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ENVIRONMENTAL PROTECTION AGENCY
[oPP - 30000/26] | f
PESTICIDE PROGRAMS T
NOTICE OF REBUTTABLE PRESUMPTION AGAINST-

REGISTRATION AND CONTINUED REGISTRATION
QF PESTICIDE PRODUCTS COMTAINING 2 H 5 T

‘--—-.-.

AGENCY: Office of Pesticide Programs, Environmental

Protection Agency (EPA).
ACTION: Notice of rebuttable presumption.

SUMMARY: 2,4,5~T has been found to exceed certain
risk c¢riteria set forth in 40 CFR 162.11. This notice

raquests registrants dnd otheF interested persons to subnmit

-

rebuttals and other information on the presumption and to
subnit any other data on the risks and benefits of this
pesticide chemical., This notice is the first‘bf saveral

wﬁiuh‘ﬁilfmgz?e publice notification of the Agency's progress

in reviewing this c¢chemical.

DATES: Rebuttal evidence and other information must be

received on or before JUN 5 ° 1978

ADDRESS MATERIAL TO: Federal Register Section, Technical
Services Division (WH-569), Office of Pesticide Progréms;
EPA, Rm. 401, East Tower, 401 M St. SW, Washington, D.C.

20460,

RECEIVED
APR 24 1978
REGISTRATION



FOR FURTHER INFORHATION-CONT;CT: Harvey Warnick,
Office of Special Pesticide Rsviewa, Office of Pesticide

.‘Programs (WH=566), hﬁ. HHT, East Tower, EPA (202)/755 5754.

SUPPLEMENTARY INFORMATION: The Deputy Assistant
Administrator, Office of Pasticide Prosrams, EPA, has
determined that a rebuttable presumption exists against
registration and continued registration of all pesticidé

products containing 2,&,5-?.1/ | ' )

I. BEGULATORY PROVISIONS
A. QGepepral., Title 30, Part 162,11, of the Code of

Federal Regulations for~tie Federal Insecticide, Fungilcide,
and Rodenticide Act (FIFRA) as amended (86 Stat. 973, 89
Stat, 751, 7 U.S.C. 136 &t seq.), provides that a rebuttable
presumption against registration shall arise if the Agency
determines thét a pesticide meets or exceeds any of the risk
erlteria relating to acute and epronic toxic effects set
forth in Section 162.11(2)(3). If it is determined that
s;ch a rebuttable ﬁresumptioﬁ has arisen, the regulations
require that the registrant be notified by certified mail

I

and afforded an opportﬁnity to aubmit evidence in rebuttal

Jd/ A position document, containing an appendix of references,
background information, and other material pertinent to the
issuance of this notice, has been prepared by the Agency
Working Group on 2,4,5«T and is also published with this
notice.



of the presumption. In addition, the Agency has determined
that the public should also be giién'notice of the bases
- for the presumptiom*tbaprbiide an-opportunity'for.commeﬁt

and to solicit additional information relevant to the

presumnption,

- -
RESTY

Fasumption against registra-

A notice of rebuttable p

tion is issued whan the evidence related to risk meets

the eriteria set forth in Section 162.11(a)(3). - It is

not 3 notice of intent to ecancel fhe rezistration of a

pestioelde, and may or may not lead to cancellation.

The notice of intent to cancel ié issuedlonly after the

risks and'benerits o? a pesticide are carefully considered

and it is determined that the pesticide may generally

cause unrsasqnable adverse effects to the enfirénment;
All-;;gistrants and applicants.for registration are

invited pursuant‘to 40 CFR 162.11(a)(¥%) to submit evidence

in rebuttal of the presumptions listed in Part II of this

notice and, in.tha case of oncogenicity, to aubﬁit information

which relates f€o the asaeésmant of oncogenic risks as set

forth in the Agency's Interim Procedures and Guidelines for

Health Risk and Economice Impact Assessment of Suspected

Careinogens (May 25, 1976; 41 FR 21402). Registrants and



other interested parties may submit for oonaideration data

on benefits which they believo would Justify registration or
- eeontinued registration. In addition, any resistrant may
petition the Agency to voluntarily cancel a current registra-

tion pursuann to Section 6(a)(1) of FIFRA.

.

B Rebuttal Criteria. Seoﬁion 162.11(&)(3) provides
that a registrant may rebut the preoqution by sustaining
the burden of proving: |

(1) In the case of é_pestioide'prooumod againsf
pursuant to the acute toxieity or lack of emergency treatment
eriteria, "that when considered with -the formulation,
packaging, method of use, and proposed restrictions on the
direotiono for use énd uidesprend and oonmonly recognized
practioeslof use,'tho anticlipated axposuro to an applicator
or user and to local, regional, or national populations of
nontargot organisms is not likoly to result in ony significant'"'
gcute adverse effects" {40 CFR 162.1{(a)(4)(i)];

{(2) 1In tho case of a pestioide presumod ogainst pursuant
fto the echronic toxicity eriteria, "that whon-oonsidered with
proposed regtrictions on use and widespread and commonly
recognized practices of use, the pesticide will not concentrate,
persist or accrue to levels in man or the environment
likely to result in any signifioant chronic adverss effoots"

[4%0 CFR 162.11(a)(4)(1i) 1 or

-l



(3) In either case, that "the determination by the
Agency that ths pesticide mssts or exceeds any of the

_eriteria for risk was in srror" [HO CFH 162 11(a)(ﬂ)(iii)].

Cv B&nﬁii&ﬂ.lniﬁnma&iﬂn. 'In addition to.submitting
evidence to rebut the presumptiog_ot risk, Section -
162.11(a)(5)(11ii) provides that a registrant "may submit
evidence as fo whether the economic, social and environmental
benefits of the use of the pesticide subject to the presump-

tion outweigh the risk of use.,"™ If the risk presumptions

are not rebutted, the benefit evidence®’ submitted by the

2/ Reglstrants or other interested persons who desire

£o submit benefit information should consider subamitting
information on the following subjects, along with any other
ralevant information they desire to submit:

1. Identification of the major uses of the pesticid
including estimated quantities used by erop or other appliea-
tion,.

2, Identification of the minor uses of the pesticide,
including estimated quantities used by catsgory such as lawn
and garden uses and household uses.

3. Identification of registered altearnative products
for the uses set forth in (1) and (2) above, including an
estimate of their availability.

4, Detarmination of the change in costs to the user
of providing equivalent pesticide treatment with any avail-
able subhstitute products, .-

5. Assessment of regulation impact upon user productivity
(e.g., yield per acre and/or total output) from using available
substitute pesticides or from using no other pesticides,

6. If the impacts upon either user costs or preductivity
are significant, a qualitative assessment of the regulation's
impact on production of major agriceultural commodities and
retall food prices of such commodities,

5



regletrant, applicants, and other interested persoﬁs will
be considered by the Administrato? in determining the
appropriate regulatbpy.gcpionc-fSpecifiéally, Séction
“162.11(a) (5)(111) provides that if ﬁhe-ben;f}tg appear to
outweigh tnénrisks, ﬁhe Administrator may'isgbe a notice of
intent to hold a hearing pursuaigggg:§gpt{g§‘6£§}$2} of
FIFRA to determine whether the bééisfration(s) should be
cancelled or application(s) denied. Alternatively, if the
"henefite do not appegr to outwgigh the risk;,,ﬁhe $dﬁin;strator
shall issue a notice pursuant té Section 3{e)(6) or Section
6{b)}{1) of the‘Act, as appropriate.” Moreover, if at any
time the Administrator determines that a pesticide poses an
"imminent i_laza:‘d" to‘humana or the environment, abnctice ef
-suspension may be issued pursuanf to Section 6(e¢) of the |

. Act.

11. PRESUMPTIONS

Ragisi;ations and applications'for registration
of pesticide products containing.2,4,5=T meet'of exceed the 40
CFR 162.11(a)(3) risk criteria relating to dncogenic effects
and teratogenic and/or retgtoxio effects in mammélian test
species. The Agency's basié For concluding that these risk
e¢riteria have been met or exceeded is set out in "2,4,5-T:
Position Document 1," which follows. Copies of attachments
to the Posiﬁion Document which are not published with this
notice are available for public inspection in the Qffice of
Special Pesticide Reviews, Information protected fronm

disclosure pursuant to FIFRA Section 10 cannot be provided.

-50.



Specific 1nquirics ccncerning the Positfon Document as well
-as8 requests for accéss- tc thece filcs, shculd ‘be directed to
Project Manager Harvey Warnick T Office cf Special Pesticide
Reviews (WH 566), EPA, Rm, 4847, East Tower, H01 M St. SW,

7. l-_“.. -

Washington, D.C.. 20560 (202/755-8754).

R

A. Qnoosenicity. 40 CFR Section 162.11(a)(3)(1ii)(4)
provides that a rebuttable presumption shall arise if a
pesticide *(i)cduces oncogenic effects in expcrimcnta;
mammalian species or in man as a result of oral, inhalation
or dermal exposure,,.." Ais a furthec clarification of the
provision, the preamble to the Agency's Interim Procedurcs
and Guidelines for Health Risk and Econonmic Impact Assessment
of Suspected Carcinogens [May 25, 1976; 41 FR 21402] states
tﬁat s substance will be considered a presumptive cancer

risk when it causes a statistically significant excess

incidence of benign or malignant tumors in humans or animals.®

_C On the basis of scientifie stcdies ahd‘infccmaticn
summarized in the Position Decument, the Agency has concluded
that ail reglstrations and applications for registration of
pesticide products containing 2, 4 5 T and/cr its dicxin
contaminant (TCDD) exceed this risk critericn, and that a
rebuttable presumption against new or continued registration

of such producis has arisen,

-7-.



B. ﬂLngz_nnn9nis_sz_nalgxgn_lgxig_ﬂtﬂzghap 40 CFR .

Section 162. 11(a)(3)(ii)(B) pcovides that 2 rebuttable

" presumption shall arise if a pesticide "(p)roduees any other
chronic or delayed toxie eTFeét-in test'aniﬁalé at any
dosage up ;o a level, as detarminﬂd by the Administrator,
which is substantially higher th;; thét to which humans can

reascnably be antiecipated to be exposed, taking into acpount

amples margins of safety;...“

On the basis of seientific studies and information
sunmarized in the Position Document, the Agency has concluded
that all registrations and applications for registration of
pesticide products contaiming 2,4,5-T and/or TCDD exceed
this risk c;iteripn for teratogenic and/or fetofoXic effects
and that a rebuttable presumption against new or continued

registration of such products has arisen.

II1I., ADRDITIONAL GROUNDS FOR REVIEW

As discu;sed in detail in the attachéd fosition
Décument, some data has associated Z;H,S-T-aﬁd?qr fCDD with
mutagenic effects in testlanimals and TCDD with toexie
effects in humans, _The data and analyses available at this
time with respect to these effects are ﬁot sufficient
to warrant the lssuance of a Rebuttable Presumption. The

Agency specifically solicits further evidence bearing on

received with respect to the potential adverse effects,

-8-
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these possible adverse effects., All comments and information - .7



including analysis thersof, may serve as a basis for a final
decision on registsringmpsspioides_Qonpaiping 2,4,5-T and/

“or TCDD. oo
~ IV. REGISTRATIONS AND PRODUCTS SUBJECT TO THE NOTICE

All registrants and applicants for regist"atlon

l-_..;‘ T e o
o -

listed below are being notified by oertifsed mail of
the rebuttable presumption existing against reglistra-
tion and continued registration of thsir productas,

The registrants and applicants for rsgistration
shall have 45 days from the date this npties is sent

or until JUN 5 1978 to submit evidenée in rebuttal of

the presumption. Howsvsr, the Administrator may, for
good cause shoun, grant an additional 50 days during
which such evidence may be submitted. Notice of ‘such
sn axtension, if granted, will appear in the EEDERAL
REGISTER. h ' |

A registrant or applicant for registration may, if
it desires, assert a business confidentiality clsim covering
part or all of the information submisted in-rssuttai, The
ragistrant or applicant may assert the claim by placing on
or attaching to the information a cover sheet, stamped or
typed legend, or other suitable form of‘notige employing

language such as "trade secret,"” "proprietary,” or "company

confidential,” Allegedly confidential portions of otherwise

-9-



nonconfidential documents should_be clearly marked,

If-a confidentiality claim is.ﬁéaﬁrted{-the infor-
mation covered by “the elaim will be disclgs_ed by EPA |
only to tﬁg.extent éﬁd byimeﬁﬂs of‘the_brqgggﬁgqg;aet
forth in 40 CFR Part 2, Subpar}zghgﬂl¥?§T§§9Q§;'Sgppember 1,
1976)., 1If no cbnfidentiality‘;ih;mléc;ompanies'th; informa=-
tion at the time it is received by EPA, EPA will place. the
information in the ppblic commgn} fiie_whera_ii will'bg
available for publie inspeotioﬁ. -

If a résistrant or applicant does assert a coﬁfiden—
tiality e¢laim for some but not all;—of the information
submitted_to EPLA iq rebuttal, the rggistrant or applicant
should furnish two copies of thé infgrmation to EPA. Tﬁe

_first copy shoul& contain ;11 of the inforhatioﬁ submitted
in rebuttal with information elaimed_as conf;déntial‘elaarly
identified. - The second copy should be identical to the
first except that all information claimed as confidential
should be deleted, The second Eopylwill bg p}aceq in the
5ublic coﬁment file. Tﬂe first copy will be treated in
accordance with the procedures set out above,

V. DUTY TO SUBMIT INFORMATION ON ADVERSE EFFECTS

Registrants are raquired by law to submit to
EPA any additional information regarding any adverse
effects on man or the environment which comes to a regis-

trant's attention at any time, pursuant to Section 6(a)(2)



of FIFRA and 40 CFR 162.8(d). If any reglstrant of 2,4,5-T
products has any published or-unpublished information,
studies,-reporta,‘&nalyses, drfreanaiﬁées-regafding any
aGVerse erfects ig‘animal species or humans, reaidues, and
claimed or verified accidents to humans, domsatic animals,
EPA, the material must be submitted immadiately. When
responding to this notice, each registrant shall submit a
written certification to the Agency that a;l.iﬁformatiqp
regarding any adverse effects known to the regisfrant'has
been submitte&. In addition, the registrants should notify
EPA of any studies currently in prdé}ess, incl;ding the
purpose of the study, the protocol, the approximate comple-
tion date, and a summary of alllresu;ta observed to daté.
VI. PUBLIC COMMENTS AND INSPECTION

During the time allowed for submission o-_f‘ rebuttal
avidence, specific camments on the presumptions set forth in
this notice and on the matérial contained in the Position
Document are solicited from the public. In particular,
any documented episodes of adverse effects to humans,
domestic animals, or wildliife, and information as to
any laborator}.studies in progress or completed are
requested to be submitted to EPA as soon as possible.
Specifically, information on the fate and effects of
2,4,5-T, its impurities, metabolites, and degradation
products on flora and fauna, particularly animal; with
metabolism similar to man, is solicited. Similarly, any

R



studies or comments on the benefits from the use of 2,4,5-T
are requested to be submitted, All oomments and information

recelved, as well as any other relevant information and

analysis thersof, which come to the attention of the Agency

may serve.as a basis for rinal determination~parauant to

Section 162.11(a)(5). SRR e g

&lllcomménts and inforﬁgﬁion Qhould be sent to the
office of the Federal Register Section at the address given
above, if possible in triplicate to facilitate the work of
the Agency ang cthers intereatad in inspecting téem._ The
comments and informatién should bear the identifying netation
ROPP~30000/26." Comments reoeivedﬁérter the specified time
period wili be considered.only @o the extent feasible, _ o
consistent with the time limits imposed_by %0 CER'Section
_162.11(a)(5)(ii);

All written comments and inrprmationﬂfiled pufsuant

to this notice will be available for publie inspection in
the office of the Federal Register Section from 8:30 a.m. to
4 pum. during normal working d€§s. ~Interested penaoha are
;ncouraged to take advantage of the opportunity to inspect
Agency files during normal working hours since 1) all of the
information receiveéd may serve as a basis for final determina-
tion pursuant to Section 162.11(2a)(5) and 2) the Agency will
not generally publish a summary of information received in
the FEDERAL REGISTER at the close of the rebuttal period.

2=



Your cooperation is solicited in ldentifying any
errors or omissions:which.may-have been made in the
,'following oomputer 1istinss. ;Coffeétions to the 1ist-

ings may not necessarily be published in the FEDERAL

L3

REGISTER, but rather handled b?n%iélsztg;aff?°t°d par-
ties. Omissions will be corrected by notice in the

FEDERAL REGISTER.

Dated: APR 111978 %
. zz,_/ A

Deputy Assistant Administrator
for Pesticide Programs

-1340



xxxx PRODUCT SEARCH LISTING #xwx - PAGE
10/63/77 FEDERALLY REGTSTERED PRODUCTS CONTAINING 2,4,5=T ESTERS/SALTS
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*REGISTRANT* *NAME AND ADDRESSx  iira=lmm besiale o
* 000004 MONIDE CHEMICAL CO. INC,
2 WURZ AVE,

YORKVILLE NY 13495

whagnihkkrkninerr PRODUCT NAME wnddamasskmddddsr

#*200164% BONIDE KILBRUSH

AAAHEAEAARRERKEAREARRRRRANTTRRAAEEAARRERRANRARARARRERARENARAAERRARERARRRRERR R KRN AR RN R
*REGISTRANT® *NAME AND ADDRESS»
* 000106 - BRULIN & COMPANY INC

PO BOX 270=8
INDIANAPDLIS IN 46200

EARRARRKKETARANE PRODUCT NAME annksesnxwkkenxxs

#%00049% LIQWEELDATE CONCENTRATE : . S ‘ o

*******************t****{*******************************i*?**ﬁ*******t**************

*REGISTRANTx *MNAME AND ADDRESSw»
* 000148 " THOMPSON=HAYWARD CHEMICAL COMPANY
B0X 2343

KANSAB CiTY K8 66110

RdenkrRkkkkkaxenr PRODUCT NAME sSaxmdmmdxkikkiiink
#x00211x DE-PESTER DED=WEED LV=33
*#700212x DED=WEED LVed BRUSH XIL LUNW VOLAiILE ESTEN
*200272% DE=-PESTER DED-WEED AMINE=-T AMINE SALT
**x00d431x DED=WEED LV=9 BRUSH KIL
*%(00924x 2,4,5«T ISOOCIYL ESTER TECHNICAL



sx## PRUDUCT SEARCH LISTING wwwx -

PAGE a-

10/03/77 FEDERALLY REGISTERED PRODUCTS CONTAINING -2,4,5-T ESTERS/SALTS

**CONTINUE REGISTBA&T povias |
*%01193x DED=WEED AMINE=T AMINE SALT
*x01204% " DED~WEED pS=~6 BRUSH K]L
k%01206% DED=WEED LV &~1 BRUSH KIL

*****i*****************t*t3*it******g********!***********k**************************
*REGISTRANT®  #NAME AND AUDRESS® ‘
% 000168 NASATCH CHEMICAL DIVISION ENTRADA IND INC
P O BOX 6219
SALT LAKE CITY UT 84106
REREXRXXRRAANASN PRODUCT NAME samasddsdriirtras
«200227% WASCD 2,4,5=7 LOW VULATILE ESTER 4LB, E.C.
*n00231% WASCO 2,4,S~T BUTYL ESTER #4 E,C.(2,4,5«7 EMUL.CONC.)

*A002bix WASLD BRUSH KILLER LOW VOLATILE 2,4=D 2,4,S=T EMUL. C,

*****************t*t*********t***t***t*t***********************t*******t************

*REGISTRANTx *NAME AND ADDRESS«
* 000179 BOGLE R H COMPANY
860X 588

- "ALEXANDRIA va 2230¢

kkrnnnRnrkknkarn PRODUCT NAME . dadddrawnkikhaksn
*%00064% BO=RIV K, 0, BRUSH KILLER BKE=4
*x00065%x BO-rRIV K, O, BRUSH KILLER BKE=S
#200067x BU=RIV K,D, BRUSH KILLER BKEe 2;é
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*REGISTRANT * ANAME AND ADDRESS»  oniisaz Tuilie il
* 000226 OBACCY STATES CHEMICAL COMPANY
80X 479

LEXINGTON KY 40501 -
[ ]

ttt*tt**i*t*t*** PRODUCT NAME wxdkwswhartkwkhwn
#%00120% TOBACCO STATES HRAND ESTER BRUSH KILLER 2-2
#%00155x TUBACCO STATES BRAND LDweVOL BRUSH XILLER 2=20

***a****;***ax**********s****u**************u:****a******t****w*******a*i**tia******
AREGISTRANT®  ANAME AND ADDRESSx - o
* 000228 © WIVERDALE CHEMICAL COMPANY _ _

€20 E 17TH ST ’ ' _ -
CHICAGD HGTS IL 60611
*t**********i;** PRODUCT NAME Rnxdadrwxwikkiunsk

*#%200015% RIVERUALE BRUSH KILLER 1 CONTAINS LOW VUL&TILEIaoﬂ-B-T+ 2,4,0

#*x00016% RIVERUALE WEEDESTROY 2,4,SeT

**00027 2,4,5«T LOw VULATILE ESTER

T An(0028% RIVERU&LE BRUSH KILLER 2 ESTER

»x00045+« RIVERUVALE BRUSH KILLER 2

*#00075% RIVERUALE FORMULA & BRUSH KILLER

®x00077% RIVERUALE 2,4,5=T AMINE BRUSH KILLER

#*0Q078x WEEDESTROY 2,4,5=T ESTER 4

*%0009ix 2,4,5=T Lve

#uG0119% RIVERDALE BUTUXY 2.,4,%5=T7 LOW VOLATILE ESTER

#200120% RIVERDALE BUTUXY BRUSH KILLER 2 LOW VOLATILE ESTER -



xx#» PRUDUCT SEARCH LISTING #wam . PAGE 4.

10/03/77 FEOERALLY REGTSTERED PRODUCTS CONTAINING 2,4,5«T ESTERS/SALTS

REREA KRN REE KRR AR R Rk R AR A AR A AR REEREAN AR RN TANRA R R AR AN TN RN R R R WX Rddrdk

*REGISTRANT* *NAME AND ALDRESS* ;Q;iﬁfbﬁz%:}3=r;v SR

* 000239 CHEVRON LHEMICAL CUMPANY
ORTHO DIVISIUN 940 HENSLEY WAY
RICHMUOND CA 9480} —

KAk hkekkikrnek PRODUCT NAME Rwsxikaktmawkdndnix

x%01256% ORTHO LV BRUSH KILLER TD=2

e e e e e ok ok v e e ok e o e e o o gk ol o ol o ot o ok Y ok Y ol e ok e e o o 9k oy e e o o vie ol 9 9 e R ol o o o 9 e e ol o e e oie e o o e o ol o ok ol v e ke o T o o e o
*REGISTRANT% *NAME AND ADDRESS*
* 000264 " AMCHEM PRODUCT INE
BROOKSIDE AVE
AMBLER P4 19002
KRRXNRRAEARRExkx PRODUCT NAME wkdemAmaxdwdimins
x%00009% NEEDONE 2,4,5-T - - S . -
*200010%x WEEDONE BK 32
#200019% WEEUONE BK b4
=*x00021> WEEDONE 1.B.K,
- wx00053x  WEEDAK AMINE bK
*x)0062% WEEDAR 2,4,5«T
x#00071% 2,4,5«T LUW VOLATILE ESTER BRUSH KILLER
#%00073% 2,4D=2,4,5=T LOW VULATILE ESTER HRUSH‘KILLER
ex00084%x AMCHEM TRINJXUL
®%00086% AMINE 2,4,5=T FOR RICE
#%00089*% WEEDONE 2,4,5=T SPECIAL AIR SPRAY FURMULA
#x00103% AMCHEM DINOGXOL ' .
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axax PRUDUCT SEARCH LISTING wwwx ™ PAGE 5 -

10/03/77 FEDERALLY REGISTERED PRODUCTS CONTAINING 2,4,5-T ESTERS/SALTS

x#CONTINUE REGISTRANT 000204 : | L
#%00121% AMCHEM ENVERT<OT S
*#ud0123x AMCHEM ENVERT=T
#x00128%x AMCHEM TRINDXUL SUPER = &
#x00132% DINUXUL SUPER &

*200161% AMCHEM EMULSAMINE 2,4,5=T
00 1&3x EMULSAMINE Bk WUUDY PLANT HERBICIDE

*#%00200% ASPLUNDH 1054~ BRUSHKILLER

#200208% EMULSAVERT 100

*#x00209%x EMULSAVERT 248- ) _
#%00230% TECHNICAL 2, 4, SeT ESTER (FOR USE IN THE MANUFACTURE OF HERBICIDES)
#x00268x WEEVDONE I8K ODOR INHIBITED '

x%00269% ENVERI=UT ’ )

*#%QU282% AMCHEM BK WOODY PLANT HERBICIDE

#x00283% AMCHEM BK WOOLY PLANT HERBICIDE '

#x00284%  AMCHEM 2,4,5,~T WUODY PLANT HERBICIOE

x%002B6% AMCHEM 2,4,5=T wODDY PLANT HERBICIDE

**x002874% WEEUONE 2,4,53T WPPDY PLANT HERBICIDE ODOR -INHIBITEL-

#x00288% WEEQONE 2,4,5=T SPECIAL AIR SPRAY FURMULA

T Ty N L L e T s 2 e s et FL L
*REGISTRANT = *NAME AND ADDRESS*
* 000334 HYSAN CORPORATION

19 W 38TH 8T
CHICAGO IL 60609

kkranrkxrnxennex PRODUCT NAME xaksxkdmthmthwik



wxxx PRUDUCT SEARCH LISTING wwww - PAGE &

10/03/77 FEVERALLY REG?STEhED PRDDuth‘CON?AINING'é.n.s~7 ESTERS/SALTS

**CONTINUE REGISTRANT 000344 - ' T
*%x00253% GCC 429 et e

#%00308% GCCm425 - A

t***t****tt*********!tt****t*****ttt**t*****t*t*;******;****;*r*t******;*t**********
*REGISTRANTx *NAME AND ADDRESS®
* Q00358 NDTT MANUFACTURING CUMPANY INC
PLEASANT VALLEY NY 12569
Akkerrrekkirxxsr PRODUCT NAME wwnawkksdnkxhins
*20009H4x  NOTT'S POISON IVY KILLER

ﬁ****'**tt*t********'h*tt**tﬂ'**t'**t**'k*t*‘**t******.**t******_w!‘**********t********t*t*t*
*REGISTRANT* *NAME AND AUDRESS* )
* 000359 RHUDIA INC, AGRICULTUR&L DIVISION o
PoUs BOX 125 w ) -
MUNMOUTH JUNCTION, NJ 08852 ‘
EARRRRXKRAREANKE PRUDUCT NAME RAARRRRARRERANNR
#%QU178x RHUDIA 2,4,5-T LOW VOLATILE ESTER 4L
T #R00179% RHOVIA LOW VOLATILE BRUSH KILLER Nd. 2
*%x00412% RHOUIA LOn VOLATILE BRUSH KILLER NB.3
#x00813% RHODIA 2,4,5=1 LOW VOLATILE ESTER 6L
*%x00540* UTILITY BRUSH KILLER NO. 4
*#00549% CHIPMAN AMINE BRUSH KILLER
x200574% CHIPMAN AERDSUL SPECIAL MIXTURE NGQ. 1

*x00580% RHOUIA 2,4,5=T ISQOCTYL ESTER (TECHNICAL)



wxwx PRODUCT SEARCH LISTING *www - PAGE 7

10/03/77. FEDERALLY REGISTERED PRODUCTS CONTAINING 2,4,5T ESTERS/SALTS

**CONTINUE REGISTRANT 000359 . ‘ e
*%00582%

CHIPMAN 2,4=D AND 2.4,5=T ESTER -MIX TECHNICAL

kx00b60S% CHIPMAN D AND T MIX ND, 8. -

*x00612% T & C LAWN WEED KILLER CONCENTRATE

**0061S* SwWIFT MIX NO, 1

*%x00616% SWIFT MIX ND, 2

*#00645*  VISKO=RHAP LOW VOLATILE ESTER 1D=1T FUR AIR APPLICATION

*2xG06dbx  VISKO=RHAP LOW VOLATILE ESTER 10«1T FUR GROUND APPLICATION

*x00649%  VISKO=RHAP OIL=SOLUBLE AMINE A=3T -

*%00651x VISKO=RMAP LOw VOLATILE ESTER 27 FOR GROUND APPLICATIUN

»%00652% VISKO-RHAP LOW VOLATILE ESTER 2T FOR AIR APPLICATION

A%00653% VISKO=RHAP H LOW VOLATILE 2 T

*%00655% VISKO=RHAP LOw VOLATILE ESTER 37

b2 s sttt it sttt Rt i st sl s

*REGISTRANT *NAME AND ADDRESS®
x 000407 IMPERIAL INC
BOX 423
-  SHENANDOAH 1A S1601
ERRAARRAANNAANRR PRODUCT NAME Samdxxaskaxadiraw

+x00345% IMPERLAL LO-VOL SUPER BRUSH KILLER
*x003U6x IMPERIAL LO=VOL 2,4,5~T
#%x0036Sx IMPERIAL NO,4 LUW VULATILE &,4,5~T BRUSH AND-WEED KILLER
*%00366% IMPERLAL ND. 2 ¢ 2 LOW VOLATILE HRUSH AND WEED XILLER



#x%x PRODUCT SEARCH LISTING xxwx - PAGE 8
10703777 FEDERALLY REuiSTEﬁED PRODUCTS CONTAINING 2,4,5-T ESTERS/SALTS

***********t*****t***!*****t***********************t********************************

a e . L

*REGISTRANT* *NAME AND ADDRESS* ;;:A;.*»ﬁﬂ:??*ﬁé? ﬁ;__‘_,

* 000413 BARTELS & SHURES CHEMICAL COMPANY
180002 ST LOUIS AVE
KANSAS CLITY, MU 64101 Lo-

REkegRhkinkwkndkx PRODUCT NAME mawsddkkukkatinwsx

*%x00023% PIUNEER BRAND BRUSH KILLER NO, 23 BUTYL ESTER

L N T e R e L L T e e T T T
AREGISTRANT* *NAME AND ADDRESS»

* 000449 " TECHNE CURPORATIDN
= C/0 REGULATORY AFFAIRS DEPT: FARMLAND IND., INC.
P. O, BOX 730S .
KANSAS CITY, MO et11é : -
NARRkkRrxkNxe ek PRODUCT NAME sddhkkmrekrhhhiin
*%00074% WUOUKILL ESTER
*w00028* WUOD=KILL CINCENTRATE (ESTER)
x%00065% WUOD-AILL 4L8, BUTYL ESTER CONCENTRATE
®kxQ(126% LOW vuL 4 L8 wODD KILL
%xx003127% NO, 4 LUW VOLATILE 2,4,5=T

*x00317%x 2,4,5,=T 4L BUTYL ESTER

oo e e o e o v e e e o o o o i o st e e e 9 ok o o ok e ol ol Y ok e O e ol ok o ok e o ool o v i e o ol v ok e O o o e e ol e i e ol e e o o i e R sl O ok e e e

SREGISTRANT> *NAME AND ADDRESS3»
% 000464 pPO# CHEMICAL U 8 A
PO BUX 1T70e

MIDLAND m]l 48640

RExkkrrarkrnenir PRIDUCT NAME Akarmnkkkwatsirn



T LT ] PRUPUCT SEARCH LISTING wwuw . PAGE Q-

10/03/77 FEDERALLY REGISTERED PRODUCTS CONTAINING 2,4,5e7 ESTERS/SALTS

*«CONTINUE REGISTRANT 000464 ? ‘ L

®RQU199% VEUN 245 e

2200272% TIPPON T6 BRUSH AND WEED KILLER-
*x00273x TIPPON 2=2

*x00289% VERTON CE WEED AND BRUSH KILLER
*%00308% VERTON T MERBICIDE

#x00351%x BRUSH KILLER 4T

«x00352% BRUSH KILLER 2+2

#200364% DOW TURDON 155 MIXTURE BRUSH KILLER -
£%00407* TORDON 225 MIXTURE HERBICIDE
*#00422% VERTON 2T S =
#x00491n  2,4,5«T BUTIXY ETHANOL ESTERS
%#00492% 2,4,5<T BUTOXY 'PROPYL ESTERS
*x00U434x 2,4,5=T BUTYL ESTERS

¥x0Q495%  2,4,5«T ISDICTYL ESTERS
*%00527%  DOM BRUSH KILLER X HERBICIDE
#%00528% DUW BRUSH KILLER TX HERBICIDE

***t******it*t*******'****i*t'R**‘ltt**tt*t****t*********.‘**************************i**!
KREGISTRANT* =#NAME AND ADDRESSx
5 0004Te STAUFFER CHEMICAL COMPANY LABELING & REGISTRATION

VEFT 120v SOUTH 47TH &
RICHMOND, CA 94804

AREARRAXRAERRARA FRUDUCT NAME Aetheawnkskatrss
x200600% 2,4,5=T TRIETHMYLAMINE 4nw§
kx00623% 2,4eDe2,4,5=T AMINE 2+2 WS ’ .
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03/77

PAGE 10 -

wwwx PRODUCT SEARCH LISTING w»xwx.

