) Soil. Woolson et al. {55)
studied Lakeland sandy soll to determine if
TCDD residues could be detected in soll re-
ceiving exceedingly large applications of 2,4-
D and 2,4,5-T. The heaviest rate of 1,4,5-T
application was 847 pounds-acre applied ae-
rially during 1962 through 1984, while the
lightest rate was 180 pounds-acre applied ae-
rially during 1968 and 1969, During this
period, it was not uncommon for commer-
clal samples of 2,4.6-T to contain levels of 30
to 40 ppm TCDD.

The suthors were able to detect small
amounts of 2,4,5-T in the goll samples. They
observed that the residue level decreased
with time after application and stated that
lesching and microbial decomposition could
account for this decrease. Using a detection
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limit of ¢4 than 1 ppb, the authors did not
detect an  TCDD at any depth in 36-inch
core sampies of the soll,

{2) Wa!lzr. In October 1968, the U.8. Geo-
logieal Survey initiated a limited program of
pesticide monitoring on 11 waterways in the
west Unlted States (59). The streams, repre-
senting agricultural areas were the probabil-
ity of observing pesticide residues would be
greater, included the Migzourl, Brazos, Yel-
lowstone, Speramento, Colorado, Arkansas,
Yakima, Rio QGrande, and Snake Rivera,
Pegticides chosen for analysis included the
insecticldes aldrin, PDDD, DDE, DDT, diel-
drin, endrin, heptachlor, heptachlor epox-
ide, and lindane, and the herbicides 24.-D,
2,4,6-T, and sllvex. The authors reported
that no herbicide was found at any time at
any station during the first year of the sam-
pling program. The lower limit of sensitivity
{detection) was 5 ppt.

Manigold and Schulze (80), reporting on
the resulis of the U.8. Geologleal Survey
stream monitoring program for the 2-year
period October 1968 to September 1968, ob-
served that beginning in August 1967 2,4-D,
silvex, and 3,4,5-T had been detecled fre-
quently. 2,4,5-T was found in 28 of the 320
samples and ranged from 0401 to 0.07 ppb.
‘The authors stated that the eatablished cri-
teria permitted 100 pg/liter (ppb) for herbi-
cldes, Thege authors reported that the ana-
Iyticel procedures were changed from the
preceding report to use Law’s sample
cleanup procedure, which permits routine
detection of pesticides at 9.005 pg/lter in
most waters,

Notrris (47) observed that peak concentra-
tions of phenoxy herblcldes seldom exceed-
ed 0.1 ppm in streams contaminated from

_8spray projects on range and forest lands in
Oregon.

Lawson (§1) studied 2,4,5-T residues in
storm runoff from three small watersheds
in Arkansas, Two watersheds, one cleared
and the other partially cut, were sprayed
with the isooctyl ester of 2,45-T. A third
watershed, adjacent to the two treated ones,
was used ag a control. Spraying was done in
September 1971, June 1972, and July 1973,
elther to control woody sprouts and broad-
leaf vegetation or just to provide herblcide
application for monitoring. The cleared wa-
tershed was treated with 4 pounds aeid
equivalent per acre and the partially cut site
with 2 pounds/acre.

In water samples taken safter the flrst
runeff-producing storm m October 1971,
Lawson (61) detected an average of 2.1 ppm
2,4,5-T from the cleared watershed and 1.0
phm from the partiafly cut site. Maximum
amounts detected were 2.2 and 1.3 ppm for
the two sareas. No 2,4,5-T was detected from
the control site.

Only trace amounts (less than 0.2 ppm)
were detected from each of the two treated
sltes after the next runoff-producing storms
in November 1871. None was detected from
the control.

In approximately 80 samples taken nfter
storma during the period December 1971
through September 1973, no 2.4,5-T was de-
tected by Lawson (61) In the runoff from
the treated or control water sheds,

Since TCDD 15 immobile in soll (39) and

soluble In water at only 0.2 ppb (7, the pos-
gibility of ground water contamination is
virtually nonexistent (£6). TCDD could he
present in mnoff when aofl erosion is sig-
niflcant (39), and thus TCDD contamina-
tion of water bodies could oceur.

A recent National Academy of Sclences

NOTICES

report on drinking water stated that 2,4.5,-T
and TCDD have never been detected in
drinking water, the limit of detection was in
the parts per triilion, However, the report
did project the toxicity of 2,4,5.-T and
TCDD, thelr acceptable daily intake, and
suggested no-adverse-effect levely (62).

(3) Air. Prior to 14710, phenoxy herbicides
were widely used for early postemergence
control of weeds in wheat, Johngon (63) re-
ported that air samples collected during
spring and summer in the state of Weshing-
ton where these crobs are grown contained
a8 much ag 0.06 pg/m?* 2,4-D and 2,4,5-T. As-

Table t,
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suming that a man inhales about 30 m? of
alr per day, the authors estimated that ex-
posure to 0.08 pg/m?* wonld amount to inha-
lation of 1.8 pg phenoxy herbicide/day or
0.025 pe/kg of body welght per day for a 70
ke mait.

Ambient alr monitoring for pesticides in
predominantly agricultural areas of 28
states was conducted by the National Alr
Monitoring Program in calendear years
(CY) 19%0 through 1972 using ethylene
glycol impinger iype samples. Table 1 re-
cords the arithmetic mean of residues of
2,4,5-T detected in this program (64).

Air Monitoring Data for 2,4,5-T in 28 State

s (1970 to 1972}

‘ Name of ! 2,4,5-T Eater ! ng/m3 ! ng/u3 ! ns/m3 }
{Louisana |Isopropyl ester} - | ND ! 1.9
|Montana | - ND { ND H 0.8 |
INew Mexlco | | - | KD H 1.0 |
"} Idaho | ] KD | HD | 1.7 i
{Illinois {BOEE i ND i 3.6 i ND |
|0regon ! ! ND | 0.5 | ND
|Tannessee ! [ S § { D H ND |
{Tennessee }Isoootyl eater | WD bo2.7 | ND
a H H ND L1, 6 ] Kp i

ND = Not Detected.

(4) Animals. Phenoxy acetic acids are rela-
tively strong acids, and animals rapidly ex-
crete them unchanged in thetr urine (363 In
their study of the fate of atrazine, kuron,
sfivex, and 2,4,5-T In the dairy cow, St. John
et al. (65 found that dairy cows given 2,4,5-

T and silvex in their feed at 5 ppm for four .

days, completely eliminated both 2,4.,5-T
and zllvex ag soluble salts in the urine two
days after dosing stopped.

Zielinski and Pishbein (86) treated female
CSTBL/6 mice with & single subcutaneous
injection of 100 mg/kg body weight of 2,4,5-
T in dimethylsulfoxide solution. They sacri-
ficed the animals ai various intervals after
injection and analyzed in toto for 2,4,6-T.
The amounts recoveted as percentage of the
amount injected indicated decreasing levels
at the following time intervals after dosing:
at ¢ hours, 77.1+5.0%; at 18 hours,
66.0+4.2%; and at 24 hours 23.713.6%.

In a preliminary report of a two-year
chronde toxlelty feeding study, Dow Chemi-
cal USA (116 reported the following resldue
data for rats fed indicated TCDD doses:
24,000 ppt in llver and 8,100 ppt In fat of fe-
males ingesting 2,200 ppt/day; 5,100 ppt in
liver and 1,700 ppt in fat of females ingest-
ing 220 ppt/day; and 540 ppi In liver and fat
of females ingesting 22 ppt/day. The pre-
lminary report gives no resldue data for
treated males, or for controls of either sex.

Plper et al. (67 atudied the fate of 2,4,56-T
following oral administration to rats and
dogs. Four groups of three male and three
femnle Sprague-Dawley rats (Spartan
strain) and two male and two female adult
heagle dogs were given single doses of “C-la-
beled 2,4,5-T by intubation at 5, 50, 100, and
200 mg/kg body weight in rats and 5 mg/kg
body welght In dogs. The authors combined
datd obtaimed for males and females since
the pharmacokinetics of 2,4,5-T were essen-
tially the same in each sex. In this study,
the clearance half-life for 5 mg/kg 24,5-T
from dog plasma was 770 hours in rata the
half-Hfe was 4.7 hours at 5 mg/kg and 4.2
hours at 50 me/kg. At doses of 100 and 200
my/kg body weight, the clearance half-life

. rectly

for rats increased to 194 and 25.2 hours,
showing that the pharmacokinetics of 2,4,6-
T varles with dose as well sz with species,
The authors suggested that the half-life
values at 100 and 200 mg/kg body weight in-.
dicated that these doses may have exceeded
the excretory eapacity of the rats,

Zitko (68 assayed chlorinated dibenzo-
dioxin residues in aquatic animals, but was
unable to detect these compounds {(detec-
tion limit; 0.04 pg/¢ {ppml for TCDD) In
any of several aquatic from Canadi-
an locations, The author had selected spe-
cles from high trophic levels of the aquatic
food web to measure cumulative pesticide
contamination. More recently, using im-
proved analytical methods for detection of
dloxin at ppt levels, Baughman and Mesel-
aon (69) found mean TCDD levels ranging
from 18 ppt to 810 ppt in fish and crusta-.
ceans taken from Vietnamese rivers in
August and September 1970, T'CDD levels
tended to be higher in fish from interior
rivers than in those from seacoast Jocations.
In comparison, DBaughman snd Meselson
found less than 3 ppt TCDD in fish ob-
tained in a market in Cape Cod, Massachu-
setts. In another study, Matsumura and
Benezet (70) placed TCDD-coaled sand di-
in an aquarium containing brine
shrimp, mosquito Jarvae, and figh (silver-
side), TCDD bickup waa low in fish (2 pph).
and brine shrimp (167 ppb) under the ex-
perimental conditions, But mosquito larvae,
which are bottom feeders, showed a surpris-
ingly high rate of pickup (4,150 pph). The
authors concluded that TCDD was not
likely to accumulate in as many blological
gsystems as DDT because of TCDD's low
solubility in water and Hpids, as well ag its,
low partition coefticlent in lipids,

(6> Plants. Clark et al. (36) reported that,
when herbicides are applied to rangeland,
the levels of phenoxy herbicides available
for ingestion by grazing livestock depend
upon the nature and degree of cover, the
rate and mode of application, time after ap-
plication, and climate conditions. Studles by
Morton et sl, (¢4) showed that restdues on
grass immediately after application of 2,4,5-
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‘T are not lkely to exceed 100 to 150 ppm
for each pound of actual herbicide applied

per acre.

Leng (37 stated that herbicide realdues in

or on plants declined rapidly, with a half-
life of one to two weeks, due to photodecom-
position. by sunlight, wash-off by rain, me-
tabollsm by plents, and dilution from
growth of plants. 2,4.6-T was applied to
grass in four states at an application rate of
4 pounds/galion, 3 gallons/acre; initial resi-
dues immediately after treatment in Cali-
fornia averaged 884 ppm {or 67 ppm/pound
applied per acre); 1,668 ppm (or 138 ppm/
pound) in Michigan; 1,464 ppm (or 122 ppm/
pound) in Narth Carolina; and 1,332 ppm or
(111 ppm/pound) in Texas. After two weeks,
residues in the four locations averaged 26 to
34 ppm/pound per acre. After 16 weeks, all
residues had declined to an average 3 ppmy/
pound applied per acre.
. Bauer et al. (71) treated grass specles in-
digenous to Vietoria County, Tex., with 2
pounds/acre 2,4,5-T ester. One month after
applicatlon the concentration averaged
4,080 ng/g (ppl for 2,4.5-T acid and 2,890
ng/g (pph) for 2,4,5-T ester. Six months
after application the concentration saver-
aged 80 and 170 ng/g (bph) for 2,4,5-T acid
and ester, repectively.

Getzendaner and Hummel (72)° deserlbed
a 1969 study in which a 2,4,6-T propylene
glveol butyl ether ester formulation was
sprayed on Texas grass at an application
rate equivalent to 12 pounds of 2,4,5-T per
acre; this rate wag 6 to 24 times the usual
rate applied to grazing lands for brush con-
trol. At this time, manufacturing specifica-
tlons for no detectable TCDD In 24,5-T
used a method sensitive to 1ppm. The aun-
thors found that residues of TCDD de-
creaged rapldly from about 500 ppt TCDD
within one day of application, to about 35
ppt TCDD after four weeks, and about 156
ppt TCDD after 16 weeks, The TCDD de-
crease roughly paralleled the loss of 2,4,5-T
from the same grass,

(8} Humans, Matsumura (73) studied 2,4,5-
T in the blood and urine of human male vol-
unteers who had ingested the chemical.
After Ingesting 150 mg (2.2 mg/ke), the
plasmsa concentration of 2,4,5/T in one sub-
" ject reached a peak of 2L1 sg/mi after four
hours. A linear, semi-logarithmic concentra-
tion-time curve (a gradient of —0.068) four
hours post-treatment indicated first order
eHmination and absorption kineties. |

In 8 3econd part of this study, Matsumura
gave two mele volunteers gingle oral doses
of 100 mg 2,4,5-T. Urine samples were col-
lected over 72 hours. About 45 percent of
the orignial dose was found in urine collect-
ed during the tirst 24 hours after treatment;
60 percent had been recovered 38 hours
after treatment; and after 72 hours, more
than 80 percent of the original dose of 2,4,5-
T had been recovered.

Geehring et al. (74) also studled the fate of
2,4.5-T following oral administration to
man. Five male volunteers, ages 31 to 58
yvears, each ingested a single 5 mg/kg oral
dose of analytical grade 2,4,5-T, with =»
purity greater then 99 percent and less than
the detectable level (0,05 ppm) TCDD, di-
rectly or as a slurry in milk. Blood, urine
and feces were collected at intervals for up
to 98 hours after Ingestion. Essentially all
{88.51-5.11 percent) of the 2,4,5-T ingested

tStudies submitted by registrants ag part
of petitions for residue tolerances are classi-
tied confidentisl, pending outcome of litiga-
tion in 1.8. District Court.

NOTICES

by these subjects was excreted unchanged
in the urine after 96 hours. The plasms
2,4,6-T concenttration increased repldly fol-
lowing Ingestion and after 7 hours reached &
peak of approximately 57 pg/ml, after
which the plasma contained 66 percent of
the 2,4,5-T in the body, of which 8§ percent
was bound reversibly to protein,

Kohli et al, (75) also studied absorption
and excretion of 2,4,6-T in man, Elght male
volunteers, age 25 to 35 years, recelved a
single oral dose (2, 3. or & ma/kg) analytical
grade 2,4,6-T with a purity greater than 99
percent. Urine was collected up to 88 hours,
and blood samples were collected up to 188
hours, 2,45-T was detected in some two-
hour urine samples, indicating rapld execre-
tion of the compound. More than half of
the 2.4,5-T was excreted in the urlne in the
tirst 48 hours, although small quantities
were still belng exereted at 86 hours,

2,45-T appeared in all plasma samples 1
hour after 2,4,5-T ingestion, indicating rapid
abgorption. Maximum concentration (ap-
proximately 26 ug/ml for the b mg/kg dose)
was reached between 7 and 24 hours after
ingestion and began to decline at a first-
order rate after 32 hours.

These Investigators concluded that 2,4,6-T
wad readily absorbed from the gastrointesti-
nal tract, that it was eliminated unchanged
in the urine, and that the halflife for
plasma clearance was 18.81:3.1 hours. These
suthors pointed out that, in general, higher
recoveries were reported by (Gehring et al
(74) who used an electron capture detector,
instead of the flame-ionization detector
used in thelr study,

The National Human Monitoring Program
for Pesticides, through Its cooperative ar-
rangement with the Health and Nutritional
Examination Survey II (Hanea II project), 1s
currently analyzing human urine samples
for sllvex, 2,45-T, anhd 2,4,5-TCP (64). The
survey s scheduled for completion In 1979,
but some extremely tentative results are
nvallable. No quantifiable 24.5T residues
have been detected in the first 400 samples;
however, trace amounts (<10 ppb) have
been found In a few samples,

Dougherty and Plotrowska (I77) reported
on zcreening of human urine for environ-
mental contamination with toxic residues
by negative chemical jonizatlon mass spec-
trometry. The procedure Is baged on solvent
extraction with minimal clean-up followed
by exsmination with negative chemical fon-
ization mass spectrometry for organochlor-
ine residues ahd related compounds with
masges greater than 130 daltons, Urine for
the screening procedure was obtained from
students at Florida State University (2B
dorm residents; 21 football team members;
and 11 swimming team members). The su-
thors reported that the limited survey of
human urines indicates contamination of
the subjects with 2,4,5-T, pentachloro-
phenol, other polychlorophenoxy acids, and
numerous unknown cempounds. The au-
thors indicated that 2,4,5-T was found In 38
percent (8/26) of the dorm residents; 24 per-
cent {%1) of the foothall team; and ¢ per-
cent (%) of the swimming team. The au-
thors attempted to define the source of the
contamination by applying the same screen-
ing procedure to environmentzl substrates
and suggested the food chaln (beef fal in
the cese of 2,4,5-T) as one significant source
of the contamination,

(T} Animal produciy. Kocher et al. (76)
gurveyed beef fat from cattle grazing on
land where 2,4,5-T had been applied to de-
termine if TCDD was present in this tiasue,

None of the 2,4,6-T samples used sere avall-
able for analysis for TCDD contei .. The au-
thors did not kmow whether the samples
were produced before 1972 (when n.aximum
allowable TCDD content was 1 ppm) or
after 19072 (when maximum allowable
TCDD content was 0.1 ppm). None of the 18
samples from Sugarland (Tex., Mo, and
Okla.), showed TCDD residues when ana-
Jyzed by a gas chromatography-masg spec-
trometry detection techmique (detection
limits: 3 to 8 ppt). Three of the elght sam-
ples fromn Mertzon, Tex., where animals had
grazed for 30 days In a fenced pasture
sprayed In fts entirety with 2.4,5-T, gave
posltive responses at the detection limit of 3
to 4 ppt TCDD,

In another surveillance study, Mahle et al.
(77) analyzed milk from cows grazing on
grasa treated with 2,4,5-T in accord with
normal egricultural practices. Twenty-flve
sambles were collected from different farms
in Oklahoma, Arkansas, and Missouri; these
arens were selected as representative of
those where 2,4,5-T i used to control broad-
leaf weeds and brush {n pasture ahd range-
land, Milk purchased in Midland, Mich., an
area where 2,4,5-T is not used, provided con-
trol samples. Bazed on gaa chromatography-
mass spectrometry data (detection lmit: 1
ppt), the anthors stated that control sem-
ples were indistinguishable from the sam-
ples from treated areas and concluded that
TCDI) was not present.

The regidue levels reported in animal
products in the studies cited below were ob-
tained in laboratory feeding studies and not
from animals grazing on pastures and range-
lands treated at dosage rates recommended
on registeres product labels. Nevertheless,
regidues obtained in these feeding studies
could occur in the environment and af these
same levels since animals grazing on forage
plants lmmediately after treatment at rec-
ommended rates of application could ingest
2,4,5-T in amounts similar to those fed in
the studies.

Leng (37) found no regidues grenter than
0.06 ppm in milk or cream of cows ingesting
1¢ to 30 ppm 2,4.5-T. At 100 ppm 2,45-T in
the diet, traces of 2,4,5-TCP (0.06 ppm) were
found in milk and creamn. When the diet
contained high levels of 2,4,5-T, equivalent
to 300 and 1,000 ppm in the total diet, resi-
dues of 24,5-T and 2,4.5.-TCP ranged from
0.15 to 0.5 ppm In milk of indlvidual cows.

Leng (37), reporting on residues in meat
and meat byproducts, stated that calves
slaughtered after ingesting 300 ppm 2,4,5-T
in total diet contained average residues of
0.12 to 0.28 ppm In muscle, fat, and liver,
and 3.3 ppm in kidney, Animale fed 800 to
2,000 ppm 246-T in the total diet and
slaughtered without withdrawal had pro-
portionally higher average residues in
tiesue, No residues were detected (detection
limit: 0.06 ppm) in most tissues when ani-
mals were given untreated feed for one week
after they had been on the higheat levels
{1,800 and 2,000 ppm) of 2,4,5-T for 4 weeks.
Residues of 2,4.5-T deciined rapidiy in tis-
sues ad goon s animaly started to eat un-
treated feed.

Clark and Palmer (78) found 0.08 ppm
2,4.6-T in omental fat of each of twe sheep
given four oral doseg of elther 0.15 or (.75
me/kg of the propylene glycel butyl ester of
2,4,8-T. They also found 368 ppm 2,4,5-T in
kidneys of animals killed by 4 dally 250 mg/
kg doses of a 2,4,5-T ester.

Clark et al. (36) found 2,4.6-T no higher
than 0.05 ppm in muscle or fat of sheep
held one week on unireated feed. Residues
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of the metabolite 2,4,5-TCP were not detect-
ed in the fat of any of the anlmals. They
also found that the 2,4,5-T level in lver and
kidneys was less than 0.06 ppm after the
animals were on untrested feed for 7 days,

Leng (79) found low levels of 2,4,5-T In
muscle and fat of calves recelving 300 to 500
ppm 2,4,6-T in the dlet and much higher re-
sldues In tlssues of animals fed 1,800 ppm
24,57 for 20 daya. Calves fed 300 ppm 2,4,5-
T showed 06.12 and 0.28 ppm 2457 in
muscle and fat, respectively. Calves fed 800
ppm showed 0.24 and 0.38 ppm in muscle
and fat, respectively., And at 1,800 ppm In
the diet, calves showed 1.2 and 2.0 ppm In
musele and fat, reapectively. In this same
study, Leng found relatively low residues of
2.4,5-T in liver at feeding levels of 300 and
960 ppm (0.2 and 1.0 ppm, respectively) and
sharply increazed residues (7.9 ppm) af
1,800 ppm, indicating that the threshold
level may have been excecded at this higher
dosage level. Residues of 2,4.5-T in kldney
appeared to be proportional to the jevel in
the diet,

Bighty-five samples of heef fat were ana-
lyzed for TCDD content under the auspices
of the EPA Dioxin Implementstion Plan
(see section II). These beef fat samples in-
cluded 18 semples from control ereas and 67
samples from areas previously treated with
2,4,8-T, None of the 18 control samples had
detectable amounts of TCDD at a detection
limit of 10 ppt. Of the 67 samples from
areas previously exposed fo 2,4,5-T, one
showed a positive TCDD level of 60 ppt: two
appeared to have TCDD at 20 ppt; and live
may have had TCDD levels which ranged
from 5§ to 10 ppt. The valuea for these five
samples were at or below the limits of detec-
tlon of 10 ppt. Forty-three beef liver sam-
ples were analyzed and showed no TCDD re-
sidues at a detection limit of 10 ppt.

(8) Food. Evidence that very little 2,4,5-T
gets into food is seen in results of Market
Basket Burveys conducted by the Pood and
Drug Administration (FDA), Of the 134
totsl diet samples involving 1,600 food com-
posites (Market Basket SBurvey) analyzed
from 1964 through April 1969, only three
contained 2,4,5-T. Two weore dairy products
containing 8 to 13 percent faf with 0.008 and
0.19 ppm in the fat. A single meat, fish, and
poultry composite from Boslon consisting of
17 to 23 percent fat was found to contain
3.4{;03 ppm 2,4,5-T on s fat basis (87, 82, 83,

FDA Market Basket Survey samples from
1968 through July 1974 showed no 2,4,5-T
residues (detection limit: 0.02 ppm) in 1586
total diet samples involving 1,869 food com-
posites (85, 86, 87, 88, 89).

(9) Human erposure via indusiricl acci-
dents. There have been a number of indus-
trial aceidents during manufacture of chlor-
inated phenols that have resulted fn human
axposure to TCDD.

Whiteside (30) reported on a 1849 explo-
slon at & chemieal plant producing 2,4,5-T in
Nitro, W. Va. The release of intermediate
chemicals led to 228 cases of chlorache
emong exposed workers. Whiteside siated
that aymptoms of affected workers included
gkin eruptions, shortness of breath, intoler-
ance to cold, palpable and tender liver, loss
of senzatlon in extremities, damage to pe-
ripheral nerves, fatigue, nervousness, ltrita-
bility, insomnia, toss of libido, and vertigo.

Goldmann (81) reported on a 1953 acel-
dent at & 3,4,5-TCP production plant in Ger-
many. Temperature and pressure rose ex-
ploalvely in the autoclave, forming previous-
1y unknown, very toxic chlorinated hydro.

NOTICES

carbons; 42 persons contracted serlous cases
of dermatitls, in which 14 persons suffered
conseguent damaue to Internal organs, and
seven persons experienced disturbances of
the nervous system. A aimilar nccldent oc-
curred in Amsterdam In 1983 when an ex-
plogion in & 2,4,6-T factory resulted in 50
workers contracting chloracne (94).

In 1954, 31 workera in a Hamburg, Ger-
many, chemical plant producing 2,4,6-T

from technical 2,4,6-TCP contracted chlor-

acne (19, 18, 92) and suffered the physical
and peychological symptoms associated with
1t (#3), Kimmig and Schulz (1§ extenslvely
investigated the workers' condltions and
conducted experiments treating the skin of
& rabbit's ear with chemicals to which work-
ers had been exposed, These researchers
tentatively {dentified the causative sgent of
the chloratne ag TCDD. Bauer ¢f 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 chlor-

acne (93, #4). Bleiberg et al. (84 found evi-
dence of porphyria cutanes tarda (PCT) of
varying degrees of severity in 11 out of 29
workers, PCT had never before been de-
seribed as related to chloracne, ner had it
been ascribed to Indusirial exposure in the
United States, The authors stated that
either the finished chemicals or some inter-
mediate were responsible for both diseases,

The Fine Chemicals Unit of Cosllite and
Chemical Produets Ltd. located at Bolsover,
Derbyshire, in England had been producing
2,45-TCP for nearly 3 years without inci-
dent when an explosion occurred at mid-
night on Apri] 23, 19468, As a result of this
exothermal reaction, TCDD had acclidental-
Iy been produced. Workers at this plant
where accidentally expased to TCDD, and
79 cases of chloracne were recorded, many
of them severe (8, §5),

Beginning in May 1971 an gecidental poi-
soning episode ocewrred in the United
States that sffected humans, horses, and
other animals. The exporure wes releted to
the spraying of waste oll, contaminated with
TCDD, on riding arenas to control dust.
Three days after spraying, sparrows and
other birds were found dead on the arens
floor. Of 85 horses exercilzed within the
arena, 82 became {11, and 48 died. The firat
horse died on June 20, 1971. Horses contin-
ved to die as Inte as January 1074, Human
linesses were less severe, but did include
one case of hemorrhagic cystitis in a g-year-
old glrl who frequently played in the arena,
Analysis showed the arens contained 31.8 to
33.0 pg/w TCDD (96, 97, 182).

Beale et al. (98) presented follow-up infor-
mation o the B-yearwld girl involved In
this eccidental polsoning. These authors
astated that the girl's symptoms resolved in
three {o four days and did not recur. Re-
sults of a repeat volding cystogram three
months later appeared normal.. Cystoscopy
at this titne did, however, demonstrate nu-
merous punctate haemorrhagic aress In the
bledder, especially in the region of the tri-
gone. Five years later, an investigation
showed that this girl had grosm normally;
resulty of a physical examination, including
& detalled neurclogleal examinsilon, were
normal, Cystogram and liver-function tests
were also normal, as was the urinary excre-
tion of uroporphyrins, coproporphyrins, and
thyroid function.

On July 10, 1976, an Bccident st the
ICMESA chemical plant In the Seveso
Heglon of Italy released 2 to 10 pounds of
TCDD over s wide ares (50, 93 1£0). Hun-
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dreds of animals dled, many ares residents
reported skin disorders, and an ares of 110
hectares wae evacuated (181), Reports of
the immediate aymptoms and indications of
many long-term effects are just becoming
available.

Seveso inhabitants initially experienced
numerous, burnlike skin leslons which
gradunlly receded; Whiteside (80 believed
this type of leslon was probably due to
direct contact with the sodium hydroxide
and phenclic components of the fallout.
Two and a half months after the exploston,
however, ¢hildren and young people in the
gone moat alfected by the fallout developed
symptoms of true ¢hioracne, a sign of dioxin
poisoning, on their faces, arms, and bodies.
By November 1976, 28 people had developed
confirmed cases of chloracne, and the
number rose to 38 by December 1978; one
year later, the number of confirmed cases of
chloracne was 130,

A number of Seveno women were pregnant
at the time of the accident. Whiteslde (9)
reported that the number of legal and il-
legal abortions performed after the accident
probably totalled §0. Results of a survey by
&n epidemological commisslon showed that
183 hables were delivered In the two months
followlng the aceident and that there were
61 spontaneous abortlons as gistinet from
induced sbortions {(approximately double
the rate of spontaneous abortions previous.
1y reported for the area). Whiteslde (90) re-
ported that eight cases of birth abnormadi-
ties have been noted to date among babies
born to women in the Beveso area who were
pregnant at the time of the explosion. Phy-
gicians in the Beveso area have had difficul-
ty relating this directly to the explosion,
however, since this incldence of birth abnor-
malitles was nol, disproportionate to the
usual incidence of abnormal births.

H, Tolerances. 'There are no tolerances es-
tablished for 2,45-T In or on food crops.
Likewise, no tolerances have been set spe-
citlcally for TCDD {n or on food crops, How-
ever, 40 CFR 180,302 does establish & toler-
ance of 0.06 ppm for hexachlorophene on .
cotton seed (a nonhuman dietary food
item), with a stated limitation that the tech-
nlcal grade hexachlorophene used In the
formulation shall not contain more than 8.1
ppm TCDD. The limitation does not consti-
tute & tolerance (102). :

1. Pesticide episode reporis system (PERS),
EPA’s Pesticlde Episode Response Branch
of the Office of Pesticide Programsa main-
tains a Pesticide Episode Reports Bystem
(PERB) which collects reports of pesticide
exposure affecting humans, domestic ani-
mals, livestock, and wildlife (103, According
to their records, there were 96 episodes
from 1968 to April 1977 involving 2,4.5-T.

Many of these 88 episodes recorded effects
in more than one area of the environment.
Plant damage was reported 60 times, effecta
ont humans 16 times, water contamination
14 times, effects on domestle animals and
soll contamination 7 times éach, general en-
vironmental contaminations 3 times, and
figh kills and compisints agalnst vse of 2,4,5-
T twice each. i

There was substantisl evidence in 13 of
the 98 episodes Hnking 2,4,6-T to the epi-
sode’s effecis; there was circumstantial evi-
dence in 20 of the episodes for involvement
of 2,4,6-T; there was insufficient evidence in
62 of the episodes to prove or disprove in-
volvement of 2,4,5-T; and one episode had
no veritication atatus lsted.

Of the 13 episodes for which there was
gnbstantlal evidence lnking 2,4.5-T to the
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episode’s offects, two involved humans (in-
cluding one suicide); 2,4-D was also involved
in both episodes. Three episodes involved
plant damage from drift of herbicides; 2,4,5-
T residues were found in plant samples fn
two episodes, 2,4-D was also involved In one
of theze episodes. Two episodes involved
fish kills resulting from accidental apills
into streams, with 2,4-D fnvolved in both in-
cidents; in one of these episodes, 6,000 fish
{80 percent Juvenile salmon) were killed; re-
sldues of both 2,4-D and 2,4.5-T were found
in these fish. Two Incidents involved gzoil
contamination when two warchouses were
destroyed by a tornado and fire; many other
pesticides were invoived in both m:;tames
‘Two episodes involved domestic animals; In

one, 24 cows died after herbicide applica-
tion, Arsenle residues were found in two
cows, and arsenic contamination of the her-
biclde mix was guspected. In the other in-
stance, 8 cows drank walter 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. One incident involved water con-
tamination as a result of a warehouse fire;
many other pesticides were also involved.

II. Regulatory History

2,4,5-T was developed during World War
1T and was first registered as a pesticide on
March 2, 1848 (). Since then, it has been
gw subject of several Federal regulatory ac-

ons.

On April 13, 1988, the United States De-
partment of Agriculture (USDA) and the
Food and Drug Administration (FDA) pub-
lished an announcement in the FEDERAL
RecisTeR abolishing the “No Residue and
Zero Tolerance” concepts as seientiftcally
untenable, Future regigtrations would he
granted on the basis of either “Negligible
Resgldue” or “Permissible Residue.” Indus-
try was glven unti]l December 31, 1967, to
comply by oblzining tolerances for residues
of 2,4,5-T in all treated food, feed products,
and byproducts (In addition no registrations
would be continued beyond December 31,
16747,

Pollowing this action, a series of Pesticide
Reglstration (PR) Notices were lssued over
geveral years, extending certain “no resi-
due” and “zero tolerance” registrations
beyond the December 31, 1967, deadline for
obtaining residue tolerance. (These and &1l
following PR Notices' are cited in Reference
104,) Among uses of 2,4,5-T extented beyond
the deadline were uses on pasture grasses
and rangeland; on apples (Meclntosh), hlue-
berries {low bush), cereal grains {undesig-
nated), rice, and sugarcane; and in lakes and
ponds.

PR Notice T0-8 issued by the USDA on
March 10, 1970, identifled data needs for
certain compounds. 2,4,5-T was 1dentified as
one of the compounds requiring further ter-
stogenic studies,

PR Notice T0-11 published on April 20,
1970, suspended 2,4.5-T products bearing
certain directions for use. The suspended
wses were all uses in lakes, ponds, or on
ditch banks; and liquid tormulations for use
around the home, recreation areas, and
similar sites.

PR Notice 70-13 issued by the USDA on
May 1, 1870, cancelled 2,4,5-T products bear-
ing certain directions for uge. The cancelled
usex were all granular 2.4,5-T formulations
for use around the home, recreational areas,
and simliier sites; and all 2,4,5-T uses on food
crops intended for human consumption.

NOTICES

All registrants were advised of these ac-
tlons, and two of the 24,56-T reglstrants,
Dow Chemical and Hereules Incorporated,
exercizged their right under Section 4(e) of
the Federal insecticide, Pungicide, and Ro-
denticide Act (FIFRA) (7 U.5.C. 135 et seq.)
to petitlon for referral of the cancellation
(rice use only) to an Advisory Committee,

As provided by Section 4(c) of PIFRA
(1964 amendment), a nine-member Advisory
Committee of zclentists was appointed to
consider all relevant facts, submit a report
and recommendations regarding regisiration
for certain uses of 2,4,5-T, and state the rea-
gond or bases for these recommendations.
Their report was submitted to the Adminis-
trator of the Environmental Protection
Agency on May 7, 1971 {(48), The Committee
recommended that use of 2,4,5-T be permit-
ted in forestry, range land, ahd rights-of-
way providing that the limit of 0.1 ppm of
contamination with TCDD be set for all
future production of 2,45-1; that 2,45-T be
applied ne more than once g year at sny one
site; and that 2,4,5-T be applied with proper
cantion 50 that it will not contaminate other
areas where it may come into contact with
humans.

The Committee also recommended that
this action be reviewed agnin when existing
deficiencies in information about possible
magnificetion of TCDD in the food chain
have been rectified by apecific research.

In the meantime, PR Notice 70-22, pub-
lished by the USDA on September 28, 1870,

d the presence of chlorodioxin con-
taminants in economic poisons. This notice
stated that the USDA had determined that
certain toxie ehlorodioxing (such as T'CDD)
may he present as contaminants in the basic
materials used in formulating 2,4,6-T and
sllvex. The notice also stated that the pres-
ence of such chlorodioxins constituted a
possdible hazard to man since they had been
found to be extremely toxic to laboratory
animals, and that appropriste regulatory
action would be taken under provisions of
FIFRA since products contalning chloro-
dioxins sre consldered to be in violation of
FIFRA

Dow Chemical obtained an injunction
against EPA in July 1972, enjolning further
administrative action asainst 2,4,5-T. The
United States Court of Appeals for the
Elghth Circult overturned the injunction in
1973, and administrative proceedings were
allowed to go forward.

On July 20, 1973, a notice of intent to hold
piiblic hearings on ¢ff uses of 2,4,6-T was
tlled with the EPA Hearing Clerk under sec-
tion 8(h)(2) of FIFRA, as amended 1972, All
federally approved uses of 2,4,5-T were to be
explored in a public hearing scheduled for
Aprll 1974, following completion of an in-

tensive monitoring program for detecting -

dioxin in the ppt range (38 FR 19869, July
29, 1973). _

On May 10, 1974, the information hearing
was expanded to include all fnsecticides and
herbieides having 2,4,5-TCP in their manu-
facturing Drocess. These included slivex,
erbon, and ronnel, a5 well as 2,45-T and
24,5-TCP, all of which may contain TCDD.

On June 24, 1874, EPA withdrew cancella-
tion and informsation-gathering proceedings
inftinted against 2,4,6-T and related com-
pounds because of its inability to monitor
food for TCDD residues with the necessary
analytical precision. Although the 2,4,5-T
notice of hearing was withdrawn, the
Agency stated that it “will continue its
TCDD resldue monitoring program and will
take such further action as it deems appro-

priate once the resuits of the moniloring
project are a.vnlla.ble” {39 FR 24050 June 28,
1874).

On July 26-28, 1974, the Agency held a
Dioxint Planning Conference in Washington,
D.C., primarily for those parties having an
interest in the withdrawn 2,4.5-T/dioxin
hearings, to address data analysis and re-
trieval (in the aress of analytical method-
ology. toxicology, and monftoring) with em-
phasis on analytical methodology for TCDD
at the ppt level. As a result, the Agency es-
tablished & Dioxin Implementation Pian
{DIP) intended to identify a preferable ana.
lytienl methodology to monitor human and
environmental sgamples for TCDD.

On-going TCDD studies under the DIP in-
clude: An analytical method validation
study to produce statistically defensible
data; monitoring for residues in human milk
in the Pacitic northwest; additional beef fat
residue studies; additlonal technical pestl-
clde residue studles; and an environmental
monitoring program for TCDD residues in
soll, water, and bioia,

I Summuary of Scientific Evidence
Relating to Rebuttable Presumpltion

The foliowing adverse cffects of 2,4,6,-T
and/or TCDD have been found to exceed
the criterin for issuance of a rebuttable pre-
samption as stated in § 162.11 of the Code of
Federal Regulations (CFR 40). Because of
industry’s apparent inability to produce
2,4,5-T without TCDD contamination, none
of the studies cited are for pure 2,4,5-T. The
effects of TCDD must alzo be considered
when assessing 2,4,5-T by the Agency's risk
criteria,

A Oncogenic effects, 40 CFR
162.11¢a) )i A) provides that a rebuttable
presumption shall arise “H a pesticide's
ingredient(s) * * * (Hnduces opcogenic ef-
fects in experimental mammalian species or
In man ag a result of oral, inhalation or
dermal expospre * * *.” Section 162.3(bb) de-
fines the term oncogenic as “the property of
a substance or a mixture of substances to
produce or induce henigh or mealignant
tumor formation in Mving sanimals.”