FEUERALLY REGTSTERED PRODUCTS CONTAINING 2,4,5-T7 ESTERS/SALTS

x*CONTINUE REGISTRANT 000476 . ‘ L

I3 3SR LR RS RSl st s it R st 2 e s s ad i sl sl Y ) 2

*REGISTRANT*

*

*%x 00901«
x%x00906%
*x00933x
*k(0936x

*%0(0939*

000524

Selmpwa=g, U,5=T 1SLOCTYL ESTER 2 EE Lﬂﬁ VOLATILE BHUSH KILLER

2,4,5«7 1S03CTYL ESTER 4~ LOW #ULATILE sausu KILLER;
2:4,5~T BUTYL ESTER d=E
2e4aD 2,8,5=7 BUTYL ESTERS 1.33=,66~E

STAUFFER 2,4=D 2,4,5,T BUTYL ESTERS 2=~2~FE EMULSIFIABLE LIGUID

*NAME AND ADDRESSw C T

MONSANTU CUMPANY

AGRICULTURAL PRODUCTS ) _ -
© 800 N, LINDBERGH BLVD,

8T, LOULIS, MO &31se

akkexkkkksnknxxx PRODUCT NAME haxkdakbxwknkksnn

xx(Q0047 >
*xQ006Tx
kxQ007Sx

L *RQUQBL %

kx0009S*

*%00097

X200
*xQU100%
*#x00810%
*x00511x%
®x00149x
*%001S0x

®x(Q0254x

4,5=7 ISOPRUPYL ESTER TECHNICAL GRADE
TECHNICAL GRAGE 2,4,5~T BUTYL ESTER
MONSANTO 2, 4mD = 2,4,5=T BUTYL ESTER BRUSH KILLER
204,5=T LOW VULATILE ESTER BRUSH KILLER '
D-61 MONSANTU 2,4,5=T IS0UCTYL ESTER
MONSANTO 2,4,5=T ESTER BRUSH KILLER
2/4+D w=2,4,5T AMINE BRUSH KILLER
MUNSANTO 2,4,5=T AMINE BRUSH KILLER
BRUSH=0=CIDE BRUSH KILLER
BRUSH BLITZ
2,4=D/2,4,5+=T MIXED ESTERS N=BUIYL AND 1SUBUTYL
2,4=0/2,4,5=T BUTYL ESTERS

2,4=D/2,4,5=T LOW VOLATILE ESTER SRUSH KILLER (CODE34)



anxx PRODUCT SEARCH LISTING wmwx o PAGE 117
10/03/77 FEDENALLY REGISTERED PRODUCTS CONTAINING 2,4,5«T ESTERS/SALTS
*#«CONTINUE REGISTRANT 000524 ' ‘ S

*%00258% 2,4,5-T ISOBUTYL ESTER TECHNICAL.GRADE -

A e e e e o o ok e o g e ol e Sk e ol e oy ol g S ol ol ok o e ol S ok ol i o e A o o o sl SN e e o o A e R e ol ot e S it e A e o ol o A o 4 o o o e e o e e i o o ok o oie o e ole ok e ok

*REGISTRANT# *NAME AND ADDRESS®
* 000551 BAIRD & MCGUIRE INC
- 80OUTH 8T

HOLBROOK MA 02343

RANANRARRRN AN R PRODUCT NAME *twt***x*****it*
*#nG0i11x 40T AMINE BRUSH KILLER
*%00116% 47 AMINE BRUSH KILLER —_ ' -
*%00157+ 4T<ESTER BRUSH KILLER | _
#%00158% 4DT=ESTER BRUSH KILLER ' ' - -
#%00183% BRUSH KILLER (LOW VULATILE EMULSIFIABLE CONCENTRATE) LV 30/37
#%00184% BRUSH KILLER (LOW VULATILE EMULSIFIABLE CONCENTRATE) Lv-eT

r—— ———

HRRI NIRRT i e AT T oo T T de e s 30 e k20 T St e g9 A e 9 o o ok o e e ok e o e Y

*REGISTRANT* ANAME AND ADDRESS*
*®  0V0SS4 " ABSCU INC-
40X 458

GRAND FURKS ND $8201

Axnnknekkkxwxhnnsd PRODUCT NAME AmaRwaddiwiddnkn

*x00056% AGSCO BRUSM KILLER



»*xxx PRUDUCT SEARCH LISTING wxxx - PAGE 12--
10/03/77 FEOEWALLY REGISTERED PRODUCTS CONTAINING 2,4,5-T ESTERS/SALTS

2 g vk % v ok e vk ol 3 v ok e sk e e o i e o e ol ok e K gk e o Y U e 9K gle g o ok v e i 9 e ok o S R i e vl o ok o 9% e O e i o e o o e e e e v o iy o ot ok ol o ok ol e ok o T o v e

*REGISTRANT* *NAME AND ADDRESS¥ oot ot azs foimeic mo. ..

*x 000572 ROCKLAND CHEMICAL €O, INC,
P,U. BOX 809
CALDWELL, NJ 07006

sk nrAhArkwxdx PRUDUCT NAME #urhsdidndirviss

2x00035% RUCKLAND BRUSH KILLER (ESTER FORM) LOw VOLATILE

t*************************************************************************i*********
*REGISTRANT* *NAME AND ADDRESS*
* 000577 SHERWIN®WILLIAMS CUMPANY .
101 PRUSPECT AVE Nw
CLEVELAND OH 44101

kxagrrexaxakrenr PRODUCT NAME xxwkxkakkhakxsew

#£00512%¢ ACME PDISUN IvY KILLER - . = , )

t***tt**tt****t**tt*tt***ﬁ*t*t*ﬂ*****t***ttt**ﬂt**ttt********tt*****t******t******tt
*REGISTRANT* *NAME AND AUDRESSw
® (00632 "MUTUAL DEALERS WHOLESALE INC
2361 HAMPDEN AVE
5T PAUL MN 55114

Rhxakkkawkkkxrnk PRIDUCT NAME wakanxAxteruthknwn

*x00022x KURTHMORE L V BRUSH KILLER
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wxex PRUDUCT SEARCH LISTING wwwe - PAGE 14

10/03/77 FEDERALLY REGISTERED PRUDUTTS CONTAINING 2,4,5«T ESTERS/SALTS

**CONTINUE REGISTRANT 000677 , ' e
*#200196% DACAMINE 20/2T

LT BRI T e ow N

+%00238% * THALLWAY 20721 DIAMINE SALT OF 2,4=0 & 2,4,5eT
=x00247%« TECHNICAL 2=ETHYLHEXYL=T (2,4,5«T)
%00248% TECHNLCAL TSOPROPYL=T (2,4,5T)

*%00250% TECHNICAL BUTYLeT. (2,4,5eT)

*x00253x TECHNICAL ISUUCTYL-T (2,4,5-T) .

xx00273% TRAILWAY 4T CUNTAINS 4,0 POUNDS 2,8,5=T ACI0 EQUIVALENT PER GALLON
*200297% AMINE 20/27 -

»200301% LO-vOL 2D/27T '

*x00303% LU=VOL=bT

*x00306% LU=vOL 4T '

#%00320% DIAMOND SHAMRUCK BRUSH KILLER LO=vOL 2D/2T

*x00325% OIAMOND SHAMRUCK BRUSH KILLER BP LOe=vUL &7

S e de e v e ok oy o e e v e e o o ot die ok o gy o ok Ve ok 3 ok Y sl o gl sk v ol o oir o v vl o o o e vl o 0 e e o o o ol ok e o o e e i oie o ol o o ol ol o S 9 o o e ol T e ok o iy e o
*REGISTRANT® *NAME AND ADDRESS% |
* 000746 “MFA ulIL CO
- P.0, BUX 519
COLUMBIA MU 65201 ' _ ]
ERxxknkxkxkkexww PRODUCT NnHE‘rnr*******n***w*
*x00050x M,F, A, LD=V 2,4,5=T
xx00051% M, F,A, 2,4,5=1 BUTYL ESTER
*%x00052» M.F,A, LD=V SUPER BRUSH KILL
*200053%x M,F,A. SUFER BRUSH KILL (BUTYL ESTER)
*200108% M,F,A, AERIAL ESTER NO, 42 ' -



10/03/77

wxxx PRUDUCT SEARCH LISTING w#wxw - . PAGE 15" .

FEDERALLY REGISTERED PRODUCTS CONTAINING 2,4,5=T ESTERS/SALTS

. ——— = -

***********************t**************i**********t********t**t*t*******t*t******i***

*NAME AND ADDRESS ;;}iﬁ:*ﬁ—ﬁ:;f-fal‘ e

*REGISTRANT»

= 000802 LILLY CHAS © CUMP&NY HILLER RO DLV
71737 N,E, RILLINGSWORTH
PORTLAND, QR 97218

Akt xkansn PRIDUCT NAME axhxwitamtdadriw

**00128x%
*x00181x
*x(01odx
AxPO229%
*w((329%
*x00S20x
*x00523+
*%00529«

*REGISTRANT*

* 000876

MILLER'S 2,4,5=T AMINE 4

MILLER'S LV BRUSH KILLER

MILLER LV 2,4,5~T ESTER -
MILLER'S BLACKBERRY & BRUSH KILLER
MILLER'S LV 2,4,5=T ESTER 6E .
MILLER'S LV BRUSHKILLER D

MILLER'S LV 2,4,5~T ESTER FOUR BP

MILLERS BRUSH KILLER

HREREE R AA AR R A A AR A RAAR RN AR TR R RN AR RRAE ARk Rk rir it

#NAME AND ADDRESS»

C VELSICOL CHEMICAL CORP
S81 EAST (HIO STREET
CHICAGD [L &00l4

ArRRRRIENRRAnereh PRIDUCT NAME Satxmaassrsessass

*n00169%
*x(0176%
**Q0179%
*x001R0%

rRx0214x

HANVEL 510 OTL SULUBLE INDUSTKIAL HERBICIDE
BANVEL = 710

BANVEL = 320 WATER SOL IND HERBICIDE FOR BRUSH & BROADLEAF WC
BANVEL 310 DI{ SOL INDUS HERB, FOR BRUSH AND BROADLEAF wEED CONTRO

VELSICOL VEGATROL A 20=2T HERWICIDE FOR BRUSH CONTROL



axxx PRUDUCT SEARCH LISTING weaw _ PAGE 16

10703777 FEDERALLY REGISTERED PRODUETS CONTAINING 2,4,5~T ESTERS/SALTS

**CONTINUE REGISTRANT 000876

*kQ0216%
x(0219%
*n00220%
*n(0226%
*x00228%
*kx0229%
xx00230%
*x0)23ix

VELSTLOL

*VELSICOL

VELSICOL
VELSITOL
VELSICOL
YELSICOL
VELSICOL
VELSICOL

VEGATROL
YEGATRUOL
VEGATROL
VEGATRUL

VEGATRUL.

VEGATROL
VEGATROL
VEGATRUL

Lve20-2T HERBICIDE FOR BRUSH CONTROL
BE-2D-27 HERBICIDE FOR BRUSH CONTROL
BE~4T HERBICIDE FOR BRUSH CONTROL
0-6T HERBICIDE FOR BRUSH CONTROL
LV=4T HERBICIDE FOR BRUSH CONTROL
LV=6T HERBICIDE FDR BRUSH CONTROL
0+47 MERBICIDE FOR SRUSM CONTROL

A=47 HERBICIDEFOR BRUSH CONTROL

t*t**l‘***********H*t**t**t***********t******'********t***t********************t*tt***

®REGISTRANT* *NAME AND ADDRESSw

FARMERS UNION CENTRAL EXCHANGE INC
POST OFFLCE BOX “G"

ST PAUL mN 551&5

* 0009t

Axkrkakxkkrrnenk PRIDUCT NAME swmrmraxiniidkrme

*%00050% CO=0F BRUSH KILLER LV 2u2 BRUSH AND WEED KILLER

**t**rtx*gw********:***ttn*ry*****t*t**tg******t*Q*t*tg**;t;t;*t**;t*********tt*u:**
*REGISTRANT *NAME AND ADDRESSx
AMUCO TIL cO.

200 £, RANDOLPH DR,
CHICAGD IL 60601

* 001145

whkrkkhkrnkkrnnxxx PRODULCT NAME ta*ta**ﬁ**Qt**tt
**#00016% AMUCU BRUSH XILLER

*x30029% AMOCO 2, 4, S5=7 LV ESTER FOR BRUSH CONTROL



ke PRUDUCT SEARCH LISTING #wwsk . PAGE 17

10/03/77 FEDEKALLY REGISTERED PROOUCTS CONTAINING 2,4,5=T ESTERS/SALTS

*#*CONTINUE REGISTRANT 001145

®x00079%  AMOCD 2,4,5=T AMINE

03 e R 3 e e s e oy e o o o i v ol ol ot o e ol e e R o I e ol 0 ol e e ol ol 3 A AT O e e sl Sl e T S e o o VR oy o T e i o O ol ol o o ok e ol R oI ok o g oo e

*REGIITRANT = *NAME AND ADDRESS*

* 001180 MIDLAND COUOP INC C : . .
2021 EAST HEMMEPIN AVE . -
MINNEAPOLIS MN 55413

ARRAARRAR A AR RRk PRODUCT NAME RRNERRRRERA NI R &R

*%00017% MIDLAND S0~S0 ##% LOW VOLATILE SRUSH KILLER

AR ERRRAR AR AR R RRE AR AR RR AR R AR RN AR ATNRT RN AR RN AR AR VR RN ke
#REGISTRANT» *NAME ANO ADDRESS®

x 001200 Y., EAGLE, INC,
P.0. BOX 59031 .
DALLAS, TX 75229 . : 2 - -

Ffe ek KRR R KRR PRUDUCT NAME MammrmAsmssdkiihnn

#%x00025% EAGLE BRUSH KILL 2,4,5«F SOLUTION

********************!***ﬂ***ii*******t*********t****t*i******t*******!*******l**ﬁ*t*
*REGISTRANT» *NAME AND ADDRESS»
» 001222 INDTANA FARM BUREAU COUP ASSN INC
47 SU PENNSYLVANIA ST
INDIANAPULIS IN 46204
ArRghkARrRRrerndt PRODUCT NAME sxdmdimxanriidink

*#0003Ux COUP CONCENTRATED 2/4,5~T

*w00048x Cu«(P LONG CHAIN LOW VOLATILE FOUR POUND BRUSH KILLER



axxx PRODUCT SEARCH LISTING #waw PAGE 18,

10/03/77 FEDERALLY REGISTERED PRODUCTS CONTAINING 2,4,5T ESTERS/SALTS

*t*a****u*****ta*t*ut**t**n*at******ni*n*******:*t**i**x*tii*ihn***ih**:x****n****i*
*REGISTRANT *NAME AND ADDRESSx . lo-.. 7 .
*x 003258 ULIN CHEMICALS
JLIN CORPDRATION
120 LONG RIDGE RDAD A
STAMFORD, CT 06904
RARREKAKRNAAR AR PRUDUCT NAME RamawmrawXdadsnn
*x0016Sx LY ESIER 22 BRUSH KILLER
*x00167%x LV ESTER 4T BRUSH KILLER
#%x00236% MATHIESUN BUTYL ESTER 22 BRUSH KILLER

#200261% MATHIESON BUTYL ESTER T4 BRUSH KILLER

| m—

!********************************************t**************t*****************tt*t**

wREGISTRANT % wNAME AND ADORESS=®

x 001269 VEWITT CHEMICAL COMPANY
S0X% 343

— ATLANTA BA 30301

AERpnerakkkAxans PRIDUCT NAME #aawswakxinsdidk
ttOQQ}Sf DE WITT S=77 wEED KILLER
T wx00104% DENIT! NO, 170 BRUSH KILLER

WAT AN R R R AR AR A TR R KRR R RN R RN RRRR R AR RN R TR AR R A ARk ok ko ki hnkk*

*REGISTRANT» *NAME AND ADDRESSw
001270 ZEP MANUF CNRP
BOX 2015

ATLANTA GA 30303

e nknkwtadxrnsnr PRUDUCT NAME sawwmxwxwhxdhwns

#x0005Sx ZEP Reb6] WEED KILLER



xwkx PRUDUCT SEARCH LISTING #wxx - PAGE 19

10/03/77 FEDERALLY REGTSTERED PNODUCTS CONTAINING 2,4,5«T ESTERS/SALTS

**CONTINUE REGISTRANT 001270

*%x00125~ ZEP B-70 pRUSH KILLER

AR R AR AR AN R AR RN AR AE I AR AN RRA AN R RAT RN RENR RN R RANTRRA R TR R TR R kR R

AREGISTRANT=® #NAME AND ADDRESSw
* 001381 LAND U'LAKES €/0 IMPERIAL INC o
PO BUX 423 -

"SHENANDUAH 1A 51601

Akkxaawnkkinaniwr PRODUCT NAME *axrhdwndrtkixnn

*x00020x FELCO SUPER BRUSH KILLER

***t*ﬁ****************ﬂ*t*******************f***************************************

*REGISTRANT® =#NAME AND ADDRESS» -
* 001380 UNIVERSAL CDOPERATIVES INC
" PO BUX 8346

ALLIANCE OH 44601

t&iﬁ*t**?*;;**** PRODUCT NAME ********t**t**;t
*200028x BRUSH KILLER
*x000S8% UNICQ LO=V BRUSH KILLER CUNTAINS 2,4=D AND 2,4,5=T LOW VOLATILE ES
wx00057%  UNICO 2,4,5-T LU~V ESTER BRUSH KILLER

*x005S6x UNILD LD V BRUSH KILLER 1=2



wkxx PRUDUCT SEARCH LISTING *&nx. PAGE 20

10/03/77 FEDERALLY RECTSTERED PRODUCTS CONTAINING 2,4,5eT ESTERS/SALTS

-

*********t********;t*t*t*t*ttt*t********t*t****t**t******tt************i************

*REGISTRANT» *NAME AND ADDRESS® o 2l s-omz b-rwr- oo .
x 001685 STATE CHEMICAL MFG CU THE
5100 HAMILTON AVE
44114

sk hkkakhesxrx PRODUCT NAME wkakxmbnrmrrskdkk

*x00041%x FORMULA B88 BRUSH=KIL SELECTIVE WEED AND BRUSH KILLER

*x00048% FORMULA 220 BRUSH XIL SELECTIVE WEED & BRUSH KILLER

=%Q0078%x FORMULA 220+«A BRUSH=K]L

v

*************************t*****i**t*****************t**********************t**t*****

*REGISTRANT® *NAME AND ADDRESS®

* 001769 NATIUNAL CHEMSEARCH DIV -
USACHEM INC

2727 CHEMSEARCH BLVD
IRVING Tx 75060

Rk Kk gk e o PRODUCT NAME waskxkviktiikkns

#%00100% CHEMSELARCH CHEMESTER 123

*t****************t*******!***********t********t*t***********t***t**************t*ﬂﬁ

*REGISTRANT% *NAME AND ADDRESS»

% 001772 HOLDER CURP THE
1421 FIFIH AVE
HUNTINGTUN Wy 25702

tavankkakakrxkrkx PRIDUCT NAME dawmdtkkhdkdienwn

w+00072« CHEMFURM BRANU BUTOXY BRUSH KILLER



w#xxx PRUDYCT SEARCH LISTING #wxw - PAGE -5 S

10/03/77 FEVERALLY REGISTERED PRODUTTS CONTAINING 2,0,5T ESTERS/SALTS

AERXRERREAREEEEE RN R R AR R E AR ARARE RN ARR AN ARRRARENE R AN AR R AR AR AR AN R AN A"

*REGISTRANT * *NAME AND AUDRESSx s;}iﬁkbf'ﬁcﬁi“v¢3- e
* 001926 NAVY BRAND MFG CDOMPANY
S111 SW AVE

5T LLULS MY 63110

nkkknkhaekxxiaky PRIDUCT NAME maxxreditatkwxhihn

XNQ00]0% WKB=1S

3000 e e e e e e e e e e ke e e e e e e e v 0 ol e ool o e ok e e e ol e e okl e o o i oA o o ol i e i o e e o e e e o o i ok e o e e ol ke o ke

*REGISTRANT» *NAME AND ADDRESS®
* 001969 " PARSUNS CHEMICAL -

. 80X 140
© BRAND LELGE MI u883{
dhkkkknaxxwkwerdnx PRIDUCT NAME Axswdimkdrdskiikd
+x00071% POISON IVY & bRUSH KILLER #2- : . : -
t*ﬁ*****;**t*t;#***k****Q****t***********t*****tt*********f!*q*********t*******it***
*REGISTRANT * *NAME AND ADDRESSx
* 001990 " FARMLAND IND,, INC, .
C/0 REGULATORY AFFAIRS DEPT,

P, Q0. 80x 73uS
KANSAS Cl1TY, MU &dlte

kknxihhekankerix PRUDUCT NAME xaxakkkixitdiidix
*#00100x CU=UP WEED=QUY (2,4,5«T LUW YOLATILE ESTER 4. POUNDS)
*%00101* CU~JP WEED~UUT BRUSH KILLER LUW VOLATILE
*%00106% WEED=UUT 2,4,5=T BUTYL tSTER
*%x00227% CUUP #EED UUT (BRUSH KILLER BUTYL ESTER) ' -



sx%s PRODUCT SEARCH LISTING *ixx - PAGE 22"
10/03/77 FEDERALLY RELISTERED PHODUTTS CONTAINING 2,4,5«T ESTERS/SALTS

e e e e 9 g v e e g e o 3 o NS e e ok ol ok e e e ok e ok Y gk e 9 ok ok e o ok O o e ok o ke o o ol gk ok e o T T X e 9 e e ol ok o ol o e e o gl ok o o e e o U Ko e e K

*REGISTRANTx ANAME AND ADDRESS* ool =iz “iimis .

* Q02124 ORACE W K & COMPANY AGR CHEM C MW YIDWELL
PO B8UX 277 100 N MAIN ST
MEMPHIS TN 38101

shnunkankkkkxrrr PRODUCT NAME hudkdrxvwenkxhdkkkk
*%00437% NACU LOW VOLATILE 2D = 2T
*%00708% NACU 2,4,5=T LOWN VOLA BRUSH KILLER=4T CUNT 4 LBS 2,4,5=T GaL

AR AR R AR AR R AR AR AR AR AR AR AR AN AN AR R AR TR R R RN AR ARE AR TRRR RN NR

#*REGISTRANT® *NAME AND ADDRESSw

* 002155 © SCHNEIDI.INC, )
1429 FAIRMONT AVE N W
ATLANTA A 30314

Kkhkhknxxkewxxwx PRODUCT NAME hhddkktmmkhdkhrnk . . )

+%00045% FORMULA 406 BRUSH KILLER

23 o0 e e gl e e e ol e o o e e e oo 3l o o o v o e o o e ok it e S ol ok o o 9 o e ol o o T 0 o ol e o gk ok i R ok e o e ke o o ol i ol ¢ ol ke ok e ok e o

*REGISTRANT®*  *=NAME AND ADDRESS*

* 002169 PATTERSON CHEMICAL CUMPANY INC
1400 UNIUN AVE -
KANSAS CLTY, MU o410}

kxmhkankwxnnikkr PRIDUCT NAME kksdkmmdkhkwwng

kx00069x PATTERSUN'S BKUSH KILLER NO, 200



*kdk PRODUCT SEARCH LISTING #xuw . PAGE 2%

10703777 FEDERALLY REGTSTERED PRODUCTS CONTAINING 2,4,5«T ESTERS/SALTS

I SRT,
¥

LER RSS2 sttt s d R0 a s i s i b2z b2 e BT IR T et Y YT R,

*REGISTRANT= *NAME AND ADDRESSw f;?iﬁ;a4aa;;i~rdk- w.i_,u_

* Q02217 PBI*GUQDUN CORFORnTiUN
500 30 3RD ST
KANSAS CLTY K8 66118 Co
xrkxkhaRanarrex PRODUCT NAME Aasewsrkdmaxkusxesn
*%00074% LV BRuSH KILLER ‘
*ae00078x LOW VULAfILE NO. 400 2,4,5=T7 ESTER WEED KILLER
*xQQ094* SUPER BRUSH KILLER NO, 400 BUTYL - -
#%Q0100x BUTYL ESTER 400 2,4,5~7 BRUSH KILLER
anQ0SSdx  2,4,5=-T AMINE

***************t*****t******t********t***t**********k*********t*****t**********l;gki
*REGISTRANT» *NAME AND ADDRESS=»
* 002342 KERR~MCLEE CHEMICAL CORP
MGR PKG & LABELING
KERR=M{GEE CENTER
UKLAHOMA CITY UK 73102

whhwnkhnkakikxkr PROIDUCT NAME amaddxddenxanxtdnx e .

*%00838% POISUN IVY KILLER

WK gy e A R e e K R e T e e e e o o o e oA e e e e o ¢ e e T e ot e ok ol o o kv ok i i i ol ok ok vk st R e e ok o ol S ol v o o o ot o ok O O o o ok o gk o o

SREGISTRANT»* *NAME AND ADDRESSw

* Q02393 ROPKINS aAGRI, CHEMICAL CO,
P.O. BOUX 7532
MADISON, WI 53707

Ehkxnxxhinkwkunke PRIDUCT NAME wnaenmikhxhnkhinsn

xx00309x LuUW VULATILE 2=2 BRUSH KILLER



xxkx PRODUCT SEARCH LISTING #wxw - PAGE 24
10703777 FEDERALLY REGISTERED PRODUCTS CONTAINING 2,4,5~T ESTERS/SALTS

SRS LR ETL RS SRR 2SR R sl s iR R s s s st e ssd 2

L -

*REGISTRANT# *NAME AND AUDRESS* ;é?*if*"#é:b:'f¢3‘ SREEEN

¥ 002818 SARTLEIT F A TREE EXPERT CUMPANY
2770 SUMMER ST
STAMFORD CT 046904

Akkinkhkkakknkkr PRUDULT NAME Srmkwkdwkrhkhnak

£%00008% EHAR=N=VERT COMPONENT 4

*******************************************************ﬂ****************************
*REGISTRANT *NAME AND ADDRESS#
£ 002737 ' PUEBLO CHEMICAL & SUPPLY COMPANY
i 8OX 1279 = 2200 W, ST, JUAN
GARDEN CLTY, KS 8784¢
kg kkkknnkwekknrr PRODUCT NAME *axwhkkandhkdkbkdnk
x%00012% PUEBLY 4 LB. BRUSH KILLER
#%00033% PUESLU BRUSH KILLER LOVOL 20/2T

****t************t*t********I********#t*!*******************************************
SREGISTRANT® *NAME AND ADDRESSW
* 002738 STULL CHEM CUMPANY
1006 PAULSUM DKIVE
SAN -ANTONIU, TX 78219

kkkwkrkkakkxirrrt PRODUCT NAME Aaskwtekkkrkwrrnn

®*x0004Sx  INSTEMUL DTA o6



sxwx PRUDUCT SEARCH LISTING wwwx- PAGE 25

10703777 FEDERALLY REGISTERED PRODUCTS CUNTAINING 2,4,5«T ESTERS/SALTS

B v e 4 o0 e e e ol o e o e gk o e e o e v i e oy v e o o e o o ok ey s o o o e o 3 TR e ke v e oy e ol R ole e sl ot e ok o ol e e e o o e e ol ol ol vl ot e S v ol i o ke ot ok

v ..