The studies summarized below indicate
that 2,4.5-T containing less than .05 ppm
TCDD and/or TCDD slone have oncogenie
effects in two mouse strainz and one rat
gtrain. Since 2,4.5-T, as currently formulat-
ed, contains TCDD (at a maximum amount
of 0,080 ppm), a rebuttable presumption
agalnst the registration of 2,4,5-T productz
has arisen because of the oncogenic effect
of 2,4,5-T and {ts contaminant, TCDD.

(1) 2,45-T--(n) Effects of dielary 2,4,5-T
(<0.05 ppm TCDD) on rodenis. In their
bloassy of 2,4,5-T for carcinogenicity in
mice, Muranyi-Kovacs et al. (105) admin-
stered 2,4,6-T (containing <006 ppm
TCDD)¢ to inbred C3Hf and XVIL/G mice,
The mice were given 100 mg/liter of 2,4.5-T
In the drinking water for two months begin-
ning at six weeks of nge, During the suc-
ceeding 15 to 20 months, the mice were
given 2,4,5-T mixed in the diet at a concen-
tration of 80 ppm ed Hbitum.

In C3H! mice, 48 percent of the treated fe-
males (1%s) and 53 percent of the troated
males (1%} developed tumors, compared
with control values of 21 percent (%) and
49 percent (*V4:), respectively (Table 2). The
differences between the number of tumors
observed and the number expected were slg-

*This TCDD level {5 less than the 0.1 ppm
TCDD currently found In most commmercial
formulations (see Section IB),
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nificant for female mice at all sites (p<0.03)
and for the combined sexes {p<0.01).% For
non-incldental fumors, the differences were
signiticant for each sex and the combine-
tion; o significant differences were found
in incldental tumors.’ No other strain-sex
combination ylelded statistteally stgnificant
values (106). Rare types of tumors, not seen
in the control animals, were observed in the
treated C3H! females.

A decrease In survival time for mice with
turmnots was noted in both male and female
trested C3H{ mice when compared with
controls. CIET treated male mice survived
an average of 511 days compared with 630
days for control male mice. According to the
evaluation by EPA's Carcinogen Assessment
Ciroup (CAG). (108), this difference was sig-
niflcant (p<0,001). Treated female C3Hf
mice survived 620 days compared with 680
days for control femsales. Chemically in-
duced oncogenlc effects typically show long
latency periods. The finding of reduced lon-
revity among treated animals as compared
with controls complicates the assessment of
the potential encogenic effects of 2,4,5-T,

In XVII/G mice, 84 percent of the treated
females (18/19) and 75 percent of the treat-
ed males (15/20) developed tumors, com-
pared with conirol values of 53 percent (21/
40) and 78 percent (25/32), reapectively.

An Increase fn survival time for mice with
tumors over controls was noted among the
XVIL/G treated animals. There was an uver-
age survivel time of 583 days for treated
mple mice cotnpared with 521 days for con-
trol male mice. Treated females survived 641
days compared with 589 days for control fe-
males. According to CAG (106), the differ-
ence was gignificant (p<0.01) in females.

(b Effects of subculaneous injection and
orel adminisiration of 24.5-T (30 ppm
TCDD) on rodents. Innes et al, (107 studied
the tumorigenicity of 2,4,6-T, containing

-about 3¢ ppm TCDD, in two hybrid strains
of mice, deslgnated as “X" and “Y", after
oral or subcutaneous administration of the
maximuin tolerated dose (table 3). The test-
ing was performed at Bfonetics Research
Laboratores, under contract from the Na-
tional Institutes of Health. Results of the
gtudies were caleulated comparing treated
groups with matched and pooled controls.?

In the subcutaneous study, mice were
glven & single Injection of 216 mg/keg of

"The investigators found no aigniticant
sex-related differences.

*Incidental tumors are tumors discovered
at necropey of an animal which died from
some other cancer; nonincidental tumors
are tumors dlagnosed during life or which
caused the death of the animal.

“Because this was a large scale sereening
gtudy, several control gtoups were used. No
significant diiferences were found among
these groups.

NOTICES

2,4.5-T In a dimethy] sultoxide (DMSO) 30~
Iution at approximately 18 months of age.
Seventeen percent (¥s) of Lhe treated Y
males developed pulmonary adenomas, com-
pared with 1 percent (V1) of the maiched
controls and 3 percent (%412} of the pooled
eontrols. This inereased Incidence of pul-
monary sdenomas was significant relative to
both control groups (p=90.024 matched and
p=0.04 pooled) (106).

In the oral study, 21.6 mg/ke of 2,4,6-T in
gelatin was administered dally by stomach

{ | Distery! Mean

17125

tube, beginning at 7 deoys of age, After wean-
ing, 60 ppm of 2,4,5-T was mixed in the diet
and provided ad libitum until the end of the
gtudy at approximately 12 months, Gross
and histological examinations were made of
all major organa and visible Jesions; thyroid
glends were not examined. According to
CAG's evaluation (106), there were no slg-
nificant differences between 2,4,6-T treated
and control groups of mice with respect to
tumors at specific sites or total number of
{umor-bearing anlmals,

{Hioe with Lasuicemia) )

}

i I | Level | Survi- |and Lung and Liver|

| [ | wal Tiwe} Tugows 1. & - y
] L nkenla |_giher
| cwmrlul o | 630 | 213 fugd 22t 2 w | - | &
| bl oae | si% ] e bssd 3 - | w i 2 |
i [ I ] I &8 | 974y 121} a i 5 | 3 1 1 |-

t bo{osp b 620 b seves fen b 99 f oo 4 ooa b3 1 gt
lovivva lnd o b sz1 | 2532 Jial 21 f 22l w it - | &
i i 1 so | 5839 | 1620 lgsd s bl 1 0 ] WY
i fed o | s60 | 2wu0 lss) e b 2o b -} 2 | 21!'5
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&' Data from Murauyi-XKovaca (10%),

b/ Estimeted daily oral dose = 12 mg/kg body weight,
g/ Effective numbar of mice are mioe surviving longer than 300 days

before 300 days of ags,
4/ Pleowarphic nalivary gland tumer.

or devaloping & tumer

2/ Fibrosaroomg; one hyperplastic urinary bladder and one hyperplastic forestomach not

includad,
Forastomash tumor.
Two hamanglomas.

p £ 0,01 compared with conteols,
P ¢ 0.001 comparad with vontrols.

ZheErk

| Pt :

{Dose
1 o

¥l L. oLa §in,

5/15

4 Mice with Speud
JMice with TumoralRetieulum $ell)Tumor

One osteogenio sarcomd; twe saroomas; two cutanenus tumors; one tervicol tumer.

Urinary bladder papilloms; two hyperplastic lesions of urdnary biadder not inoluded.

Table, 3. Tumors in Mige Ingesting.2,4.5-T

1 a! ko
Pox o 0 ! {334 0 { 2 H |
§ | |{matohad)} | | i y H
| T B 1 S E-74 1 I < Y | 5 | 5 | 8 {
{ I [{pooled) } i 1 | | {
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{2} TCDD.—a) QOncogenic sffects of low
levels of TCDD on rodents. Van Miller et al.
{109 recently reported the results of a 2-
year feeding study with male Sprague-
Dawley rats, Ten groups of ten animals per
group were fed ground chow containing 0, 1,
8, 50, or 500 ppt (=10"" gram TCDD/gram
food), and 1, b, B0, 500, or 1,000 ppb (=10"*
gram TCDD/gram food) TCDD.

Food intake (10—:4g/day) was signifi-
cantly lower In rata Ingesting the three
highest dose levels (50,500, or 1,000 pph
TCDD) than in conirols (21+2 g/day), and
none of the rats in these three groups
gained welght after the start of the experl-
mental diet. All rats receiving these thres
dose levels died between the second and
fourth week of treatment.

On the other hand, food intake for rats on
other dose levels was similar to controls
(202 g/dny). Weight gain was gignificantly
less for rats given 5 ppb TCDD (391154 &)
as compared to controls (631 +44 g), In these
seven groups only one animal died before
the 30th week, and that death occurred in
the 500-ppt group at the 17Tth week. In the
§- and 1-ppb groups, all animais died by the
90th week of the experiment, Table 4 shows
* the mortality tigures for all groups,

TABLE 4,—Mortality in rats ingesting

verious levels of TCDD
Dose Week of Number of rats dead
1at. death &t O5th weeks

68 8/10  (80%)

84 2710 (20%)

33 4510 (40%)

] 4/10  (40%)

17 5710 (50%)

3 10/10 (100%)

i 10/10 (100%)

3 10/10 (100%)

2 10/10 (100%)

2 10/10 (100%)

* Burviving animals sacrificed at 98 weeks.

s Control group. Diet contaihed no TCDD.

< Approximate weekly dose was 0.0003 pg/ke body
welght.

4 Approximate weekly dose was 0.001 pg/ke body
weight.

« Approximate weekly doge was 0,01 pg/kg body
welght.

t Approximate weekly dose was 0.1 pp/ke body
welght.

* Approximaie weekly dose was 0.4 pg/kg body
welght. :

» Approximate weekly doze was 2.0 pg/kg body
welght.

'm;llzhmthta weekly dose was 24 pg/kg bhody
welg

li\mt:bmxlmatie weekly dose was 240 ug/ke body
welgh

v Approximate weekly dose was 6500 pg/kg body
weight.

Laparotomies were performed on ali rats
surviving through the 65th week, and all
tumors observed were biopsied. Rats were
maintained on these diets until the 78th
week and were then placed on the control
diet. Surviving animals were killed at 93
wecks. Complete necropsies were done ab
death or sacrifice, and tissue samples were
microscopleally examined, Special astaining
methods were used to “‘aid in the diagnosia
of neoplasms.”

Tumorigenic and toxic effects were ob-
gerved in rats in the six lowest doge groups.
The overall incldence of neoplasms in the
gix experimental groups was 38 percent (23/
40), compared with ¢ percent (0/10) in the
control group. The difference is atatistically
significant (I96). Neoplestic nodules and
cholangiocarcinomas of the liver were ob-

NOTICES

served in 40 percent (4/10) of the rats in-
gesting 5 ppb TCDD; two animals had both
neoplastic nodules of the liver and cholan-
giocarcinomas. One rat (10 percent) in the 1

b group had hepatic earcinoms compsared
to none of the conirols, Hepatic tumors
were not found In other dose groups (table
b

/

H | Rats With | Rats With | Rats With )
{ | Neoplastic | Cholangio- | Nodules plus;
I 3
ibese (ppb) | No, | ¢ i Mo, t. %2 ! No., { % i
! 0 }o/10 1l 0 } o/10 f 0 | 0/10 | O }
' 1 P os10 | 0O b1/10 ) 0 ) vA10 ) to i
1 1 1
| 5 boazna b wo®/t ori0 b 2027wz | ong®/ |

ar

Data from Van Miller (109),

k/ Two animals had both neoplastic nodules of the liver

and cholangiocarcinomas,

Tumors developed in 46 percent (23/60) of
the rats ingesting 5, 66, or 500 ppt and 1 or B
ppb TCDD, compared to none (0/10) in the
control rats, Van Miller et al. noted that
‘nineteen (67 percent) (sic—Agency calculn.
tlon iz 64 percent (19/35) of the animals
that died in the six groups fed subacute
levels of TCDD had neoplastic alterna-
tions.” Carcinomas were observed in the ear
duet, kidney, and liver. Three retripetiton-
eal histiocytomas were described as metasta-
gizing to the “lungs, kidney, liver, and skel-
etal musculature.” According to CAG's eval.
uation (146), statistically significant in-
creases In tumoers at all sites were found in
rats fed 6, 500, 1,000, and 5,000 ppt as com-

pared with control animals (p=0.05) (table
8), Three of the ten deaths which occurred
in the 8-ppb dose group were attributed to
aplastlc anemia. One animal in the 500-ppt
group had o severe liver infarction.

Dow Chemical U.8.A, (1i®) has provided
EPA with a preliminary report of a study of
TCDD's chronic toxie effects in Sprague-
Dawiley rats. Groups of 50 rata of each sex
were fed 0.1, 0.01, or 0001 pg TCDD/Kg
body weight daily for 2 years. To provide
these dose levels, the concentrabions or
‘TCDD in the diet were approximately 2,200,
210, and 22 ppt. Elght-six animals of each
gex were used as controls.

____JmnL1JL__1nLaL_1nmnnz_1n_Bais_lnxgaiinx_lnnnfi___

| l | Rats With }
I Tumors i Tumora |
]nggg | Benign Malignant Total | No,. % H
| o o | o b o | osto ox |
| 1ppt | o { 0 !0 ] 0/10 0% i
| s ppt 1+ 2 | 5 .I 64/ | 5/10 5082/ |
fsopps 1 2 | {32} 3710 308 |
fsooppe | 2 | 2 I 8 a0 sos? |
| 1 ppb I ] I 5 I 51! ' 4/10 40% l

5 ppb 8 { 2 {109 ¢ 2730 708 _§
A7 Data from Van Miller (109},

b/ Rats administered 50, 500, and 1,000 ppb were al].

dead within four weeks.

&/ Forty male rats used as controls for another study that
were raecelved at the same time and kept under identical
conditions did not have neoplasms when killed at 18 wmonths.

4/ One rat had ear duct carcinoma and lymphocytic lsukenia.
The following tumor types were sach ocbserved in one rat:
adsnocarcinomas {(kidney), malignant histiocytoma {(retroperi-
toneal), anglosarcoma (3kin), and Lsydig cell adencma (testis).
g/ Three rats died with aplastic ansmia,

L/

The following tumor types were each observed in one rat:

fibrosarcoma (wmuscle), squamous cell fumor {szkin), and

astroeytoma (braln).

2/ The following tumor types were each observed in one rat:
fibroma (striated muscle), carcinoma (skin}, selerasing
seminoma (testis), and adenocarcinoma (kidney).

b/

One rat had a severe liver infarction.

l/ One rat had cholangiocarecinoma and malignant histio--

eytomas (retriperitoneal). The

aach observed in one rat:

following tumor {ypes were

angiosarcoma (skin), glioblastoma

{brain), and malignant histiocytoma {(retroparitioneal),
1/ One rat had squamous cell tumor (lung) and neoplastic

nodule {liver),
plastie nodule (liver},

Two rats had choelangioncarcinoma and neo-
Three rats had squamotas cell tumors

{lung)., One rat had neoplastic nodule,
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Dow (210 reported “discernible in e
in the incidence of hepatocellular carcino-
mas of the Bver and of squamons cell carcl-
nomas of the lung, hard palate/nasal tur-
binates, and tongue in rats at 0.1 pe/ke,
They alao reported decreased incidences of
pltuitary, uterine, mammary gland, pancre-
atie, and adrenal gland tumors at this dose
level, Dow also reported that this dose level
produced increased mortality, decreased
body weight gain, and changes in blood
chemistry values which suggested severe
toxicity. Hepatocellular nodules and alveo-
lar hyperplasian were observed in the 0,01

pe/keg group. A squamous cell carcinoma of

the hard palate was observed in one female
recelving this doge; Dow conuidered this un-
related to TCDD treatment becavse a simi-
lar tumor oceccurred in “other concurrent
studies.” At 0.001 p/kg there were no “dis-
cernible effects in male rats and an in-
creased incidence of [reversibiel swollen he-
patocytes in female ratsa.”

Dow's preliminary report does not Inchide
control data, quantitative data on tumor in-
cidence, or statistical analyses, CAQG has not
evaluated this atudy. Table 7 deacribea the
avallable tumor information, Dow has sub-
mitted the final report for this study, which
CAG is currently reviewing.

Table 7, Tumors in Spragus-Dawley Rats _
Ingeating TCopR/

Doge ! |
dugskeg/day 1 _ppt | Tumory |
I o 1 0 | =e=w [
{0.001 | 22 | —=m= !
{0.01 j 210 |} Hepatocellular Nodules '
‘ | | Squamous Cell Carcinoma-b-’ l
H | ! Alveolar Hyperplasla |
{o.1 | 2,220 | Hepatocellular Careinoma®’ |
j_ , l Squa 4/ !

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

ona female rat,

£/ 0Observed only in females,

4/ Squamous cell carcinoma observed in lungs, hardpalate/-

nasal turbinate, or tonguse,

(b} Effects closely related to oncogenicity
in lest animals. Many chemicglly nonreac-
tive carcinogens are enzymatically convert-
¢d to biologically active carcinogens. The
enzyme aryl hydrocarbon hydroxylase
(AHH) is strongly tmplicated in this process
{112y, Por example, the incidence of hron-
chiogenic earcinomas in humans (113 and
mouse sarcomas induced by 3-methyl.cho-
lanthrene ¢(f14) have been related to the
level of inducibility of AHH (99).

Kourl et al. {114) studied AHH induction
in human lymphocyte cultures by TCDD.
The wathors stated, “TCDD itsell iz not &
potent carcinogen in mice; however, the syn-
ergistic action of ‘TCDD with 3-methylcho-
lanthrene (MC? prodiices cancer in different
strains of mice in direct proportion to the
degree of elevation of the induced hydroxy-
lase activity and assoclated cytochrome
p—450 content,” Their study showed & posi-
tive correlation between basal enzyme activ-

ity and enzyme levels maximally inducible

by either TCDD or MC. They also found
that TCDD is nbout 40 to 60 times more
potent thian MC as an inducer of hydroxy-
lase metivity in cultured human lympho-
cytes, These authors further suggested that,
because of the relatively high levels of
TCDD in certain parta of the world, TCDD
may also present considerable long-term
risk because of possible Bynerglam in chemi-
cally initiated oncogenesis., In addition to
short-term risks posed by its toxic and tera-
togenic properties.

The implication of TCDD in AHH induci-
bility has also been reported by Poland and
Glover (115, 116) and Poland et al, (117). In
thelr studies on chick embryo livers, Poland
and (Hover (115) found that all dioxins

which are potent inducers have halogens at '

three of the four lateral ring positions and
at least one nonhalogenated carbon atom.
Poland and Glover (118) comparad the po-
tency of TCDD as an inducer of hepatic
AHH with that of MC, the most commonly
employed inducing agent. They stated that
analyzis of the data by a computer program
for bioassay showed that TCDD was 28,640
times ns potent as MC on a molar hasie.
(The 95 percent confidence interval of the
potency ratio is 2.07 to 3.95V10 ¥ The index
of precision, ¢ was 0.18. Poland et nl. (117
suggested that a hepatic cytosol specles
which binds TCDD 1s the receptor for the
induction of hepatic aryl hydrocarbon hy-
droxylase.

Allen et al (118) conducted a study in
which female rhesus monkeys were fed diets
containing 500 ppt TCDD for nine months.
Anemia, thrombocytopenia, and leukepenia
were the most debilitating changes. 'The al-
tered lymphopoiesia could be associated
with immune suppresion. The authors re-
ported widespread hypertrophy, hyperpla-
gla, and metaplaxin in the epithelium of
monkeys exposed to TCDD, and related this
to data showing increased tumor frequency
in TCDD fed rats. .

3y Preliminary epidemiological studies.
Two epldemiological studies lend support to
a finding of increased tumorigenicity due to
2,4.5-T exposure, The Englieh summary of s
Swedish paper by Hardell (708) stated that
“there were seven cases of malignant mesen-
chymgl tumors in 87 persons {who had
been) exposed to 2,4,5-T over a perlod of 10-
20 w * In tive of the cases, exposure had
been direct and comparatively massive. The
latent period of 10 to 20 years is in agree-
ment with that assumed for chemical car-
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cinogenesls. The statistical distribution of 7
of the 87 patlents deviated fram the nation-
al average with a dominance of tumors in
males,

Tung {120 reported an elevated inctdence
of primary liver cancers among Vietnamese
following the wide application of “Agent
Orange” sy & defoliant during the years
1941 to 1982. “Agent Orange” Is composed
of ogual parts 24.6°T snd 24D (24-
dichlorophenoxyacetic acld) and 15 contami-
nated with TCDD. During 1982 tp 1848, i0
percent (791/7911) of all cancers were liver
cancers, compared with 3 percent (158/65442)
during 1956 to 1981, The latent period in-
volved is shorter than that normally as-
sumed for chemickl carcinogenesis; the pos-
siblity of a shorter Intent perlod for some
chemicals, however, cannot be eliminated.
Neither of these stixdies is sufficient to be
the basls of any firm conclusions coneerning
8 chusal connection between 2,457 and
cancer. But in view of the results obtained
in experimental spnimals, they warrani
noting.

The Working Group concludes that there
is sufficient evidence to indicate that 2.4,5-
T, containing TCDD st levely as low as 0.05
ppm, and TCDD alone can praduce onco-
genie effects In mamalllan specles. Since
24,6-T, as cwrrently formulated, contains
TCDD (at & maximum amount of 0.089
ppm), a rebuttable presumption against reg-
istration of 2,4.3-T products has arisen be-
cause of the oncogenic effects of 2,4,5-T and
TCDD.

B. Other chronie or delayed loric effects,
40 CFR 102.11{aX3)Xil}B) provides that “s
rebuttable presumption shall arise if a pesti-
clde's ingredient(s) * * * (piroduces any
other chronic or delayed toxle effect in test
animals at any dosage up to & level, as deter-
mined by the Administrator, which i sub-
gtantially higher than that to which
humsns can reasonsbly be anticipated to be
exponed, taking Into account ample margins
of safety.” This section reflects concern
that chronic exposure to chemicals may
result in Injury to the reproductive system
and/or the fetus and provides that & rebut-
table presumption shall arlse if chronic
chemical exposure in test enimels produces
such resulis.

The studies sammarized below show that
2,46-T containing 0.5 ppm or less TCDD
produces teratogenic and/or fetotoxic ef-
fects in mice at 30 mg/kg. in rats at 100 me/
kg, in hamstera at 40 mg/kg, and in birds at
1 mg/ke. Other studies show that pesticlde-
free TCDD is fetotoxic and/or teratogenic
at doses as low as 0.126 u¢ TCDD/kg in rats
and 0.} pg TCDD/kg In mice. Specifically,
these studles show that exposure to TCDD
and/or 2,4,5-T contalning TCDD during
pregnancy is sssociated with statistically
stgnificant Increages in the incldence of cleft
palate, kidney anomalies, skeletal and intes-
tinal tract anomalies, and embryonic resorp-
tion. (Maternal toxicity has also been ob-
gerved in many of these studies, privaarly in
the form of reduced welght gsin and In-
creaged liver-to-body welght ratio. When-
ever it hay appeared particularly relevant,
detalls have been ciied In the individual
studies.)

The Working Group has concluded from
these studies that 2,4,6-T containing TCDD,
2,4,5-T without detectable dJloxin, and
TCDD alone produce tetotoxic and terato-
genle effects in mammals. The Working
Group has also concluded that an ample
margin of safety does not exist for the pop-
wlation at risk (women of child-bearing age)

NOTICES

for dermal and inhalation exposure and for
cumulative oral, dermal, and inhalation ex-
posure to both 2.4,5-T and/for TCDD. For
these reasons, the Working Group recom-
mends Issuance of a rebuttable presumption
braed on the fototoxie and teratogenie ef-
fects of 2,4,5-T and/or TCDD.

{1} PesticideSree TCDD. A Bionetics Re-
search Institute study on 2,45-T provided
the first indication that TCDD adversely af-
fected mammallan development (123). In
this study, detailed with later confirming
studias in Sectlon MLB.(2) below, 2,4,5-T
slgnificantly increased the frequency of
cleft palate, kidney anomalies, and fetal
mortality in the Hiters of treated dams. The
2,4,5-T used in this stady contalned approxi-
mately 30 ppm TCDD. Subsequeni studies,
detaifled in thiy seciion, using pesticide-free
TCDD have established that TCDD alone
produces these effects, and that the TCDD
contaminant may be the principal chemical
determinant of the fototoxic and terato-
genlc effecis in mammals exposed to the
pesticlde 2.4,6-T"

) Studics in which TCDD produced terg-
togenic and/or Jfeloloxtc g¢ffects in mice

Courttiey and Moore (128) studled TCDDY's
embroytoxic nnd teratogenic effects in
three mouse straing (Table B). Test animals
were administered L or 3 pg TCDD/Eg body
welght subcutaneously in solutions of 100
percent dimethylsuifoxide (DMS0) on days
8 to 15 of gestation. DMSO was adminis-
tered a3 the control. TCDD produced cleft
palates In all three strains. At 8 pug/kg, 30
percent (%o} of the CD-t litters had fetuses
with cleft palatey compared to 0 percent (%)
of the controls; 71 percent (%) of the
C5TBL/6 litters had cleft palates at 3 pg/kir
as compared to § percent (%) of the con-
trols; and 22 percent (%) of the DBA/2 Jit-
ters had cleft palates, as compared to 0 per-
cent (%) of the conirols, The anthors also
found & marked ihcrease 1o the incidence of
kidney anomalies in &1t strains. One espe-
clally sensitive strain, CHTBL/6, developed
kldney anomalies in 100 percent (%) of the
litters as compared to 9 percent (3s) in the
controls. Maternal liver-to-body welght ratio
was significantly increesed In the inbred
strains, CETBL/S and DBA/Z, but not in the
randomly bred €D-1 mice, TCDD had no
etfect on fetsnl mortality, fetal welghts, or
maternal welghts at the doses administered.

_and. Ray®/
[ Strainiloge H
1 {lug/kg) |Claft Palatelkidney Anomalies) Cleft Palate}Kldney finomalies |
H | 1 2 1 L [ ] £ 1 ¢ il
iHgusa | { i | ] |
|Ch-1  |O{DMSO}| 0/9 0 1379 33 | 0/9 o | 1/9 1 |
| I v {19 1t | 59 56 i 2/9 22 14.6/9 51 !
| L3130 a0 110s10 we. 1 123Gt M6,5/1Q 65 i
{DBA/2 |O{DMS0Y] 0/23 0 | 3/23 13 | 0/23 o 1 1723 I t
t t 9 pateq ze 1 B/g L) i e 1. 11.8/9 20 i
lCsTBL/ JO(DHS0Y) 0423 0 | 2/23 9 | 0s23 o | /23 [ |
16 (T T U7 A & IR O ¥ e 4 199 1 2.6/T 31 % 37 i3 R
| Rat i | | | | |
i Cp la{pmsDd ) 09 o | o/9 0 | 0/Y ¢} 0/9 0 i
H i 0,6 1 as6 .1 ¥ H 4 [1] L8/ 30 1

&/ Data from Courtney and Moure (128},

In another study in which six dioxing
were administered subcutanecusly and
orally to CD-1 mice, Courtney (133) found
TCDD t0 be the most fetotoxle and terato-
genle of the dloxin compounds, by either
route of exposure at all dose levels teated
(Table 8), On days 7 to 16 of gestation,
‘TCDD waa administered orally at 25 to 400
ug/kg body weight and subentaneously at 26
to 200 pi/kg.

Mortality per iiter increased with the
dose and resched 87 percent (oral) and T6
percent (subcutaneous) tn the litters admin-

of 6 and 14 percent in the oral and subeata~
neous control groups, respectively. The
most coramon anomelies ohserved were cleft.
palates and malformed kidneys. All of the
fetuses in the 200 and 400 pg/kg (oral) and
200 pg/kg (subcutaneous) groups exhibited
cleft palates as compered to 0 percent of the
eontrols. Of the fetuses in the 200 pr/kg
{oral) group, 100 percent had kidney malfor-
mations as compared to 1 percent of the
controis. Other anomalies observed were hy-
drocephalus, open eve, and elub foot. Edema
and petechise were also observed in fetuses

istered TCDD, as compared with a mortality administered the high doses.
) 1 1 |Avarags #
| Dose |} | JAtnormal  Claft { Kidneoy ! Club |}
{{ug/kg !Route of Ad~!% Average Petal {Fetuses |Palate | Anocmalies | Foot |
i S | 1 1 N )
{25 }  Oral [ [ I 4.6 I 3 H 34 I3 |
{ 50 | Oral | 13 | B Io19 | 12 7 |
I 100 i Oral ] 14 | 8.3 | 66 | Tt 1 13 1
| 200 ! Oral i 87 115 1 100 1 1090 A T
L8 | Orel H q7 L__0.& ! 100 H S0 d . s0 |
{ 25 { Suhoutanecusl| 36 I 6.7 82 | 53 [ S I
| 50 { Subeutaneouat 56 | 5.0 1 79 | 58 R ¥
{ 100 | Subautgzengus! 72 i 3.5 { 85 H 95 ! o |
= [ 76 3.1 Liop | 38 1 I
5% { Oral | 6 ! 0.8 1 0 i 1 R
janisole } H H 1 ] | H
|zorn oil} | | | I i H
Jio.1 mi} A H 1 H H H
1
/ | Subcutaneoug! 14 | 02 1 o ! 1] b
a/ Data from Courtney {133), .

b/ DM30 = dimethylsulfoxide,
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Moore et al. (174) also found that TCDD
caused fetotoxic and teratogenic responses
in CBTBL/6 mice at 1 pg/kg administered on
days 10 through 13 of gestation. Compared
with © percent incidence (%7} in the control
litters, #4 percent (1¥s) of the treated lit-
ters exhibited kidney anomalies, and 19 per-
cent (%1s) had cleft palates. At 3 ug/kg, the
Incidence of these anomalles was 100 per-
i:ent (%4} and 88 percent (1%4), respective-

¥.

Neubert and Dillman (127 tested the em-
bryotoxic and teratogenic eifects of TCDD
in NMRI mice (Table 10). In one test, preg-
nant mice were given varyving doses of

Table 10.

TCDD (0.3 to 9 ug/ka) by intubation on
days 6 to 15 of gestation. At 9 pe/ke, 100
percent (%) of the viable litters had resorp-
tlons; 87 percent (%) of all Htters had total
resorptions. Oil contrel values were 32 and 0
percent [or litters with resorptions and Jit-
ters with total resorptions, respectively.
Cleft palate was observed in all of the litters
and 82 percent of the fetuses at 9 pg/ke;
comparable oll control values were § and 0.7
percent, Tespectively, statislically significant
(p<0.01) proportions of the fetuses evi-
denced cleft palate st 3, 4.5, and 9 ug/ke (3,
13, and 82 percent, respectively) when com-
pared with the ofl control.

Eabryotoxic and Teratogenic

. Y

] lLitters Affected/Viable Littersi

| Doaoh’| Resorptions I Claft Palate |
Lluglked i B i [ - 1 H
' 0 i 23/95F 24 i 6735 | 6 I
i oil | 21765 32 I VL 6 ‘
i 0.3 | T/13F 5% i 0713 } 0 H
} 3.0 | 16/24F 67 i T/24 ) 29 '
Vo B.5 V57121 k2 i 6712 } 50 '
i 9.0 | 3/3 1 100 i 373 | 100 ‘
i 9.0 { 3/6 ) 80 i s76 ! 81 H

A/ Data from Neubert

and Dillman (127).

R/ All doses administered on days 6 to 15,
except second 9.0 ug/kg dose which was
administered on days 9 to 13,

In this study, a single oral dose of 45 ug/
kg TCDD on day 6 produced resorption in
100 percent of the viable litters: 23 pg/ke on
day 10 led to 50 percent resorptions. Seven-
ty-one percent of the viable litters had em-
bryos with clett palate when 45 pg/kg was
given as a single dose on day 1l. Control
values were 24 percent for Mtters with re-
sorption and 8 percent for litters with cleft
palates,

Smith et al. (135) administered 0.001, 0.01,
0.1, 1.0, and 3.0 pg TCDD/kg body weight
per day to CF-1 mice by gavage from days 6
through 15 of gestation (Table 11). The per-

centage of resorptions per implantation was
slgnificantly higher in treated mice than in
the controls only in the 1.0 ug/kg group.
Cleft, palate occurrved in 71 percent of the
litters treated at 3.0 pg/ke and in 21 percent
of the litters treated at 1.0 pg/ke; bilateral
dilated renal pelvises oveurred tn 28 pereent
of the litters treated at 3.0 pg/kg, and in §
pereent of the litters treated at 1.0 pg/ke.
No significant increase In either cleft palate
or dilated renal pelvis was obsetrved at 0.1,
0.01, or 0.001 pe/ke. None (0/34) of the con-
trol litters had cleft palate or abnormal kid-
neys.,

} \Tnoidence or'01ert'Litters With

! Lit'cera Hith Dila‘c.ed’.

! |Palate in Littera |Resorbed Fetuses|Renal Pelvis per !
| Dose H

Alug/k=d | ¢ i % 1 Fd ; ) 3 H i % A
i ¢ fo/38 | 0 | 25734 1 T4 ! os34 | 0 |
o001l 2/ | s | 307811 173 { o | o !
1001 {0719 | o i 177191 89 | o/19 | 0 I
7 IR I VAL AR B } 16717 1 9h | ot |} 0 !
bt Jaro | 2% J1era9l o5 | 19 | s |
{30 f1ozaw 4 7 qazawd g8 4 s | e |

a/ Data from Smith et al, (135).

b/ G&tatistically different from controls by the Fishers exact

probablility test (p < 0.05).

Neubert et al. (176) estimated the ED-50
for cleft palate in fetuses to be 40 ugTCDD/
kg per day (Table 12). The no-effect-level
during days 6 to 16 of gestation was estimat-

ed to be 2 ug/ke per day for NMRI mice. No
pronounced felal mortality was observed
when 3 pgTCDD/%g body welght was ad-
miniatered on days 6 to 16 of pregnancy.

FEDERAL REGISTER, VOL. 43, NO. 7T8—FRIDAY, APRIL 27, 1978

17129



17130

NOTICES

. " . p ry g P = f ’ Y T =¥
} | Dose % Cleft Palates par JAffected Littera/Total Litteral

i # ] 3 i
{coet | o | <0.3 } 0/29 ! 0 !
i ] i | 3 H 3710 | 10 N
I pea | o | <t | 0/23 ! 0 !
] L3 1 4 | 2/9 ! 22 {
I NMRI ) o | 0.7 | 10/160 ] 6 !
| I T | -3 ] 7724 ] 29 I
IcsTR1 | o0 | <1 { 0/23 ! ) |
i xS 22 { 671 ] 11 i

A/ Data from Neubert ot al. (175).

(0) Studies in which TCDY preduced tera-
togende and or feloloxic cffects in rals,
Sparschu et al, (129) administered TCDD to
Bprague-Dawley rats by gavage at 0.03,
0,125, 0.5, 2.0 and 8.0 ug/kg per day on days
& through 18 of gestation (Table 13). Intesti-
nal hemorrhages were observed in 14 per-
cent (18/127) of the fetuses at 0.125 pe/ke;
36 percent (368/99) at 0.6 pg/kg, and 57 per-
cent (4/7) at 2.0 pg/kg; none (0/346) of the
control fetuses had intestinal hemorrhages,
At B.0 pg/kg per day, sll letuses (100 par-

cent) were resorbed as compared to 20 per-
cent (83/309) in the controls. Fetal welghts
were depressed at 0.125, 0.5, and 2 pg/kg.
This effect was statistically sl leant
(p<0.05) In ull groups except females at 0.5
p#/kg. No adverse eifects were noted in the
tetusea whose mothers were fed 0,03 ug/kg,
The authors concluded that TCDD induced
a high lovel of maternal and fetal toxicity
and that 0,03 pg/kg per day wes the no-
effect-level for fetal and embryotoxic ef-
fects in rata,

Table 13, Intestinal Hemorrhages in Offspring
of Sprague-Dawley Rats Fed TCDDA’
| Dosge IFetuses Affected/-{Litters Affected/-|
t(ug/kg 1Fetuses Examined IlLitters Examined |
)4 # ! 3 ] i# I | 1
10 (con- | 07246 | 0 | ors24 |} 0 :
ltrol) ! ! | i ]
| 0.03 )} o/118 | 0 I o710 | ¢ ]
| 0.125 | 187127 { 14 i 7710 | 70 !
| 0.5 | 36/99 | 36 i 10712 | 83 ]
| 2.0 T V4 ! 87 i 274 | 50 !
1. 8.9 { —=a | ma- |  emw L mwa H

A/ Data from Sparschu et al., (129}.

Khera and Ruddick (4} studied the perina-
tal effects of TCDD In Wistar rats, In one
test, ratas were orally administered 0.128,
0.25, 0.5, and 1.0 pg TCDD/kg per day on
days 6 through i6 of gestation (Table 14).
Viegceral leslons were observed at 0,28 ug/kg
and rbove, slight decreazes in fetal weight
were also seen, Postnatel effects of prenatal
exposure to TCDD were studied by allowing
offspring of trented dams to be reared by
untreated dams until weaning. Reduced sur-

vival, body welght gain, and reproductive
ebility in the progeny were observed after
maternal treetment with 0.5 and 1.0 pe/ke.
No/ll‘gt.ot.oxlc effecta were observed at 0.125
UR/KE.

In a second experiment, rats were treated
orally with 1, 2, 4, 8, and 18 ug TCDD/kg
hody weight per day on days 6 through 15
of gestation. TCDD treatment reduced fetal
welght, and the number of lve fetuses per
litter, and produced wvisceral lesions in 50
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percent (%) of the 1.0 ug/kg fetuses and 43
percent (%) of the 2.0 mg/kg fetuses, as
compared to none (%o) in the controls. The
incidence of skeletal anomalies was compa-
rable te that in the controls at all doge
levels, Dosges of 1 pug/kg or more produced

maternal toxlelty; 4 pg/Ke or more produced
100 percent embryomortality. The authors
concluded that oral treatment of pregnant
Wiatar rats with 0.25 ug (or more)/kg per
day on days 8 to 16 of gestation adversely
effected rat development.

e o.—.Tabla 18. Teratomenlc ETfecta of TCDD in Wistar Babsa,

i ] IPetuses with
{Avg. Petal|Skeletal Ancsalies/-|scopic VYisceral !
Dose | Avg, # Live | Welght |[Total # Examined

|Fotuses with Micro- l

{Lesions/Total # Examined]|

1 H z L # | 3 H

Tast 1 | | | H { | |
| Une |} 10,7 H k.82 | 57107 | 5 | o/13 | 0 H
{treated] § H | [ H i
{oontrol| t H | | H I
| Troated| 11,0 | 8,51 | 217116 ¢t 18 H o/11 | 0 |
{control | | : ! | | ! }
I 0.125 | 10.6 | 64 | 3120 | 2 { 0/38 | 1} |
! 0,25 | 10.9 bOmY9 § 62109 ) 6 A vz |- 3 1
{0.5 | 10.5 | hoie | 107105 | 10 ! 3/ | 10 |
(1.0 L 9.3 ! 4,20 | 6781 ! i i /1 | 30 !
ITast 2 | | | H { { |
| On- | 11.5 H k68 | /116 | T H o/10 | o |
{treated| | i H | | {
leontral} | T H | | - |
{Treated! 9.8 H .77 | 9/B9 | 10 H o/t0 | 0 H
{oontrall i | { { | i
LR % I 6.5 i 417 | e | 9 | 3/6 | 50 {
2.0 ] 6.0 i 331 ) sT ) 12 H 37 1 43 {
HE | 5 ; e — | { { |
1 8.0 | “ | -4 H H | |
] Q H H 1 ! ] H

8/ Data from Khera and Ruddick (6)'; treated controls given anilsole-gorn oil.