*REGISTRANT# ANAME AND ADDRESSA  Sosiy~mwzs Tuiwic oo
* 003635 UXFORD CHEMICALS

PO BOX 8y202
ATLANTA (LA 30341

AR RRRA R AR keexx PRIDUCT NAME Axdmaxkxdkiitaenr

£200039% OXFORD WK~82 LOW=VOLATILE MERBICIDE FUR CONTROLLING WOODY PLANTS

AT R IR NIRRT R IR RN eI R e ST o v e ke oo 0 i e e R T M o e e e ot o e e e ok e ek ST e e e R

*REGISTRANT* ANAME AND ADDRESS*
x 003770 " ECONUMY PRAD COMPANY
i 80X 237

MOSPERS, IA 51238

fexkhkAAkANrxnkkx PRODUCT NAME whkximkamrisdkid
*x00013x NO, 2 & 2 BRUSH KILLER
*%00098% ECONOMY 2,4,5+T BUTYL ESTER 4E

9 sk g 90 e e sk e T TR N T ok e ok o sk e o ki ok e ol e e o O 3k e vt e o e e e o sk o e e ok ok % e ok e e Ok ke k3 e 3 e ok o ok D ok Y e e ol o ok ek

®REGLSTRANT®  *NAME AND ADDRESS=®
x  00418% SMITH=DUOUGLASS DIV,
oQRDEN UHREMICAL, BURUEN INC,
91940 YIRGINIA BEACLH BLYD,
NORFULK, VYA 23501
kakuninktxdkeexk PRIDUICT NAME Raxsuikwdknwkiidiix

#x00124x SMITH-DUUGLASS MANGLE BRuUsr KILLER
*%00126% SMITH=DUUGLASS 2,4,5=T7 LOn vOLATILE ESTER HRUSH KILLER



xk%x PRUDUCT SEARCH LISTING wwwx- . PAGE 20
10/63/77 FEDERALLY REGISTERED PRODUTTS LONTAINING 2,4,6eT ESTERS/SALTS

S e S ded K de ok e e R T K ok Ak Kk v ok e o ok o ok ol kv ol e ok ke ke ot e ok o o e e o T o o o e ok e 2 T o e ok o 9 ol i o e o o o ol e ok e e W ok e et i e o e ok ok

*REGISTRANT# ANAME AND AUDRESS#  rolel +oso > iwr-

* 004715 COLORAQU INTERNATIUNAL CURP
7800 MARGBLE NLE,
ALBUQUERGUE, N.M, 87110
Krmkakkkhkwwhkinwn PRODUCT NAME xaakakdmxantkian
waB017 3% BESTHQ SERVIS BRAND LO=-vVOL BRUSH KILLER
#x00174» BEST 4 SERVIS BRAND LO=vOL 2,4,5~T BRUSH KILLER
*x0(182% BEST 4 SERVIS BRAND BUTYL ESTER 400 2,4,5-7 BRUSH KILLER

#%0024bx BUTYL BRUSH KILLER 3w3

****k******a***tt****t**«*gt***tt******y*********n***ta****t***p********t********&*w
SREGISTRANT* *NAME AND ADDRESSw |
* 004828 ‘aBCO INC
230 INDUSTRY BLVD
NORTH HUNTINGTUN, PA 15642
wknkkakktxxxsd PRIDUCT NAME mawhxmbkndkxrkkxxsk

*%00037% W, K, « DT 135

" #x00063% ABCU AKS=65 BRUSH KILLER

e 222t s sttt a st it s s b i it il iR Tl s R RS 20 St

AREGISTRANT= *NAME AND ADDRESS«
5 004917 C RFUEL LITTLE TREE INJECTION-COMPANY
slix 288

MADTLL On 73440

whkkrnkeRkakkans PRIDUCT NAME wnasnswhnnwdkihwdn

*%00002% REUEL LITILE TREE INJECTIUN FLUID FORMULA NO, 2



#x#s PRUDUCT SEARCH LISTING awws = PAGE 27

10703777 FEDERALLY REGISTERED PRODUCTS CONTAINING 2,4,5«T ESTERS/SALTS

AR ANA R RN AR RN A kR AR RN RN R ARk kARl ndehRdh kAR kx

2 e -

*REGISTRANT * ZNAME AND AUDRESS=® ;;w{:Awaaz-?v;P- e
* 004931 500D=-LIFE CHEMICALS INC
80X 687

EFFINGrAAM L 62401 T

ARRRARKXEARRARAX PRODUCT NAME AxnxscAXksvknknner _

*x00086x GUUU;LIFE_E'E LOW YOLATILE BRUSH KILLER ISOCTYLESTER 3:0~D-2;4'5QT
#2)0087* GUOU-LIFE 4 Ln, 2,4,5=T LUW VOLATILE BRUSH KILLER

#%00089% GOUL~-LIFE 4 Lo, 2,4,5«T BRUSH KILLER BUTYL

a*******t**r*t***i***********é**:******t****Q****x*****************************;***t

*REGISTRANT *NAME AND ADDRESSx

% 005905 HELENA CREMICAL CD

. CLARMK TOWER, S5100 POPLAR AVE, SUITE 2904
MEMPHIS IN 38137

khkxkhxhekkrenex PRUDUCT NAME shxkkxakedxawrix

*x00074> HELENA 2D=2T BRUSH KILLER

***i***ii*********}*t*!**t*t****t*********t**********#t**t*****!***********t********

XREGISTRANT* ANAME AND AUDRESS»

% 006294 CUMET MANUFACTUR[NG COMPANY
1381 DALUN DRIVE N E
ATLANTA A 30306

Axnwhiknwxkkawnt PRODUCT NAME wdxdaddewmikktien
*#x00018% CUM=0=gRUSH Lv 20«10 LOW VOLATILE ISOuCTYL ESTER (F 2,4,5~T AND 2,4=D
x00019% CUM«0=RBRUSH ISOCTYL BRHW KLR SLV LOW VOL ISOTL. ESTR 2,4,5=TE,2,:4=0



##wx PRUDUCT SEARCH LISTING *#ax - PAGE a8 ' -
10703777 FEDERALLY REGLISTERED PRDOUCTS CONTAINING 2,8,5«7 ESTERS/SALTS

HARBEEREARRARA L X R AR Nk kiR rddRhrkgkrhhkhktrrrexirrkkbdrhdkirnhikrdkinhiikrhhdkidkin

*REGISTRANT* ANAME AND ADDRESS®  oiniiisrssm “uws oo
* 006720 SOUTHERN MILL CREEK PRUDUCTS CUMPANY INC
BOX 1096

TAMPA FL 33601

wxRnkhkkkrkanien PRJDUCT NAME Aukmknwdkdwxdrktink

*%00112% SMCP SPECIAL ESTER LV D & T

t***ﬁ**t**k**t***tt*tﬂ***ﬂ*********tt*****t*******i*************************ﬂ***i***

*REGISTRANT« *NAME AND ADDRE4Sx
* 0067062 "STERN CHEM CORP
a0Xx S07¢

MONRUE La 71201

AnkkRFnrdnknexr FRODUCT NAME sxmimxeeakmrkssen
*x00010% WEEDEX 130 LOW VOLATILE ESTER WEED GRASS AND BﬁﬁSH-KILLER
*%00021% MWEEVEX=6S LuN VOLATILE ESTER WEED GRASS & BRUSH KILLEW
*%00032% 2,4,5-T TREE WILLER

AR AR KA R AR AT AR KRR A R AR AR RN AR AN R AR AR RN AR AR AR AR R R AR R R R Rk W

*REGISTRANT* *NAME AND ADDRESS®
* 006900 OILL J J COMPANY
X 788

RALAMAZUU MY 49005

wnkhaxnkkanknkat PRODUCT NAME Nedwmkrandkaxkran

*%00073x DILL ¢£,4,5«T7 LOW YOULATILE ESTER 4L BRUSH AND WEED KILLER



anex PRUDUCT SEARCH LISTING xxws - PAGE 29

10/03/77 FEVERALLY REGISTERED PRODUCTS CUNTAINING 2,8,5eT ESTERS/SALTS

-
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*REGISTRANT* RNAME AND ADDRESS*  sooiis sermgn st oo

* 007273 CROWN CHEMICAL INCURPORATED
4995 NORTH MAIN STKREET
ROCKFORD IL 61101
rhkukkrxrxnxexnk PRODUCT NAME wnsawxkakkekiein
*%00082% BRUSH OFF 4<T AMINE BRUSH KILLER |
*xQ00bex BRUSH-OFF'D & T BRUSH KILLER
**%000772 BRUSH=0FF 2=2~LV BRUSH KILLER
xx00083x WEED AND pRUSHUOFF AMINE FURMULA 4090
#%Q0088% BRUSH=OFF LOW VOLATILE BRUSH & WEED KILLER
;;00091* BRUSH=OFF 2«2 AMINE BRUSH KILLER
#***t**************t*******ti**************t***********#***fﬁt%***t*****************
*REGISTRANT®  *NAME AND ADDRESS* h | _

£ 008123 MILLER FRANK & SONS INC
13831 SO EMERALD AVE
CHICAGD IL 60627

#i**;t******i**t PRODUCT NAME mwhaxtkuxthrinihk
2x00032% BRUSH % WEED KILLER TO CONTRUL BRUADLEAF wWEEDS & WOUD PLANTS
tﬁ*ﬂ*****tt******i****************t***t****ﬂ*t!***#*******#********H****ﬂ*******n#**
*REGISTRANT* *NAME AND ADDRESS=
x 048823 HABCL . INL

10501 WAYZATA BLVD, SUITE 141
HOPKINS, MN 5343

hhkgrrhkeknekntt PRODUCT NAME Awadmrmrasxaikkni



xxxn PRODUCT SEARCH LISTING wawx . PAGE 30

10/03/77 FEUERALLY REGISTERLD PRODUCTS CONTAINING 2,4,5-T7 ESTERS/SALTS

#*CONTINUE REGISTRANT 008823
*x000S0%x HARCD LO=VOL 2D/s2T

*¥x(QQ051* HABCO LU~vVOL 4T . ST

*********t*****************n******t***********************!**********t*;********t***

*REGISTRANT = *NAME AND AUDRESS=®

* 009349 "PRECISION LABORATORIES INC )
PO BOUX 127

NORTHBROUK IL 60Us2

Rxkrkhkkkkrewrnnx PRODUCT NAME *wt****a***:;;tt
*x00005* LI1QUI“DATE BRUSH KILLER (ESTER FORM)
*t****t**t*******%*****************i******t*********************t**********t****ktﬁ*
*REGISTRANTx *NAME AND ADDRESS*
* 009650 WANGE ENG DEV CORP ..
FORT MCKAVETT TX 7o841

Whkkkhkhhkkkkwxkx PRODUCT NAME xenkxawwkkthisrn

*%x00001* FUAMICIDE NU. 3100 BRUSH & WEED KILLER
*tti*****t*****t******t**i***t*t***************t****ﬂ*a**tt******t*tt**t*t**t**t****
#REGISTRANT# *NAME AND ADDRESS%
* 009779 RIVERSIDE CHEM CUMPANY
P.U, BOX 171199 855 RIDGE LAKE BLVD
MEMPHIS 1IN 33117

ERRARKRXAARARRRE PRIDUCT NAME *asdhkamadxkRwrsx

*%00122% RIVERSIDE HERSICIDE LOW VULATILE 47



PAGE 31

wxxx PRUODUCT SEARCH LISTING wx#x

10/053/77 FEUERALLY REVISTERED PRUDUCTS'CUNTAINING‘érﬂof-T ESTERS/SALTS

*®CONTINUE REGLSTRANT 09779

#%00123* RIVERSIDE HERWICIOE LOW VULATILE 2D=2l

x%00124% RIVERSIDE MERBICIDE A«4T.2,4,5=F

EARENHARRRRRIARRARRRAARRAANRHRA IR IRRARANIHRRAREXRRNERT AR RHRRARR TR TR AR A RN A RN
*REGISTRANT» *NAME AND ADORESS» . : o -

* (010088 “ATHEA LABOURATORIES INC
4180 N FIRST 87T
MILWAUKEE Wl S3212

REkdnwkkRkekrnxnt PRODUCT NAME ewxkmksdkkknsink _
*200008%* LVBE KILLS BRUADLEAF WEEDS AND WOODY PLANTS LOW VOLATILE SELECTIVE

#x00009* WEEL & oRUSH KILLER NO, 2
x%x00010% 2,4,5=T LOW VOLATILE ESTER BRUSH aND'nEED KILLER

at*******tt**n**wt*t***********t*i****t**t***nttnrtttk*ﬁ*t*ﬁ***t**t***g****t**t*ﬂ***

=" #NAME AND ADDRESS+

£ 010272 AANTEK D1V, OF USA CMEMICAL INC,
P,0, BIX22263
IRVING Tx 75222

*REGISTRANT *

AxARRXARRANRR AN PROODUCT NAﬁE ARERAIRKT RS RN KRR

#%000046% MANTER MAN WEED Xedy
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e

10/03/77 FEVERALLY RELISTERED PRODUCTS CONTAINING 2,4,5eT ESTERS/SALTS

k**********t*******t************t*t***************ﬂ*****t********!***t**************

o

*REGISTRANT® ANAME AND ADDRESS®  .iibisate gy oiwie o i
* 010345 CRESTLING INTERNATIONAL CORPORATION

7525 BESSEMER AVE

CLEVELAND OH 44127

RAxARRRRRAEEA A% PRODUCT NAME sadasksuxktndsrns

2x00002+ (LD GARDENER WEED'N FEED

t**********t****t****t*;******t****ﬁt****tt**t*********k********t**t*****t***t******
*REGISTRANT *NAME AND ADDRESS®
* 011S1S ' 4BC CHEMICAL CORPOWATION |

. 17¢0¢ W, EIGHT MILL RUAD
- SOUTHFLELD, MI 48078

Akknakkawxhnrexnx PRUDULT NAME wxkAndwrddtwrvdkn
®x00056x THIN ESTERS KILLS wUDDY PLANTS LOw VOLATILITY"‘
tt*ttt**itt*tw**********g*t*t*t**t*****t********ﬁ********t***gtr*s*r**t***tttt**t**t
*REGISTRANT® *NAME AND ADDRESS*
* 033330 " FORAGE UNLIMITED

PO BOX 73de MOBBERLY AVE STATION
LONGVIEW, TX 75601

RN ERRRRKXARRAN PRUDUCT NAME RAwRmxtwudsknnnn
*#%00001* SIFON RANGELAND BRUSHM SPRAY OLV 4D=2T

200005« FURAGE UNLIMITED INDUSTRIAL BRUSH SPRAY bLV SDBST
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*REGISTRANT »

*
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*REGISTRANT*

*

039128

-

*NAME AND ADORESS# :;}hi?n~;a:;?~r;w

ENVIRONMENTAL PROCESS RESEARCH

RIVER
200 X

CAKS BANK TOWER
IRBY SUITE eld

HOUSTON, TX 77¢19

o e e e e e o e T W A e e PRubUCT NAME iﬁw****nfﬁ**t*s*

*x00008x

BEST 4 3ER

VIS BRAND BuUTYL BRUSH KILLER 2a=2

x%00002* BEST & SERVIS BRAND BRUSH & RANGE CLEAR 3=3

2x0Q003

039511

BEST 4 SEr

VIS BRAND BRUSH & RANGE CLEAR 4=

®kNAME AND ADDRESS=

VERTAC, INC,

S$TE,

3200 CLARK TOWER

$100 PUPLAR AVE,

MEMPH

15, TN 38137

REkkexknknkrxnxk PRODUCT NAME eawrdkakiedkaiekn

w*x(001ox

- wxQUOLTw

#x00018x
#xQ0319x
*xQU021n
#xQ0023x
*x30023%
x#n00024x
AanDQQ25*

wxQd026%

BRUSH=RMHAP
BRUSH=RHAP
BRUSH=RHAP
BRUSHwRMAP
BRUSH=RHAP
BRUSH=RHAP
BRUSH=RHAP
BRUSHRHAP
BRUSHwRHAR

BRUSH=RMAP

AMINE A=20=2T HERBICIDE

A=4T HERBICIOE .2,4,5=T AMINE .

U B=4T HERBICIDE 2,4,5=T

BUTYL ESTER 44T HERBICIDE,2,4,5«T
BUTYL=20=2T HERBICIDE

LV=6T HERBICIOE 2,4,5=T

LVeST HERBICIDE 2,4,5=T

LV=4T MERBICIDE

LV OXY=ST RERBICIDE

LV OXY=dT RENBICIOE
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2,4,5~T: POSITION DOCUMENT 1
- 1. DRACKGROQUND

A. Chemical/Phyvsical Characteristics - -

The herbicidé‘commonly known as 2,4,5-T (chemical
name, 2,4,5-Trichlorophenoxyacetic Acid) has an empirical

formula of 08H501303. The pure acid form occurs as white
erystals and has a molecular weight of 255.49. The nelta

ing point is 156.6°C., Its solubility in water is 278 parts

per million (phm) at 259C; it is also soluble in acaetone,
ethanol, ether, and alkaline solutions (1), The esters of
2,4,5-T are formulated to be emulsjifiable in water and
soluble in most oils, while its amine salts are soluble in

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

Bs Mapufacturing Process and Contagpinants

2,4,5«T i2 producead commeréially by a pboceﬁs using
1,2,4,5-tetrachlorobenzene as the'starting-matérial'which ils
reacted with methanol and sodium hydroxide under hiéh tempera

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

chlorophenol (2,4,5-TCP) .1/

l/ 2,4%4,5=-TCP is the subjeect of a separate Rebuttable’
Presumption Against Registration (RPAR) Position Document.
It 1s discussed in this document because both it and its
_contaminant 2,3,7,8«tetrachlorodibenzo-p-dioxin (TCDD) may
be present in some commercial 2,4,5-T and in 2,4,5=-T samples
ysed in animal experiments,

-1-



This product is reacted with chloroacetic acid under

mildly alkaline conditions. Sulfurie acid (stou) is then

added to the product of this step to produce 2,4,5-T, The
acld form of 2,4,5-T can be readily reacted with a variety
of alcohols to prodhce a2 large selection of esters and with

L

amines to produce amine salts (3).

During the first step in the manufacturing process
of 2,4,5-T, if temperature and pressure are not carefully
controlled, highly toxic contaminants, polychlorinated
dibenzo=-p~dioxins, may be formed in large quantities.’ The
particular dioxin formed is dependent on the chlorophénols
present (i), The term dioxin does not apply te any one
compound but to a group of related substances, which are
distinguished by the number and orientation of ¢hlorine
atoms they containe. Dioxin toxicity also varies with the
position and numbers of chlorines attached to the phenol

rings,

In the 2,4,5-T manufactfuring process an especially
toxic dioxin, 2,3,7,8-tetrachlsrodibenzo-p-dioxin (TCDD), is

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

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

toxic dioxins (13). In the case of TCDD, the chlorine atoms
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are attached at the 2, 3, 7, and 8 positions which are
considered the most toxice poéitions possible (14). The
dioxin contaminanb in 2,4,5-T7 is of particular.cﬁncern
because of 1ts extremely high toxicity, and because of the
apparent inability of manufacturers to produce 2,4,5-T

without the contaminant, TCDD (7).2/

TCDD ocecurs as a white crystalline solid. It is
99.5% decomposed at 800°C. TCDD has the following solubility

in various solvents at 25°C (7).

Solvent Saelubility (wt., per cent)
focetone T 0.011
Benzene 0.087
Dimethylsulfoxide <0.01
Methanol 0,001

Water 0.00000002 (0.2 ppb)

It has been recognized for gquite some time that
chlorinated dibenzo-p-dioxins oecur as possiblg.byp?oducts
(contaminénts).in the manufacturing of chlorinated phenols
{(15). The formation of TCDD during pf&duction of Z;H,SQTCP
was demonstrated by Kimmig and Schulz (16). TCDD was

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

2/ Sinee manufacturers are unable to produce 2,4,5=-T
without TCDD, all references to 2,4,5-T Iin this docu-
ment refer to 2,4,5-T contaminated with some level of
TCDD.



et al, (1l1). They noted that the specific dioxin formed
depended on the chlorophenol pyrolyzed. Kearney et-al.

- (17), however, reported that TCDD is historically associated
vwith any pgstieide derived from 2,&,5-TCP.;_§“pnmbep of
researchers (12, 18, 19, 20, 21) have reported on the
formation of TCDD by thermal decomposition of the sodium
salt of 2,4,5=-TCP ﬁnder alkaline conditions during the

manufacturing process,

Since 1950, most of the chemical industry has known
that large quantities of TCDD may be formed as a byproduct
of the 2,4,5-TCP manufacturing process if the procedures are
not carefully controlled, At one time 2,4,5-T was produced
-'whioh contained between 30 to 40 ppm of TCDD (7, 22, 55).”
Between 1968 and 1969, one manufacturer had a 90% decrease
in the amount of TCDD present in the 2,4,5-T it produced. _
Different manufacturers produced 2,4,5-T with different TCDD

contents (17).

After c-oncer'n arose in 1969 about i'.l"l'e ésttrel;:'ely:toxid
effects of TCDD, manufacturiné methods were changed.énd
carefully controlled by manufacturers, By 1971 industry
had reduced TCDD content in commercisl samples of 2,4,5-T to
less than 1 ppm (9, 23, 24). Current U.S. manufacturing

specifications require 2,4,5-T presently being sold to

-lm



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

TCDD (25),

C. Eormulation and Clasg

2,#;5-T is classed and used as a selective herbicide,
especially for brush control (2)., It is formulated in many
forms of salts and esters which are available as emulsifiable
concentrates containing 2, 4, or 6 pouns actual aeid
equivalent per gallon and as oil soluble concentrates with 4
or 6 pounds active ingrgdient (AI) per gallon, The most
commonly used formulations are the low volatile ester§ (26),
2,4,5-T also occurs in registrations mixed with Z,H-D;
Dicamba, Picloram, Silvex, and 2-{2-methyl=Y4-chlorophenoxy)

propionic acid (27).
D. 1Rsgistsred Uses and Production

2,4,5-T has been produced as a registered pesticide in
the United States since 1948, According to EPA records,
approximately 122 companies hold Federal ﬁegistrations'and

formulate 424 registered products; eleven companiesﬁhave

former state registrationsifand formulate 21 products.

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

for sale solely within intrastate commerce are subject

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

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

see the registrant/product llst attached to this document,
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Cection 7(¢) of FIFRA requires menufacturers and
formulators to submit to EPA information on production,
sales, and distribution, .Under FIFRA sections 7(c) and
IO,Ithis information may not be ma&e a#ailable to the
public.‘ 2 confidential memorandum containiﬁé this informa-
tién has been sent to the Deputy Assistant Administrator for
Pesticides (28).  The Pesticide Review (29) reported that
11,626,000 pounds of 2,4,5-T acid, esters, and salts were
produced in the United States in 1969 and 12,335,000 pounds
in 1970, The Pesticide Review (29) also reporteé that the
United States imported 738,907 pounds of 2,4,5-T during
1971 through 197¢.4/ 0f this total 155,342 pounds were
imported in 1974. This was down from nearly 322,000 pounds
in 1973 but up from the S~vear average pf 148,000 pounds.
While The Pesticide Review (29) does not report export
figures for 2,4,5~T alone, it does report exports of 2,4-D
and 2,4,5-T together. Export of 2,4-D and 2,4,5-T was
reported at 6.8 million pounds in 1972; 21 million pounds in
1873; and almost 22 million pounds_ip lgfﬂ;l-

J A great deal of variability exists in reports on
usagé of 2,4,5-T. Agricultural end-use data obtained
from the NMational Study of Agricultural, Governmental,
and Industrial Uses of Pecticides, conducted by this
Agency (30), indicated the following uses of 2,4,5-T in

the United States in 1974.

4/ The level of TCDD in the imported 2,4,5-T was not
reported, .
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[ i pounds AI | % total !
{Crop |  applied- | agriculturel
| Rangeland and Pastures | 968,000 J 897,24 |
|piced’ | 16,000 | 1.54 |
[ [ ) ! |
| Nursery Crop ) I 12,000 I 1.20 ]
| : | - R
[Turf and Ornamentals ! 200 f 0.02 |
I | I I
IBlueberriesE/ | 8 ! - |
I : | |
|Estimated total use | 996,000 i 100,00 |

i [ |

[in agriculture for 1974
3/ The Agency has looked at effects on aquatic organ-
isms representative of species likely to he exposed

from application of the triethylamine formulation of
2,4,5-T to rice. The calculated concentration of this
formulation in a 6-inch layer of water at the highest
recommended use rate is 0.9 ppm. The LC~50 bicassay
values for bluegill and ceztfish are well above this
level (ranging from a 24~hour LC-50 of 53 ppm for
bluegill to a 9%6-hour LC~50 of >72 ppm for bluegill

and channel catfish). Rainbow trout, which cannot be
considered "representative of the organisms likely to

be exposed" in the geographic areac where rice is grown,
have a 96-hour LC-50 ranging 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 used by federal and state
agencigs and 659,463 pounds by industry.

Other sources have reported ugageélfor 1974 as
follow: rights-of~-way, 4 million pounds; rangeland, 1.5 to
2.3 million pounds; rice, 220,000 pounds; and foréstry,
50,000 pounds.

E. Metabolism in Experimental Systems

Several studies have demonstrated that 2,4,5~TCP is
the primary degradation.product or metabolite formed in the
breakdown of 2,4,5-T, by either physical or biological

- .



mechanisms. Crosby and Wong (31) found that 2,4,5-TCP

was one of the major decomposition products in the photode~-
composition of 2,4,5-T in water. °hafpee (32) found that
mlcroblal degradation of 2,4,5-T in culture, ,011, and

aauatic ecocystems resulted in the formation of small

amounts of 2,4,5-TCP.
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Shafik et al, (33) dosed Sprague-Dawley rats by
gavage with 2,4,5-T at 50, 5, 0.05, and 0.005 mg/kg for
three days. Two rats were dosed at e;ch.;evel. ‘The authors
found that,‘at 0.005 mg/kg, excretion of 2,#{5fT_in urine
was complete two days after the final dose., They also found
2,4,5«TCP excreted as a metabolite in the urine of rats
given 50 mg/kg, but'no detectable 2,4,5-TCP was found at the
two lowest dose levels, A hydroxylated trichlorophenoxyacetic
acid and a hydroxylated trichlorophenol were identified, by
unconfirmed mass spectrometric analysis, as possibly being

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

Grunow et al. (34%) Studied seven male Wistar rats fed
a single 2,4,5-T dose at 50 mg/kg body weight. 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 decreased to a
value below 2% for all animals. In addition to 2,4%,5-T
axereated in the free form, the authors found it to bé
axcreted as derivatives which could be converted into
2,4,5-T by acid hydrolysis, They were able to identify one
" of these as N(zfMFS:Eriehio;ophenoxyacétyl) glycine,

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

weight, These authors isolated N(2,4,5-trichlorophenoxy
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acetyl) taurine as a metabolite of 2,4,5«T, in addition to

the metabolites named above,

. Clark et al. (36) found residues of 2,4,5-TCP in the
ausele, liver, and kidney of sheep which were fed rations
containing 2,000 ppm of 2,4,5-T for 28 days. The 2,4,5-T
used in this study had a purity of 99% and contained no

detaectable dioxin (detectlion limit: 0.5 ppm).

Leng (37) conducted a feeding study duriﬁg 1969Iand
1370, in which dairy and beef cattle and sheep were given
2,4,5-T at levels from 10 to 2,000 ppm in the total diet for
intervals of two to four weeks at each level tested, The
author reported th;t"nguégsidues (<0.05 ppm) oceurred in
milk or eream of c¢ows ingesting 10 to 30 ppm 2,4,5-T. 4% 100"
ppm 2,4,5«T in the diet, traces ofIZ,H,S-fCP (0.C6 ppm)
appeared in milk and cream, When given high lavels of
2,4,5=-T, equivalant to 300 and 1,000 ppm In the total diet,
residues of 2;H,S-T and 2,4,5=-TCP ranged f;om'o.os'to 0.5

ppm in the milk of individual cows,

Fitzgerald et al, (38), studying the degradation
of 2,4,5-T in wecody plants, reported that colorimetric
analysis suggested, and chromatographic analgses confirmed,
that the ne-butyl ester of 2,4,5-T i3 degraded in swest
gun (lLiquidambar stvraeciflua) and southern red ocak (Querecus
falcatz) to yield 2,4,5-TCP.



Fo Enyironmental Fate
(1) Persistence: _Soils

Soil surface and foliage are the major recipients of -
phenoxy herbicides (39) whether applied by ground spray
syste&s or from aireraft., Once 2,4,5-T reaches the soil it
may be degraded chémically or bielogiecally, volatilized and
moved to other areas, absorbed on soll c¢colloids or in
organic matter, or leached to depths or locations where

it cannot be absorbed by plant roots (47).

Norris et al, (176) reported on the persistence
of 2,4,5«T in a Pacific Northwest forests The authors
found that six months after application of 2,4,5-7 at 2.2&
kg/ha (2 pounds/acre), the level of herbicide in the forest
floor declined 90%; after one year, less than 0,02 kg/ha
remained in the forest floor. The authors found little
leaching of 2,4,5-T from the forest floor into. soil, and
ne residues were found deeper than 15 cm (ﬁgximum residue
found was 0.08 ppm) despite rainfall of 24 ¢m the first
month and 70 ¢m the firgt three months after applicﬁtion.
Norrig et al. (176) stated that the rapid disappearance
of 2,4,5-T from the forest floor suggests abundant mi-
erobial activity. Norris (40) reported microbial ac-
tivity to be important in the disappearance of 2,4,5«T

from forest=-floor material in the laboratory.

w]l0=



Wiese and Davis (41) found that, in an agricultural
soil, 2,4,5-T remained in the upper six @nehes even aftsr
'applicgtion of 4.5 inches of water over a short period of
time, .