Courtney and Moore (128) administered
TCDD to CD rats subcutaneousty in solu-
tions of 100 percent DMSO on days 6
through 15 of gestation (Table 8). DMSO
way administered as the control. Kidney
snomasalies were found in four of the six lit-
ters (87 percent) whose dams were adminis-
tered 0.5 pg/kg as compared to 0 percent (0/
#) in the controls. TCDD did not affect fetal
mortality, fetal weight, or cleft palates in
the fetuses.

Dow Chemical USA (118} conducted a
three-generation reproductive study on
Sprague-Dawley rats continuously fed the
equivalent of 0.001, 0.01, or 9.1 pg TCDD/ kg
per day. A preliminary report cltes reduced
fertility and litter survival in f, rats as the
reasons for discontinuing the 0.1 pg/ke dose
level; signifioantly reduced fertility was also
observed at 0.01 pg/ke. “Clearly evident” in-

dications of toxieity at 0.01 pg/kg among f,
and f, litters included smaller litter size at
birth, plus decreased survival and growth of
neonates. Dilated renal pelvis wus observed
in each of the three f, rats at 0.1 pg/kg
which survived to adulthood. Incressed fe-
quency of this anomaly was also seen among
weanlingd at lower doses; however a dose-re-
lated or generational correlation could not
be made. In summary, Dow concluded that
“the reproductive capacity of rats ingesting
TCDD was ¢learily affected at dose levels of
0.01 and 0.1 pg/ke per day, but not at 0.001
pe/ke per day, through three successive
generattons.” The prellminary report did
not include the numerical data necessary
for Agency evaluation. Anelysis wil contin-
ue a8 these become avsilable,

Adverse reproductive etfects due to TCDD
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have also been observed in hamsters and
chickens. (astrointestinal hemorrhage was
noted in hamster fetuses after administra-
tion of TCDD at 0.5 pg/kg per day on days 6
to 10 of gestatlon (£8 62). Buu Hoi et al.
(111} established that 0.02 ur/kg TCDD
caused teratogenic effeots in chick embryos.
Bowes et a8l (137} and Verrett (136 con-
firmed these results, They found abnormall-
tles in the beaks, eyes, and feet of chick em-
bryos after TCDD exposure,

that TCDD is fetotoxic and teratogenic at
doses as low a5 0.125 pe/ke in rats (129 and
at 0.3 ug/kg in mice (127); preliminary data
from Dow (110) Indicates that TCDD may
have effects at 0.0l pe/kg in rats. Cleft
palate and kidney anomalies have been ob-
served In rats, mice, and hamsters, No feto-
toxic or teratogenic effects have been ob-
served at doses of 0.03 pg/ke in rats (125
and 0.1 pg/kg In mice {135), Table 15 lists
the no-effect-levels in rats and mice for (er-

{¢) Summary. Studies have established atogenicity from TCDD.
- - TCDD

| |Routa of Ad-|No=Effect-Lavelj ;

! ar day ! Refesrence 1
| Rat |Subcutaneous) {0.5% [Courtney and Moore (128} |
' | Oral ; 0,125 {Xhera and Ruddick (6) 1
| | oral | 0.03 | Sparachu st al, (129) i
| Mguse }Subcutansousl {1ul |Courtney and Moore {128) |
| ' Qral } €0,3 |Neubert and Dillman (127)}
I H Oral H 0a1 |Smith et al, (135} I

(2} 2.4.5-T (TCDD contamination ranging
from undelectable to 30 ppmd)—(a) Teraio-
genic and fetotozic effects in rodents. Court-
ney et al. ({123 developed the first evidence
that a 2,4,6-T pesticide product was terato-
genic and fetotoxic (Table 18}, * The 2,4,5-T
used In this study contained approximately
30 ppm TCDD. The pesticlde was adminis-
tered dally either orally or subcutaneously
on daya 8 to 14 of gestation in CHTBL/8
mice, days ¢ to 16 in AKR mice, and days 10
to 18 in Sprague-Dawley rats. Subcutaneous
adminstration of 113 mg/ke body weight re-
sulted in significant increases in the incl-
dence of clett palate and cystic kidneys ' in

WResnits of this stidy were published by
the Department of Health, Education, and
Welfare (121) and by Clegg (122).

“1n A recent report on studies measuring

the embryos of both strains of mice, and
fetal mortality in the C57BL/6 mice. Oral
administration of the same dose caused in-
creaged incidence of cleft palate and fefal
mortality in hoth atraing and cysiic kidneys
in C67BL/6 mice. Courtney et al, also re-
ported Increases In liver-te-body weight
ratlos in fetal mice.

Thege investigators also found that 4.6,
MW, or 464 mg/ke 4,37 glven orally to
Sprague-Dawley uats  wroduced kidney

rensl alkaline phosphatase in fetal mice,
Highman st al, {45) attributed the increased
incidence of “cystic kidneys"” In the offspr-
Ing of 2,4,5-T treated animals to reterded
development, rather than true teratogene-
gig, Reduetion in fetpl welght and incressed
incidence of cleft palate were also observed
among the fetuses of treated dams.

— o __Tabla M« Teratogenio Evaluation of.2.4.5e7%1n sicet

i ! H I i | ] l

I I { 1 {Ava. # Live]bnormali% Fetuses b 1
| [Route of | | ! Fotuses (Petuses | wieh |Fatal | dbnermal t
|Mouse ladeinia- [Doss L4 Lie-] 1 % [Claft [Cystio |Mortality{libters |
A5train a1 ! LPalataiEidrey % I
fesyeLsue’ | i | | i | | } ! |
{Hontrented]  amac faem 1 T2 | 5.8 4 1 {1 26 | 38 |
lControl  |Subocteneoua] £ | 106 | 5.5 [ I - S € T - ey 1 W
iControl  |Stomsoh tubs| g/ ) 32 | T.1 [T T H TS TS T LET T ) B
I‘I‘ru\:ud iSub_outlnocusi 21.5"‘” 3 ! 1T i 12 f Q i 0 ! 3 I 50 i
i'rre-tacl |Suboutlncoua!l!3.0n’i 18 i 0.4 i 5?""Ir I ?2‘""] 11'1{ ! §2 j 8&-1/ |
’Trubed IStmoh tuhai %.UUE ] I - 8.5 f 31"’ I 2 I 33'“ i ] l '!DDI; i
!Trutso EStmoh tuba{‘ns.ﬂ'v% 12 ! &4 I TO‘U I 23"‘4 lﬂ‘v i IT‘V { lOO'U l
H | 1 { S I i
JesyaLsed” | f | | | i | f | |
{Mantragted]|  —eea { === 1 8 | 5.1 [T & N I T T S| L T S B |
ICantral  |Subcutamesusl f£f | 10 | 6.1 | g 1 ol o | 25 1 1w |
E‘rnahd 53ubouunoouai‘l13.l)m{ 0 t Te7 i '.-‘TU I 291" S0 i " f 100/ |
1 1 1 } - 1
st | | { { { E ! t | !
{Hontreated]  —--s | == | 58] a1 H b S TS T ¢ I | % t 19 |
{Contral  |Suboutaneausl £/ | 72 | 6.9 i L T 4 I S | L T S
jControl  IStcamoh tubei g/ 1 12| 8.8 1 a 1 o |\ o | 1 o |
*Traatsd iSUbouuneouailB-omi 14 i 6.9 i '29‘1" F E&lff 1 Il 23 ; ‘.““U i
PRTEN 2 B S SO YN BT A T W N T I - |

.

Contained approsimately 30 ppm TCOD.
h¢ Data from Couriney et al, (123).

Doss, 100 ul DMSO par mouws.

r Bouma.
B 001
P = 0.05.

EhshrRberRE

Treated from day G through 14 of pregnancy, Killsd on dey 18 of gastation,
Treated Trow day 9 through 17 of pragnanty. K§lled on dey 18 of gestation.
Traatad from day & through 15 of pregnanay, X1lled an dey 19 of gastation.

Doas, 100 wl honey sclution (honey to water, 1:1) per mouse,
Adalnistersd na » 3olution of 2,4,5-T in 100% DMSD in a volums of 100 ul per mouss,
2,4,5-T was suspended in & honey molution (honey to water, 1:1) in a volume of 10 ul
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anomalies and other embryotoxic effects at
all levels {Table 17). The occurrence of he-
morrhagic gastrointestinal tracts in rat fe-
tuses was also reported.

Roll (125} found embryotoxic and terato-
genle effects in NMRI mice after prenatal
exposure to 2.4,6-T containing 0.0510.02
ppm dioxin (Table 18). 24,5-T at 20 to 13¢
mg/kg body weight was administered orally
{0 the dams on each of days 8 to 16 of gesta-
tion, At 90 or 130 mg/kg, the percentage of
resorptions and/or dead fetuses was mar-
kedly increased relative to the controls;
however, maternal toxic effects were also
observed at these dose levels. 1? Statistically
slgnificant, dose-related reductions in fetal
w:ight were observed st 20 mg/kg and
above,

Cleft palate increased among fetuses ex-
posed to 35 meg/ke or more and was signifi-
cant when compared with control values.
Bkeletal retardation effects, manifested as
Insufficient ossification, were also observed.
The teratogenic no-effect level in mice for
thiz 2,4,5-T was considered to be 20 mg/kg.
Laier studies with a specially prepared
sample of 24,5T with no detectable
amounts of dloxin (detection limit: <002
ppm) confirmed these results in mice (125,
126). By contrast, daily oral administration
of 25 to 160 mg/kg of either the dioxin-free
or commercial grade 2,4,6-T (<01 ppm
dioxin) did not produce teratogenic effects
in FW 49 rats (236).

Neubert and Dillman (727 also studied
the effects of 2.4.5-T in NMRI mice, using
three samples centaining either (A) less
than 0.02 ppm dioxin, (B) 0.05:+:0.02 ppm

diexin {provided by Dr. Roll), or (C) an un-
knowm amount of dloxin (Table 19). Their
results confirmed those obtained by Roll
(125). 2.4,5-T was administered to the dams
orally in rape-seed oll on each of days 8
through 15 of gestation at 8 to 120 mg/kg
body weight.

The avernge number of resorptions was
significantly higher than the oll control at
60, 90, and 120 me/kg of sample (A), and 90
mg/kg of samples (B} and (C). Total resorp-
tion of one litter was observed in four of the
groups (30, 45, 80, and 90 mg/kg) treated
with sample (A) and In three of the litters
treated with 90 mg/kg of sample (B); none
wag seen In the controls. Fetal weight was
slgnificantly depressed (n all freated groups
compared with the oil control.

The percentage of fetuses with cleft
palate was signiticently higher than the
control group in all 2,4,6-T groups ireated
with 45 mg/keg or more. In the group treat-
ed with 120 mg/kg 2,4.5-T containing <0.02
ppm dioxin, 64% (%) of the littern and 11%
(*%.4s) of the fetuses exhibited cleft palate
compared with oll control values of 8% (%s)
and 0.7% (%ea), respectively.

Theze investigators also tested the butyl
eater of 2,4,5-T and found similar effects, In
experiments combining 2,4.5-T and TCDD,
potentiation of teratogenic effects was ob-
served. Bixty mg/kg of 2,4.5-T (sample A)
combined with 0.3 ug/kg TCDD increased
cleft palate frequency among fetuses from b
to 14%. In this study no cleft palates were
ohserved among fetuses tresmted only with
0,3 ug/kg TCDD, '

e Jakis 17, Taratosenic Evaluation of 2,4,5:T8%1n pags®’

lAvg. # Livelibnoreallf Fetuses ]

tAlthough the LD-60 for female NMRI
mice had been previously determined to be
778 mg/kg, an increased maternal mortality

I i I
| | |
| { ] | Patuses [Fetuses | with: t
| ] | | { 5§ iBnlar={Cyatic |
| |Route of | | | i {ged  |Kidney iFetal [dbnores}
{Tast Adminia- iDose I¢ Lit-| i {Renal | {Mortality|Litters |
Janigpal Limg/kg}|tara, | ! iPalyin| 1 4 i s &
IRatst’ i | | ! J f | f |
|Hontreated| =a=e [EECCT B 9.9 | g | 9 4 o | LRI N - |
{Control  |Stomach tube! 4/ 1 14 | 8.1 I 12 ] @ | o | 1 4 57 |
{treates |Stoomch vubel a6 & | 82 | 3681 el 2t | 12 | e |
Itraates  Jscommoh tobef v0.0%f 7 | 79 1 a® | r | | 2% e |
r I I X
A/ Containad approximately 30 ppm TCDD.
b/ Data from {ourtney «% al. (123).
&/ Treated from day 10 through 15 of pregnancy. Killed on day 20 of geatation,
4/ Domse, 200 ul hensy aclution (honey to water, V:1) per rat,
2/ 2,%,5=T was suspsnded in & honey solution (honey to water, 1:1) in & volums of 200 ul
par rakt,
I/ p = 0,00,
£ p = 0.05.
L/ The saxple sige was possibly too small to show a significant differsnce.
*
2,4,5-T i MMRI Miced”
| | kesorptions and/on!Fatal | [
_ {Dose {Iuplantation iweight | _ Cleft Palate |
¢ 10.t | 197332 | 5.74 .23 | 6/313 I 191
20 ) 9.8 | 30/34% | BTl 009 | [ TELL] | 1.8
5 | 9.5 i 22s248 | 8.9} 1.06 | 147226 | 6.2|
&0 | 9.9 { 157208 1 1.2] 1,05 | 197193 | 9.8l
90 | 9.8 { 35/293 111,9] 0.86 | 39/258 {15.1)
J130 4 9,6 . .1 191/116 160,41 D73 1 617125 L&.B1
4/ Data from Roll {125},

rate was seen at 130 mg/kg and welght gain
-wag depressed at doses above 60 mg/kg
{125).
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Zable 1, Babrvotoxic EEPesty of Zul eI,

(]
: Immn i I3 Littersi$ RES/Inplan-)RES/Single  [Fetal :
{Contentibose  iwith HES \tatioﬂ Sites |Litter w/RES|Weight 1% Litters]¥ Fetude: E
.ernmm_.l.{.nml {one/kg) L | i
| hone R R R I s ) o6 1 red i 6 1 o6
J0il contrell o | GaUmLl 32 | 8 P05 | 1.30 6 1 o1 |
12,051 i w002l ae | 35 | 3 s 11 21”’! a | o |
hsw | 38 | 5 0.5 RRT o B I B
l30.0 | s6 1 o8 Paol 1 |
lso | 55 6 os  low®t | I
! lﬁo.o I 63 I 11 e l 1.01”} 2b 1 ol H
lso.c 1 53 | 9 W lae® s 1 M
lzoo 1 54 1 w0 3 Lo se 1 W
f2,8,5-0 8} 0.05 f30.0 | a | 6 | o 1?22 1 2 v
oo 1 s1 b 1 o Paa®l o 1 #M
! J9o.0 I a 1w o 99"! 86 | 2!
_m*ﬂ.o I ki i 13 1 i 1nph'i 72 E zﬁE P -

&/ Data fras Neubert and Dillman (127); 2
b/ P X 0.0t

Bage et al. (132} injected NMRI raice sub-
cutaneousty with 50 and 110 mg/kg 2.4,6-T
t<1.0 ppm dioxin) on each of days 6
through 14 of gestation, At 110 mg/kg, 2,4,5-
T was teratogenie, causing fetal death, eleft
palate, and other anomalies.

Courtney and Moore (128) studied the ei-
fectg of 2,4,5-T In CD-1 random-bred mice,
two strains of inbred mice, DBA/2J and
C57BL/6J, and CD rats (Table 20).

2,45 T containing 0.5 ppm (technical) or
0,05 ppm {(analytical) TCDD waz adminis-
tered subcutaneously to mice at 50 to 160
mg/kg in DMSO and orally to rats at 10 to

ﬁwminﬂwml 2,4,5.7%

i { i
| { i
|

| | Dose |Mortality |Hsisht laffectad |Affected|Affected |per Affected

2,4,5=T aample (b) received from Roll {125

Kidnav, sngoalies
1% Fetal |Fetal |f Litters|# CP perlf Litters!d Affected Fetyses;

B0 mg/kg in sucrose on each of days 8 to 15
of gestation. At 100 mg/kg or more, both
2,4,5-T samples produced significant reduc-
tions, which appeared to be doge related, in
fetal weight in all strains of mice; rats were
not affected. 2,4.5-T was fetocidal at two
doses, but the Investigators considered this
effect to be due to maternal toxicity.

Both 2,4,5-T samples produced cleft palate
in mice. For CD-1 dams treated with 100
mg/ke of elther 2,4,5-T sample, 40% of the
litters and two fetuses per affected liter
evidenced cleft palate compared with 0% in
the control (Expt. 3). No cleft palates were

3 Udtter | ifitter :

b ocD=11} i H | | i | | l
| Mouse | | ] | | H | | §
fBxpt. 1) DMSO | o= | 6u6 | 1.35 | e &t o | 0 | o :
| 12,4,5-T 1 50 | 6.8 } 126 o | [ [ 9 {
| |{Tach.} } i | i | | | 1
! 12,%,5-T 1 100 | 7.5 1 1.00 } 33 1 3.0 | o a i
i ;(Tach.l ; ; ; i | | | |
2,0,5-t | 50} 51,7 0.9t 100 A 0 |

[ [(Tach,) | ! | i >3 ! ! ° {
;Bxpl‘.. ai DHS0 j -— ; a4 | 1.62 [ [HE 33 1 1.0 4
208511 w0 1 98 loa| s 4.4 9 1 i

1 AlAnalyay { i ; . ! ! i ! i
1Bxpt, 3| DMSO | —= 1 Beh | 1409 3 0t 63§ z.0 !
| 2,857 F 100 | oo | n.ss‘Vi w o f 20 1 80 | 2.4 !
i {{Teoh,) | | | i I 1 i
! f2,4,8-1f w0 | 11.6 | o.ssﬂ/! s | 20 1 10 | Wz !
{ {(dnaly. )| | { { t H | H
I I I I o I ¢ I o4
I I2,8,5-T 1 125 § 12,5 1 0.7% f T8 f S.4 3 67 %3 i
1iAnale. )l Ky 1. 1 1 ! i H
DBA7Z | DMSO | =-a- 1 6.1 | 0.85 1 5 b0 1 13 1 1.0 :
wouse {2,451 § 100 | 270 o] 21 f 10 4 9 | 1.0 1

- I{Teer.) | | i ! I ! I |
CETB1/6] DMSG | w=a | 10,8 § 0.99 | 0o | 0" | g 0 !
Mouge |2,4,5-T ! 'I | 1 | t ] i
(Tecn,d ! 108 ! 15,9 ! g.7e/} 4 {121 p 4 0 i

i7CD Rat|Suarcss | -— | 3.4 1| 2,48 | 0 ) 0 o 1 ] ¢
12,,50 4 10 & 1.6 ) 2.4 ) o 61 =20 | 1.0 §

| |{Teah,) | ! t | ! } | }
! 12,6,5-T | 21.56 1 1.4 | 2.54 | o o 38 | 1.3 !
| {{Tach,) } t | | | H | i
I {2,8,5-7 | 6.4 | 3.8 220 | o o1 o 2.0 !
i {{Taeh,} | i i i i i i
| iz, -7 :‘ B0 o‘Vi s29 lz23 ) o ) ol so | 8,0 !
! { 1 ) ! !

bata From Courtney and Manpe {128).

Investigators thought this data to ba alogsa to a maternal toxic dose,

EY)
j7y
a/ Maternal LD-UO,
4/ p < 005,
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observed among the rat fetuses, To verify
this observation. a second group of rats was
given two 150 mg/kg doses of techniesl
2,4,5-T subcutanecusly at the thne of palate
closure {days 13 to 14). Again, no eleft pal-
ates were observed; however, there was a
significant increase in fetal mortallty among
treated animals (14%) when compared with
the controls (0%).

Fetuses of CD-1 mice treated with analyt-
ical 2,4,6-T also showed increased incidences
of kldney anomalies; the response to techni-
cal 2,4,5-T was not as great. At 100 mg/kg,
100% of the litters and 4.2 foluses per af-
fected litter of dams treated with analyticsl
2,4,5-T displayed kidney anomalies, com-
pared with 280% and 2.4 for technical 2,4,6-T

NOTICES

and §3% snd 2.0 for controls {Expt. 3). The
effect in inbred strains of mice was comba-
reble with control values. In rats, technical
2,4,5-T at all dose levels produced higher in-
cidences of litters affected and numbers of
fetuses per litter affected then zeen in the
control animals. The maximum effects on
kidney anomalied in rats were 50% of the lit-
ters snd 4.0 fetuses per litter at 80 mg/kg,
compared with 09 in the control litters.

In another study using CD-1 mice, Court-
ney (134) administered 0.45 to 1.0 mM/kg
body welght per day of 2,4,6-T (005 ppm
dioxin} either oreily or subcutaneousiy
during various segments of the gestation
period {Table 21).* Cleft palate was seen in
all groups.treated with 2,4,5-T; there were

17135

no inatances of this anomaly within the con-
trol groups. At 0.8 mM/ke, 48% of total fe-
tuses and 39% of the litters evidenced this
malformation. Statistically significant (p
00.056) increases in the percentage of fetuses
desd and/or resorbed were observed at the
highest doses, All dose levels had adverse ef-
fects on fetal welght, The author noted that
by alightly altering experimentul conditions,
the cleft palate effect and the effects on
tetal mortelity and fetal weight could bhe
produced independently.

uMaternsl toxicity was also observed, evi-
denced by reductlons in maternal welght
galn and increased liver-to-body weight
ratios (134).

1 | { © jFetal '
H | Dase |Days l#/total #| ) if Fatnl Waight)ll"etusea ! Litkars]

! ] s ] i i
lotreadl —- liowist 75780 1 o 1 6 lows | oo | o |
| }oeem J1=13 997192 | 88 ] #n t 0,94 ) - -— |
] | === l12.15] 108/126 | 86 {13 {1.01 — -—
' { 0,45 [10-15] 867107 | 80 1T ! 0.89 | T | 6 |
t b 0.80 {11-13] 887122 | 72 i 14 1 0.87 | 16} 1% |
| [o0.80 vl 259 | 36 | 20 ! o7 | a8 | a |
l !1.|my|'|z..1ez 15782 | 91 8 | o l 1t 1 |
| ouso® | oo tiz-isl 152471 1 89 12 | 03 IDUUR R
| | oo bypotst 1168 L 16 2/ togo | wa § g7 |

8/ Data from Courtney (134},

b/ Corn oli:peetone (9:1)=woral.

o/ DHMmethylaulfoxide -- suboutansous.
4/ This eoncentration exceeded the solubility characteristles of the vehicla.
Doubling the volume of vehlole resulted in effects more consiatent with those

found at lower doses.

&/ p L 0.5,
L p £ 0.001,

Compund { Dose

| (lllg/ks JiLitters|Visble }Dead

i# of  lave. # per Litter|Fetal

{Avg. % Mal- |

{Weight |formed Fetusas!}

|

i

i i {Fetuses!Fetuses . |(eramsdiper fitter®’ |
| T=1 ITreatedI 14 } 11,1 | 0.6 i 4.65 | 15 1
! {Control} i { H { }
! i 50 | 7 b 12,9 | 1.3 | 4.84 | 24 '
i 1 100 } g P13 1.9 {1 4.60 | 29 {
| T-2 {Treated| 10 | 9,2 | 0.6 i 5.34 | 10 '
! {Control | ! ! ! i !
; I 25 | 13 |10, 4 0.8 | 5.06 | 15 i
H i 80 } 12 1 11T} 0.5 P 5.15 | 9 '
| 1100 9 't BB I 2.4 87 | 32 H
! {Treated! 10 | 12,6 |} 0.7 b ou.6T | 26 H
] iControl| ' | i ! |
' 28 | 11 12,7 )} 0.5 | 5.15 | 10 i
| i 50 | % {115 1 1.8 89 28 !
' t100 ) 10 § 1.0 | 0.6 | 435 | 36 :
! j 150 | 5 11,6 t 2,2 J 3.98 | 56 {
| T«3 |Treated} 10 | 11.8 | 0.7 I 5.31 4 17 i
H IControl) ' l i } |
H P25 ] 1% )} 12,2 | 0.9 | 5.00 | 1 ;
! P 80 | 2 {11.0 | 0.5 {418 | 56 |
H Y100 1 12 1 12.6 F 0.9 | 5.00 | 37 !
! 150 3 1 ! 11.0 t 1.0 { 3,00 | 9] H
Jp®/d 50 4 8ty d o1 duen | 14 |

8/ Data from Khera and McKinley (130).,
b/ One or more skelatal malformation {viable fetuses).
&/ No treated control given,

FEDERAL REGISTER, VOL. 43, NO. 70—FRIDAY, APRIL 21, 1978



17136 'F‘

Khera and McKinley (13®) studied the
prenatal and posinatal effects of 2,4,5.T in
Wistar rats, using four samples containing
noe TCDD (detection lmif: 0.6 mg/ke)
[Table 22)]. Tweniy-five to one hundred
fifty mg/kg body welght per day were ad-
ministered to the dams, orally in gelatin or
corn oil, on days & to 16 of gestation, At 25
and 69 mg/kg, the dlfferences between ex-
periments] and eontrol values were minimal,
However, at 100 and 150 mg/kg, there were
slgnificant (p <0.0%) cifecin on fetal welght,
number of dead fetuses, and percentage of
malformed fetuses per litter.™ The larger

proportion of malformed fetuses in the

treated groups resulied from ¢ither an In-

creased incidence of gkeletal anomalies also -

seen in the controls or 4 1ow incldence of ab-
normalliies not observed in the conirols.

The foriner category included wavy ribs, re- |

tarded ossification, extra ribs, and a varlety
of sternal defects; the latter Included fused
ribs, small-slzed distorted seapula, mal-
formed humerus shaft, and bent radlus or
uina. Abnormal kidneys were observed In 7
to 449 of the examinined fctuses treated
with aample T-1, compared with a control
value of 20 to 36%,

In the postuasal portlon of the study,
after normal dellvery, survival rate, sex
ratin, and pup weight on days 1 and 21 were
compared. Although treated pups surviving
from day 2 to 21 were slightly smeller at

UStatistical significance was determined
using the average value per dose level. Data -

from T-4 were not used in this analysis.

NOTICES

some dose levels, there were no slgnificant
difierences from controls for any varlable.
11 some experiments, litters were standard-
ized at 8 pups on day 2, and {he remaining
littermates examined for defects, The in-
creased ncldences of malformations among
treated groups were comparable to those
found In the prenatal study. dssuming the
same incldence for pups not examined, the

Investlgators concluded that there were no |
renl differences in survival rates among con- -

irol and treated groups. The butyl ester of
%,4,5-T produced similar toxic effects,

Bokolik (131) orally administered 100 and
400 mg/kg and 50 and 200 mg/kg of 2,4,5-T
and its butyl ester to rats of the Rappolove
line on each of days 1 to 14 or 1 {o 16 of
pregnancy. At 100 me/kg, 2,4,5-T produced
embryos with s combinuation of deformities
including absence of lower jaw, sbnormal
hind 1imbs, and exophthaimoes, At 400 meg/
kg, the embryos of treated rais evidenced
cleft palate, hydrocephalus, hydronephro-
sis, and abnormalities of the upper limbs
which Inciuded tridactyly, webbed toes, and
whnormal shortness. i

The butyl ester of 2,451 was more toxic
than the parent compound, causing more
than 30 percent embryonie mortality at 200
mg/keg. The lower dose, §0 mg/ke, also
caused high mortality among the embryos.
Cleft palate, hydronephrosis, hydrncepha-
lus, and extensive gastrointestinal hemor-
rhages were also observed within the treat-
ed groups. From these results, the author
concluded that 2,4.6-T and its derivatives
iltave a high potential for teratogenic activ-

Y.

i e e i i e o . . e i o it —

Table 2%, Exbr =
| | | 4 Fetuaes, }¥ Fatal Via-l¥ Abnor-|% Hemorrhages|
i iD.‘.oxirl I !l Totalil\fs ’ Ltveln\rg Heighcm‘!bility par Imsl:lt.iea!per Total
i |Content{Dosa  |Mertal-|per Litter|{grams} ILitter {per Live|Live Fetuses |
; )mqjl_ : [ !_____9_6? l35 ’ Gada i
IContral | | =-= mer, a 130 N T L3 L fa
A i 45 {20 32.3 ! 1.3 | 1.7 f 86.1%/ {QB.U‘VI 28,4 i
| oo dmsd a0 | o | s [ ma |
! E Bo !gn.u i 0.8 .: 1.6 { 5.3‘“ ilwo.n‘vl 12,9 E
! 100 1100.0 0 on & e
B 1 29 |1 4 | 7.2 |} 9.1 | 1.7 | 931 [ | ¢ i
I | e § o8 1 waa | 17 | o faas | 2a !
I i 10 FRIWY j 12,8 J 1aT ! &&-s‘” I mﬁf_al__,_u.ﬂ_i
¢ los t 200l a5 e | 1 § e | 6 | a6 |
t bowo | a0l tae | 16§ 959 v 0 25 |
! I B0 ’ 43.6 i 6.6 } 1.6'4/ ! 58.3‘1'r f 5o, 9 12.5 !
i | o | i 4 | as | 4/ 1 |
i Pogo L7z b 5.1 L5 L R A
b Poar b M 2.4 | n.a | 1.6 ] 97.8 1 ¢ | 0 ]
! foso sl 78 1 10 1 e® o | a2 |
i ! 00 i Ee %) 1_ Bal j R i 57,8 I [\ I 5.6 i
e P o] w o oma o | es® o J 0 ns
{ | I s feos | 87 | 187 | e | o ' 4.2 |
| J ‘ 100 58.3% ] §.1 | 1.5” ! sa.}y I 35.11’” ! 1] !L
_[__‘L_____&m_ﬁ_,__u_m [ 3131 .3l _1.9’"’ i o | !u.uﬂ’ ] £.6 !
1 g D 00 taoee g b 16 1 ee® | o | w1
a7 Dats from Collins and Williams (124},
L/ Apparantly normal waights for sapplez & and B attributed to edems,
£/ Rot detected.
&/ p < 0,05,

Colling and Willlams (124) tested seven
samples of 2,4,5-T from different, sources for
embryotoxie effects in golden Syrian ham-
sters (Mesocricetus auratus) {Table 23). The
dioxin contents ranged from not detectable
{detection limit 0.1 ppm} to 45 pom. Dailly
oral doses of 20 to 100 mg/kg hody welght
wers administered in acetonecorn
olkcarbozymethyl cellulose (1:5.8:10) on
days 8 to 10 of gestation. 2,4,5.-7 with no de-

tectable dioxin slgnificantly (p <0.08) ro-
daced fetal welght and fetal vinbility per

- 1itter at all levels tested,

Total fetal mortallty was greaily in-
creased at all levels when compared with
controls and was dose-dependent, as way the
effect on fetal viahility. The inerensed incl-
dence ol gastrointestinal hemorrhage also
appeared to be dose related. At 100 mg/ke,
“pure” 2,45-T esused increased incldences
of malformations and redactions in the
number of live fetuses per ltter. One “pure”
sample, F, at 100 mg/kg pignificantly re-
duced fetal weight from 1.8 to 1.6 grams, re-
duced fetal viubility from 96.7 to T1.4 per-
cent, and incrensed abnormalities from 3.5
to 40 percent. The anomsalies assoclated
with 2,4,5-T containing no dioxin were exen-
caephaly, eyve abnormalities, delayed head os-
gification, and hind limb deformities.

Increasing the level of dioxin contamina-
tion increased fetal mortality and the incl-
dence of abnormalities per litter; fetal vig-
bility was reduced. A clear correlation was
found between the level of dioxin and ab-
normalities per litter, Although the Incl-
dence of hemorchages also incressed, o vo-
lationship between it and dioxin level could
be found. Buiging eyes (absence of eyelid)
and delayed ossification were the most
common anomalles seenh among fetuses ex.
posed to dioxin-contaminated 2,4,5-T; exen-
cephaly, edems, cleft palate, ectoplc heart,
and fused ribs were also Obrerved.

Emergon et gl. {4I) found no adverse ei-
fects of commercial 2,4.5-T, containing 0.5
ppm TCDD, on fetel development In Spra-
gue-Dawley derived rats and New Zesland
white rabbits. Dally oral doses of 2,4,6-T In
gelatin were adminlitered to the rats at 1 to
24 mg/kg on days § to 15 of gestation; to the
rabbits at 10 to 40 me/kg on days 8 to 18 of
gestation. The investigators found no ma-
ternal or embryonic toxic effects in either
apecies, nor was 2,4,85-T considered ternto-
genic nnder the conditions of these experi-
ments. The mosi frequently observed abnor
malities were accessory ribs, hydronephro-
gig, and retardation in the development ot

the sternebrae. With the exception of pay- |

tinlly ossified slernebrae in hoth specles and
bilateral aceessory ribs in the rabbit, the in-
cldence of these anemalies was greater in
the control animals than In the examined
treated groups.

Sparachu et al. (140} orally adminlstered
24,5-T, containing 0.5 ppm TCDD, to rats in
daily doses of 50 and 100 mg/kg on days @ to
15 and &6 to 16 of gestation, respectively. Re.
aults are given in Table 24. At 50 mg/ke,
there were no slgnificant maternal or em-
bryonic toxic effects attributable to 2,4.5-T
except for an increased ineidence of delayed
skull ossitication, and a single fetus with in-
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1 im0 1 100 1
| # ¥iable fetusas | o ! |
l Tatal I 252 ' 203 | 13'b' /I
r ! 11 | 111 =——— H
{% Resorptions ] | | ;
{ Littera H 68 i 61 | 100 i
! | { el i
fetusges | BT i 12.1 14 15 I
|Fetal weight (grams} ] ! ! i
| Male | s | ouzs it 3,572/
Female 9,17 4 15 1 3.528/]
Sex Ratjo (M:F) 53:47 { by:sp! 21:77 1
Abnormalities H ' ! !
1{¥ fetuses examined) - ' | ' '
| Poorly ossified sternsbrae) ! i t
| Fifth b 15,2 | 22,1 | 57,197
| Second and fifth ! 3.0 Pon2 | 14,3 |
! Multiple H 8.3 b 12,6 | 14.3 ]
1
| Malaligned sternebrae | 0.8 | 2.1 1 28.687}
| Delayed ossification ! ' } i
| Interparietal | 3.8 |16.8%/1 28.62/|
| partietals I 3.0 lre.82/)  s7.427d
' I
| _ Frontals | 0.8 1 7,48/t  qu,q |
a/ Data from Sparsachu et al. (140).

b/

&/ p < 0.05

teatinal hemorrhage. At 100 mg/kg, 2,4,5-T
was toxic to both dams and fetuses, 1

Resorptions were observed in all litters; 76
percent were totally resorbed. Fetal welght
was glgnificantly (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 In-
cidenices than in the controls were poorly 0s-
gifled and malaligned sternebrae and de-
layed skull ossification. The investigators
concluded that the delayed ossification ob-
gerved in this study was a reversible mani-
festation, rather than a true teratogenic
effect.

(h) Adverse Reproductive Effects in Qther
Mammalian Test Systems. Adverse repro-
ductive effects of 2,4,6-T exposure have
been obseirved in other mammelian teat sys-
tems. Lloyd et al. (173) reported on in vive
enzymatic studies showing reduced uptake
and metabolism of testosterone by the pros-
tate gland in male mice treated orally with
doses of 2,4,5-T (6.26, 12,5, or 25 mg/kg, ten
times daily).

Yefimenko (151) reported on the effects
of acute and chronic exposure to the butyl
ester of 2,4,5-T on gonadal and somatic
tlssue in an in vivo cytogenetic study in

wThe high rate of maternal mortality
cansed dosing to be stopped on day 10, in-
stead of day 15. Significant reductiona in
weight gain were also observed.

411 viable fetuses from one litter,

male albino rats. Chronic effects on the
gonads were observed after exposure to 0.1
ug/kg for two snd one half months, Adverse
effeets (seen atb seven months, when the ex-
periment was terminated), which were con-
sidered persistent effects, Included testicu-
lar atroplty, decreased sperm count, desqua-
mated tubules, and aberrant cells in the ger-
minal epithelium., Chromozomal aberrations
were also observed during the chronie phase
of the experiment, EPA evaluation of this
study found inadequacies in the methodolo-
gy which would prevent the drawing of firm
conclusions from this data (106).

Recent studles in rats by Sjoden and So-
derberg Leited in (25)) appear to show that
prenatal exposure to 2,4,5-T leads to behav-
ioral sbnormalities and changes In thyroid
activity and brain seritonin levels in the
progeny. Single oral doses of 100 mg ks
were administered to the dams on days 7, 8,
or 9 of pregnancy, :

{c) Adverse Effects in Avian Species. Em-
bryotoxic eifects in avian species due to
2,4,5-T exposure have heen reported, Ver-
rett (138) studied the effects of 2,4,5-T, con-
taining either 27 or 0.5 ppm TCDD, on
chicken eggs. The 245-T was injected

- through the air cell of the eggs, either
preincubation or on the fourth day of Incu-
bation. The sample contalning 27 ppm
TCDD was found to be more lethal (LD-
§0=25 ug/egg) than the less contaminated
sample (LD-50=100 ug/egg). Both samples
produced teratogenic effeets, including

17137

chick edema, eye defects, beak defects (pri-
marily cleft palate), and short, twisted feet
resulting from tendon slippage, Teratogenie
effects were observed at doses as Jlow as 1
ppm (60 ug/egg) with the sample contalning
0.5 ppm TCDD and as low as 0.1256 ppm
(8.25 ug/egg) with the sample containing 27
pom TCDD.

Lutz and Lutz-Ostertag (138} studied the
action of 2,4,5-T, In agueous solution at a
coneentration of 2 to 10 g/liter, on the em-
bryonic development of quall {Cofurniz co-
turnixz japonica), chicken (Gallus gallus),
pheasant (Phasianus colchicus), snd two
partridge species (Alectoris rufa and Perdrix
verdrix). The 2,4.5-T was administered by
dipping, spraying, and organo-typie ecul-
tures. Abnormal eenital tracts were ob-
served In all specles, indicating abnormal
sexusi differentiation. Further, morphologi-
cal changes in the testes often gave the ap-
bearance of true testicular atrophy. In an-
other study, 2.4.5.-T alfected fertility in
birds of both sexes (139).