Helling et al. (39) found that 2,4,5-T is relatively
mobiles in sandy soils but that movement decreases as organic
content increases. Thus 2,4,5«7 is moderately mobile in

¢lay solls and only slightly mobile in muck (42},

Yoshido and Castro (43) studied the degradation
of 2,4«D, 2,4,5«T, and Picloram in two Philippine soila
under upland and sﬁémeéée&hconditions. The authors found the
degradation of 2,4,5=-T to be rapid in Mazhas clay. $light1y,
more 2,4,5-T residues wers recoveréd in sdbmergad than
in upland Maahas soil, In Luisiana soil under submerged
conditions, 2,4,5~T degraded rapidly in eight weeks after a
four-week'lag period, while it degraded gradually under
upland conditions, with only about Rox_of-tﬁe_z,u,seT

recovered after 12 weeks,

Morton et al., (44), using technical grade 2,H4,5-T
labeled in the carboxyl position with carbon~lly, found that
its apparent half-life averaged 1.6 weeks in green tissues
of native grasses at College Station and Spur, Texas, and

1.7 weeks in litter tigsue, The authors stated that the



amount and frequency of rainfasll were conducive both to
leaching and mic¢robial decomposition of the he;bicide, and
to growth of sideocats gramma plants, ali of whiqh were
factors contributing to rapidlreduction'of-herhicide gconcen=

trations.,

When considering the persistence of 2,4,5-T, the
persistence of its-manufacturing contaminant, TCDD, must
also be considered. HBelling et al, (39)_found'that TCDD was
not photodecomposed on soil, TCDD was found to be immobile
in Norfolk and Lakeland sandy loanms, Hagerstown silty clay
loam, Barnes c¢lay loam, and Celeryville muek, and was not
leached further into soil by‘ra;nfall or irrigation. |
. During surface erosion of scil, however, lateral trans-

port of TCDD could oecur.

The persistence of TCDD in Lakeland loamy sand and
Hagerstown silty clay loam at 1, 10, and 100 ppm was studiedl
by Kearney et al., (46) for 360 days. After one year these
researchgrs recovered 56 and §3% of ;hg driginally applied
TCDD in Hageratown and Lakéland solls, respsctively.
Helling et al, {39) observed that TCDD's persiatancé was

predictable since it is insoluble in water,

(2) EPersistence: Water

Current information indicates that, although some

2,4,5«T may enter streams flowing through or adjacent to
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areas being sprayed, residue levels in streams will be

vary low., Norris (47) repoyted thg results of an intensive
study of stream contamination from spray projects on range
and fofest lands in Oregon which showed thé@hpﬁak cgncentra-
tions of ﬁhenoxy herbicides seldom exceeded 0.1 ppm and that
herbicide residues persisted for only a few hours in nearly
all streams., Norris (47) speculated, however, that applica-
tion of herbiclides to marshy areas may result in high-level,

long persistence of chemical residues in nearby satreams.

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

within a matter of days.

Phenoxy chemicals entering water may be lost by
volatilization, degradation, adsdrption on,sgdimené, adsorpg
tion by biota,laud dilution as additional'ﬁtréam wﬁter |
passas through.the gsite, Almﬁst all authorities agree that

there is adsorption on bottom sediment (48, 49, S5Q).

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

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

arter 4 hours; 33% after B8 hours; and 12% after 16 hours.

Trichell et al, (52), studying the loss of herbicides
in runoff water, found 2 ug/ml of 2,4,5«T in runoff water 2%
hours'after it was applied at 2.24% kg/ha, after whiceh 1,3 cm
of rainfall was simulated on sod-covered plots of 3% s=lope.
Four months after application, concentrations of 2,4,5-T in

runoff water had diminished to 0,04 ug/ml.

Edwards and Glass (53) monitored runoff and percola-
tion of 2,4,5-T at Coshocton, Ohio, for 14 months foliowing
application of 11,2 kg/ha of 2,4,5-T and found that 5.5
g/ha, or over 0.,05% of the herbicide, was lost from the
treated area. Most of the 2,4,5-T was reﬁoved in runoff
vwater during the first four months after application, and
more than half of the loss occurred the first{ month after

treatment,

Kearnay_et al, (HG)'conpluded ﬁﬁat oSnéaminafioﬂ
of underground water supplies with TCDD seemed very unlikely,
since vertical movement of TCDD did not occur in a wide
range of soll types. The fact that no leaching occurred,
however, would not preclude runoff loss when s0il erosion is

significant (39).
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(3) Iransport

Isensee and Jones {54) measured uptake of TCDD from
80il by two crop species, Qats (Avena sativa) and gsoybeans
(Glyeins max) were grown in Lakeland sandy loam soil treate&
with Q.OG ppn TCDD; The concentration of TCDD in soil
was approximately 4,000 times greater than the amount that
would be deposited in soil fronm an application of 2,4,5«T
(with 1 ppm TCDD) at a rate of 2 pounds/acre in the top
1/3 inch of the seil surface, The tops of these plants
were harvested at intervalas to maturity. Mature ocats and
goybean tops contained less than 1 part per‘billion (ppb)
TCDD., TCDD was detected (with a detection limit of 1 ppb)
in mature ocat grain, while no TCDD was found in the bean of
soybeans, The authors concluded that soil uptake af TCDD by
plants was highly unlikely, since l1ittle or no TCDD was
taken up by oats or soybeans under the conditions of this

experiment (54),

(4) Bloaccumulation

Woolson et al, (55) conducted a study to determine if
TCDD residues could be detected in bald 2agle (Haliaectag
leycacephaluys) tissue extracts, as a represeﬁtative of the
toep of a food chain. 3Scientists at the Patuxent Wildlife
Center (U,S. Department of the Interior, Laurel, Maryland)

collected, and furnished to these researchers, 19 bald eagle
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carcasses from Alaska, Malne, Norith Dakota, Wisconsin,
Michigan, Minnesota, Arkansas, Illinols, Missodri, Maryland,
Virginia, Iowa, New York, New Jersey, and Florida between
1966 and 1971. These states were selected as s;mpling

sites in order to provide a widely dispersed”sample‘population;:
The eagle tissues were prepared and extracted as described
by Mulhearn et al. (56)., Woolson et al, (55) detected ne
dioxin residues at a level of 0.05 ppm TCDD, the lower limit
of detection for most pesticides in tissue samples run by
the Patuxent Wildlife Research Center at that time. The
authors stated that the non-detectlion of dioxin residues
could imply that there was no dioiin build-up in the food
chain; that the builid-up was less than the [then] current
detectable level of 0,05 ppm [50 ppbl: that the sagles
examined were not contaminated although other samplés ﬁight
be; or that other species could feed on a different food

chain to accumulate dioxins.

Isensee and Jones (57) exposed sevapal'orgaﬁisms in

a model aquatic ecosystem to 18c.1abeled TCDD for up to 31
days to determine the distribution and bioacumulatioh
potential in the aguatie énvironment. Soil containing fronm

0.0001 to 7.45 ppm adsorbed 1"C-TCDD wae placed in aquaria,

containing eight snails (Physa sp.), a few strands of algae
(Dedogonium cardiacum), and 10 ml of old aquarium water



containing varjious diatoms, protozea, and rotifers, Fifteen
duckweed (lLemna pminor) plants were also added £o oné aquarium,
Samples of daphnids were taken for analysis at 30 days, and
two masquito fish (Qambusia affinds) wers_;qggd to each

tank. Th;ee days later all of the organisms wepre removed

for analysis, and two fingerling channel catfish (Jgtalurus
hunctatus) were'added to each tank and exposed for six

days.

The authors stated that all organisms in both treat-
ment and control tanks prospered during this expoaure
period, indicating that TCDD was not toxic at the concentra-
tions useds TCDD accumulated in all organisms. At the
highest TCDD concentration (7.45 ppm) algae accumulated
6,690 + 960 ppb TCDD; snails, 1,820 = 170 ppb; daphnidﬁ,
10,400 + 480 -ppb; and Gambusia, 1,380 + 220 ppb. Catfish _
were not analyzed for TCDD residues, At the second highest
TCDD concentration (3.17 ppm), however, catfish aceumulated
720 = 136 ppb TCDD. The authors stated thét accumqlation_iq-
all of the test organisms from s0il containing 0.1 ppb TCDD
is important ;ince this concentration approaches the concen=
tration which would occur under normal field use of 2,4,5-T,
The authors concluded that the data suggested that under

certain ¢ircumstances (discharge of storm runoff freom
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recently treated rangeland into a small pond), water-eroded
surface soil or debris may contain enouéh TCDD for measurable
' residues (parts per thousand [ppt) quantit;esl to accumulate
in fish or other aquatic organisms. However, the authors
speculated that TCDD, orginating from 2,4,5-T applications,
discharged into large lakes, streams, or estuarieg would
probably become sufficiently diluted so that no measurable

accunmulation would oceur,

As part of a broad study to determine whether 2,4,5~T
use leads to TCDD accumulation in the environment, Shadoff
et al, (58) collected samples of fish, mud, water, and human

milk from areas in Texas and E}kansas. The Texas samples

of water, mud, catfiéh, and walleyed pike were collected
from the San Angelo Reservoir, an impoundﬁént of the North
Concho River. The authors stated that this watershed has
;f}ge acreaE;s that have been sprayed with 2,3,5-T at 0.5
pounds/ac;e (2,4,5-T acid equivalent) for brush control,
These regearchers also obtained six samplas:df human milk .
from mothers residing in tﬁe general area of the San Angelo
Regervolr, In-addition, bass from a l25-acre pond in th;
heart of the Arkﬁnsas rice~growing area were collected.
Water from this pond is used to flood rice flelds treated
with the equivaient of 1,25 pounds/acre of 2,4,5-T acid,

four to eight weeks prior to flooding, The water is
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later drawn off the flelds and pumped back inte the pond for
re=-use, In addition, the pond is supplemented‘by water fronm
wells and by water collected as run-qfr From surrounding
rice fields during the rainy seasons The éuthors Stated
that this'cycle had been in use (including the proper use of
2,4,5=T) for 18 years up to the time of their study.

The authors stated that no TCDD was detected in the tissues
sampled, using a Gas Chromatography~Mass Speqtqustry
procedure with a detection limit which averaged less than 10
ppt. No evidence was found that TCDD is accumulating in the

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

study.
G, QReszidues
(1) Seil

Woolson et al, (5%5) studied Lakeland sandy =soil
to determine if TCDD residues c¢ould be detected in soil
receiving exceedingly large application of_2,i-D aﬁd 2,4,5=-T,
Tgé.heaviest réte of 2,4,5-T application was 947 pouﬁdé/acral
applied aerialiy during 1962 through 1964, while the
lightest rate was 160 pounds/acre applied aerially during
1968 and 1969. During this period, it was net uncommon
tor comﬁercial samples of 2,4,5-T to contain levels of

30 to 40 ppm TCDD.
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The zuthors were able to detect small amounts of
2,4,5=T in the soil samples., They observed thét the residue
level decreased with time after application and stated
that ieaching and microbial decompositién could account for
this decréase. Using a detec¢tion limi¢ of iggs théﬁ 1 ppb,
the authors did not detect any TCDD at any depth in 36-inch

. eore samples of the soll.

(2} Hater

In October 1965, the U.S. Geological Survey initiated
a limited program of pesticide monitoring on 11 waterways
in the western United States (59), The streams, representing
agricultural areas ﬁhere théﬂprobability of observing
pesticide residues Qould be greater, included the Missouri, -
Brazos, Yellowstone, Sacramenfto, Coloradg; Arkansas, Yakimé,
Rio Grande, and Snake Rivers, Pesticides chosen for analysis
4included tﬂg insecticides aldrin, DDD, DDE, DDT, dieldrin,
endrin, heptachlor, heptachlor epoxide, and lindane, and
the herbicides 2,4=D, 2,4,5-T, and silvex.,. The authors
reported that no herbicide was found at any time at any

station during the first year of the sampling program. The

lower limit of sensitivity (detection) was 5 ppt.

Manigold and Schulze (60), reporting on the results

of the U.35., Geological Survey stream wmonitoring program for



the twoeyear period October 1966 to September 1968, observed
that beginning in August 1967 2,4-D, silvex, and 2,4,5-T had
been detected frequently. 2,4,5-T was'found in 28 of the
320 samples and ranged fron ﬁ.Ol to 0,07 ppb. The authors
stated that the established criteria permitted lUO'ug/literv
 (ppb) for herbicides. These authors reported that the
analytical procedures were changed from the preceding report
to use Law's sample clean-up procedure, which permits
routine detection of pesticides at 0,005 ug/liter in most

waterse.

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

in Oregon,

Lawson (61) studied 2,4,5-T residues in storm runoff
from three small watersheds in Arkansas. Two watersheds,
_s&e cléared and the other partially cut, were sprayed with
the isooetyl ester of 2,4,5-T, A third uaﬁenshed,_adjacentl'
to the two treated ones, was used as a control., Spraying
was done in Septeﬁber 1971, June 1972, and July 1973, elther
to control woody sprouts and broadleaf vegeftation or just to
provide herbicide application for monitoring. The clsared
watershed was treated with 4§ pounds acid equivalent per acre

and the partially cut site with 2 pounds/acre.
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In water samples taken after the first gunoff-producing
storm in October 1971, Lawson (61) detécted an'average
of 2,1 ppm 2,4,5-T from the cleared watershed_ahd 1.0 ppm-
from the partially cut site, Maximum amounts detected were’
2.2 and 1,3 ppe for the two areas. No 2,4,5-T was detected

from éhe control site,

- Only trace amounts (less than 0.2 ppm) were detected
from each of the two treated sites after the next runoff.
producing storms in November 1971l. None was detected from

the control.

In approximately 90 samples taken after storms during
the period December 1971 threugh September 1973, no 2,4,5-T
was detected by Lawson (61) 3in the runoff from the treated

or control water sheds.

Since TCDD is immobile in soil (39) and soluble in
water at only 0.2 ppb (7), the possibility of ground wafter
contamiqation'is virtually nonexistent (kﬁi{, TCDD could be
present in runoff when soil erosion is significant (39), and

thue TCDD contamination of water bodies could occur,

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

detected in drinking water; the limit of detection was in
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the parts per trillion, However, the report did project the
toxieity of 2,4,5-T and TCDD, thelr acceptable daily intake,

and suggested no-adverse-affect levels (62).

(3) Adr

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

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

2,4,5=-T, Assuming -that-a_man inhales about 30 23 of air per

day, the authors estimated that exposure to 0.06 ug(m3

would
amount fo inhalation of 1.8 ug pheénoxy hébbicide/day

or 0,325 ug/kg of body weight per day for a 70 kg man.

Anbient air monitoring for pesticides in predominantly
agricultural areas of 28 states was conducted‘by the
National Alr Monitoring Program in eaIen&ab years (CY) 1970
through 1972 using ethylene glycol impinger type sambles.
Table 1 records tha arithmetic mean of residues of 2,4,5-T

detected in this program (64).



Table 1, Air Monitoring Data for 2,4,5=-T in 28 State
Monitorine Programs (1970 to 1972)

] - :
‘ Name of | 2,3,5«T Ester | ng/ms_ ! ng/m3 ! ng/m3 !
18tate or City | Mopnitored For | CY 1970-! CY 3973 ! CY 19072}
" {Louisana | Isopropyl ester| - ! ND - | 1,9 |
iMontana ' ' ND' ' ND ! 0.8 |
INew Mexico | 1 - ] ND ! 1,0 |
iIdaho | i ND i "RD v 1.7 !
}Illinois | BOEE 1 ND i 3.6 | ND |}
i Oregon ! ! ND 0.5 \ ND |
| Tennessee ! V1. ! ND ; ND |
| Tennesses | Isocoetyl ester | ND | 2.7 i ND |}
1l0klahoms ! ] ND 1 14,6 1 ND |

ND = Not Detected,

(4) Animals

Phenoxy acetic acids are relatively strong acids,
and animals rapidly excrete them unchanged in their urine
(36). 1In their study of the fate of atrazine, kuron,
“silvex, and 2,4,5-T in the dairy cow, St, John et al., (§6%5)
found that dairy cows given 2,4,5-T and silvex in_theiﬁ feed
at 5 ppe for four days, completely eliminated both 2,4,5-T
and silvex as soluble salts in the urine two days after
do;ing Etopped.

Zielinski and Fishbein {(66) treateé.female C57BL/6
mice with a siﬁgle subcutaneoﬁs injection of 100 mg/kKg body
weight of 2,4,5-T in dimethylsulfoxide solution. They
sacrificed the animals at various intervals after injection
and analyzed ipn foto for 2,4,5-T. The amounts recovered as
percentage of the amount injected indicated deereasing
levels at the following time intervals after dosing: at 0
hours, 77.1 = 5.0%; at 16 hours, 56,9 = Y4.2%; and at 2%
hours 23.7 + 3.6%. |
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In a preliminary report of a two-year chronic
toxleity reeding study, Dow Chemical USA (110):reported
the following residue data for rats fed indicated TCDD
doses: 24,000 ppt in liver and 8,100 ppt-in'fat of females
ingesting.2,200 ppt/day; 5,100 ppt in liver and 1,700
ppt ip fat of females ingesting 220 ppt/day; and 540 ppt in
liver and fat of females ingesting 22 ppt/day. The pre-
liminary report gives no residue data for treated males,

or for controls of esither sex,

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

atrain) and two male and two female adult besagle dogs were

given single doses of 114C--1a.l:ne:let:l.2,15,5--‘1"1':3; intubafioﬁ
at 5, 50, 100, and 200 mg/kg body weight in rats and

§ mg/kg body weight in dogs. The authors combined data
obtained for males and females since the pharmacokineties of
2,4,5~T were essentially the same in each sex. 1In this
study, the c¢learance half-life fof 5 mé/kg é,#,s-T fpom dﬁg-
plasma was 77.0 hours; in rats the halfelife was 4.7

hours at 5 mg/kg and 4.2 hours at 50 mg/kg. At doses of

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

rats increased to 19.% and 25.2 hours, showing that the
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pharmacokinetics of 2,4,5-T varies with dose as well as with
species., The authors suggested that the half=-1ife values
at 100 and 200 mg/kg beody weight indicated that these doses

may have exceeded the excretory capacity of the ratsu

Zitko (68) assayed chlorinated dibenzodioxin residues
in aquatic animals, but was unable to detect these compounds
(detection limit: 0.04 ug/g [ppm] for TCDD) in any of
several aquatic animals from Canadian locations, The author
had selectéd species from high trophic levels of the
aquatic food web to measure ocumulative pestlcide contamination.
Mere recently, using improved analytical methods for detection
of dioxin at ppt levels, Baughman and Meselson (69) found
mean TCDD levels ranging from 18 ppt to 810 ppt in fish and .
erustaceans taken from Vietnamese rivers in August and
September 1970, TCDD levels tended to be higher in fish
from interior rivers than in those from seacoast locations,
in comparison, Baughman and Meselson found less than 3 ppt
TCDD in‘fish obtained in a markef in Cape poq, Massachusetts,
In another study, Matsumura and Benezet (70) placed TCDD=-
coated sangd direcé&y in an aquarium containing briﬁe shrimp,
mosquito larvae, and fish (silverside)., TCDD pilckup was low
in fish (2 ppd) and brine shrimp (157 ﬂpb).under the experi-

mental condlitions, But mosquito larvae, which are bottom
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feeders, showed a surprisingly high rate of pilckup (4,150
ppb). The authors concluded that TCDDIﬁaa_not likely to
accumulate in as many biological systems as DDT because of
TCDD's low solubility in water and lipida; as well as its

low partition coefficient in lipids.

(5) Rlants

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 applica-
tion, time after application; and c¢limate conditions;
Studies by Morton et al, (U44) showed that residues on grass
immediately after application of 2,4,5=-T are not likely
to exceed 100 to 150 ppm for each pound of actual herbicide

applied per acrse,

Leng (37) stated that herbicide residues in or on
plants déelined rapidly, with a half-life @f.one to two
weeks, due to photodecomposition by sunlight, washeoff
by rain, metabolism by plants, and dilution from gfowth of
plants, 2,4,5=-T was applied to grass in four states at an
application rate of 4 pounds/gallon, 3 gallons/acre;
initial residues immediately after treatment in California

averaged 684 ppm (or 57 ppm/pound applied per acre); 1,668
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ppe (or 139 ppm/pound) in Michigan; 1,464 ppm (or 122
ppum/pound) in North Carolinag-and 1,33é_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 ppm/pound applied per

agre,

Baur et al., (71) treated grass species indigenous
to Victoria County, Texas, with 2 poundé/aebé 2;4,5-T ester.
One month after application the concentration averaged
4,060 ng/g (ppb) for 2,4,5-T acid and 2,890 ng/g (ppd) for
2,4,5-T ester., 8ix monthe after application the concentra-
tion averaged 60 and 170 ng/él(ppb) for 2,4,5-T acid and

ester, respectively.

Getzendaner and Hummel (72)5/ described a 1969
study in which a 2,4,5-T propylene glycol butyl ether ester
-formulation was sprayed on Texas grass at an application
rate equivalent to 12 pounds of Z,H,S-T peb-gcre;.ghia rate
was 6 to.2u times the usual rate appiged to grazing lands

for brush control. At this time, manufacturing spécifications

B/ Studies submitted by registrants as part of petitions
for residue tolerances are classified confidential, pending
outcome of litigation in U.8+ District Court,



for no detectable TCDD in 2,4,5=T used a method sensitive to

1 ppm., The authors found that residues of TCﬁD decreased
rapidly from about 500 ppt‘TCDD withinlbne day of application,
to about 35 ppt TCDD after four weeks, #nd aﬁout 15 ppt TCDD
after 16 weeks., The TCDD decrease roughlﬁ ;ééalleied the

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

(6) Humans

Matsumura (73) studied 2,4,5-T7 in thé bl;od and urine
of human male volunteers who had ingested the chemical,
After ingesting 150 mg (2.2 mg/kg), the plasma concentration
of 2,4,5-T in one subject reached a peak of 21.1 ug/mi after
four hours. A liﬂééf;wégai-logarithmic concentration-time

curve (a gradient of =-0,065) four hours post-treatment,

indicated first order elimination'and absgsorption kinetics.

In a second part of this study, Matsumura gave
two male volunteers single oral doses of 100 mg 2,h,s-r.
Urine samples were collected over 72 hours. -About 45% of
the original dose was found in urine collected during
the first 24 hours_after trgatment; 60% had been recovered
36 hours after treatment; and after 72 hours, more than 80%

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

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

following oral administration to man., Five male volunteers,
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ages 31 to 58 years, each ingested a single 5 mg/kg oral
dose of analytical grade 2,4,5=-T, with a purity greater than
99% and less than the detectable level (0.05 ppm) TCDD,
directly or 2s a slurry in milk. Blood, urine, and feces
were collected at intervals for up to 96 hours after
ingestion., Essentially all (88.5 + 5.1%) of the 2,4,5-T
ingestéd by these subjects was excreted unchanged in the
urine after 96 hours, The plasma 2,4,5-T concentration
inoreased rapidly following ingestion and after 7 hours
reached a peak of approximately 57 ug/ml, after which the
plasma contained 65% of the 2,4,5-T in the body, of which

999 was bound reversibly-{fo protein.

Kohli'et al., (75) also studied absorption and
excretion of 2,4,5-T in man. Eigﬁt male volunteers, age 25
toe 35 years, received a éingle oral dose {2, 3, or 5
mg/kg) analytical grade 2,4,5~T with a purity greater than
99%. Urine was collected up to 96 hours,_and'bloéd samples
were oollecteﬁ up to 168 hours, 2,ﬂ;5-f.was detécte& in
some two-hour.urine samples, indicating rapid excretion of
the compound, More than half of the 2,4,5-T was excreted in
the ur;ne in the first 48 hours, although small guantities

were still being excreted at 96 hours,

-30-



2,4,5«T appeared in all plasma samples oée hour
after 2,8,5-T ingestion, indicating rapid abserption,
Maximum c¢oncentration (approximately 25-ug/m1 for the 5
mg/kg dose) was reached between 7 and 24 hours after
ingestion-and began fto decline at a first-order rate

after 32 hours,

These inveétigators coneluded that 2,4,5-T was
readily absorbed from the gastrointestinal traect, that it
was eliminated unchanged in the urine, and tﬁat the half-life
for plasma clearance was 18.8 + 3.1 hours, These authors
pointed out that, in general, higher recoveries were reported
by Gehring et al. (7Y4) who used an electron capture detector,
instead of the flamé-ionizaﬁgon detector used in fheir

study.

The National Human Monitoring Program for Pesticides,
through its cooperative arrangement with the Health and
Nutritional Examination Survey II (Hanes II project), is
Qurrentlﬁ analyzing human urine ;amples for'silvex? 2,“,5-T}-
and 2,4,5-TCP .{64%). The survey is séheduled for completion
in 1979, but some extremely tenftative results are évailable.
No quantifiable 2,4,5-T residues have been detected in the
first 400 samplas; however, trace amounts (<10 ppb) have

been found in a few samples,

Dougherty and Piotrowska (177) reported on screening

of human urine for environmental contamination with toxle
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residues by negative chemical jionization mass spectrometry,
The procedure is based on solvent extréction with minimal
eleanfup followed by examination with neggtive-chemical
ionizatiop mass spectrometry for organochlorine residues and
related compounds with masses greater than 130 daltonss

Urine for the secreening procedure was obtained from students
at Florida State ﬁniversity (25 dorm residents; 21 football
tean ﬁembers; and 11 swimming team members). The authors
reported that the limited survey of human urines indicates
econtamination of the subjects with 2,4,5-T, pentachlorophencl,
other polychlorophenoxy acids, and numerous unknown compounds.
The authors indicajﬁﬂﬂfpat'z;u,S-T was found in 36% (9/25) of
the dorm residents; 24% (5/721) of the f&otball team; and 9%
(1/11) of the swimming team. -The authors attempted‘to'defina
the source of the contamination by applying the same
acreening procedure to environmental substrates and suggested
the food chain (beef fat in the case of 2,4,5-T) as one

significant source of the contamination. -

(7) Anipal Produects

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

samples used were avallable for analysis for TCDD content.
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The authors did not know whether the samples were produced
before 1972 (when maximum allowable TCDD content was 1 ppm)
or after 1972 (when maximum allowable TCDD content was 0.1
ppm). None of the 16 samples from Sﬁgaﬁlénd; Texas, Miésouri;- '
and Oklahoma showed TCDD residues when anéi;;;d by-a gas N
c¢hromatography-mass specetrometry detection technique (detection
limits: 3 to 6 ppt). Three of the eight samples fronm
Mertzon, Texas, where animals had grazed for 30 days 1ip a
fenced pasture sprayed in its entirety with E,M;S-T, gave

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

In another surveillance study, Mahle et al. (77)
analyzed milk from_cpwg_ggazing on grass treated with
2,4,5=-T in accord with normal agricultural practices.
Twenty=-five samples were collected from different férﬁs
in QOklahoma, Arkansas, and Missouri; these areas were
selected as representative of those where 2,4,5-T is used to
control broadleaf weeds and brush in pasture and rangeland.
Milk purchased in Midland, Michigan, an areas where 2,4,5-T
is not used, provided control_samples; Baéed on gés -
chromatography-mass spectrometry data (detection limit: 1
ppt), the authors ~stated tﬁat'control_gamples ware indistin-
guishable from the samples from treated areas and concluded

that TCDD was not present.
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The residue levels reported in animal products in
the studies c¢ited below were obtained in laboratory
feeding studles and not from animals grazing on pastures
and rangelands treated at dosage rates recommended on
registered product labels, Nevertheless, residques obtained
in these feeding studies could occur in the environment and
at these same levels since animals grazing on forage plants
immediately after treatment at recommended rates of applica-
tion could ingest 2,4,5-T in amounts similar to those fed in

the studies.

Leng (37) found no residues greater than 0,05 ppm in
milk or cream of cows ingesting 10 to 30 ppm 2,4,5-T. At
100 ppm 2,4,5-7 in the diet, traces of 2,4,5-TCP (0.06 ppm)

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

0.15 to 0.5 ppm in milk of individual cows.

.Lehg (37), reporting on residues in meat and meat
byproducts, stated that calves slaughtered after.ingesting
300 ppm 2,4,5=-T in the total diet contained average residues
of 0,12 té 0.28 ppm in musele, fat, and liver, and 3.3 ppm
in kidney., Animals fed 900 to 2,000 ppm 2,4,5-T in the
total diet and slaughtered without withdrawal had propor-
tionally higher average residues in tissue, No residuss were
detected (detection limit: 0.05 ppm) in most tissues when
animals were given untrexted feed for one weeak after they
had been on the highest levels (1,800 and 2,000 ppm) of
2,4,5-T for four weeks, Residues of 2,4,5«T declined
rapidly in tissues as soon as animals started to eat

untreated feed.

Clark and Palmer (78) found 0.08 ppnm 2}4,5;T in
omental fat of each of two sheep'giVQﬁ f&ﬁr oral doses of
either 0.15 or 0.75 mg/kg of the propylene glycol bdtyl
ester of 2,4,5-T, _They also found 368 ppm 2,4,5-T in
kidneys of animals killed by four dally 250 mg/kg doses of a

2,4,5=T ester,

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

ppm in muscle or fat of sheep held one week on untreated
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feed, Residues of the mstabolite 2,4,5-TCP were not detected
in the fat of any of the animals., Thej also found that the
2,4,5=T level in liver and kidneys was less than 0.05 ppnm

after the animals were on untreated feed for seven days.

Leng (79) found low levels of 2,4,5-T in muscle and
fat of calves receiving 300 to 900 ppm 2,4,5-T in the diet
and much higher residues in tissues of animals fed 1,800
ppm 2,4,5-T for 28 days, Calves fed 300 ppm 2,4,5-T showed
0.12 and 0,28 ppm 2,4,5=-T in muscle and fat, respectively.
Calves fed 900 ppm showed 0.,2% and 0.38 ppm in muscle and
fat, respectively, And at 1,800 ppm in the diet, caives
showed 1.2 and 2.0 ppm in muscle and fat, respectively. 1In
this same study, Leng found relatively low residues of
2,4,5=T in liver at feeding level? of 300 and 900 ppm (0.2
and 1.0 ppom, respectivel}) and sharply increased residues -
-{7+9 ppm) at 1,800 ppm, indicating that the threshold level
may have been exceeded at this higher dosage_levei. Residues
of 2,4,5-T in kidney appeared to be proportional to the - -

level In the diet.

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

Implementation Plan (see Section II). These beef fat



samples included 18 samples from control areas and 67
samples from areas previously treated Qith 2,4,5-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 to 2,4,5~T, one showed a
posiéive TCDD 1evgl of 60 ppt; two appeared to have TCDD at
20 ppt; and five may have had TCDD levels which ranged from
5 to 10 ppt. The values for these five samples were af or
below the limits of detection of 10 ppt. Forty-three beef
liver samples were analyzed and showed no TCDD residues at a

detection limit of 10 ppt.

(8) Eood

Evidence that very little 2,4,5-T gets into food is-b
éaen in results of Markeﬁ Baskat 3Surveys cgndueted by
the Food and Drug Administration (FDA). Of the 134 total
diet samples involving 1,600 food composites (Market Basket
Survey) analyzed from 1964 through April l969; only three
containsd 2,4,5-T. Two were dairy prbducté éontaihing 8 to
13% fat with 0,008 and 0.19 ppm in the fat., A singie
meat, fish, and poultry composite from Boston consisting of
17 £o 239 fat was found to contain 0.003 ppm 2,4,5-T on

a fat basis (81, 82, 83, 81,

FDA Market Basket Survey samples from 1969'through

July 1974 showed no 2,4,5-T residues (detection limit: 0.02
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ppm) in 155 total diet samples involving 1,869 food composites
(85, 86, 87, 88, 89). |

(9) Human Exposure via Industrial Accidents

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

in human exposure to TCDD.

Whiteside (90) reported on a 1949 explosion at';
chemical plant producing 2,4,5-T in Nitro, West Virginia.
The release of intermediate chemicals led to 228 cases of
chloracne ameng exposed workers. Whiteside stated that
symptoms of affected workers included skin eruptions, .
shortness of breath, intolerance to cold, palpable and
tender liver, loss of sensation in extremities, damagé to
peripheral nerves, fatigue, nervousness, irritability,

insomnia, loss of libido, and vertigo.

Geldmann (91) reported on.a 1953 accident ;t a
2,4,5«TCP production plant in Gebmany; fémpérature and
pressure rose explosively 1n‘the autoclave, forming_previously
unknown, very toxie chlorinated hydrocarbons; 42 persons
contracted serious cases of dermatitis, in which 14 persons
suffered consequent damage to internal organs, and seven

persons experienced disturbances of the nervous saystenm.
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A similar aceident occurred in Amsterdam in 1963 when an
explosion in a 2,4,5-T factory resulted 'in 50 workers

'contraqting chloracne (90).

In 1954, 31 workers in a Hamburg, Géri&dy,'chémical
plant producing 2,4,5-T from technical 2,4,5-TCP contracted
chloracne (10, 16, '92) and suffered the physical and psycho=-
logical symptoms associated with it (93). Kimmig and Schulz
(10) extensively investigated the workers! condiﬁions
and conducted experiments treating the skin of a rabbit's
aar with chemic¢als to whiceh workers had been exposed,

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

identified TCDD as the cause of chloracne,

In 1964 workers in a 2,4-D and 2,4,5«T plant in
the United States developed chloracne (93, 94), Bleiberg
et -al, (94) found evidence of porphyria cutanea tarda (PCT)
of varying degrees of severity in 11 out of-29'workers. PCT
had never befope been describeq as reléted ﬁo-chlorécne, nor
had it been ascribed to industrial exposure in the United
States, The aﬁihors stated that either the finished chemicals

or some intermediate were regsponsible for both diseases.

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

had been producing 2,4%,5-TCP for nearly three years without
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incident when an explosion occurred at midnight on April 23,
1968, As a result of this exothermal reaction, TCDD had

accidentally been produced; Workers at this plant were

accidentally exposed to TCDD, and 79 cdses of chloracne were -

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

Beginning in May 1971 an acceidental poisoning episode
oceurred in the United States that affected humans, horses,
and other animals. The exposurs was related 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 arena floor, Of 85
horses exercised within the-arena, 62 became 311, and 48
died. The first horse died on June 20, 1971. Horses
continued to die as late as January 1974, Human illnesses.
were less sevsre, but di@ include one case of hemorrhagie
cystitis in a 6=-year-old girl who freguently played in thé
arena, Analysis showed the arena contained 31.8 to 33.0

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

Beale et al., (98) ﬁreéented follow-up inforpation on
the 6~year-old girl involved in this accilidental poisoning.
These authors stated that the girl's symptoms resolved in
three to four days and did neot recur, Results of a repeat
voiding cystogram three months later appeared normal.
Cystoscopy at this time did, however, demonstrate numerocus

punctate haemorrhagic areas in the bladder, especially in
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the region of the trigone, Five years later, an investiga-
tion showed that thias girl had grown normally;;results of a
physical examination, inelﬁding a detailed'neurological
examihation, were normal, Cystogram‘and liver-function’
tests were also normal, as was the urinary excretion of

uroporphyrins, coproporphyrins, and thyroid function,

On July 10, 1976, an acecident at the ICMESA chemical
plant in the Seve;n Region of Italy releasad 2 to 10 pounds
of TCDD over a wide area {90, 99, 100).m.Hundreds of animals
died, many area residents reported skin disorders,'and an
area aof 110 hectares was evacuated {(101), Reports of the
immediate symptoms and indiéations of many long-term-éffects

are just becoming available,

Seveso 1nhabitants'initi§ily expéfienced numerﬁua,'
burnlike skin lesions which gradually receded; Whiteside
(90} bélieved this type of lesion was probably due to direct
contact with the sodium hydroxide and phenolic components of
the fallout, Two and a half months gftefvthe explosion,
howevear, children and yoﬁng'people in the zone most affected
by the fallout developed symptoms of {rue chloracﬁe, a sign
of dioxin poisoning, on their faces, arms, and bodies., By
Hovemﬁer 1976, 28 people had developed confirmed cases of
chloracne, and the number rose to 38 by December 1976; one
year later, the number of confirmed cases of chloracne was
130,
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A nunber of Seveso wWomen were pregnant at the
time of the accident, Whiteside (90) reporte& that the
number of legal and illegai abortions'berformed after the
accideﬁt probably totalled 90. Resuits;of‘a éurvey by an
epidemoldgical commission showed that 183'5;5199 were
delivered in the two months following the accldent and that
there were 51 spontaneous aboriions as distinet from induced
abortions (epproximately double the rate of spontaneous
abortions previously reported for the area). ﬁhiteside
{90) reported that eight cases of birth abnormalities have
been noted to date among babies born to women in the Se#eso
area who were pregnant at the time of the explosion.
Physicians in the Seveso area have had difficulty relating
this directly to the explosion, however; since this incidence
of birth asbnormalities was not disproporiionate te the usﬁal

incidence of abnormal births.

He Iolerances

There are no tolerances éstabiished for z,ﬁ,S-Tlih or
on food crops. Likewise, no tolerances have been sgt
specifically for TCDD in or on food cerops., However, 40 CFR
Section 180.302 does establish a tolerance of 0.05 ppm for
hexachlorophene on cotton seed (a nonhuman dietary food

item), with 2 stated limitation that the technical grade
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hexachlorophene used in the formulatlon s3hall not contain
wore than 0.1 ppm TCDDe The limitation does not constitute

a tolerance (102).
I. Resticide Episode Reports Svystem (PERS)

EPA's Pesticide Eplisode Responsae Branch of the QOffice
of Pesticide Programs maintains a Pesticide Episode Reports
System (PERS) which collects reports of pesticide exposure
affecting humans, domestic animals, livastock,-and wildlife
{103)., According to their records, there were 96 episodes

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

Many of thqu_?G episodes recorded effects in more
than one area of the environment, Plant damage was reported
60 times, effects on humans 16 times, water pontamination_'
14 times, effects on dogestic animals and soil contamination
7 times each, general environmental contamination 3 times,

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

aach,

There was substanﬁiar evidence in 13 of the-96
episodes linking 2,4,5-T to the episode's effaects; there was
clircumstantial e;zdence fh 20 of the episodes for involvement
of 2,4,5-T; there was insufficient evidence in 62 of the

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

one episode had no verification status listed.
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Of the 13 episodes for which there was substantial
evidence linking 2,4,5=-T to the episode L] errecto, two
involved humans (including one suicide), 2 4-D was also
involved in both episodes, Three episodes involved plant‘
damage f;om drift of herbicides; 2,4,5-T rooidues were
found in plant samples in two episodes; 2,4-D was also
involved in one of these episodes, Two episodes involved
fish kills resulting from accidental spillo inoo streéms,
with 2,4=-D involved in both incidents; 1in one of these
episodes, 6,000 fish (90% Jjuvenile salmon) were killed;
residues of both 2,4«D and 2,4,5-T were found In these fish,
Two incidents involved soil contamination when two warehouses
were destroyed by a tornado and fire; many other pesticides
were involved in both instances. Two ep;sodes ;nvolved
.domestic animals; in one, 24 oowo died after herbicide
application, Arsenic residues were found in two cows,
and arsenic contamination of the herbiclide mix was suspected,
In the other instance, 8 cows drank water cohtaminated with
2,4,5-T; residue levels of 0.03 and 0.02 :ppm were found- in -
the milk fivo and sight dayo, respectively, after the
incident, Two hundred and forty gallons of milk were
dumped., One incident involved water contamination as a
result of a warehouse fire; many other pesticides were also

involvsed,
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II. REGULATORY HISTORY

2,4,5~T was developed during World War . II and was
first registered as a pesticide on March 2, 19§8 (3)e Since
then, it has been the subjecf of several Federal regulatory

actions.” ST

On April 13, 1966, the United States Department of
Agriculture (USDA) and the Food and Drug Administration
(FDA) published an announcement in the Federal Register
abolishing the "No Residue and Zero Tolerance" concsptis as
gcientifically untenable., Future registrations would be
granted on the basia of either "Negligible Residue" or
fPermissible Residue." Indhstry was given until Deéember
31, 1967, to compléhé; :;ﬁaining folerances for residues of
2,4,5-T in all treated food, feed products, and byproducts

(iIn addition no registrations would be continued beyond

December 31, 1970).

Following this action, a series of Pesticide Registra=
tion (PR) Notices were issued over_sgvsré} years,_extending
gertain "no residue" and "zero tolerance®” registrations
beyond the December 31, 1967, deadline for obtaining
residue tolerance. (These and all following PR Notices
are cited in Reference 104.) JAmong uses of 2,4,5-T extended
beyond the deadline were uses aon pasture grasses and
rangeland; on apples {MecIntosh), blueberries (low bush),
cereal grains (undesignated), rice, and sugarcane; and in
lakes and ponds,
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PR Notice 70«8 issued by the USDA on March 10, 1970,
identified data needs for certain compounds. .2,4,5-T
was identified as one of the compounds requiring further

teratogenic studies.

Pﬁ Notice 70-11 published on April 20, 1970, suspended
2,4,5=-T products bearing certain diéééfﬁons for use,
The suspended uses were all uses in lékes, ponds, or on
d¢iteh banks; and liquid formulations for use aqound the

home, recreation areas, and similar sites.

PR Notice 70~13 issued by the USDA on May 1, 1970,
cancelled 2,4,5-T products bearing certain directions
for use, Thé cancelled uses were all granular 2,4,5«T
formulations for use arocund the hame, recreationai areas,
and similar sites; and 2ll 2,4,5=T uses-bn food crﬁps‘

intended for human consumption,

All registrants were advised of these actions, and
two of the Z,H;S-T registrants, Dow Chemigal'and ﬁercules
inoorporated,-excercised their right undéf'section u(é) of"
the Federal Ihsecticide, Funéicide, and Rodenticide Act
(FIFRA) (7 U.S.C, 135 et seq.] to petition for referral of

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

As provided by Sectlon 4{(c) of FIFRA (1964 amendment), -

a nine-member Advisory Committee of scientists was appointed
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to consider all relevant facts, submit a report and recommen=
dations regarding registratibn for eeftaip uses of 2,4,5-T, |
and state the reasons or bases for these recommendations.
Their report was submitted to the Administrator of the
Environmental Protection Agency on May 7, 1971 (48)., The
Committee recommended that use of 2,4,5-T be permitted in
forestry, range iand, and rights-of-way providing that fhe
limit of 0.1 ppm of contamination with TCDD be set for all
future production of 2,4,5-T; that 2,4,5~T be applied no

more than once a year at any one‘site; and that 2,4,5-T be
applied with proper caution so that it will not contgminate

other areas where it may come into contact with humans.

The Committee alsc recommended that this action be
reviewed again when existing deficiencies in information
about possible magnification of TCDD in the food chain

have been rectifisd by specific research.

In the meantime, PR Noti&e 70-22, pubiished by the
USDA on September 28, 1970, ;ddrésséd"the'presence aof
chlorodioxin c¢ontaminants In economic poisons. Thié notice
stated that the USDA had determined that certain toxic
chlorodioxins (such as TCDD) may be present as contaminants
in the basic materials used in formulating 2,4,5-T and

silvex, The notice also stated that the presence of such
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chlorodioxins constitqted a possible hazard to man since they
had been found to be extremely toxie to laborétory animals,
and that appropriate regulatory aétioﬁ would be taken under
provisions of FIFRA since producgs Eonfainidg chlorodidxin;

are considered to be in violation of FIFRAC'-'Q

4

Dow Chemical obtained an injunctien against EPA in
July 1972, enjoining further administrative action against
2,4,5=-T« The United States Court of Appeals for the Eighth
Circuit overturned the injunction in 1973, and administrative

proceedings were allowed to go forward,

On July 20, 1673, 2 notice of intent to hold publie
hearings on all uses of 2,4,5-T was filed with the EPA
Hearing Clerk under Section 6(b)(2) of FIFRA, as amended
1972, All federally approved uses of 2;@,5-T were to be
explored in a public¢ hearing scheduled for April 1974,
following completion of an intensive monitoring program for
detecting dioxin in the ppt range (38 FR 19869, July 29,

1973).

On May 10, 1974, the information hearing was‘expanded
to ineclude all insecticides and herbicides having 2,4,5-TCP
in their manufacturing process. These included silvex,
erbon, and ronnel, as well as 2,4,5-T and 2,4,5-TCP, all

of which may econtain TCDD.
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On June 24, 1974, EPA withdrew cancellatién and
information-gathering proceedings initiated against 2,4,5-T
and related compounds because of its inability to monitor
food for TCDD residues with the necessary. analytical
precision. Although the 2,4,5~«T notice of hearing was
withdrawn, the Agency stated that it "will continue its TCDD
residue monitoring program and will take such further action
as it deems appropriate once the results of the monitoring
project are available™ (39 FR 24050 June 28, 1974).

On July 25-26, 1974, the Agency held a Dioxin Planning
Conference in Washington, D.C., primarily for those parties
having an interest in the withdrawn 2,4,5=-T/dioxin hearings,
to address data analysis-and retrieval (in the areas of
analytical methodolgy, toxicology, and monitoring) with
emphasis on analytical methodology for TCDD at the‘ppﬁ
level, A3 a result, the Agency established a Dioxin Implemen-
tation Plan (DIP) intended to identify a preferabls analytical
methodolegy to monitor human and environmental samples for
TCDD. | . _

On-going TCDD studies under thé DIf include: an
analytical method validation study to produce stafistically
defensible data; monitoring for residues in human milk in
the Pacific northwest; additional besf fat residue studies;
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additional technical pesticide residue studies; and an
environmental monitoring program for TCDD residues in soil,

water,'and biota.

131, SUMMARY OF SCTENTIFIC EVIDENCE RELATING 10
REBUTTABLE PRESUMPTION

The following adverse effeacts of 2,4,5-T and/or
TCDD have been found to exceed the criteria for issuance of
a rebuttable presumption as stated in Section 162.11 of the
Code of Federal Regulations (CFR 40)s Because of industry's
apparent inability to produce 2,4,5-T without TCDD contamina-
tion, none of the studies cited are for pure 2,4,5«T, The
effects of TCDD must also be considered when assessing

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

A. Qncogenic Effects

40 CFR Section 162.11(a)(3)(ii)(A) provides that a
rebuttable presumption shall arise "if a pesticide's
ingredient(s).+.(i)nduces oncogenié ;ffe§£s in experi-
mental mammalian species or in man as a result of'oral,
inhalation or dermal exposure,..,." Section 162.3{bb)
defines the term oncogenic as "the property of a substance
or a mixture of substances to produce or induce benign

or malignant tumor formation in living animals,”
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The studiles sﬁmmarized below indicate that 2,4,5-T
containing less than 0,05 ppm TCDD and/or TCDb alone havse
oncogepic affects in twe mouse strainﬁ_ and one rat strain,
Sincé 2,4,5-T, as currently formulated, éonﬁains TCDD (at a -
maximﬁm ;mount of 0.099 ppm), a rebuttabigﬁé;ésumﬁ£ion
against the registration of 2,4,5-T products has arisen
bacause of the ohcogsnic effect of 2,4,5-T and its contami-

nant, TCDD.

(1) 2,4,.5-T
(a) Effects of Dietary 2, U4,8-T (<0,0% pom TCDD)
en_Rodents

L b -

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

-

mice, Muranyi-Rovacs et al. (105) administered 2,4,5-T

(containing <0.05 ppm TCDD)L/to inbred C3Hf and XVII/G mice.
The mice were given 10d mg/liter of 2,4,5~T in the drinking |
water for two months beginning at six weeks of age. During
the succeeding 15 to 20 months, the mice weﬁe gi#en 2,4,5-T

mixed in the diet at a coneentration of 80 ppm ad libitum.

© In C3Hf mice, 48% of the treated females f12/25) and
55% of the trea£;; mal?a“(12/22) developed tumors, compared
with control values of 21% (9/44) and 49% (21/43), respecw
tively (Table 2). The differences between the number of
tumors observed and the numbsr expected were significant ror

female mice at all sites (p < 0,03) and for the combined sexes

8/ This TCDD level is less than the 0.1 ppm TCDD currently
found in moat commercial formulations (see Section I.B).
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{p < 0.01).1/ For non-incidental tumors, the differences
were significant for each sex and the combination; no

8/

significant differences were found in incidental tumors.
No other strain-sex combination yielded statistically
significant values (106). Rare types of tumsrs, not seen in

the c¢qgntrol animals, were observed in the treated C3Hf

females,
T = a =T o / R
i | Dietary| Mean iMice with Leukemia|] i
' | Level | Survi- jand Lung and Liver| '
Voo } val Time] Tugors { ! Incidgng_,_gf_'mg___g_______
I 1 ] [] 1 ] §
Strain {sex! (pom2/! (davs) | NosTotal NeS/! ¢ | Tot or | 1o ! Other
: -
cawF ' M1 o f 630 | 2143 fug ! 224 21 191 - &,
| i } ] 1 ]
bl oso b s 122 fss {1 13 | -« | w001 2 |
I Fi1 0 V' 680 | 9/44 121 |} 9 | 5 | 3 i 1 b e
P i | b | | } | | L
! 80 i 620 | 12/25 tug | 131 - | Iy 3 I g
wwre il o 1 sa1 | 2s/32 f78 27 | 22V ot - | &
] i ] 1 .
b 1 80 | s83 | 15/20 R TN L T N SRR S A
b e i ' f lea |- b osn 4 | PV
fF1 0 | 569 | 21/40 i53 1 -28 | 20 | - 2 | .
P t A7 4 ban | i i | | ?‘
1 ! 8o ! &b ! 16719 1gy ! 16 1 158 1 oo 1 | o

/ Data from Muranyi-Kovaes (105).

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

/ Effective number of mice are mice surviving longer than 300 days or developing a Tumor
efore 300 days of age,

/ Pleomorphic salivary gland tumor.

/ Fibrosarcoma; ons hyperplastic urinary bladder and one hyperplastio forestomach not
neluded,.

One osteogenic sarcoma; two sarcomas; two cutaneous tumors, one eervical tumor,
Forestomach tumor,

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

p < 0.01 coupared with controls,

p < 0.001 compared with controls.

T e .

'/ The investigators found no significant sex-related
lifferences,

3/ Incidental tumors are tumers discoversed at necropsy
»f an animal which died from some other cancer; none
.neidental tumors are tumors diagnosed during life or
thiech caused the death of the animal,

-52a



A decrease in survival time for mice with tumors wvas
noted in both male and female treated C3IHf mioe:when compared
with controls, C3Hf treated male mice Survived_an averags
of 511 days compared with 630Idays for control male mice.
According to the evaluation by EPA's Carcinogen Assessment
Group [CAG] (106), this difference was significant (p <0.001),
Treated female C3Hf mice survived 620 days compared with 680
days for contrel females, Chemically induced oncogenic
effects typically show long latency periods, The finding
of reduced longevify among treated animals as compared
with controls complicates the assessment of the potential

oncogenic effacts of 2,4,5-T.

T i ——

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

respectively.

An 1lncerease in survival $ime for mic¢e with tumors
over controls was noted among fthe XV;I/G.tfegted anima;s.
There was an average survival time of 583 days for treatad
male mice compared with 521 days for control male ﬁice.
Treated females ;;;}iJQA'éﬂi days compared with 569 days for
eontrol females, According to CAG (106), the difference

was significant (p < 0.01) in females,
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.Innes et al, (107) studied the tumorigenicity of
2,4,5-T, containing about 30 ppm TCDD, in two hybrid
strains of mice, designated as "X" and "I", after oral or
subcutaneous administration of the maximum tolerated dose
(Table 3). The testing was performed at Bionetics Research
Laboratories, under contract from the National Institutes

of Health. HResults of the studies were calculated comparing

treated groups wilth matched and pooled controls,2/

m— . .

In the subcutaneous study, mice were given a single
injection of 21.5 mg/kg of 2,4,5-T in a dimethyl sulroxide_'
(DMS0) solution at approximately‘18 months of agee. Seventeen
percent (3/18) of the treated "Y" males developed pulmonary
adenomas, compared with 1% (1/71) of the matched controls and
3% (4/122) of the pooled controls. This ;ncﬁeased incidence
of pulmonary adenomas was signifioantvrei&tive to both con--

trol groups [p = 0.024 matceched and p = 0.04 pooled] (106),

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

was adaministered daily by stomach tube, beginning at seven

8/ Because this was a large scale screening study,
several control groups were used. No significant dif-
ferences were found among these groups.
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days of age. After weaning, 60 ppm of-2,h,5-f was mixed

in the diet and provided ad libitum until the end of the
study at approximately 18 months.. dross and'histologicél
examinations were made of all major organﬁlghﬁ vis{ble
lesions; thyroid glands were not examined., According to
CAG's evaluation (106), there were no significant differences
between 2,4,5-T treated and control groups of mice with
respect to tumors at specific sites or totél nﬁiber of

tumor-bearing animals.

'Iiahl.e._i.__'mmgm_in_mss_lnssgﬁnz_z 4,5=T '
b iR Mice with Specific Tumors

! i
} I |Dose 4ﬂusg_31§h_1umgggiaeticulum Cell'Tumor Type Pumonaryi !
X a . T " ) - a1
I X {MI o0 i 5/15 i 33 | 0 i 2 l, 3 -t
! | l(matched)} ! i } } -
] i1 o Poo22/79 | 28 | 5 } 5 ! 8 }
! | [(pooled) | ! ' f ' i
§ A Y 1} | 6/18 1 331 1 ! 1 I 3 b
i P10 | 2/18 P11 1 ! 1 i -
! i |({matched)| } ’ [ } |
i « 1 1 0 | 8/87 b9l 4 ' 3 b=
i I {{pocled) | ! ! i . | \
} ! 1 B8O } 1/81 6 | . | 1 | am |
P Y M Q ' 3/18 {174 - ] 3 b - ]
{ | {{matched)/| ] \ ! | ]
i P10 I 16/90 | 18 | R ' 10 -1 5 '
! i 1(pooled) | | i ! ! {
\ i | 60 | 3/18 I & 2 | - i1 i
' fF1l o S VA - S A A R | - | == ]
i t  |(matched)! | } ; ) {
! i 0 i 7/82 ! 9 3 ! 3 . !
} ! 1{pooled) |} : ! } ' ;
1. ] ! 60 H 2/18 ! 11 4 1 } - [ §
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(2) ICDD

(a) QngQsgniQ_EL£ﬁs1;_gﬁ_Lgn_Lsleﬁ.siLJEHuL.
.

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

Ten groups of ten animals per group were fed ground chow

econtaining 0, 1, 5, 50, or 500 ppt (= 10~12 gram TCDD/gram

9

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

food) TCDD.

Food intake (10 «+ H.g/day) was significantly lower in
rats ingesting the three highest dose levels (50, 500, or
1,000 ppb TCDD) than in controls (21 =+ 2 g/day), and none 6f
the rats in these {three groups gained weight after the start
of the experimental diet, All rats receiving thegse three |
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 (20 + 2 g/day). Weight
gain was significantly less only for rats given 5 ppb TCDD

(361 + 54 g) as compared to controls (531 + 44 g), In these
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ssven groups only one animal died befora the 30£h week, and
_that death occurred in the 500-ppt group at the 17th week.
In the 5- and l-ppb groups, all animals died by the 90th

week of the experiment, Table 4 shows the mortality figures

for all groups.

Mortality in Rats Ingesting

Table 4,
VYarious Levels of TCDD

i } iNo. Rats Dead |
1pose | p¥esk 8f.vn | 2t ostn weex®/
| o/ | 68 | 6/10 (60%) |
| 1 pptd/ :: 86 | 2/10 (20%) |
! 5 pptd’ | 33 { 4710 (303) |
150 ppt2/ ! 69 ! 4/10 (40%) |
1500 pp | 17 I 5/10 (50%) |
| 1 ppo®/ | 31 I 10720 (100%) |

5 ppbh’/ ! 31 ! 10/10 (100%) |
{50 pppt/ | 3 | 10710 (1002) |
500 ppb‘i/ f 2 i 10/10 (1003) i
11 000 popk/| 2 ! 10710 (1009} |

&/ Surviving animals sacrificed at 95 weeks.
p. Dlet contained no TGCDD.

b/ Control grou

&/ Approximate weekly dose was 0.0003 ug/kg bady wt.

4/ Approximate weekly dase was 0.001 ug/kg body wt.

2/ Approximate weekly dose was 0,01 ug/kg body wt,

£/ Approximate weekly dose was 0.1 ug/kg body wt.

g/ Approximate weekly dose was 0.4 ug/kg body wt.

b/ Approximate wesekly dose was 2.0 ug/kg body wt.

L/ Approximate weekly dose was 24 ug/kg hody wt.

J/ Approximats weekly dose was 240 ug/kg body wt,
weekly dose was 500 ug/kg beody wt,

k/ Approximate



Laparotomies were performed on all rats surviving
through the 65th week, and all tumogs observed #ére biopsied.
‘Rats were maintained on these diets untii the 78th week and
were thén placed on the control diet. Surviviﬁg animals
were killed.at 95 weeks, Complete necropsiégnw;re dﬁﬁe at
death or sacrifice, and tissue samples were microscop-
ically examined. Sbecial staining methods were used to "aid

in the diagnosis of necplasms.”

Tumorigenic and toxic effects were observed in rats
in the six lowest dose groups. The overall incidence
of neoplasms in the six experimental groups was 38% (23/60),
compared with 0% (0/10) in the control group. The difference
is statistically significant (106). Neoplastic nodules and
cholangioearoinomas of the liver were observed in 40? (ﬁ/10)
of the rats ingesting 5 ppdb TCDD; two animals had both
neoplastic nodules of the liver and cholanglocarcinomas,
One rat (10%4) in the 1t ppb group had hepatic egrcinpma
compared tc none of the controls, Hepatic tumors were not

found in other dose groups (Table 5).

Taple &, Liv r
Rats With Rats With

I | !
I . | Neoplastic | Cholangio-
I 1

Rats With
Nodules plus

L Nodules | carcinomas | Carcinomas |

| !
i 5
! \
H }
0 } 0 I
| |
! !
] |
H i

JiDose (ppb) | No, | ¢ L No., 1 % Noa .1 3%
: 0 t 0710 | © I 0710 |} 0710 |
i 1 { 0710 | @ Y1710 4 10 1710 | 10
)
| 5 L g10 1w/} o710 1 20270 wr90 | ugR/

a/ Data from Van Miller (109).
2/ Two animale had both neoplastie nodules of the liver
and cholangiocarcinomas,
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Tumors developed in 46% (23/50) of the rats ingesting
5, 50, or 500 ppt and {1 or 5 ppb TCDD; compared to none
(0/10) in the control rats. Van Miller et al. noted that
"nineteen (57%) [glc - Agency calculation is 54% (19/35))"
of the animals that died in the six groups fed subacuts
levels of TCDD had neoplastic alterations.® Carcinomas were
observed in the Qar duet, kidney, and liver. Three retriperi-
tonsal histiocytomas were described as metastasizing to the
"lungs, kidney, liver, and skeletal musculature." According
to CAG's evaluation (106), statistically significant incereases
in tumors at all sites were found in rats fed 5, 500, 1,000,
and 5,000 ppt as compared with control animals (p:O;OS)
[Table 6], Three of the ten deaths which occurred in the
5-ppb dose group werse attributeg £o aplaatic anemia.’ One‘

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

Dow Chemical USA (110) has provided EP4 with a
preliminary report of a study of TCDD's chronic toxic effects
in Sprague-Dawley rats., Groups of 50 r&té of each $ex were’
fed 0.1, 0.01, or 0.001-ug TCDD/kg body weight daily for two
years. To provide these dose levels, the ccncenfrations of
TCDD in the dlet were approximately 2,200, 210, and 22 ppt.

Eishty-six animals of each aex were used as controls.

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

and of aguamous cell carcinomas of the lung, hard palate/nasal
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%

' } } Rats With }
} 2/ L Tumors | Tumors i
iDose | Benign _ Malignanty _ Total ! No, v |
| o o 1 o I o | osz0 o038/ |
i 1 ppt | 0 ! 0 : 0 ! 0/10 0% |
| 5 ppt | 1 I 5 b6 | s/10 5082 |
| ! ; { £/ 1 !
150 ppt | 2 ! 1 3 ! 3710 30%
l500 ppt | 2 | 2 w8 ) a0 sog® |
| ] i 51/ f )
i 1 ppd | 0 5 | | 4710 40% '
| 5 opp | 8 2 {303 4 72710 701

a/ Data from Van Miller (109).

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

dead within four weeks.

g/ Forty male rats used as contreols for another study that
were received at the same time and kept under identical
conditions did not have neoplasms when killed at 18 months.
4/ One rat had ear duct carcinoma and lymphoeytic leukemia.
The following tumor types were each observed in one rat:
adenocarcinomas (kidney), malignant histiocytoma (retroperi-
toneal), angiosarcoma (skin), and Leydig cell adenoma (testis).
2/ Three rats died with aplastic anemia.