() Studies in Avian Species in Which Ad-
verse Effects Were Not Observed. Using 2.4,5-
T contaminated with less than 0.1 ppm
dioxin, Strange and Kerr (£42) found no ab-
normal developmenti in chicken embryos,
Doses of 12.5, 25, 60, 75, 100, and 126 mg/ke
were injected Into eggs on days 0 and 5 of
incubation, observations were made 48
hours later. At this developmental stage,
kidneys were not sufficlently developed to
detect the tubule lesions reported by Bjork-
lund and Erne (143).

{e) Semmary. Studies have established
that 2,4,5-T s fetotoxie and teratogenic at
doses 8s low as 36mg/ke (0.05 =+ 0.02 ppm
TCDD) in mice (125); 4.6 mg/kg (approxia-
mately 36 ppm TCDD) In rats (123) and 20
mg/keg (0.5 ppm TCDD) in hamsters (124).
Cleft palate and kidney anomalies have
been observed In mice, rats, and hamsters.
No fetotoxic or teratogenic effects (no-
effect levels) have been observed at doses of
20 me/kg (0.05 + 0.02 ppm TCDD) in mice
(125) and 25 to 160 mg/kg (0.05 + 0,02 ppm
TCDDY) in rats (125),

{3) Exposure Analysis. In order to deter-
mine whether a rebuttable presumption
should be issued based on reproductive and
fetotoxic effects. pursuant to
§162.11(a)3x11B), the Working Group
must determine whether or not an ample
margin of safety exists between the levels of
2,4,5-T and/or TCDD which produce repro-
ductive and fetotoxic effects, and the
level(s) to which humans can ressonably he
anticipated to be expased.

The cancellation of uses of 2,4,5-T on food
crops Intended for human consumption and
for use around the home, recreation sites,
aquatic areas, and ditch banks in 1970 was
thought to have eliminated the potential
exposure to that portion of the population
at risk (women of child bearing sge).

- Social changes over the last few years,
however, have given women the opportunity
for employment in areas that once were
considered open only to0 men. S8ince women
of child-bearing age are now employed in oc-
cupations such as pesticide applicators, op-
erators of highway construction and main-
tenance eguipment, foresters, and chemical
formulators, they have become part of the
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population at risk with potential exposure
to 3,4,5-T and/or TCDI).

In order to determine whether an ample
margin of safety axists, the Working Group
must flrst determine how much 2,45T »
woman could be exposed to through oral,
dermal, or inhalation exposure. For each of
these analysais, the Working Clroup assumen
& woman to welgh 60 kg. The following cal-
culations are based on an exposure anulyses
for 24,5-T and TCDD performed by EPA'S
('iralgrla snd Evaluation Diviglon [(CEDY]
q 4

(a) Oral Exposure. For purposes of this
analysis, the Working Group considered
currently registered uses where the possibli-

]
|Ho~adverse-affect
{lavael for terato-
lgenlaity in mice

Ilvarase lavel of
[2,8,5=T identified
i

{f of food item in

{total human diet

; .

fAverags amount of

{food eaten per day

|

{Exposure to 2,4,5=T
'

20 ng/kg

0.103 pprd’ 0.2 ppud’

NOTICES

ity of oral exposure to 2,4,6-T and/or TCDD
exlsted. Treatment of range and pasture
land could result in oral exposure through
Ingestion of meat and milk from animals
grazing on the treated area. Since actual
data on residues of 2,45-T In animals graz-
ing on treated rangeland ia unavailable, for
purposes of the 2,4,5.T oral exposure analy-
als, the Working QGroup used residue infor-
mation obtained in a feeding study (27) in
which cattle were fed considerahly higher
amounts of 2,4.5-T then they would normal-
1¥ be exposed to in grazing on treated land.
The following caleulatlons are based on the
average guantities of food eaten per dey (LB
ke), 85 reported by Lehman (144, 165).

20 mg/kg

!
l
|
|
l
:
|
|
|
|
|
!
f

19.6% k.6%
1.5 kg 1.5 kg
0.0005 0.0002
n&lke

a’
3 weaks.

Animals were fad at 300 ppm 2,4,5-T in tha dist for 2 to
This is a worst case zssumptlon for cows grazing

on Freshly-treatad pasture without a withdrawal period; all

‘milk and meat was obtained from such
and liver tissues which conatitute the

includes wnuscle, fat,
major portion of edible meat.

To find the average dally intake of a
single food item, multiply the average daily
food intake by the percent of that ltem in
the total diet: For milk, 1.5 kgx10.6% =0.264
tg; and for meat (beel), 1.5 kgx4.6%=0.049

The quantity of 2,4,5-T in the average
dally diet equals the average daily intake of
each food ltem muitipited by the level of
2,4,5-T In the food item: For milk, 0.204
kgx0.108 ppm=0.03 mg; and for meat
theef), 0.082 kg x 0.2 ppm=0,014 mg.

The theoretical exposure of an average
woman equals the amount-of 2,4,5-T in the
dally diet divided by the weight of the aver-
sge woman: For milk, 0.03 mg/00 kg=0,0005
mg/kg, and for meat (heef), 0,014 mg/60
keg=0.0002 mg/kg; total exposure from milk
and beef products could he 0.0007 mg/kg
per day,

Existing data on TCDD residues in ani-
mels grazing on treated rangeland are too

meager to use for an ahalyals of TCDD ex- - !

posure to humans through ingestion of
" meat or milk from animals so exposed.

The Working Group considers that the
difference between the no-adverse-effect
level of 2,4,5-T for teratogenic offects (20
mg/kg) and the calculated oral exposure
level for 2,4.5-T (0.0007 mg/kg per day) does

cows, Meat {beef)

constitute an ample margin of safety. Since
thls risk criterion for other chronic adverse

effects haa not been met or exceeded, a re-
buttable presumption dees noti arise.

() Dermal Exposure. In order to conduct
these analyses, the Working Group must de-
termine the amount of 2,45-T and/or
TCDD which would come in contact with
the bzl;in and the amount that would be ab-
sorbed,

() Spray Applicator: Back-pack Sproyer.
For purposes of this analysis, the Working
Group aasumes the applicator to be a 60-kg
woman of child-bearing age, and the site of
appleation elther a right-of-way or spot
fraatment of pesture or rangeland. The
equipment is a back-pack sprayer (168}, The
following calculations of exposure are based
on dilatlon for spraying of three pints of
formulated product per 32 pints of weter.
Typieal 2,4,8-T formulstions, based on In-
spection of a large number of registered
labels (184), range from 4 to 8 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 gellon. Label recommendstlons vary
trom a recommended dilution of 0.094 {o 4
pounds acld equivalent per 32 pints of
water, A dilution rate of 1.0 pounds per 32
pints has been selected as representative of
& typlcally-used spray mixture.

Wolfe et al. (266) studled dermal exposure
to fenthion during hand back-pack spraying
for mogquitoes for ten situations, Exposure
ranged from 0.1 to 8.3 mg/hr, with a mean
value of 3.6 mg/hr (6 mi/hr). Method of ap-
plication was s hand pressure sprayer, using
a 0.08 percent spray. Workers wore short-
sleeved, open-necked shirts with no gloves

- or hat. Based on Wolle's data. CED (784)

calenlated a dermal exposure of epproxl-
mately 0.177 pints per day, CED (164 also
determined that approximately 10 percent
of the 2,4,0-T and TCDD coming In contact
with the skin of the applicators would be
ahsorbed even after washing, based on ab-
?3?5'353 studies with other pesticides (145,

Table 26. PBack-pack Sorayer Dermal Exposure Data

—— o " —

llevel for teratos=

|

i

H

i

32 pints per 32 pinte |

water water :

|Amount of diluted 0.18 pint 0.18 pint |
iBaterial gotten ;
lon skin daily |
H

[f Diluted material 108 108 |
jabsorbed |
| |
{Exposure level 409 mg 0.0409 ug !
: i

:Dosa leval 6.8 wg/ke 0.0007 ug/kg |
i

iNo=Adverae-Effect 20 mg/kg 0.03 ug/kg |
H

l

2o8,5-2 XCDp
Uae Dilution rate 3 pints 3 pints
(1.6 pounds (0.00000016

2,4,5-1) per

pounds TCDD}
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The following cslculations (see Table 27 JIable 27
for mathematies) will give the daily dermal |
exposure for both 2,4,8-T and TCDD: (1) |
Convert, the dilution rate to grams; (2) mul- |
tiply this figure by 1,000 (for 2,4,6-T) to con- |

vert to milligrams and by 1,000,000 (for [2) 22,70 g/pt X 1,000 mg/g =

TCDD) to convert to micrograms: (3) multl- | 22,700 mg/pt;

'

3

!

{4

l

i

IgeD
1} 0,000000t6 pounds/-
32 pt X 4534 g/pound =
0.00000227 g/pt;
2} 0,00000227 g/pt X
1,000,000 ug/g =

2,8.5=T '
1} 1.6 pounds/32 pt X 454 g/= }
1
!
:
!
| 2.27 ug/pt;
|
[
!
|
}
H

pound = 22,70 g/pt;

ply this figure by the dally dermal dose of

diluted mater{al; (4} muttiply this figure by 22 /ot . = . . =
the percent sbsorbed; and (5) divide this y, 6520.{2? pt X 0.18 pt 3 3 ﬂ zg{pt X 0.18 pt
figuré by the welght of the applicator for * ’
the daily exposure to 2,4,5-T or TCDD per ) 4,086 mg X 10% = 408.6 mg ) g'::ﬁuggf 108 =
B-how rking day. . }

© working day 5) 408.6 mg / 60 kg = 5) 0.041 ug / 60 kg =

fais e e ————

The Working Group considers that the | 6.8 me/ke per day 0.0007 ug/ke per dav
difference between the no-adverse-effect

level of 2,4,5-T for teratogenic effects (20
me/kg) and this caleulated dermal exposure
level for 2.4,5-T (6.8 mg/kg), as well as the
difference between the no-adverse-effect
level of TCDD for teratogenic effects (0.03

=T IChD
Use Dilution rata 3 pints 3 pints
{1.6 pounds (0.00000016

1e/kg) and this ealeulsted exposure level 2,4,5-T) per pounds TCDD)
for TCDD (0.0007 ug/kg), do not constitute 32 pints per 32 pints
an ample margin of safety. The Working water water
Group therefore recommends lssuance of 5
rebuttable presumption ageinat pesticide
product.st oonfi;alnlng 2,4,6-T ;R{ldfor TCDhHD lamount of diluted 0.048 pint 0.048 pint
YSUAn 0 10 C Bectlon " Imaterial gotten

162.11a KX B). ’ ton akin dgi 1y

i Spmg Applg,atfr: Tzacrt'grﬂggunwd, H
Low-boom Spray Equipmen r the pur-
pose of this analysls, the Working Group as- IibDiluted matarial 10%
Sumes the applicator to be a 60-kg female of | 8bsorbed
childbearing age clearing brush on eifher
rangeland or rights-of-way. The same prod- |Exposure level 0.0109 ug
g:t.m cited aébove (2,4,5-Tdat l?i pounds/gf:l}lis !

used, and the lution rate ” 5

pourfds of formulation to 32 pints of water 1Dose level 1.8 mg/kg 0.00018 ug/kg
(equal to 4 pounds of 2.4,6-T per 10 gallons ~ |
of water). Based on exposure studies using |No-Adverse-Effect 0.03 ug/kg
sfmilar equipment but a different herhicide |level for terato-
(147, the Working Group determined that,
during an elght-hour working day, the ap. LSenic effsctyg

- — . —

e e A = ———— ———— - ——— —

plicator would get 0.048 pints of dlluted ma- Table 29
terial on her skin. The Working Group de-
termined that 16 percent of the pestlelde on
the skin wounld be absorbed {145, 146, I163).

The following calculatinng (see Table 29
for mathematics) will give the dally dermal
exposure for both 24,5T and ‘TCDD: {1)
Convert the dilution rate to grams; (2) mul-
tiply this fleure by 1,000 (for 2,4,5-T) to con-
vert to milligrams and by 1,000,000 (for
TCDD) to convert to micrograunsg; (3) multl-
ply this Hgure by the dally dermal dose of
diluted material; (¢) muitiply this figure by
the percent ahbsorbed; and (5) divide this
figure by the welght of the applicator for
the dally sxposure to 2,4,5-T or TCDD per
8-hour working day.

i ICDD
1} 1.6 pounds/32 pt X A5l g/- 11) 0.000600016 pounds/-
pound = 22.70 g/pt; } 32 pt X 454 g/pound =
0.00000227 g/pti
2) 0.00000227 g/pt X
1,000,000 ug/g =
2.27 ug/pt;
1) 2.27 ug/pt X 0.048 pt
4

B ]
—r

22.70 g/pt X 1,000 mg/g =
22,700 wmg/pt;

—

|
!
]
!
22,700 mg/pt X 0.048 pt = |
1,089.6 mg; !
|
!
1

T A ke m E dp— —— —— e ———

0.109 ug;
) 0.109 ug X 10%
o D.011 ug;
5) 0.011 ug / 60 kg =
D.00018 ug/ke per dav 1§

1,089.6 mg X 10% =
108,496 mg;

108.96 mg /7 60 kg =
1.8 mg kg per day

L= B~ S ¥t ]
R

p— et e s e mr — m — — ————
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The Working Group considers that the
difference between the no-adverse-effect
level of 2,4,5-T for teratogenic effects (20
me/kg) and this caleulated dermal exposure
level for 2,4,5-T (1.8 mg/kg), as well ag the
difference between the no-adverse-effect
level of TCDD for terstogenie effects
0.03pe/kg) and this calculated exposure
level for TCDD (0.00018 ug/kg), do not con-

| Derm

laarially applied

imalathion

|
|
i
!
!
]
}

1% Diluted material

|absorbed
|

|Exposure level

]
‘Doae lavel

{No=Adverss-Effect

al exposure

Uass Dilution rate

NOTICES

stitute an ample margin of safety. ‘The
‘Working Group therefore recommends issu-
ance of a rebuttable presumption ageinst
pesticide products conteining 2,4,5-T and/or
TCDD pursusnt to 40 CFR
182.11a X 3)diNB).

(itl) Aderial Application: Exrposed Popula-
tion Directly Beneath Spray Plane Caplan
et al, (167), working with aerially applied

SR syure Dats = al Appllos
to 3.556 mg/0.46 pounds malathion |}
per acre :
. .
2,.8,8=1 ICRD i
4 pounds ¢.0000004 H
2,4,5-T per pounda TCDD |
10 gallons of per 10 gal- |
water/acre lons of water]
per acre i
I
]
10% 10% :
!
3.1 mg 0.0003 ug |
P
0,051 mg/kg 5 X 10 |
ug/kg ;
20 mg/kg 0.03 ug/kg :

{level for terato-

Jgenic effects

malathion in ofl sprays applled at 0.46
pounds per 0.76 gallons water/acre, deter-
mined p dermal exposure to persons directly
beneath the spray plane for bare skin (head,
neck, shoulders, forearms, hands, and
thighs) of 3.656 mg/day. With these data,
an equivalent dermal exposure for 2,4,5-T
and TCDD, aerially applied at 4 pounds acid
equivalent 2,4,5-T per 10 gallons water/acre,
can be determined.

The following caleulations (aee Table 31
for mathematics) will glve the daily dermal
exposure for both 2,4,5-T and TCDD: (1)
Divide the dermal exposure to malathion by

the malathion application rate and multiply
by the application rate of 2,4,5-T and TCDD
to obtain the dermal exposure; for TCDD,
multiply this figure by 1,000 to convert to

Table 31

micrograms; (2) multiply this figure by the
percent absorbed; and (3) divide this figure
by the welght of the apblicator for the daily
exposure to 2,45.-T or TCDI per S-hour
working day. '

i
;
H 4 pounda
'
:
;
H
i

1) 3,556 mg/0.46 pounds X

2) 31 mg X 10% = 3.1 mg;

3) 3.1 mg/ 60 kg
i 0.051 mg/kg per day

1)
31 mg;

0.003 ug;
0.003 ug X
0.0003 ug;

2)

-b

l_ 8.5 10

The Working Group considers that the
difference between the no-adverse-oifect
level of 'TCDD for teratogenie effects (0.03
pE/kg) and this calculated dermal exposure
level for TCDD (5 x 1% ug/kg) does consti-
tute an ample margin of safety. The Work.
ing Group also conslders, however, that the
difference between the nho-adverse-effect
level of 2,4.5-T for teratogenic effects (20
mg/kg) and this caleulated dermal exposure
level for 2,4,5-T {0.061 mg/kg) does not con-

sbitute an ample margin of safety. The
Working Group therefore recommends issu-
ance of a rebuttable presumption against
pesticide products containing 2,4,6-T pursu-
ant to 40 CFR 182.11{a){3XHXB).

(¢) Inhalgtion Exposure: Aerial Applica-
tion. There are no atudies available on inha-
lation exposure of 2,4,5-T. There are, howev-
or, several studies on inhalation exposure to
malathion (187, 188) which CED used as a

ICDD
3.556 mS/Ob
0.0000004 pounds =
0.000003 mg X 1,000

13} 0.0003 ug / 60 kg

46 pounds X

108 =

model for thiz 24,5-T exposure analysis
{164), Caplan et al. (767) determined an air
concentration, for unprotected persons di-
rectly beneath the spray plane during appli-
cation and for two hours afterward, of 0.067
mg malathion/m?® from aerlal application of
0.46 pounds Al/gallon per acre, The collec-
tion period spanned the course of the actual
application time plus two hours thereafier.
The authors considered the eampling tech-
nigque to be equivalent to average insprira-
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tion through the nostrils, This inhalation
expogure (amount avajlable for inhalation)
was 12 percent of the applied malathion,
Caplan et al, further reported that the aver-
age median diameter (=volume median di-
ameter. or vind ¥} was 109 microns. Based on
work by Akesson and Yates (168), CED (1684)
estimated that the sige of the malathion
droplets which could be inhated was under
80 microns. Since 2,4,5-T s typically applied

#The vind Is that droplet size which di-
vides the total volume of drops in half, Le.,
50 percent of the volume Is in drops above
the vind size and 50 percent below it.

NOTICES

a3 8 medlum or coarse spray, while malath-
ion is applied &5 & tine spray, the percent of
24,6-T droplets small enough to be inhaled
(under 60 microns) would be less than the
percent of malathion dropleta small enough
to be inhaled. According to Akesson and
Yates (168), 2 percent of 2,4,6-T spray dro-
plets would be avaiflable for inhalation (or %
the amount of malathion droplets available
for inhalation), on a “worst case” basis.

The following calculations (see Table 33

. for mathematics) will glve the daily inhala-

tion exposure for both 2,4,5-T snd TCDD:
(1) Multiply the air conceniration of ma-

—-Iable 32, Inhalation Expoawre Data (Aorial Application).