I/ The following tumor types wesre each observed in one rat:
fibresarcoma (muscle), squamous cell tumor (skin), and
astroecytoma (brain). ‘
£/ The following tumor types were each observed in one rat:
fibroma (striated muscle), carcinoma (skin), sclerosing
seminoma (testis), and adenocarcinoma (kidney).

h/ One rat had a2 severe liver infarction.

L/ One rat had cholangiocarcinoma and malignant histio=-
cytomas (retriperitoneal), The following tumor fypes were.
each observed in one rat: anglosarcoma (skin), glioblastoma
(brain), and malignant histioeytoma (retroperitioneal).

J7 One rat had squamous c¢ell tumer (lung) and neoplastic
nodule (liver), Two rats had cholangiocarcinoma and neo-
plastic nodule (liver)., Three rats had squamous cell tumors
(lung)., One rat had neoplastic nodule,
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furbinates, and tongue in rats at 0.1;us/ks. They also
repopted decereased incideness of pituitary, uterine,
mammary gland, pancreatic, and adrenal gigggltumors at this
dose level, Dow also reported that this dose level produced
increased mortality, decreased body welght gain, and changes
in blood chemistfy valuea which suggested sevare toxicity.
Hepatocellular nodules and alveolar hyperplasia were
observad in the 0.01 ug/ksg group. A squamous c=2ll carcinoma
of the hard palate was observed in one female receiving this
dose; Dow considered this unrelated to TCDD treatment
because a similar tumor,ocdurred in "other eoncurreﬁt
studies.™ At 0.001 ug/kg there wers no "discernible effects
in male ratas and an increased iqcidence_of [reversible]

swollen hepaftocytes in female rats,"

Dow's preliminary reporft does not incecluds control
data, quantitative data on tumor incidence, .ar statistical
analyses., CAG has not evaluated this sthy, Table 7
descriﬁes the available.tumor information., Dow has submitted
the final report for ;his study, which CAG is eufrently

raviewing.
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Table 7, Tumors in Sprague-~Dawley Rats
Ingesting TCDDR’

1 Dosge ! !
Juyg/kgp/day | ppt | Tumors |
I 0 ' 0 | we-- i
j0,001 ! 22 | ee-- - |
10,01 i 210 | Hepatocellular Nodules !
| | | Squamous Cell Carcinomah/ l
' } } Alveolar Hyperplasia !
i i I
10,1 ! 2,220 , Hepatocellular Carcinomagll
! l : | Sgquamous Cell Qaggingmaﬂ-/ l!

a/ Data from Dow Chemical USA (110}, a preliminary report,
b/ Hardpalate squamous ¢ell carcinoma observed in only
one female rat,
e/ Observed only in females.
4/ Squamous cell carcinoms ebserved in lungs, hardpalate/-
nasal turbinate, or tongue.

(b) Effects Closely Related to Oncogenjedity in Test

Anfmals @ .

Mény chemically non-reactive carecinogens are.
enzymatically converted to bioldgicallj'active carcinogens,
The enzyme aryl hydrocarbon hydroxylase (AHH) is strongly
implicated in this process (112), For example, the incidence
of broﬁchiogénic carcinomas iﬁ-humané {113) .and mouse
sarcomas induced by 3-methy1-cholanphren§ (114) have been -

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

Kouri et -gl, {11%) studied AHE induction in human
lymphoeyte cultures by TCDD, The authors stated, "TCDD
itself 13 not a potent carcinegen in mice; however, the
synergistic action of TCDD with 3~methylcholanthrene (MC)

produces cancer in different strains of mice in direct
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proportion to the degree of elevation of the induced hydroxye

lase activity and associated cytochrome pl-uso content,.®

Thelr study showed a positive correlatiop between basal
enzyme activity and enzyme levels maximally inducible by
either TCDD or MC. They also found that TCDD 1s about 40 teo
60 times more potent than MC as an inducsr of hydroxylase
activity in cultured human lymphocytes. These authors
further suggested that, because of the.relatively high
levels of TCDD in certain parts of the world, TCDD

ma& also present considerabls long-term risk because of
possible synergism in chemically initiated oneogene;is, in
addition to short-taern risks posed by its toxie and terato-

genle properties,

The implication of TCDD in AHH inducibility has
also been reported by Poland and Glover (115, 116) and
Poland et-al. {117)s In their atudies on chick embryo
livers, Poland and Glover (115) found that all dioxins
“whieh are potent inducers have halogens ét.three'of the
four lateral ring positions and at least one nonhalogenated
ecarbon atom. Poland and Glover (118) compared the po-
tency of TCDD as an inducer of hepatic AHH with that of
MC, the most commonly employed inducing agent. They
stated that analysis of the data by a computer progran

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

of the potency ratic is 2.07 to 3.95 X 16“.)

The index of
preeision, Y s was 0.18. Poland et al. (117) suggested that
a hepatic cytosol species which binds TCDD is the rec¢eptor

for the induction of hepatic aryl hydrocarbon hydroxylase,.

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 leukopenia were
the most debilitating changes, The altered lymphopoiesis
could be associated with immune suppression. The authors
reported widespread hypertrophy, hyperplasia, and metaplasia
in the epithelium of hohké}s exposed to TCDD, and related
this to data showing inereased tumor frequency in TCDD fed

rats,

(3) ZPreliminary Epidemiological Studies

Two epidemiolgical studies lend support to a finding
of inereased tumorigenicity due to 2, H 5 T exposure. The
English summary of a Swedish paper by Hardell (108) stated
that "there were seven cases of malignant mesenchymal tumors

PR

in [87] persons [who had been] exposed to 2,4,5-T over a
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period of 10-20 years," In five of thé cases, exposure had
been direct and comparatively massive, The latent period of.
10 to 20 years is in agreement with that assumed for ehemicali
carcinogenesis, The statistical distribution of 7 of the
87 patients deviated from the national average with a

domlnance of tumors in ma;es.

Tung (120) reportéd an elevated ineldence of primary
liver cancers among Vietnamese following the wide application
of ™Agent Orange" as a defoliant during the years 1961 to
1962, "™Agent Orange" is composed of equal parts 2,#,5-T and
2,4-D (2,4=dichlorophenoxyacetic ac¢id) and is contaminated
with TCDD. During 1962 to 1958{ 104 (791/7911) of all
cancers were Liver cancers, compared with 3% (159/5842)
during 1955 to 1961, fhe latent period involved is shorter
"than that normally assumed for chemical carcinogenssia; the
possaibility of a shorter latent periad for Qoma chemicals,_
however, cannot be eliminated. Neither.of these studies is
sufficient to ba the basis of any firnm conclusions-concerning
a causal coﬁ;ection between 2,4,5-T and cancer, But in view
of the results obtained in experimental animals, they

warrant noting.
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The Working Group conc¢ludes that there is sufficilent
evidence to indicate that 2,4,5-T, containiné TCDD at
levels as low as 0.05 ppm, and TCDD ﬁlone can produce
oncogenic effects in mammalian sbeéies. © 8ince 2,4,5-T, as
currently formulated, contains TCDD (at a maximum amount of
0099 ppm), a rebuttable presumption against registration of
2,4,5~T products has arisen because of the oncogenic effects

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

Be Qther Chronilec or Delaved Toxie Effects

40 CFR Section 162.12(a)(3)(44)(B) provides that "a
rebuttable presumption shall arise if a pesticide's
ingredisnt(s)ss.(p)roduces any other chronic or delayed
toxie effect in test animals at any dogage up to a level, as
determined by the Administrator, which is substantially
higher than that to which humans c¢an reasonably be anticipated

_'to be éx;;sed, taking into account ample margins of safety."

This section reflects c¢concern that chronie exposure to

" chemicals may result in injury to the reﬁrqductive system
and/or the fetus and prﬁvides that a rebuttable presumption

shall arise-if chronic chemical exposure in test animals

produces such resulis,

The studies summarized below show that 2,4,5-T
containing 0.5 ppm or less TCCD produces teratogenic and/or
fetotoxlie effects in mice at 30 mg/kg, in rats at 100 mg/kg,

in hamsters at 40 mg/kg, and in birds at 1 mg/kg. Other



studies show that pesticide-free TCDD 1s fetotoxie and/or
teratogenic at doses as low as 0.125 ug TCDD/ks in rats and
0.1 ug TCDD/kg in mice, Specifically; these gtudies

show that exposure to TCDD and/or 2,4,5- T containing TCDD
durlng pregnancy 1s assoclated wlth atatistically signifioant"
increases in the incidence of cleft palate, kidney anomaliss,
skeletal and intestinal tract anomalies, and embryonice
resorption, (Maternal toxicity has also been obsserved in
many of these studies, primarily in the form of reduced
weight gain and increased liver-to-body weight ratio.
Whenever 1t has appeared particularly relevant, details have

been clted in the individual studies.)

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

~effects In mammals, The Working Group has also concluded
—m;hat.ﬁn ample margin of safety does not exi;t for the
-—papulation at risk (women of chlld bearing age) for dermal
and inhalation exposure "and. for oumulative oral, dgrmal, and
inhalation_exposure to both 2,3,5-T and/or TCDD, For these
reasons, the Working Group recommends 1ssuance of a rebuttable

presumption based on the fetotoxic and teratogenic effects

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

A Bionetics Research Institute stpdy on ZZH,S-T
provided the first indicatioﬁ that TCDD édversely affected
mammalian development {(123), In this ;tudy,’défailed with
later confgrming studies in Section III.B.(éimbélow,uz,u,S-T
significantly increased the frequency of cleft palate,
kidney anomalies, and fetal mortality in the litfers of
treated dams, The 2,4,5«T used in this study contained
approximately 30 ppm TCDD. Subsequent studieg, aétailed in
this section, using pesticide-free TCDD have established
that TCDD alcone produces these effects, and that the TCDD
confaminant may be the principal chemical determinant

.0f the fetotoxic and teratogenic effects in mammals exposed

to the pesticide 2,4,5-T,

(a) Studies ip whioh TCDD Produced Teratogenic
e

Courtney and Moore (128) studied TCDD's embryotoxie
;;;;%eratogenié effects in three mouse.strains (Table 8).
Test animals wére administered 1 or 3 ug TCDD/kg bo;y
welght sﬁbcuggggoﬁsly in solutions of 100% dimethylsulfoxide
(DMSO) on days 6 to 15 of gestation, DMSO was administered as
the control, 7TCDD produced cleft palates in all three
strains, At 3 ug/kg, 30% (3/10) of the CD-1 litters had
fEtuses with eleft palates compared to 0% (0/9) of the

contrels; 71% (5/7) of the CSTBL/6 litters had cleft palates
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at 3 ug/kg as compared to 0% (0/23) of the sontrols; and 22%
(2/29) of the DBA/2 litters had cleft palates, as compared
to 0% (0/23) of the controls. The authors also found a
.marked increase in the incidence of kidney anomalies in all
strains. One especially sensitive strain, C57BL/6, develOpedb
kidney anomalies in 100% (7/7) of the litters as compared to
9% (2/23) in the controls, Maternal liver-to-body weight
ratio was significantly incereased in the inbred strains,
C57BL/6 and DBA/2, but not in the randomly bred CD-1 mice,
TCDD had no effect on fetal mortality, fetal weights, or

maternal weights at the doses administered,

able B eratogenic Effects of fice and tsi/
{Straini{Dose | 8 o ve Litt varage Fetuse acte 2 8

i (ug/kg)iCleft PalateiKidney Anomaliesi Cleft Palate|Kidney Anomalies H
i ! 1 ¢ % K. 3 H id $ 1. # 3 H
iMouse | { | i ) : S
ICD=1 |O(DM30}}| 0/9 o | 3/9 33 ! 0/9 0 1 1/9 11 }
I bt 19 11 | 5/9 56 ! 2/9 22 |4.6/9 51 i
} ] 3 i 3/10 30 110710 100 | 1/10 10 16,8/10 65 i
iDBA/2 10(DMSO)} 0723 0 ) 3/23 13 \ 6/23 ¢ | 1/23 4 !
} b3 1 2/29 22 | 8/9 89 ! 1/9 11 11.8/9 20 i
{CSTBL/0(DMSO}} 0723 0 | 2/23 9 H 0/23 0 | 1/23 4 i
} ! 3 ! 5/7 T1 ! 7/7 100 H /T 37 ! 3/7 43 |
| Bat i ' | } ' 0
it CD |0(DM30)| Q/9 0 1 0/9 0 ! 0/9 0 i 0/9 0 '
] 10,5 L 0/6 0 i N/8 07 } 0/6 0 11, 8/6 30 _i

a/ Data from Courtney and Moore (128).

In another study in wh;ch g8ix dioxins were admini-

e T E——

et T T e

stared subcutaneously and orally te CD=1 mice, Courftney
(133) found TCDD to be the most fetotoxic and teratogenic
of the dioxin compounds, by either route of exposure at all

dose levels tested (Table 9}, On days 7 to 16 of gesfation,
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TCDD was administered orally at 25 to 400 ug/kg body weight

and subcutaneously at 25 to 200 ug/kg.

Mortality per lifter increased with the dose and

reached 97% (oral) and 76% (subcutaneous) in‘the litters

administered TCDD,

144 in the oral and subcutaneocus control groups,

tively.

palates and malformed kidneys,

as compared with a mortality of 6 and

The mest dommon anomalies observed were cleft.

All of the fetuses in

respec=

the 200 and 400 ug/kg (oral) and 200 ug/kg (subcutaneous)

groups exhibited cleft palates as compared to 0% of the

cantrels,

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

_eontrols,

open eye, and c¢lub foot,

Edema and petechiae were also

Other anomalies observed were hydrocephalus,

observed in fetuses administered the high doses,

Of the fetuses in the 200 ug/kg (oral) group,

= o - ” - aﬁ/
| } | |Average # | e s '
{ Dose | | |Abnormal |Cleft } Kidney | Club |
f(ug/kg ERoute of Ad-i% Average Fetal EFetuses !Palate E_ Anomalles i Fozt :
rati r ri ] i %

i 25 - | Oral f 6 i 4.6 I ' - 34 b3
| 50 {  Oral ' - 13 I 8.1 I 19 ] T2 T
i 100 i Oral ! 14 I Ba3 i 66 ; 71 P13
| 200 i Oral ' 87 i 1.5 i 100 | 100 fo1
L 200 H Oral H 97 | 0,4 1 109 ! 50 | B0 !
i 25 | Subcutaneous| 36 I 6.7 i 82 : 53 [ B
| 50 | Subcutaneous| 56 i 5.0 i 79 | 58 T &
! 100 } Subeutaenous| 72 ! 3.5 { 85 ' 95 I + B
4. 200  iSuboutsenoust 76 ! 3.1 1100 ] 38 i 18 1
i15% { Oral i 6 I 0.8 I 0 i 1 Y S
lanisole | ! | ! ; | l
leorn oili ' ! 1 i ' }
1(0.1 mi)! ! ! H ! ! }
] ] 1 ] | i ]

/1 ! 11 Y ! 0 | 1

a/ Data from Courtney (133).
b/ DMSO = dimethylsulfoxide,



Moore ot al., (174} alsa foundfﬁhat TCbD caused
fetotoxie aﬂd teratogenic responses in CS57BL/6 mice at
1 ug/kg administered on days 10 through 13 of gestation.
Compared with 0% incidence (0/27) ih the control litters,
94% (15/16) of the treated litters exhibited kidney
anomalies, and i9$ (3/16) had eleft palates, At 3 ug/ks,
the incidence of these anomalles was 100% (14/14) and 86%

{12/14), respectively.,

Neubert and Dillman (127) teated the embryotoxic
and teratogenic effects of TCDD in NMRI mice (Table 10).
In one test, ppSEEEEE”EZce were given varying doses of TCDD
(0.3 to 9 ug/kg) by intubation on days 6 to 15 of gestation.
At 9 ug/kg, 100% (3/3) of the viable litters had resorptions;
67% (6/79) of all litters had tetal resorptions. 0il control
values were 32 and 0% for litters with resorptions and
litters with total rasorptions, respectively. Cleft palate
was observed in all of the litters_gnd‘ggi.of the fetuses
at 9 ug/kg; comparable 611 control values were 6 and 0.7%,
respectively., Statistically significant (p < 0.05)
proportiona o;“;;;mgéggggg.Qvideneed'eleft palate at 3, 4.5,
and 9 ug/kg (3, 13, and 82%, respectively) when compared

with the oil control,

-71-



Table 10. Embryotoxic¢ and Teratogenic
Effects of TCDD on NMRI Miced’

I a & a ap.

Cleft Palate -

| Dosehfl Resorptions

- dlue/ke)! TN ! £ g !
i 0. | 23795 24 ! 6795 | 6 '
! oil | 21/65) 32 i 4/65 |} 6 }
i 0.3 |- T7/13}f 54 ! 6/13 | 0 ] -
! 3.0 | 16724 67 Vo7/24 29 |
b 4.5 | 5712 42 ! B6/12 | 50 }
I 8.0 | 3/3 | 100 t 3/3 | 100 ]
1. 9,0 ! 3/6 t BQ | »/6 1 83 !

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

In this study, a single oral dose of 45 ug/kg TCDD on
day 6 produced resorption in 100% of the viable litters; 23
ug/kg on day 10 led to 50% rgsorptions. Seventy=-one per
cent of the viable litters had embryos with cleft palate
when 45 ug/kg was given as a single dose on day 11. Controlv
values were 24% for litters with resorption and 6% for'
1itters with cleft palates.

Smith et al., (135) administered 0.00t, 0.01, 0.1,
1.0, and 3.0 ug TCDD/kg body weight per day to CF-1 mice by
gavage from days 6 through 15 of gestatiopf(Table 11), The
percentage of resorptions per.implanﬁaiion”w;s significantlﬁ
higher in treated mice than in the controls only in the 1.0
ug/kg group, Cleft palate occurred in 71% of the litters
treated at 3.0 ug/kg and in 21% of the litters treated at

1.0 ug/kg; bilateral dilated renal pelvises occurred in 28%
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of the litters treated at 3.0 ug/kg, and in 5% of ﬁhe
litters treated at 1,0 ug/kg, No significant increase in
either cleft palate or dilated renal pelvis was observed at
041y, 0,01, or 0,001 ug/kg, None (0/34) of the control
litters had cleft palate or abnoermal kildneys. -

-] =] [ -] - /

| iIncidence of CleftiLitters With jLitters With Dilated|
! iPalate in Litters |Resorbed Fetuses|Renal Pelvis per
i Dose Ing: Liye Litters Ing: Live Li;;g:;.Lixg Litters

|

|
1lug/ke) 1l 2 | H i | % !
1 0 i 0/34 b0 | 25/3& | 7u ' oxau ! 0 - !
!} 0,001} 2787 | 5 | 30781 1 73 foo/41 ) 0 }
1 0,01 0719 } 0O P 17719 | 89 ] o119 |} 0 !
0.1 | 17117 | 6 | 16717 | 94 oo/ ) 0 |
| [ ! L/ ] { ! ! }

1.0 b1g 1 21 18719 1 95 !o1719 5
4

b 3.0 d1ozis b 2/ b oqqsqm ! oea b g} ogb/

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

L

Neubert et al. (175) estimated the ED-50 for cleft
palate in fetuses to be 40 ug TCDD/kg per day (Table 12).
The no-effect-leval during days 6 to 15 of gestation was
estimated te be 2 ug/kg per day for NMRI mice. No pronounced
fatal mortality was observed when 3 ug TCDD/kg body we;ght-

was administered on days 6 to 15 of pregnancy.

bad -] [-]

} | Dose |3 Cleft Palates per _iAffscted Litters/Toval Littersi
AStraini (ug/ke) i Total Fetuses Examined! 3 i 2 %
fcp-1} 0O | <0.3 ! 0/29 | 0 !
i S 3 ! 3710 | 30 !
{DBA } o | <1 ! 0/23 i 0 !
| 1 3 1 ¥ { 2/9 | 22 :
| NMRI | o | 0.7 i 10/160 | 6 i
! ! 3 H 3 L T/24 1 29 !
icstB1 i 0 | <1 ! 0/23 | 0 ]
1 R S 22 ! 5/T ! 1 I

a/ Data from Neubert et al, (175).



Sparschu et al. (129) adwinistered TCDD to Sprague-
Dawley rats by gavage at 0.03, 0.125, 0.5, 2,0, and 8.0
ug/kg per day on days 6 through 15 of gestation (Table
13), Intestinal hemorrhages were observed in 14% (18/127)
of the fetuses at 0.125 ug/kg; 36% (36/99) at 0.5 ug/kg; and
57% (4/7) at 2.0 ug/kg; none (0/236) of the control fetuses
had intestinal hemorrhages., At 8,0 ug/kg per day, sall
fetuses (1003) were resorbed as compared to 20% (63/309) in
the controls, Fetal weights were depressed at 0.125, 0.5,
and 2 ug/kg. This g{;ggp_zaa statistically significant (p
<0.05) in all groups except females at 0.5 ug/kg. No
adverse effects were noted in the fetuaes.whose'mothérs'were
fed 0,03 ug/kg. The authors copcluded that TCDD induced a
high level of maternal and fetal toxicity and that 0.03
ug/kg per day was the no-effect-level for fetal and_embryotoxic

effects in rats.

Table 13, ' Intestinal Hemorrhages in Offspring

of Snrague-Dawley Rats Fed Tcpp@’/
} Dose jFetuses Affected/—ILitters Affected/=|

[ =
i ]
-~
=
o

lper dav)! # i 3 ! # H z H
{0 (con- | 0/246 | 4] | os2% |} 0 )
ftrol) } | ] ! |
| 0.03 I 07118 | 0 | 0710 | 0 i
| 0125 | 187127 I 14 I 7/10 | 70 |
i 0.5 I 36799 | 36 i 10712 | 83 !
{ 2,0 ' 4/7 i 57 i 274 i 50 \
| 8.0 | aua e T T }
&/ Data from Sparschu et al. (129),



Khera and Ruddick (6) studied the perinatal ef-
fects of TCDD in Wistar rats. In one teSt, fats were orally
adminigtered 0+125, 0.25, 0,5, and 1.0 ug TCDD/kg per day on
days 6 through 15 of gestation (Table lh).i Visceral
lesions were observed at 0.25 ug/kg and above; slight
decreaées in fetal weight were also seen, Postnatal effects
of prenatal exposufa to TCDD were studied by allowing
offspring of treated dams to be reared by untreated dams
until waaning; Reﬁuced survival, body weight gain, and
reproductive ablility in the progeny were observed after
maternal treatment with 0.5 and 1,0 ug/kg. No fetotoxlc

effects were obsaerved at 0,125 ug/kg.

In a seoond experiment, rats were treated orally
with 1, 2, &4, 8, and 16 ug TCDD/kg body weight per day-
on days & through 15 of gestation, TCDD treatment reduced
fetal weight, and the number of live fetuses per litter, and
produced visceral lesions in 50% (3/6) of the 1.0 ug/kg
fetuses and 43% (3/7) of the 2.0 mg/kg‘fetﬁgeg, as compared
to none (0/10) in the controls. The incidence of skeletal
anomalies was comparable to that in the controls at all dose
levels, Doses of 1 ug/kg or more produced maternal toxicity;
% ug/kg or more produced 100% embryomortality. The authors
eoncluded that oral treatment of pregnant Wistar rats with
0.25 ug (or more)/kg per day on days 6 to 15 of gestation

adversely effected rat development,
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mm&mmﬂmmmmuﬁ’

i ' |Fetuses with iFetuses with Micro- !
! I IAvg. Fetal!Skeletal Anomalies/-|scopic Visceral |
| Dose | Avg, # Live | Weight |Total # Examined |Lesions/Total # Examined|
] iFe itter! (grams) ! # H g i # - ) !
iTast 1 i : } i } i S ' '
i Un- | 10.7 | 4,82 | 57107 | 5 | 0/13 |} 0 P
Itreated| - i b { SR |
jcontrol| | o ; i | ]
| Treated] 11.0 ! 8,851 | 217116 | 18 i 0/11 0 |
leontrol) ‘ f ; ] ' | 1
{0,125 | 10.6 i k.64 | 37121 | 2 | 0/38 |} 0 !
1 0.25 | 10.9 ' 4,79 | 6/109 | 6 { 1733 | 3 !
i 0.5 | 10.5 i u, 4 | 107105 | 10 ' 3/31 |} 10 '
' 1,0 | 9,3 ! 4,10 | 6/81 1 7 ! 3/10 |4 30 i
iJest 2 | ' ) i ] 1 !
| Un= | 11.5 | 4,68 | 87116 | 7 ! /10 | 0 i
ttreated} i | ! ! ! |
|eontrol} ! i ' ' ; !
| Treated| 9.8 ' 4,77 4 9/8¢ | 10 f 0/10 | 0 I
teontroll | | | H | '
1.0 | 6.5 ! .17 V 7/80 | 9 } 3/6 i 50 |
| 2.0 ’ 6.0 | 3.31 | 7/57 ] 12 ! /7 i 43 |
t-4.0 0 ; i ' | t |
i 8.0 | 0 ! ] i ] | !
116.0 1 0 ! ! ! i ! }
a/ D

ata from Khera and Ruddiek (6); treated controls given“anisole-corn-oil.

Courtney and Moore (128) administered TCDD to CD rats
subcutansously in solutions of 100% DMSO on days & through
15 of gestation (Table 8), DMSO was administered as the
control. Kidney anomalies were found in ﬂour_of the six
litters (67%) whose dams were administered 0.5 ug/kg as
compared to 0% (0/9) in the controls. TCDD did not affect
fetal mortality, fetal weight, or_cleft palates in the

fetuses,

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

the equivalent of 0.001, 0.01, or 0.1 ug TCDD/kg per day.
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A preliminary report cites reduced fertility and litter
.survival in fc rats as the réasons for diaccntinuing the
0.1 ug/kg dose level; significantly reduced fertility was
algso observed at 0.0!' ug/kg. "Clearly evident" indications
of tox;oity at 0.01-ug/k3 among fz and f3 litters included
smaller litter size at birth, plus decreased survival and
growth of neonates, Dilated renal pelvis was observed in
each of the three f rats at 0.1 ug/kg which survived to
adulthood. Increased frequency of this anomaly was also
seen among weanlings at lower doses; however a dose-
related or generational correlation could not be made, -

In summary, Dow concluded that "the reproductive capacity
of rats ingesting TCDD was clearly affected at dose levels
of 0.01 and 0.1 ug/kg per day, but not at 0.001 ug/kg pér
da& s through fthree successive generations."” The pre-
liminary report 4id not include the numerical data neces-

sary for Agency evaluation., Analysis will continue as

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

and feet of chick smbryos after TCDD exposure,

(¢) Summary

Studies have established that TCDD is fetotoxie
and teratogenic at doses as low as 0.125 ug/kg in rats
(129) and at 0.3 ug/kg in mice (127); preliminary data from
Dow (110) indicates that TCDD may have effects at 0.01 ug/kg
in rats., Cleft palate and kidney anomalies have been
observed in rats, mice, and hamsters, No fetotoxie or '
teratogenic effects have been observed at‘dosas of 0,03
ug/kg in rats (129) and 0.1 ug/kg in mice (i3§). Table 15‘
lists the noweffect-levels in rats and mice for teratogenicity

from TCPD,
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Table 185, No-Effect-lLevels for Teratogenesis frgm TCDD

| JRoute of Ad-{No-Effect~Levell |
|Speciesipinistrationlus/keg per day. 1. _ Reference 1
-} Rat iSubcutaneous! <Q0.5 }Courtney and Moore (128) |
' o Oral ! 0.125 ~ JKhera and Ruddick (86) ]
- ! Oral ' 0.03 |Sparschu et al. (129) . |
{ Mouse |Subecutaneous! <1.,0 |Courtney-and Moore (128) |-
| i Oral ) - €0.3 |Neubert and Dillman (127)|}
! H Qral ! 0.1 i1Smith et al, (135) i
(2)
(a) ™ a @

Courtney et al, (123) developed the first evidence

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

(Table 16),12/ The 2,4,5-T used in this study contained
approximately 30 ppm TCDD., The pegticide was administered
daily either oraily or subcutaneously on days 6 to 14 of
gestation in CS57BL/6 mice; days 6 to 15 in AKR mice, and
days 10 te 15 in Sprague-Dawley rats. Subcutaneous adminis-
tration of 113 mg/kg body weight fesulted in significant

increases in the incidence of cleft paiate and cystic

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

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

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

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

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

among the fetuses of treated dans,
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Table 16. Teratogenic fveluation of 2,45 %50 Mice?

]
]
vg. # LiveiAbnormali% Fetuses '

[ i t
! 14 i
: ' | Fetuses ({Fetuses | with |Fetal | Abnormal
Mouse i Adminis- Dose |# Lit-| . ICleft {Cystic |Mortalityi{lLitters
Strain [tration (mg/kg)lters | H lPalateiKidney | 4 %
§
c578L/6%/ | : | | | | i | i
Nontreated' —— == ] T2 5.8 SR S TN RS B B B 26 | 38
Control  |Subcutaneous| f/ | 106 | 5.5 i 12} <1} 2 | 29 | ¥
Control  |Stomach tubel g/ | 32 | T o b 0 15 1 &
] ] | !
Treated |Subcutaneous! 21.5%! ¢ | 7.7 b1z f o b oo 3 | 50
] | L
Treated 'Subcutaneousi113 On/é 18 ' 4.4 ! 5?1/ l 221/i 1t/ H b2 | 86"
/| /o /
Treated .Stomach tube! %6, #1 ! 6 ! 8.5 ! 3Tk o2 ’ 33l f 8 l 1OGK
t i | ] 3
Treated |Stomach tube!113,0%! 12 | us | q0¥ 1 23 w1 ¥ 1 0
i | ! ! i ' { ! ! .
i 1 i i ] ] {
cs78L/6% | | L | L | |
Nontreated] —-w-~ | === 8 | 51 I § R T R . A 3 T
Control  |Subcutaneous{ £/ | 10 | 6.1 ' 8 | o | 0 1 23 V30
1 | i ] |
Treated iSubcutaneous.113.0h/' 10 | 7.7 ' ?71/ ! 291f{ 60/ E 1 I 100%/
: : ! z : ! : : :
] i i 1 3 1 ]
we? | | P | b A
Nontreated!  —=-- | wew | 58} Tl ! 5 § <1 1 <1 16 1 19
Control  |Subcutansous! f/ | 72| 6.9 ' oo <1 o<1 15 | 24
Control  |Stomach tube| g/ | 12 1 8.8 ) o | 0 g | 0
I 1 1 [} i
Treated |Subcutaneous!113.08/} 1y | 6.9 L 29l | 281/' 1 23 | 7V
] ] ] I ] 3 I
Treated  !Stomach tubel113.0&! 71 5.3 | ssd/} sed/l o | uk/ | 400l
¢/ Contained approximately 30 ppm TCDD.
i/ Data from Courtney et al., (123). . -
i/ Treated from day 6 through 14 of pregnancy. Killed on day 18 of gestation.
[/ Treated from day ¢ through 17 of pregnancy. Killed on day .18 of gestation.
i/ Treated from day 6 through 15 of pregnancy. Killed on day 19 of gestation.
./ Dose, 100 ul DMSQ per mouse,
«/ Dose, 100 ul honey solution (honey to water, 1:1) per mouse,
I/ Administered as a solution of 2,4,5-T in 100% DMSO in a volume of 100 ul per mouse,
o 2,4,5-T was suspended -in & honey solution (honey to water, 1:1) in a volume of 100 ul
er mouse.
i/ =z 0,01,
4 = 0.05.
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the same dose caused increased incidence of cleft paiate and
‘fetal mortality in both strains and c¢ystie kidneys in
CSTBL/G-mice. Courtney et al. also reported increases in

liver-to~-body weight ratios in fetal mice.

These investigators also found that 4.6, 10, or 46.4
mg/kg 2,4,5-T given orally to Sprague-Dawley rats produced
kidney anomalies and other embryotoxic effects at -all levels
{Table 17)+ The oceurrence of hemorragic gastrointestinal

tracts in rat fetuses was also reported.

Roll (125) found embryctoxic and teratogenic effects
in NMRI mice after-;;;hggéiuexposure to 2,4,5-T containing
0.05 = 0.02 ppm dioxin (Table 18)., 2,4,5<T at 20 to 130
mg/kg body welght was administered”orally io the dams on
each of days 6 to 15 of gestation. 4t 90 or 130 mg/kg,
fthe percentage of resorptions and/or dead fetuses was
markedly increased relative to the controls; however,

maternal toxic effects were also observed at these dose

1evels.12/ Statistically significant, dose-related
reductions in fetal weight were observed at 20 mg/kg

and above,

J2/ Although the LD«50 for female NMRI mice had been
previously determined to be 778 mg/kg, an increased maternal
mortality rate was seen at 130 mg/kg and weight gain was
depressed at doses above 60 mg/kg (125).
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Table 17. Teral Fvaluati 2, 5 IE in Ratsd’ .

Par-
Avg, # LivelﬁbnormaI,S Fetuses
Fetuses |Fetuses | with:

:'
|

— e amam e —a

! {
i !
! 1
! I {Enlar-{Cystic |
|Route of ! ! lged {Kidney |Fetal |Abnormal
Test | Adminis~ iDose # Lit-} | |Renal | {Mortality!Litters
Animal itration 1 (mg/ke) lters | H {Pelvis! H 3 I 3
| i - ] | L] i
Rats®/ | | ! | : | i | :
Nontreated|  ==--= e 9.9 ] 9 { g9 ' o | 1M1 a3
.Cantrol |Stomach tube! g/ I 8.7 H 12 | 12 |+ < ] 1 ! 57
b i /1 ) ' / i o '
Treated 'Stomach tube! U4,6% ! g8 | 8.2 P 368 | 181 21 1 12 |} 88
4 t L] § 1 ]
Treated !Stomaeh tube! 10.0§/f 7 | 7.1 f 463} ] 17 | BUaj | ESEf I 86
] L] L] ] L]
Treated _ lStomach tuvel ug @1 g 1 op 1 G/ 1 o oM/ s&/ ] o

i/ Contained approximately 30 ppm TCDD.

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

i/ Treated from day 10 through 15 of pregnancy. Killed on day 20 of gestation,

i/ Dose, 200 ul honey solution (honey to water, 1:1) per rat.

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

:/ P = 0.01.

;/ p = 0‘050 .

.Y/ The sample size was possibly too small to show a significant difference,

Yo i - /
{Resorptions and/or|Fetal | i

] 1

] 1

iDose iImplantationa. Q ag Eg;ygg; ,weight ! Q;gﬁ Ea;atg I
| mn - | H . 1 [ 1
V0 10.1 I 19/332 i 5.7{ 1.23 I 6/313 | 1s9%
b 20 | 9.8 | 30/344 I BTl 1,09 | 6/314 I 1494
i 35 | 9.5 | 227248 1 8.9% 1.06 | 147226 | -6.21
| 60 | 9.9 I 157208 i T.21 1,05 | 197193 i 9.8}
i 90 | 9.8 | 3%/293 i11.9] 0,86 | 39/258 {15. 1]
1130 | 0,6 L 1931/316 160,81 0,73 ' 617128 {48,8!
3/ Data from Roll (125},
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Cleft palate increased among fetuses exposed to 35
mg/kg or more and was significant when compared with control
valuess Skeletal retardation'effects, maﬁifestedlas insuffi-
eient ossification, were also observed, The teratogenie
no-effect level in mice for this 2,4,5-T was considered to
be 20 mg/kg. Later studies with a specially prepared sample
of 2,4,5-T with no detectable amounts of dioxin (detection
limit: <0.02 ppm) confirmed these results in mice (125,
126). By contrast, daily oral administration of 25 to 150
mg/kg of either the dioxin-free or commercial grade 2,4,5-T
(<0, 1ppm dioxin) did not produce teratogenic effects in FW

49 rats (126)+

Neubert and Dillman (127) also studied the effects of
Q,H,B-T in ﬁMRI mice, using three qamples containing‘either_‘
(A) less than 0.02 ppm dioxin, (B) 0.0%5 = 0.02 ppm ﬁioxin
(pfovided by Drs Roll), or (C) an unknown amount of dioxin
{Table 18), Their results confirmed those obtained by Roll
{(125). 2,4,5-T was administered to the dams érally in
rape-seed oil on each of days 5 through 15 df‘sestation.at 8

to 120 mg/kg body weight.

The average number of resorptions was significantly
higher than the oil control at 60, 90, and 120 mg/kg of
sample (A), and 90 mg/kg of samples (B) and (C). Total
resorption of one litter was observed in four of the groups

(30, 45, 60, and 90 mg/kg) treated with sample (A) and in
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three of the litters treated with 90 mg/kg of sample (B);
‘none was seen in the controls, Fetal welght was significantly
depressed in all treated groups compared with the oil

control. : e o

‘The percentage aof fetﬁses with e¢left palate was
significantly highef than the control group in all 2,4,5-T
groups treated with 45 mg/kg or more. In the group treated
with 120 mg/kg 2,4,5~-T containing <0.02 ppm dioxin, 54%
(7/13) of the litters and 11% (16/145) of the fetusas
exhibited cleft palate compared with o0il control values of

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

These investigators also tested the butyl ester
of 2,4,5-T and found similar effects, In experiments
combining 2,4,5-T and TCDD, potentiation of teratogenic
effects was observed, Sixty mg/kg of 2,4,5-T (sample
A) combined with 0.3 ug/kg TCDD inereased cleft palatse
fregquency among fetuses from 5 to 144, _In.ﬁh;s study no
cleft palates were ohsevved among fetuses treated only with

0.3 ug/kg TCDD.
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TMMQMcts QL2 N, 5-'1'&/

| A { Resportion (RES) L ¥ o

I {Dioxin | r% Littersi§ RES/Implan-lRES!Single IFetal 1 Cleft Palate (CPY
|Content{Dose |with RES ttation Sites ILitter w/RES|HWeight |% Littera|g Fetuse:

1I:g§;mgn§__4199m} i{me/ke) ! (M) j{grameltwith CP 'witn CP

|Hone | J— * =—— I 24 l y i 0.6 I 1.26h{§ & I 0.6

{011 control} === ! 0:4 ml} 32 | L | 0.5 { 1.30 ! 6 | 0.7

Iz,n,s-r (! <0.02 | 8.0 | 35 | 3 | 0. el a | o«

o | w1 5 | os Ll s |

| | fs0.0 | 56 | 7 I e rogl o

| l lis.o | 55 | 6 | o6 oot 16 |

| | [60.0 ! 63 | 1 | 1 zb/ o] 20 | Cad

| | feoc0 | 53 | 8 | ! ol 3 | e

| | !120.0 ! sy | 10 . 3-V | o‘.gsh’!_ s | ¥

2051 @] oosiso0 | w6 1 o L™ o2 12

| | oo | 57 | 7 oo faa® 70 | &

| | 90,0 l no | g | 1® ol s ! 23/

_|_2_._L5=I (c}lunknom.go 0 71 ! 13 3 1.!:]2’ -| Log® ’ 72 T

Yo

a/ Data from Neubert and Dillman (127); 2,4,5~T sample (b) received from Roll (125
B/ p.g 0.0%.

Bage et al., (132) injected NMRI mioce subcutanecusly
with 50 and 110 mg/kg 2,4,5-~T (<1.0 ppm dioxin) on each of
days 6 through 134 of gestation, At 110 mg/kg, 2,4,5-T was
teratogenic, causing fetal death, c¢left palate, and other

anomalies.

Courtney and Moore (128) studied the effscts 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).
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] ' ] ] | ! i Kidnev Anomaliss ;
1 | 1 ‘{%4 Fetal |Fetal 1% Littersi# CP per]% Littersi# Affected Fetuses,
} o | Dose |Mortality |Welght {Affected lAffected!Affected |per Affected :
iSpeciesiCompound]) (mg/kg) ipar Likter!(grams)! iLitter | iLitter :
| CDel } ] o i | ] | i i
} Mousa |} i ] { i } | H H
] {2,4,5«T 1 50 | 6.6 f 1.26 | o | o | o | 0 '
] |(Tech.} | i ! l § | { '
} 12,4,5-T1 100 | 7.5 | 1.00 | 33 1 3.0 o i 0 |
f !(Tech.) ! | | } 1 i i ]
: {2,8,5.0 | 150 517 lowr ! w00 | 53 f o | 0 |
| 1{Tagh, o | { } | H { H A
| i § H '
l l2,t,5-01 100 | 96 loral 89 f wu i 78 | 1.7 .
| t{Apaly. )| H H ] A { H H
|Expt. 31 DMSO E -} 8.4 b 1,09 o | 0 | 63 | 2,0 g
| 2,45.r 1 100 | 0.7 {ossVl s { 2.0} 80 ! 2.4 i
i {(Tech.) | i | | ! } | E
l fe,6,5.0 | 100 | 11.6 lo.86¥f % |} 2.0 | 100 | 1,2 !
i {(Analy.) !} H ! ! ] | b ‘ }
[ ) | | | 4/t : | i }
! {(Analy, ) ! { ! { ! ! !
| DBA/2 | DMSO i —— E 26,1 | 0.85 | o | [ 13 | 1.0 ]
| Mouse 12,8,5-r 1 100 | 27,0 lows?t 27 f 10 9 | 1.0 |
] } {Taeh, ) | H H H 1 H I !
{C57B1/61 DMSO | === i 10.8 | 0.99 | o 9 9 | 0 i
| Mouss {2,4,5.7 E E ' i E } | |
l l(rgph.) ! 100 ! 15,9 | g 78/ ag 4 12 1 o | 0 F
i CD Rati{Sucross | =a= | 3.4 | 2.48 | 0 -0 o 1. o i
] {2,4,5-T{ 10 | 1.8 | 2.40 |} o - | 9 20 | 1.0 !
i | (Tesh.) | } I ] | | ' ;
H 12,8,5=T 1 21,5 | 1.4 1 2.54 | 0 i o | 38 1.3 i
i { {Taeh.) ! | | H | ! - !
H 12,4,5-T | L6.4 | 3.8 V2.20 | 0 H 0 | 14 i 2.0 :
| | {Tech.) i E ! ] ] ] ! 5
| I2,8,5-r | 80.6%! s2.1 la30 | o | o | so | 3,0 !
H i{Tach, L 1 H | { i H ! ;
a/ Data from Courtney and Moore (128).
b/ Investigators thought this data to be ¢lose to a maternal toxle dose.
2/ Maternal LD-40.
&/ p < 0.05,
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2,4,5-T containing 0.5 ppm (technical) or 0.05 ppm (analytical)
TCDD was administered subcutaneously to mice at.so to 150
mg/kg in DMSO and orally to rats atf1q ta Sﬁ mg/kg in

sucrosé on each of days 6 to 15 of gestatioh. -At 100 mg/kg

or more, bgth 2,4,5-T sanples produced significant reductions,
which dppeared to be dose 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-l dams treated with 100 mg/kg of either 2,4,5-T.
sample, 40% of the litters and two fetuses per affected
litter evidenced cleft palate compared with 04 in the
control (Expt., 3). No cleft palates were.bbserved aﬁoné the
raf fetuses., To verify this observation, a second group
of rats was given two 150 mg/kg doses of technical 2,4,5-T
subcutaneously at the time of palate closure (days 13
to 14). Again, no cleft palates were obsgp?ed; however,
there was a significant increase in fétgl martality among
treated animals (143) when compared with the controls

(0%).

Fetuses of CD-1 mice treated with analytical 2,%,5=-T
also showed inereased ineidences of kidney ancmalies;
the response to technical 2,4,5-T was not as great. At 100
mg/kg, 100% of the litters and 4.2 fetuses per affected

litter of dams treated with analytical 2,4,5-T displayed
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kidney anomalies, conmpared with 80% and 2.4 for fechnical
2,4,5-T and 63% and 2.0 for controls (Expt. 3): The effect
in inbred strains of mice was oomparabie with cpntrol
values, In rats, technical 2,4,5.T at all dose levels
produced higher incidences of 1itters affected and numbers
aof fepuses per litter affectaed than seen in the control
animals, The maximum effects on kidney anomalies in rats
were 50% of the litters and 4,0 feftuses per litter at 80
mg/kg, comparad with 0% in the control litters,

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

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

during various segments of the gestation period (Table 21)%3/
Cleft palate was seen in all groups treated with 2,4,5-T;
there were no instances of this anomaly within the control
groups., At 0.8 mM/kg, 489 of total fetuses and 37% of the
litters evidenced this malformation. Statistically signifi-
cant (p £ 0.08) increases in the percentage of fetuses dead
and/or resorbed were observed at the highést,doses. All

dose levels had adverse effects on fetal weight. The author
noted that by slightly altering sxperimental conditions, the
ecleft palate effect and the effects on fetal morftality and

fetal ﬁeight could be produced independently.

13/ Maternal toxicity was also cobssesprved, evidenced by
reductions in maternal weight gain and increased livera
to=body weight ratios (134),
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a/

T oto - D
| | | iViable Normal Fetuses! |Fetal 4Lnﬁii_zala&§_iaxg;_zll e
| | Dose |Days |#/total #| ! % Fetal |Weight ;Fetuses ] Litters|
(Yehicle !(mM/kediDoged! i 1Mortalitx;£zzams)‘ i 1
I | ]

!oil:ﬂch/! — 510-15{ 75/80 | 94 I 6 ! 0.95 -'-~- -—— l wes |
' | o 111=13]1 997112 | 88 } 11 | 0.94 | ——— ] ——— i
' | === 112-15} 108/126 | 86 P13 11,01 | - ———
{ ! 0.45 }i10-18] 86/107 ! 80 I | 4 1 0.89 | 7 i 6 !
! | 0.80 }11-13} B8/122 | 72 | { 0.87 | 16 | 14 |
1 1 ] ' [l { i ' 1
E 1 0.80 {11~ 1u, 21759 | 36 l 292/ | 0.87 ! 48 | 37 |
. 1 ] 1
‘ ! 1a ood/ 12-15L_ 75/82 | 91 ! 1 0,96 | I 1 !
é OQ/ { } i ! | | | !
' DMS — .12—15. 152/171 : 89 I V- ! 1,03 | - -

1,00 112-1581 11/68 ! 16 | 728 1 g 70 ! ¥y ! 67 |

i/ Data from Courtney (134).

)/ Corn oil:lcetone (9:1)e-oral,

i/ Dimethylsulfoxide -- subcutaneous,

|/ This concentration exceeded the solubility characteristics of the vehicle.
Joubling the veolume of vehicle resulted in effects more consistent with those
*ound at lower doses.

v/ p £ 0.05.

7 p £ 0.001.,

e e MW e

Khera and McKinley (130) studied the prenatal
and postnatal effects of 2,4,5-7 in Wistar rats, using
four samples containing no TCDD (detection limit: 0.5
mg/kg) {Table 22]. Twenty-five to one hund?ed'fiftj mg/kg
body weight per day were administered to thé dams, oraliy in-l
gelatin or corn oil, on days 6 to 15 of gestation. At 25
and 50 mg/kg, the differences between experimental and
control values we;: m;n;ﬁgi._.ﬁéwever, at 100 and 150 ng/kg,

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

nunber of dead fetuses, and percentage of malformed fetuses
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per litterlﬁ/ The larger proportion of malforme& fetuses

in the treated groups resulted from either an increased
incidence of skeletal anomalies also seen in the controls or
a low incidence of abnormalities not observed in the controls..
The formar category included wavy ribs, retarded ossification, .
extra ribs, and 2 variety of sternal defects; the latter
included fused ribs, small-sized distorted scapula, malformed
humerus ahaft, and bent radius or ulna, Abnormal kidneys

were obsgserved in 7 to U5% of ths examined fetuses treated

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

Table 22.  Effects of 2.4,5-T on Wistar Rat Fetusesd

Compundi{Dose |# of |Avg. # per Litter|Fetal jAvg. $ Mal- |

]

]

} I(mg/kg)‘Litters;Viable .Dsad .Weight lrormed Fetuses.
| | iretuseslrecuses |(eragsiiver lasser® |
} T=1 |{Treated! 14 | t1.1 | 0.6 I 4.65 | 15 !
| iControl| | | ' | !
{ b 50 V7 1 12,9 | 1.3 | 4.84 | 24 |
! {100 ¢+ 9 ! 11,3 .} 1.9 1 4,60 ! 29 i
{ T=2 |Treated] 10 | 9.2 | 0.6 i 5.34 | 10 '
! |Control} ! } H } !
| f 25 | 13 | 10.8 | 0.8 | 5.06 | 15 !
| V50 ) 12 ) 1.7 L 0.5 ! 5.15 | 9 !
' l 190t ¢ 1 B8 1 2.4 ! 3.57 | 22 }
H iTreated 10 | 12.6 | 0.7 { 4.67 | 26 i
| JControl| ' i ' } : |
: b 25 1} 11 | 12,7 | 0.5 i 5.15 | 10 !
| ! 50 bty i 11,8 1 1.4 1 4.91 - 28 i
' | 100 | 10 | 11.0 | 0.6 | 4.35 | 36 }
1 {180 ¢ 5 ] 11,6 1 2.2 l 2,98 | 56 4
} T=3 |Treated! 10 | 11.8 | 0.7 I 5431 17 ;
i lControl| - i: i ! {
! i 50 1 2 | 11.0 ! 0.5 b B.T5 | 56 !
] P00 12 ) 12,6 1 0.9 | 5.00 | 37 '
I ! 480 1 1 ! 11,0 1 1.0 ! 3,00 | 91 L
b pu8/ 4 s 4 @ 1993 491 4 uon | 14 |

3/ Data from XKhera and MeKinley (130).
b/ One or more skeletal malformation (viable fetuses).
&/ No treated control given,

14/ Statistical significance was deftermined using the
average value per dose level, Data from T-4 were not

usaed in this analysis. 91



In the postnatal portion of the study, after
normal delivery, survival rate, sex ratio, and ﬁup weight
Ion days 1 and 21 were compared, Although treated pups
surviving from day 2 to 2% were slightly smaller at some
dose levels, there were no significant differences from
controis for any variable, In some experiments, litters
were standardized at 8 pups on day 2, and the remaining
littermates examined for defects, The increased incidences
of malformations among treated groups were comparable
to those found in the prenatal study. 4&ssuming the same
ineidence for pups not examined, the investigators con-
cluded that there were no real differences in survival
rates among control and treated groups. The butyl ester of

2,4,5=T produced similar toxiec effeacts,

Sokolik (131) orally administered 100 and 400 mg/kg
and 50 and 200 mg/kg of 2,4,5-T and its butyl ester fto rats
of the Rappolove line on each of days 1 to 14 or 1 to 16 of
pregnancy. At 100 mg/kg, 2,4,5-T produced'émbryos with a .
combination of deformities inciuding absence of lower jaw,
abnormal hind limbs, and exophthalmos. At 400 mg/kg, the
embryos of treated rats evidenced cleft palate, hydrocephalus,
hydronephrosis, and abnormalities of the upper limbs which

included tridactyly, webbed toes, and abnormal shortness.

Q2=



The butyl ester of 2,4,5~-T was more toxic than
the parent compound, causing more than 309% embrfonic mortality
~at 200 mg/kg. The lower dosé, 50 mg/kg; also caused
high mortality among the embryos. Cléft palaﬁe, hydroneﬁhr07
sis, hydrocephalus, and extensive gastroinﬁeg%inal ﬁémorrhages
were also observed Qithin the treated groups, From these
results, the author concluded that 2,4,5-T and its derivatives

have a high potential for teratogenic activity.

Collins and Williams (124) tested seven samples

of 2,4,5-T from different sources for embryotoxic effects in
golden Syrian hamsters (Mggocricetus auratus) [Table 23].

The dioxin contents ranged frém not detecetable (detection
limit < 0.1 ppm) to 45 ppm. Daily oral doses of 20 to 100
mg/kg body weight were administered in acetonsicorn oil:car-~
boxymethyl cellulose (1:5,8:10) on days 6 to 10 of gsstation.
2,4,5-T with no detectable dioxin significantly (p < 0.05)
reduced fetal welght and fetal viability per litter at all

lavels tesated,

Total fetal mortality was greatly increasad at all
levels when compared with controls and was dose-dependent,
23 was the effect on fetal viability. The increased
ineidence of gastrointestinal hemorrhage also appeared to be
dose related. At 100 mg/kg, "pure” 2,4,5«T caused inereased
incidences of malformations and reductions in the number
of live fetuses per litter., One "pure" sample, F, at

100 mg/kg significantly reduced fetal weight from 1.8
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to 1.6 grams, reduced fetal viability from 96.7 to T1.4%,

and increased abnormalitfies from 3.5 to 40%, The anomalies
asgsociated with 2,4,5-T containing no dioxin were exencephaly,
eye abnormalities, delayed head ossification,-and hind

limb deformities.

Increasing the lsvel of dioxin contamination inereased
fetal mortality and the incidence of abnormalities per
litter; fetal viability was reduced. A clear correlation
was found between the level of dioxin and abnormaljities per
litter, Although the inecidence of hemorrhages also lnereased,
no relationship between it and dioxin level could be found.
Bulging eyes (abssnce of eyelid) and delayed ossification
were the most common anomalies seen among fetuses exposed
to dioxin-contaminated 2,#;5-T; exancephaly, edema,-cieft
balate, ectople heart, and fused ribs were alszso observed.

Emerson et al., (141) found no adverse effects of
commercial 2,4,5-T, containing 0.5 ppm TCDD, on fetal
development in Sprague-Dawley derived rats and New Zealand
white rabbits, Daily oral doses of.2;3,5af in gelatin weré
administersd to the rats at 1 to 24 mg/kg on days 6 to 15 of
gestation; to the rabbits at 10 to 40 mg/kg on days & to 18
of gestation, The investigators found no matsrnal or

embryoniec toxic effects in either species, nor was 2,4,5-T
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considered teratogenic under the oondi@ions ofﬂthese experi-
ments., The most frequently observed abnorma;ities were
acecessory ribs, hydronephrosis, and retarﬁagipn in”the
development of the sternebrae. With the exception of partiale
ly ossified sternebrae in both species and bilateral accessory
ribs in the rabbif, the incidence of these anomalies was
greater in the control animals than in the e;amined treated
groups,

Sparschu et al, (140) orally administered 2,4,5-T,
containing 0.5 ppm TCDD, to rats in daily doses of 50
and 100 mg/kg on days 6 to 15 and 6 to 10 of gestatiﬁn,
respectively,. Heéulfﬁ are é;ven in Table 24, At 50 mg/kg,
there were no significant maternal or embryonic toxie
effects attributable to 2,4,5-T except for an increased
incidenqemgf delayed skﬁll ossification, and a single fetus

~xith intestinal hemorrhage, At 100 mg/kg, 2,4,5-T was toxic

to both dams and fetuses.li/

15/ The high rate of maternal mortality caused dosing
to be stopped on day 10, instead of day 15. Significant
reductions imr—weight gain were also observed,
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Table 24, Fffecfts of 2,.4,8-T 6n Faetal Devlopment of Ratsﬂl

| J__Dose (mg/ke per day) |
} —..Parameter i [\ i sg 1 100 ]
'# Viable fstuses i i ! \
] 1 l h /i
| rotar | 252 i 203" 3=
4y Mean per litter | 11 ] 11 4 - |
!4 Resorptions ! ! H H
| Litters } 68 i 61 | 100 '
1 ] I i .Q/ i
stuses L 6.7 L az,1t 758/ |
|Fetal weight (grams) ! i ' !
4
| Male | s.41 | 4,381 3.57271
| _Female | 4,17 8,15 1 3,.5828/]
iSex Ratio (M:F) P B53:47 by.86%1 23:77 |
|Abnormalities | | | i
1 (% fetuses examined) i } | !
| Poorly ossified sternebrael ' | |
Y i ] [
I Fifth { 15,2 | 22,11 57.1971
i Second and fifth ! 3.0 bos.2 | 14.3 |
! Multiple . o 8.3 | 12.6 | 4.3 |
T ! {
i Malaligned starnabrae I 0.8 I 2.1 | 28.6£/|
| Delayed ossification ' ' | i
| Interparietal | 3.8 l16.82/] z28.,69/|
| Parietals | 3.0 |16.89/| 57.13/|
]
i Frontals ! 0,8 1 7,48} qu,3 |

a/ Data from Sparschu et al. (140},
b/ All viable fetuses from one litter.
&/ p < 0.05

Resorptions were observed in all litters; 75% were
totally resorbed., Fetal weight was significantly (p <
0.001) reduced in both sexes and the sex ratlc was shifted

in favor of females, Abnormalities observed which had

significantly (p < 0.05) higher incidences than in the
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controls were poorly ossified and malaligned sternébrae and
delayed skull ossification. The investiggtors concluded tha;
the delayed ossification observed in this study was a
Ireversible manifestation, rather than a true terﬁtogenic
affect, . S

(b) Adverse Reproductive Effects in Other Mame

malian Test Svstems

Adverse reproductive effects of 2,4,5-T exposure
have been observed in other mammalian test systems,

Lloyd et al. (173) reported on in yivo enzymatic studies
showiﬁg reduced uptake and metabolism of testosterone

by the prostafte gland in male_mice treated orally with
doses of 2,4,5«T7 (6.25,..12,5, or 25 mg/kg, ten times
daily).

Yefimenko (151) reported on the effects of aculte-
and chronic exposure te the butyl ester of 2,4,5-T on
gonadal and somatic tissue in an Ain yivo cytogenetic
gtudy in male albino rats. Chronic effects on the go-
nads were observed after exposure to 0.1 ug/kg for two
and one half months. Adverse effectsl(seen étlseven poﬁthé,
when the experiment was terminated), which were considered
persistent effects, tncluded testicular‘atrophy, decreased
sperm count, desquamated fubules, and aberrant cells
in the germinal epithelium, Chromosomal aberrations
.were also observed during the chronic phase of the ex-
periment., EPA evaluation of this study found inadequacies
in the methodology whiceh would prevent the drawing of

firm conclusions from this data (106).
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Recent atudies in rats by Sjoden and Serrbers
[eited in (25)] appear to show that prenatal eiposdre
to 2,4,5-T leads to behavioral abnormalities and changes
in thfroid activity and brain seritonin 1e§els in the
progeny. -Single oral doses of 100 mg/kg were administered
to the dams on days 7, 8, or 9 of pregnancy.

{(¢) Adyerse Effects in Avian Spacies

Embryotoxic effects in avian species due to 2,4,5-T
exposure have been reported. Verrett (136) studied the
effects of 2,4,5«T, containing either 27 or 0.5 ppm TCDD,
on chicksn eggs. The 2,4,5-T was injected through the
air cell of the eggs, elther preincubation or on the ‘
fourth day of incubation. Tﬂé sample containing 27 ppn
TCDD was found to be more lethal (LD-50 = 25 ug/egg) than
the less contaminated sample (LD—éD = 100 ug/egg). Both
samples produced teratogenic effects, including chick
edema,_eye‘éefects, beak defécts (primarily cleft palate),
and short, twisﬁed feet resulting from tendon'slipbage.
Tératogenic affescts were observed at-doéeé.as'low as
i ppm (50 ug/eég) with the saﬁple containing 0.5 ppm
TCDD and as low as 0.125 ppm (6.25 ug/egg) with the sanmple
containing 27 ppm TCDD,

Lutz and Lutz-0stertag (138) studied the action
of 2,4,5-T, in aqueous solution at a concentration aof
2 to 10 g/liter, on the embryonic¢ development of qualill
(Coturnix coturnix iaponiea), chicken (Gallus gallus),
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pheasant (Phasianus colehicus), and two:partri&ge species
(Alectoris rufa and Perdrix perdrix). The 2,4,5-T was
administered by dipping, spraying, aﬁd ﬁrgénb;typie cultﬁreq. -
Abnormal éenital tracts were observed in aiimﬁﬁecieg,
indicating abnormal sexual differentiation., Further,
morphological changes in the testes often gave the appearance

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

affected fertility in birds of both sexes (139).
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(d) Studies in Avian Specieg in Which Adverse

‘Uéing 2,4,5-T contaminated with lésé than 0.1 ppm.
dioxin, St%ange and Kerr (142) found no abﬁo;;él de§élopment
in chicken embryos. Doseé of 12.5, 2%, 50, 75, 100, and 125
ng/kg 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 Bjorklund and Erne (143),

-

(e) Summary

Studies have established that 2,4,5-T is fetotoxic
and teratogenic at doses as low as 35 mg/kg (0.05 = 0.02
ppm TCDD) in mice (125); 4.6 mg/kg'(approiimately 30 ppa
TCDD) in rats (123); and 20 mg/kg (0.5 ppm TCDD) in hamsters
(124), Cleft palate and kidney anomalies have been observed
in mice, rats, and hamsters. No fetotoxic or teratogenic
gffects (no~-effect levels) have been ohservéd-at doses of
20 mg/kg (0.05 = 0.02 ppm TCDD) in mice (125) and 25 to 150

mg/kg (0.05 + 0.02 ppm TCDD) in rats (12%).