!Rir ooncentratiaon of _
laerially applied

0.067 mg/n
rate of 0.46 pounds malathion

3 with application

|
jmalathion - ... .per gallon per acre :
I 1
- ICDD i
[Use Dilution rate 4 pounds 0.0000004 i
i 2,4,5-T per pounds TCDD |
| 10 gallons of per 10 gal- |}
I water/acre lons of water|
} per acre |
i |
{Lung Absorption 1008 100% ;
IRate :
! |
!Breathing Rate _ 1.8 m3/hr 1.8 nsfhr
{Exposure level 0.34% og 0.000032 P
: per 2 hr ug per 2 hr |
] ;
lDoae level - " 0.023 mg/kg 2 X jo-sug/kg
: per B hr per 8 hr g
|No=Adverse-Effact 20 mg/kg 0.03 ug/kg i
llevel for terato- !
ct3 1
Table 33,

2.4,5=17
1) 0.067 mg/cu m per 0.46
pounds X 4 pounds = {.58
mg/cu m X 1/6 = 0.097
mg/ou u;

2) 0.097 mg/cum X 1.8 cyu m/=~
br = 0,17 mg/hr;

) 0,17 wg/hr X 8 = 1.36 mg;

— . =

3
4) 1,36 ng / 60 kg =

l 0,026 gg/kg axposure

ICDD

1) 0.067 mg/cu m per 0,46
pounds X 0.0000004
pounds = 0.000000058
ag/cu m X 1/6 =
0.000000009 mg/cu m X
+000 = 0.000009 ug/cu m;
0.000009 ug/ocu m X
1.8 cu-a/hr =
0,000016 ug/hr;
3) 0.000076 ug/hr X

8 = 0.000128 ug;
4) 0.000128 / 60 kg =

-f
2. X 10 ug/kg ng_r_d_a_r_l_

|
|
]
]
|
!
| 1
i2)
]
i
}
]
;

— R —— Y e —
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lathion by the amount of 2,4,5-T and TCDD
applied, then multiply this figure by % for
the inhalation exposure to 2,4,5‘T and
TCDD; for TCDD, multiply this figure by
1,000 to convert to micrograms; (2) multiply
this flgure by the breathing rate; (3) multl-
ply this figure by elght (8] to get the 8-hour
exposure total; and (4) divide this figure by
the weight of the applicator for the inhala-
tion exposure to 24,6-T or TCDD per 8-
hours exposure.

The Working Group considers that the
difference between the no-adverse-effect
level of TCDD for teratogenic etfects (0.03

* pi/ke) and this calculated dermal exposure

level for TCDD (2 X 10 ~* pg/kg) does con-
stitute an ample margin of safety, The
Working Group also considers, however,
that the difference between the no-adverse-
effect level of 2,4,6-T for teratogenic effects
(20 mg/kg) and this caleulated dermal expo-
sure level for 2,4.5-T (0.026 mg/kg'") does
not constitute an ample margin of safety,
The Working Group therefore recommends
issuance of o rebutiable presumption
against pesticide proeducts containing 2,4.5-T
pursuant to 40 CFR 162,11(aX3X11XB).

() Cumaulglive Exposure. The Working
Group haw alzo consldered the possibility of
a single Indlvidual being exposed through
two or more of the above routes. The results
{derived from Tables 27, 28, and 31) are
shown In Table 34. The Working Group also
notes that possible cumulative exposure to
several dioxin-contalning pesticides could
increase the total body burden and increase
total risk from dloxin exposure.

The Working Group considers that the
differences between the no-adverse-effect
level of TCDD for teratogenic effects (0.03
pg/kg) and the calrulated cumulative expo-
sure levels for TCDD in Situstions 2 and 3
(see Table 34) do constitute an ample
margin of safety. The Working Group also
considers, however, that the differences be-
tween the no-adverge.effect levels of 2,4,6-T
and TCDD for teratogenic effects (20 mg/kg
and 0.03 ug/kg, respectively) and the calou-
lated cumulstive exposure levels for 2,4,5,-T
in Situations 1, 2, and 3 and TCDD in Bitpa-
tion: 1 (see Table 34) do not constitute an
ample margin of safety. The Working
Group therefore recommends issuance of a
rebuttable presumption against pesticide
products conteaining 2,4,6-T pursuant to 40
CPFR 162.11{a)X3XI1}B).

1Johnson (63} (see Section Y.G.(3)), In a
review article, caleulated u daily inhalation
exposure to phenoxy herblcides of 0.025 pg/
kg for a T0-kg adult. The calculations were
based on actual alr monitoring dats of air
samples collected in two wheat-growing
areas in the state of Washingon during
spring and summer and analyzed for phen-
oxy herbicldes, The author did not zpecify
mmn after application the samples were

.
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-—Iable 34, Cumulative Exposyre to 2,4,59-1 and TCRD _
| Situyation #3: 2,4,9.T | Situatdon #1: . TCDD ]
|Oral- 0.0007 mng/kg IOral- ———— {
{Dermal- 6.8 mg/kg {Darwal- 0.,0007 ug/kg |
|Inhal.- 0.2 mg/kgﬁf |Inha1.~ negligiblei/ |
{Cum. = 7.0 mg/kg iCum. = 0,0007 ug/kg :
‘ . ] ‘." Pl ' ’
| Situatlapn #2: 2.4.5-T | Situation #23; TCDD :
{Oral-  0,0007 mg/kg i0ral- ————— |
|Dermal- 1.8 mg/kg iDermal« 0.00018 ug/kg i
|Inhg1.- 0.05%/ {Inhal.- nagligibled’ !
iCum. = 1.85 mg/kg {Cum, = 0.00018 ug/kg !
] | UL !
| Sityation #3; 2.4,5.T | o1, :
foral- 0.0007 ng/kg iOral- - i
IDermaI- 0.051 mg/kg IDermal- 5 X !0"6 ug/kg |
iInhal.- 0.026 mg/kg 'Inhal.- 2 X 10'6 ug/kg |
s ooz 7T X 10”° ug/fke l

A/ Calculations were made on a worsta=case basis as 3%

of dermal exposure based on Wolfe (17%) who states, "aover
97% of the pesticide to which the body is subjected during
most exposure situations, and eapecially to applicators of

liquid sprays, is deposited on the skin,"
axposurse values were negligible:

TCDD inhalation

Situation #1, 21 X 10‘6

ug/kg; Situation #2, S4 X 10”7 ug/ka.

IV. BTUDIES RELATING YO POSSIBLE ADVERSE
EFFECTS

This section nddresses other types of ad-
verse effects of 2, 4, 5-T for which the
Working Group has determined that insuf-
ficient evidence exists to initlate s rebutia-
hle presumption. The Ageney soliclis com-

ments from registrants and other interested -

parties on the evidence listed below, and re-
quests submission of any additional studies
or relevant information on 2, 4, 5-T and/or
TCDD relative to these potentizl adverse ef-

A Mutagenicity. Section
162.11CAX3)U1XA) provides that a rebutta-
ble presumption shall arise if a pesticide's
Ingredient(s), metabolite(s), or degradation

product(s) Induce mutagenic effects, ug de- -

termined by muititest evidence.

(1) 2, 4, 5-T—{n) Positive Study, Majumdar
and Golia (178) fed male Drosophila melan-
ogastar either 250 or 1,000 ppm dioxin free
2, 4, 5T tobtained from Eastman Kodak)

for 15 days. They were then mated to sets of
virgin females to generate three 4:day
broods of offspring, F. flies were allowed to
mate, and ¥, flles were scored for X-linked
recessive lethals. No differonces among
broods were noted, and data from all broods
were pooled. The percent lethals in controls,
250 and 1,000 ppm groups were dose-related
and were 0.05, 0,026, and 0.88 percent, re-
spectively. The control vs. 1,000 ppm lethal
rates were significantly different from one
another (p < 0.01). Ethyl methane sulfon-
ate (250 ppm) was included a8 a positive con-
trol; 1t yielded 13,70 percent lethals. The
total number of flles in each experimental
group was nio larger than 2,000,

(0) Negative Studies. The mutagenicity of
2. 4, 5-T was evaluated by Ercegovich et al.
(I43), employing the procedure of Ames,
using five strains of Salmonelle typhimur-
tumi without aciivation, They concluded
that 2, 4, 5-T is not mutagenie,

Fujits et al. (149} reported chromosomal
abnormalities in in vifro cytogenetic studies

of human lymphocytes exposed to 10-7 to
10-* M of 2, 4, 5-T, which contained 0.09
ppm TCDD. Breaks, deletlons, and rings
were cbserved. Chromatid breaks increased
with increasing concentrations of 2, 4, 5-T.
It was not possible to distinguish whether
this was a toxlc effect or a.potential genetic
effect (150,

Majumdar and Hall {789} reported on the
eytogenetic effects of 2,4,5-T" on In vivo
bone-marrow cells of Mongollan gerbils. The
animals were Injected with total amounts of
2,4,6-T at the rate of 50, 160, 250, 350, or 500
mg/kg body welght over the 5-day perlod of
the study. Increasing numhers of chromstic
gaps, breaks, and fragments were observed
at 250, 350, and 500 mg/kg doses. No ex-
change figures or isochromosome gaps or
breaks were observed. This Is not 2 defini-
tive experiment for indicating the potential
of 2,4,6-T for causing heritable chromosome
damage (170). Toxiclty effects of the chemi-
cal could give similar results (170).

Davring and Hultgren (171} reported on
an in vivo study on the cytogenetic effects
on bone-marrow cells of Mus musculus
(male mice) iInduced by a Swedish commer-
clal 2,4,6-T ester formulation * and its com-
ponents. The study showed that 2.4.5-T
commercial products can affect chromoso-
mal and reproductive mechanismg, Two dif-
ferent stralns of mice were used with similar
results for both. These results correlated
withh effects seen In Drosophila, The au-
thers stated that chromatid inter- or In.
traexchanges were never ohserved. This

- atudy was not carried out sufficiently for

the demonstration of chromosomal effects
such as rearrangements In future genera-
tions of somatic cells (170,

Davring and Sunner ({72} demenstrated
cytogenetie effects of a Swedish commercial
2,4,6-T formulation * on oogenesis and early
embryogenesis in Drosophile melanogaster.
A 50 percent decrease In fertflity for the
fies was determined to be 250 ppm. This
level is 40 to 80 times less than field use con-
eentration levels. Reproductive and chromo-
somal effects were obaserved.

¥The 2,4,5-T used in this study was pur-
chased from Eastman Kodak Co., Roches-
ter, N.Y., and contalned no measurahle
amount of TCDD. The authors do not indi-
cate the limit of sensitivity.

¥The concentration of TODD was guaran-
teed to be less than 0.1 ppm ih the product.

*TCDD concentrattonn was less than 0.1
ppm in this formulation which was tested at
practical fleld use concentrations or lower,
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(2) TCDD—{(n) Posilive Studies. Hussain et
gl. {24} evaluated the mutagenie sctivity of
TCDI) (99 percent pure) on three different
microblal test systems. In the fivst study,
TCDD significanily increased the incidence
of reverse mutations in Escherchia coli Sd-4
administered 2 pg;ml TCDD from strepw
myein dependence to streptomyein
dence, Thjsmtheonlydoseatwh_lchmu-
tations were clearly observed. No detalls of
the experimentsl protocol were given, and
statistical methods were apparently not em-
ployed in assessing the data,

The second test by Hussain et al. (248
studied reverse mutation from histidine de-
pendence to histidine independence ifi Sal-
monella typhimurium (Strajng TA 1532 and
TA 1530), TCDD was posttive In TA 1532
but negative in TA 1530. This indicated that
TCDD acts a3 a frameshift mutagen. ICR-
170 was used &8 & positive control in the test
with TA 1532, No positive or negative con-
trols were tested in TA 1636,

In the third test Hussain et al, (24} ob-
served slight prophage Induction In E. colf
K-36. However, data from this test were dif-
ficult to evaluate because the solvent used,
dimethyl sulfoxide, causes cellular effecis.

A preliminary report on the chromosomal
analysis of hospital patients exposed (o
TCDD In the accident at the Seveso, Iialy,
factory was presented at the Department of
Health, Education, and Welfare meeting on
October 132, 1978 (152). An inorénsed number

ments} were ohserved in somatic cells of the
2- 1o 28-year-old males and females tested.
Cytogenetic studies of tisspes from thers-
peutle aborilons performed on women who
were exposed to TCDD during the accident
indicated that there was chromozomal
damage to c¢lls In matermal peripheral
bloed, and placental and feiai tissues, These
preliminary rezults were based on a small
numbey of samples, and no specific data are
available at this time (150).

(b} Negative Studics. Khera and Ruddick
{#) conducted dominant lethal testz In
which male Wistar rats received TCDD at
dosages of 4 and 8§ ug/kg per day. The stud-
ies indicated that no dominant lethal muts-
tions arose during the 35 days after treai-
ment, The perlod examined corresponded to
postmelotic atages of spermatogenesls.

A cytogenetic screening study of the ef-
fects of TCDD on hone marrow cells of male
Osborne-Mendel rats was performed by the
Food and Drug Administration (119), Tweo
separate experiments were performed. The
first waz a. muitiple dose test in which 10 pg
TCDD/kg per day was administered by intu-
hation for 5 consecutive days. In the second
test, single doses of 5, 10, and 18 pg TCDOD/
kg were intraperitoneally and
20 pe/kg (the highest dose) was adminis-
tered oradly. There was no evidence from
these siudies to ndicate that TCDD pro-
duced cytogenetic damage in the bone
marrow of these male rats. Toxicity, which
wes [ndicated by a slight welght loss, was
noted in rats that received s single dose of
15 or 20 pg/kg (the highest dose levels).

Green (119 conducted s short-term inves-
tigation of severa] dioxins, using male Os-
horne-Mendel rats, to" determine what po-
tential these substances had to produce cy-
togenetic damage in rat bone-marrow. In
one atudy ali of the dloxing were teated by
being intubated in the rats for five consecu-
tive deys at 10 yg/kg per day. & second
study involved TCDD alone administered
orally at 20 px/kg and intraperitoneally at
§, 10, and 15 pg/kg. ‘The aunthor found ne
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evidence that any of the substances tested

produced cytogenetic damage in the bone-

marrow of male rats,

In conclusion, although Hussain et al. (24)
have demenstrated that TCDD does appear
to act a3 a point (gene) mutagen, the evi-
dence is wesk for herltable genetlc effects
ginee the level of mutagenic testing is
meager and there were some major defi-
clences in some tests. However, the study by
Husasin et al. does not Mlf{ll the criterion
of multitest evidence as prescribed in 40
CFR 182.11. Although TCDD does appesr to
have the potential to act as a chromosomal
mutagen trom the in vivo eytogensetic stud-
fes (£52), apecific data are not yet available
from the Seveso accldent.

(3) Chromosomnl Damage. The Working
Group alzo wishes to call attention to three
studies (previously discussed in Sections
IILB.(2XD), IV, and IV.(2)(b), which in-
dicate that 2,4,5-T and/or TCDD may cause
chromosomal damage, Fuilts et al. (J49) re-
ported chromosomal abnormalities in in
vitro tests on human lymphocytes exposed
to 2,4.,6-T, abnormalities included breaks,
deletions, and rings, Yefimenko (167) re-
perted damage to bone-marrow cell chromo-
somes (Including breals, true aberrations, or
rearrangements) in in vivo tests on rat go-
nadal and somatie tiamie exposed to butyl
ester 24.5-T. The preliminary HEW report
(152) on the Seveso incident indicated an in-
creased number of chromosomal lesions
(gaps, chromatic breaks, and rearrange-
ments) in somatic cells of 2- to 28-year-old
humans exposed to TCDD.

The Working Group concludes that there
is a data gap on mutagenic effects and that
further evidence and testing iz needed on
the mutagenicity of 2,4,5-T and TCDD. The
Waoarking Group would like te evaluate more
detailed and specific Information ag it be-
comes avaflable from the Seveso accident.
Relevant informatfon or studies on the mu-
tagenetic effects of 2,4.5T and/or TCDD
shonld be submitted to the Agency, and the
option for re-evaluating their mutagenic
properties must be leit open should more
conclusive evidence become avallable,

B, Toxicity to Humans: TCDD—(1) Chlor-
acne. A number of researchers have report-
ed lllness aseribed to TCDD (38, 93, 95, 153).
Most of thege toxle effects have eccurred in
chemical plant workers after accidental ex-
posure to the dioxin. While a number of i1l
effects have been reported, the most widely
known is chlorache.

Chloracne {5 a severe skin disease result-
ing trom exposure to highly chlorinated di-
benzo dioxins. It is a disease of the follicular
and zebacecus glands, Its symptoms and
signg Include skins lesions, folllcular hyper-
keratosis, and the formation of large sebe-
ceous cysts, inflammed tubercles, and pus-
tules. In addition to these symptoms, chlor-
acne is often accompanied by a brownish
keratinization of the skin, cystitis, pyelone-
phritis, depression, hirsutiam, fatigne, neu-
rological disturbances, ralsed cholesterol
levels, liver damage, and psychological
manifestations (19, 15, 16, 154, 155, 156,
15D, Several researchers have observed that
chloracne Is not only irritating and persis-
tent but also very difficult to cure, It is one
of the most frequentily contracted forms of
occupationa) dermatitis, occurring primarily
in chemiesl plant employees engaged in the
production of 2,4,5-T and 2,4,6-TCP (18, 95,
155, 1586, 158).

The first report on a toxie meterial being
the causative agent for an occupational akin
disease appeara to have been by Dr. Karl
Herxheimer in 1869, Dr. Herxheimer diag-
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nosed the cause of dermatological problems
in a German factory worker as exposure to

. chlorine lons in the produetion of caustic

potash (I59. It 15 {rom this early dingnosis
that we get the name chloracne. During the
early 18560's there were a series of industrial
accidents in Germany resulting in an out-
break of chloracne in the employees of
chemical plants manufacturing 2,4,5-T and
2,4,5-TCP. The symptoms of the employees
of cne of these factories in Hamburg, Ger-
many, were extensively investigated by
Kimming and Schulz (18). These research-
ers, uging the rabbit ear test, proved that
the cause of the chlorache was a contami-
nant found in crude 2.4.5-TCP and not the
formulated 2,4,5TCP, Later on, Bauer et al.
(I5) conclusively i{dentifie¢ TCDD as the
causative agent of chloracne,

(2) Porphyria culanea tarda and §-Amino-
levulinic deid Synihetase. Porphyria cu-
tanes tards (PCT), a form of hepatic por-
phyria, {5 another disease caused by expo-
sure to TCDD and often accompanies chlor-
acne. PCT occurs primarily in Industrial
workers associated with the manufacture of
2,4,5-T (93, §4, 160).

The symptoms of porphyria cutanea
tarda, a defect in hepatic metabolism of por-
phyrins, are fragility of the skin, photosen-
sitlvity of the skin, hyperplgmentation,
over-production of porphyrins, hirsutism,
and neurologleal and Intestingl disorders
(94, 160, It Is also characterized biochemi-
cally by an increase fn the activity of the
mitochondrial enzyme s-aminolevulinic acid
(ALA) synthetase, which i5 the first and
rate-limiting enzyme in heme hiogynthesis
{160), TCDD waa thought to be a potent in-
ducer of ALA activity in chick embryo liver
(115), Goldstein et sl, (161> reported that
TCDD was found to induce ALA synthetase
and hepatic prophyria in mice, These re-
searchers stated that at that time 11973
TCDD was the most potent porphyrogenic
chemical known. Poland and Kende 1978 ()
found $that the duration of ALA induction
from TCDD exposure is prolonged, most
Hkely due to the long biological half-life of
TCDD. Theee researchers also found that
ALA synthetsse inducers have halogen
atoms occupying st least ihree of the tour
lateral ring positions (positions 2, 3, 7, and
8), and that there {3 at Ieast one free, non-
halogenated ring position, TCDD fulfills all
of these requirements.
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