L wwme . Lo .-

(3). Exposure Analvsis

In order to determine whether a rebuttable presumpticn
should be issued based on reproductive and fetotoxic effects,
pursuant to Section 162.11(a)(3)(i4)}(B), the Working Group

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

to whieh humans can reasonably be anticipated to be exposed,

The-cancellation of uses of 2,4,5-T on food érops
intended for human consumption and for use around the
home, recreation sites, aquatie 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 age).
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Soecial changes over the last few years, howvever,
have given women the opportunity for emﬁloyment‘in areas
~ that once were considered open only to men. Since women
of child-b?aring age are now employed in o@cgpgtion;_such
as pesticida applicators, operators of highway construc=-
tion and maintenance equipment, foresters, and chemical
formulators, theylﬁave begome part of the population at

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

In order to determine whether an ample margin of
safety exists, thelerking Group must firast d;termine
how much 2,4,5-T a woman could be exposed to through
eral, dermal, or inhalatiom exposure. For each of fthese
analyses, the Working Group assumes a woman to weighl
60 kg. The following caleculations are based on an exposure
analysis for 2,4,5-T and TCDD performed by EPA's Crifteria

and Evaluation Division [CED] (164).

(a) Qral Exposure

For purposes of this znalysis, the Working Grﬁup
coensidered currently registered uses where the posaibility
of oral exposure to 2,4,5«T and/or TCDD existed. Treat
sent of range and pasture land could result in oral ex-
poesure through ingestion of msesat and milk from animals
grazing on the treated area. Since actual data on residues

of 2,4,5-T in animals grazing on treated rangeland is
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unavailable, for purposes of the 2,4,5-T oral exposure
analysis, the Working Group used residus ihformation
ostained_in a feading study (37) in which cattle ware
fed considerably higher amounts of 2,4,5-T than they
would normally be exposed to in grazing on treated land.

The following c¢alculations are based on the average quanti-

fies of food eaten per day (1.5 kg), as reported by Lehman
(144, 165),

i Y¥hole Milk Meat (Jgef})
iNo-adversaeaffect 20 mg/kg 20 mg/kg |
ilevel for terato- !
fgenicity in mice '
i
| Average leval of 0,103 ppmi/ 0.2 ppmél i
{2,4,5-T L1dentified i
A i
1% of food item in 19.6% 4.6% !
{total human diet : ’ |
} i
| Average amount of 1.5 kg 1.5 kg i
| food eaten per day i
} |
\BExposure to 2,4,5-T 0.0005 0,0002 P .
lper day mz/kz nglke : .

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

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

= 0.294 kg; and for meat {(beef), 1.5 kg X 4.6% = 0,069 kg.



The quantity of 2,4,5-T in the average daily diet
equals the average daily intake of each food item multi-
.plied by the level of 2,4,5=-T in the food item: ‘for
milk, 0,294 kg X 0,103 ppm = 0,03 mg; and for-meat (beef),

0.069 kg X 0.2 ppm = 0,014 mg.

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

ecould be 0.0007 mg/kg per day.

Existing data on TCDD residues in animals grazing
on treated rangeland are too meager to use for an anélyéis
of TCDD exposure to humans through ingestion of meat or

milk from animals so exposed.

The Working Group considers that the_differehce
between the no-adverse-effect level of .2,4,5«T for terato=
genic effects f20 mg/kg) and the calculated oral exposure
level for 2,4,5-T (0.0007 wg/kg per day) does constitute an
ample margin of safety., S8ince this risk criterion for cther
chronie adverse effects has not been met or exceeded, 2

rebuttable presumption does not arise,
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(b) QRermal Exposure

In order to conduct these analyses, the Working
'Group nust determine the amount of 2,4,5.T and/or TCDD
which would come in contagt with the skin and.the amount

that would be absaorbed,

(1) Spray Applicator:  Back-pack Spraver

i *
For purposes of this analysis, the Working Group

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

bearing age, and the site of application either a righte
of-way or spot treatment of pasture or rangeland., The
equipment is a back-pack sprafer {(166), The following
-¢calcoulations of exposure are bassed on dilution for spray-

ing of three pints of formulated product per 32 pints of
water, Typical 2,4,5«T formulations, based on inspection of

a large number of registered labels (164), range from § %o 6
pounds active ingredient (acid equivalent) per gallon. The
product used in this exposure analysis has an assumed
concentration of 4 pounds 2,4,5-T per géllon. Label rescommen=-
dations vary from a recommended dilution of Q.09Y4 to 4

pounds acid eqﬁivalant per 32 pints of water. 4 dilution

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

tative of a typically-used spray mixture,

Holfe et al, {166) studied dermal exposure to

fenthion during hand back-pack spraying for mozquitoes
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for ten situations. Exposure ranged from 0.1 te 6.3 mg/hr,
with a mean value of 3.6 mg/hr (6 mwl/hr), Method of applica-
tion was a hand pressure sprayer, using a 0,06% spray.
Workers wore shorte-sleeved, opene-necked sn;rﬁf with_no

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

a dermal exposure of approximately 0.177 pints per day. CED
{(164) also determined that approximately 10% of the 2,4,5-T
and TCDD coming in contact with the skin of tbe'applicators

would be absorbed even after washing, based on absorption

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

| \
|Use Dilution rate — 3 pints 3 pints '
| (1.6 pounds (0.00000016 |
} ' 2,4,5-T) per pounds TCDD) |
| 32 pints _ per 32 pints |
] water : water b
| H
| Amount of diluted 0.18 pint 0.18 pint }
lmaterial gotten b
lon skin daily '
e _ i
1% Diluted material 10% 10% '
tabsorbed }
P , . |
{Exposure level 409 ng L 0.0409 ug |
iDose level 6.8 mg/ke 0.0007 ug/kg |
] ]
i = i
iNo=Adverse=-Effect 20 mg/kg 0.03 ug/kg '
llevel for terato= ]
igenic effects |

The following calculations (see Table 27 for mathe=

matics) will give the daily dermal exposure for both 2,4,5-T
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and TCDD: 1) convert the dilution rate to grams; 2) multi-
ply this figure by 1,000 (for 2,4,5-T) to convert to milli=
-grams and by 1,000,000 (for TCDD) to convert to ﬁiorograms;
3) multiply this figure by the daily dermal dose of diluted
material; 4) multiply this figure by the percent absorbed;
and 5) divide this figure by the weight of the applicator
for the daily exposure to 2,4,5-T or TCDD per 8-hour working

day.

Table 27

1) 1.6 pounds/32 pt X 454 g/=-
pound = 22,70 g/pt;

ICDD
1) 0.00000016 pounds/-
32 pt X 454 g/pound =
0.00000227 g/pt;
2) 0.,00000227 g/pt X
1,000,000 ug/g =
2.27 ug/pt;

2) 22.70 g/pt X 1,000 mg/g =-

|
22,700 mg/pt;

M ErE g B s AT e ik m—— W—

3) 22,700 mg/pt X 0.18 pt = 3) 2,27 ug/pt X 0,18 pt =
4,086 mg; Q.41 ug;
4) 4,086 mg X 10% = 408.6 mg 4) 04481 ug X 10% =
0.041 ug;
5 5) 0,041 ug / 60 kg =

) 408,86 mg / 60 kg =

00,0007 vg/ke per day i

The Workihg Group considers that the_differehce
between the no-adverse-affect level of‘z,ﬁ,S-T for tera-
togenie effeet§ {20 mg/kg) and this calculated dermal
exposﬁra level Tor 2,4,5«T (6.8 mg/kg), as well as the
difference between the nowadverseweffect level of TCDD for
teratogenic effects (0.03 ug/kg) and this calculated expo-
sure level for TCDD (0.0007 ug/kg), do not constitute an
ample margin of safety., The Werking Group therefore recom-

mends issuance of a rebuttable presumption against pesticide

=107-



products containing 2,4,5-T7 and/or TCDD pursuant to 40 CFR

Section 162,11{(a)(3)Y(i1)(B).

(41) ' .y Tn n_ -

Spray Eguipment

For khe purpose of this analysis, thélaorking-croup
assumes the applicator to be a 60~kg female of child-
beaaring age c¢learing hrush on either rangeland or rights-
of~-way. The same product cited above (2,4,5-T at 4 pounds/gal)
is being used, and the dilution rate is 1.6 pounds of
formulation to 32 pints of water (equal to § pounds of
2,4,5-T per 10 gallons of water). Based on exposure studies

using similar equipment but a different herbicide (187), the

N e A Y mme

Working Group determined that, during an eight-hour working
day, the applicator would get 0.048 pints of diluted
material on her skin. The Working.Group determined that 10%

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

_ 2 )¢ 2 .

I. 1
} - . |
iUse Dilution rate 3 pints 3 pints !
§ (1.6 pounds © (0.,00000016 |
| 2,4,5-T) per . ' pounds TCDD) |
! 32 pints per 32 pints |
{ water water i
] i
] 1
{Amount of diluted 0.,048 pint 0.048 pint H
tmaterial gotten ~~ - e |
fon skin daily H
1 . !
{% Diluted materjal 10% 10% |
labsorbed )
} !
{Exposure level 109 ng 0.,0109 ug i
! |
|Dose level 1.8 mg/kg 0.00018 ug/kg!
! '
iNo=Adverse-Effect 20 mg/kg 0.03 ug/kg '
llevel for terato~ i
igenic effectg ;
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The following calculations (see Table 29 for mathew
maties) will give the daily dermal exposure for both 2,4,5T
-and TCDD: 1) convert the dilution rate to grams; 2) amulti-
ply this figure by 1,000 (rof 2,4,5-T) to convert to millie
grams and by 1,000,000 {for TCDD) to convert to micrograms;
3) multiply this figure by the daily dermal dose of diluted
material; 4) multiply this figure by the percent absorbed;
and 5) divide this figure by the weight of the ﬁpplieator
for the daily exposure to 2,4,5«T or TCDD per 8-hour working

day.

Iable 29

q - . .
1} 1.6 pounds/32 pt X 454 g/=
pound = 22.70 g/pt;

JIGDD
1) 0.00000016 pounds/-

32 pt X 454 g/pound =

0.00000227 g/pt; .
2).0.00000227 g/pt X

1,000,000 ug/g =

!
:
i
]
i
2) 22.70 g/pt X 1,000 mg/g !
|
| 2.27 ug/pt;
L]
|
'
J
{
]
!
i

l
i
I
!
|
{22,700 mg/pt;
1
|
I
l
|
!

3) 22,700 mg/pt X 0.048 pt = 3) 2,27 ug/pt X 0.048 pt =
. 1,089.6 mg; 0.109 ug;
4) 1,089,6 mg X 10% = 4) 0.109 ug X 10% =

108.96 mg; 0.011 ug;

—— . R e A mram A AR e e

] . I.a mg‘hg pan gav

5) 0.011 ug / 60 kg =
0.00018 ug/ke per day |

The Working Group considers that the diffarencge
between the no-adverse-effect level of 2,4,5-T for tera.
togenic effects (20 mg/kg) and this ecalculatad dermal
gxposure level for 2,4,5-T (1.8 mg/kg), as well as the
difference between the no-adverse-effect level of TCDD for
teratogenic effects (0.03 ug/kg) and thnis calculated expo-

sure level for TCDD (0.00018 ug/kg), do not constitute an
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ample margin of safety. The Working Group therefore recom-
mends isauange of a rebuttable presumption against pesticide
products containing 2,4,5«T and/or TCDD'pursuanf to 40 CFR

. Seetion 162.,11{(a){(3)(ii)(B).

(1iii) r H 8 ivi

Caplan et al., {(167), working with aerially applied
malathion in o0il sprays applied at 0.46 pounds per 0.76
gallons water/acre, determined a dermal exposure to persons
directly beneath the spray plane for bare skin (head, neck,
shoulders, forearms, hands, and thighs) of 3.556 mg/day.
With these data, an egquivalent derma; exposure for 2,#,5-T

and TCDD, aerially applied at-h pounds acid equivalent

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

!Dermai exposuféléb B é.s 6'ﬁé/0.H6'ééunds"ﬁaiafhion }
laerially applied per acre '
imalathion |
. ' !
i 2,4,5=T ICDD !
{Use Dilution rate 4 pounds . 0.0000004 [
i 2,4,5-T per . pounds TCDD |
| 10 gallons of per 10 gal- |
' water/acre lons of water]
' per acre i
| T |
|% Diluted material 109 10% |
labsorbed i
| }
| Exposure level 3.1 mg 0.0003 ug i
| i

]
|Dose level 0.051 mg/kg 5 x 107° \
1 ug/kg )
i '
INo=Adverse«Effect 20 mg/kg 0.03 ug/kg i
{level for terato- i
jzenic eoffects H
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The following calculations (gee Table 31 for mathew
matics) will give the daily dermal gxpogure for both 2,4,5-1
and TCDD: 1) divide the dermal sxposure %o malathion
by the-malathion application rate and multip%y by the
applicatioﬁ rate of 2,4,5«T and TCDD to obtain the dermal
exposure; for TCDD, multiply this figure by 1,000 to convert
to micrograms; 2) multiply this figure by the percent
absorbed; and 3) divide this figure by the weight of the
applicator for the daily sxposure to 2,4,5-T or TCDD per

8§-hour working day.

ICDD
1) 3.556 mg/0.46 pounds X
Q.0000004 pounds =
0.000003 mg X 1,000 =

]

_— ¥

3.556 mg/0.46 pounds X 1

E
: 0.003 ug;

!

!

]

4 pounds = 31 mg;

-
St

N
Nt

31 mg X 10% = 3.1 mg; 2) 0.003 ug X 10¢ =
0.0003 ug;
3) 0.0003 ug /7 60 kg =

5 X 19‘6 ug/kg per day !

W
—

3.1 mg/ 60 kg =
0.051 mg/kg per day

o W b WA A b ——— —

o v s — e - ——

The Working Group considers that the differsence
betwsen the no-adverss-effect level of TCDD for teratogsnic
effeets (0,03 ug/kg) and this caleculated dermal exposure

level for TCDD (5 X 10'5

ug/kg) does constitute an ample
margin of safety. The Workling Group also considers,
however, that the difference between the no-adverse-effect
level of 2,4,5-T for teratogenic effects (20 mg/kg) and this

calculated dermal exposure level for 2,4,5-T (0,051 mg/kg)
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does not constitute an ample margin of safety. IThe Working
Group therefore recommends issuance of a rebutfable presumption
.against pesticide products containing 2,4,5-T pursuant to

40 CFR Section 162.11(a)(3)(1i)(B).
(e) o re: pAs

There are no studlss available on inhalation exposure
of 2,4,5-T., 7Phere are, however, several studies on inhala-
tion exposure to malathion (167, 168) which CED used as a
model for this 2,4,5-T exposure analysis (164). Caplan et
al, (167) determined an air concentration, for ﬁnproteoted
persons direqtly beneath the spray plane during applicaticn
and for two hours afterward, of 0,067 mg malathion/m3 from
aerial application of 0,46 pounds Al/gallon per acre, The
collection period spanned the course of th; actual applieatibn
time plus two hours thereafter, The authors considered the sam-
pling technique to be equivalent to average inspiration through
the nostrilas. This inhalation aexposure (amount available for
inhalation) was 12% of the applied malathioﬁ. Caplan et al.
further repartéd that the average median diameter (= volume
median diameter, or vmdlﬁf was 109 microns, Based on work
by Akesson and Yates (168), CED (164) estimated that the

size of the malathion dreoplets which could be inhaled was

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

medium or coarse spray, while malathion is applied as a fine

spray,'the percent of 2,4,5-T droplets small enough to be

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

malathion droplets small enough to be inhaled. According to

Akesson and Yates (168), 2% of 2,4,5-T spray droplets would

be available for inhazlation (or 1/6 the amount of malathion

droplets available for inhalation),

faerially applied
imalathion

Use Dilufticn rate

Lung Absorption
Rate

reathing Rate

B
Exposure level

Dose level

No=Adverse-Effeact
level for teratoe

et bt i ——— . — et mmm— e e SR dww S S Eme S Sm g

E

Xposg -tk

jAir concentration of

0.067 mg/m3

4 bounds
2,4,5=-T per
10 galleons of
water/acrs

100%

3

1.8 m~/hr

0.34 mg
per 2 hr

0.023 mg/kg
per 8§ hr

20 mg/kg

on a "worst case"

with application
rate of 0,46 pounds malathicn
per gallon per acre

basis.

JICDD
0.0000004
pounds TCDD
per 10 gal-
lons of water
per acre

100%

1.8 ma/hr
0.000032

ug per 2 hr

2 X 10'Gug/kg

per 8 hr

0.03 ug/kg

et i e . e —— e e e e —— - i T A ML e ————— —— o ——
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The following c¢aleculations (see Table 33 for mathew
matics) will give the daily inhalation éxposure.for both
2,#,5-1 and TCDD: 1) multiply the air concentration of
malathion PY the amount of 2,4,5-T and TCDD applied, then
multiply this figure by 1/6 for the inhalation exposure to
2,4,5-T and TCDD; for TCDD, multiply this figure by 1,000 to
convert to micrograms; 2) multiply this figure by the
breathing rate; 3) multiply fhis figure by eight [8] to
get the B<hour exposurs total; and Y4) divide this figure
by the weight of the applicator for fhe inhalation exposure

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

~Zabls 33,

2. 4.58=T
1) 0.067 mg/eu m per 0,.46
pounds X 4 pounds = 0.58
mg/cum X 1/6 = 0,097
mg/cu m;

; | 1CDp i
| {1) 0.067 mg/cu m per 0,46 |
| ' pounds X 0.000000848 !
! i  ‘pounds = 0.,000000058 |
| ! mg/cu m X 1/6 = !
| H 0.000000009 mg/cu m X |
| ! 1,000 = 0.000009 ug/cu m;|
i2) 0,097 mg/eu m X 1.8 cu m/= {2) 0.000009 ug/cu m X i
' hr = 0,17 mg/hr; i 1.8 eu m/hr = i
i ] 0,000016 ug/hr; i
i {3) 0.000016. ug/hr X ;
! | 8 = 0,000128 ug; !
! P4 {
1 I
| | |

3) 0.17 mg/hr X 8 = 1,36 mg;
Yy ) 0.000128 / 60 kg =

) 1.36 mg / 60 kg =

0.023 mg/kg expasure

-8
par. day 2.X.10 ug/kg ner dav

The Working Group considers that the difference
between the no-adverse-effect level of TCDD for teratogenic
effects (0,03 ug/kg) and this calculated dermal exposure

6

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

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

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

calculated dermal exposure level éor 2,4,5-T (0.026 mg/kgil{
does ﬁot constitute an ample margin of safety. The Working
Group the;efore recommends issuance of a rebuttable presumption
against pesticide products containing 2,4,5-T pursuant to 40
CFR Section 162,11(a){(3)(ii)(B).

(d) jve o 8

The Working Group has also considered the possibility
of a single individual being exposed through twe or more of
the above routes. The results (derived from Tables 27, 29,
and 31) are shown in Table 34, The Working Group aléo notes
that possible cumulative exposure to several dioxin-containing
pesticides could increase the total body burden and increase
total risk from dioxin exposure.-

The Working Group considers that the differences
between the no-adverse-effect level of TCDD for teratoe
genic effects (0.03 ug/kg) and ﬁhe calculated cumulative
exposure levels for TCDD ih Situations 2 and 3 (see Table

34) do constitute an ample margin of safsty., The Working

17/ Johnson (63) [see Section I1.6.(3)], in a review article,
calceulated a daily inhalation exposure to phenoxy herbicides
of 0.025 ug/kg for a T70«kg adult, The calculations were
based on actual air monitoring data of air samples c¢ollected
in two wheat-growing areas in the state of Washington during
gpring and summer and analyzed for phenoxy herbicides. The
author did not specify how soon after application the
samples were taken,
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Tabile 34, Cumulative Bxposure £o 2. U4.5«~T and TCDD
| Situation #1; 2.4,5-T7 | Situavion #1: TCDD
{0rala 0.0007 mg/kg |0rala ——m———
|Dermal- 6.8 mg/kg iDermale 0.0007 ug/kg
{ / N ' a/
lInhal.- 0.2 mg/kg? Inhal,~ negligible
iCum, = 7,0 mg/kg iCum, = 0.,0007 ug/ksg
i : o
i . - Situation #2: TCDD

Ol‘al- --—--‘-.
Dermal- 0.00018 ug/kg

Inhal.- negligiblei/

iOral- 0,0007 mg/kg
Dermal- 1.8 mg/kg

iInhal.- 0.053/

o i A M it T — g

e e e i —— e W e ——— . — -

{Cum., = 1.85 mg/kg Cum., = 0.00018 ug/kg

! on 3a: ) Situstion 23 TCDD
i0rala- 0.0007 mg/kg |Oral- —————
EDermal- 0.051 mg/kg !Dermal- 5 X 10“6-ug/kg
iInhal.- 0,026 ng/kg !Inhal.- . 4 10'6 ug/ke
I.ggm, = 0,0777 me/ke iCum. z 7 x 10°8 ng/ ke

a/ Calculations were made on a worste~case basis as 3%

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

97% of the pesticide to which the body ig subjected during
most exposure situations, and aspecially to applicators of
liquid sprays, is deposited on the skin."™ TCDD inhalation

exposure values vere negliglble: Situation #1, 21 X 1(:1"6

ug/kg; Situation #2, 54 X 10~7 ug/kg.

Group also considers, however, that the differances between
the no-aanrse-effect levels of 2,4,5=T and TCDD for terafo-
genic effects (20 mg/kg and 0.03 ug/kg, respectively) and
the caleculated cumulative exposure levels. for 2,4,5-T in
Situations 1, 2, and 3 and TCDD in Siﬁuation 1 (see Table
34) do not constitute an ample margin of safety. The
Working Grouﬁ therafore fecommends issuance of a rebutiable
presunption against pesticide products containing 2,4,5-T

pursuant to 40 CFR Seetion 162,11{a)(3)(ii)(B).
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IV, STUDIES RELATING TO POSSIRLE ADVERSE EFFECTJ

This section addresses other.types of adverse
‘effects of 2,4,5-T for which the Working Group has deters
mined that insufficient evidence exists to initiate a
rebuttable presumption, The Agency solicits comments
from r;gistrants and other interested parties on the
evidence listed below, and requests submission of any
additioﬁal studies or relevant infermation on 2,4,5-7

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

Seetion 162.11(a)(3)(ii)(A) provides that a rebuttable
presumption shall arise if a pesticide's ingredient(s},
metabolite(s), or degradation product(s) induce mutagenic

effects, as determined by multitest evidence.
(1) 2.4.5=T
(a) DRositive Study

Majumdar and Golia (178) fed male RProsophila pelano=
gagter either 250 or 1,000 ppm dioxin free 2,4,5-T {(obtained
from Eastman Kodak) for 15 days. They were then mated to
sets of virgin females to generate three lJ.day broods of
offspring, F, flies were allowed to mate, and F, flies were

1 2
scored for X-linked recessive lethals. No differences among
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broods were noted, and data from all broods were pooled,

The percent lethals in contrels, 256 and 1,600 ppm groups

were doéé-related and were 0,05, 0,26, and O.Sé%, respectively.
The oontrolhvs. 1,000 ppm lethal rates were Qgénificﬁntly
different from one another (p < 0.01). Ethyl methane

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

it yielded 13.70% lethals, The total number of flies

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

(b) Negative Studies

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

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

Fujita ot al, (149) reported chromosomal abnormalities
in in xltre eytogenstic studies of human lymphocytes

T to 10'“ M of 2,4,5«T, which contained 0.09

sxposed to 10
ppe TCDD. Breaks, deletions, and rings'ware observed,
Chromatid breaks incrsased with inereasing concentrations

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

was a toxie effect or a potential genetic effect (150).
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Majumdar and Hall (169) reported on the cyto~
genetic effects of Z,H,S-Tlﬂ( on in xixg:bone-marrow
cells of Mongolian gerbils., The animals were_injected
with total amounts of 2,4,5-T at the rate of 50, 150,
250, 350, or 500 mg/kg body weight over the S5-day period
of the study. Increasing numbers of chromatic gaps,
breaks, and fragments were observed at 250, 350, and
500 mg/kg doses, Noc exchange figures or isochromoscme
gaps or breaks were observed, This is not a definitive
experiment for indicating the potential of 2,4,5-T for
causing heritable chromosome damage (170)., Toxieity

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

Davring and Hultgren (171) reported on an jin
Yivo study on the cytogenetic effects on bdne-marrow
cells of Mus musculus (male mice) induced by a Swedish
L9/

commercial 2,4,5-T ester formulation and its compo-
nents. The study showed that 2,4,5-T commercial pro-
duets can affect chromosomal and reprqdqctife mechanisms,
Two different sftrains of mice were used with similar
results for both., These results correlated with effectis

seen 1in Drosophila; _The éufhors stated that c¢hromatid

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

19/ The concentration of TCDD was guaranteed £o be
less than 0,1 ppm in the product,
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inter- ¢r intraexchanges were never observed. This
study was not carried out sufficiently for the demon-
stration of chromosomal effects such as rearrangemsnts

in future generations of somatic cells (170).

Davring and Sunner (172) demeonstrated cytogensetic
effects of a Swedish commercial 2,4,5.T formulationaﬂ/
an cogenesis and sarly embryogenesis in Drosophila me-
lanogaster. A 509 decrease in fertility for the flies
was determined to be 250 ppm. This level is 40 to 60
times less than field use concentration levels., Repro=-

ductive and chromosomal effects were observed,

(2) ICRD

- Hussain et al, (24) evaluated the mutagenie activity
of TCDD (gés pure) on three different microbial test systems.
In the first_study, TCDD significantly increaséd thé incidence
af reverse mutations in Escherchia QQLL‘SG;H administered 2
ug/ml TCDD fromlstreptomycin depaendence to streptomyein
independence., This was the anly dose at which mutations

were elearly obaserved, No details of the sxperimental

20/ TCDD concentration was less than 0.1 ppm in this
formulation which was tested at practical field use
cancentrations or lower,
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protocol were given, and statistical methods were apparently

not employed in assessing the data.

‘The second test by Hussain et al., (23) studied
reverse mutation from histidine dependence to histidine
independence in Salmonells Lyvphimurjum (Strains TA 1532 and
TA 1530). TCDD was positive in TA 1532 but negative in TA
1530, This indicated that TCDD acts as a frameshift mutagen,
ICR=-170 was used as a positive control in the test with TA
1532, No positive or negative controls were tested in TA

1530.

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

dimethyl sulfoxide, causes cellular effects,

A preliminary report on the chreomosomal analysis of
hospital patients exposed to TCDD in the accident at the
Seveso, Italy, factory was presented gp the:Department of
Health, Education, and Welfare meeting on October 12, 19756
{182). An increassd number of c¢hromosomal lesions (gaps,
chromatidic and chromosomal breaks, and rearrangements) were
observed in somatic cells of the 2« to 28-year-old males
and females tested, Cytogenetic studies of tissues from
therapeutic abortions performed on women Who were exposed to

TCDD during the accident indicated that there was chromosomal
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damage to c¢ells in maternal peripheral blood, and placental
and fetal tissues. These preliminary results were based on
a small number of samples, and no specific data are available

at this time (150).

(b) Negative Studies

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

spermatogenesis.

A cytogenetic screening study of the sffects or TCDD
on bone marrow cells of male Osborne-Mendel rats was per-
formed by the Feood and Drug Administration (1l1l9). Two
separate experiments were performed,;The first was a multiple
dﬁse test in which 10 ug TCDD/kg per day was administered by
intubation for 5 consecutive days. In the sécond test,
single doges of 5, 10, and 15 ug TCDD/kg were administered
intraperitoneally and 20 ug/kg (the highest dose) was
administered orally. Thers was no evidence from these
studies to indicate that TCDD produced cytogenetic damage in
the bone marrow of these male rats., Toxieity, which was
indicated by a slight weight loss, was noted in rats that
received a single dose of 15 or 20 ug/kg (the highest
dose levels).
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Green (119) conducted a short-term investigation of
several dioxins, using male Osborne-Men&el rats, to determine
what potential these substances had to produce_cjtogenetic
damage in rat bone-marrow, In one study all_of the dioxins
were tested by being intubated in the rats for five consscue
tive days at 10 ug/kg per day. A second study involved TCDD
alone administered oralilly at 20 ug/kg and intraperitoneally
at 5, 10, anﬁ 15 ug/kg. The author found no evidence that
any of the substances tested produced cytogenetic damage in

the bone marrow of male rats.

In conclusion, although Hussain et al. (24) have
demonstrated that TCDD does appear to act as a point (gene)
mutagen, the evidence 1s weak for heritable genetic effects
gince the level of mutagenic testing is meéger and there
were some major defiliciences in some tests. However, the
study by Hussain et al. does not fulfill the ¢riterion of
nmultitest evidence as prescribed in 40 CFR 162.11. Although
TCDPD does appear to have the potential to aét as a chromosomal
nutagen from the in yivo cytogenetic studies (152), specific
data are not yet available from the Sevesc accident.

PR

(3) ghromesomal Damage

The Working Group also wishes to call attention
to three studies [previously discussed in Sections III.B.{2)(b)},

IV.(1), and IV.(2)(b)], which indicate that 2,4,5-T and/or
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TCDD may cause chromosomal damage. Fujita et al; {149)
reported chromosomal abnormalities in in yitro tests on
human lymphocytes exposed to 2,4,5-T; abnormalities included
breaks, dsletions, and rings. Yefimenko (167) reported
damage to bone-marrow cell chromosomes {inc¢luding breaks,
trua'aberrations,lor rearrangements) in in yivo tests on rat
gonadal and somatic tissue exposed to butyl ester 2,4,5.T,
The preliminary HEW report (152) on the Seveso incident
indicated an increased number of chromosomal lesions {(gaps,
chromatic breaks, and rearrangements) 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 effacts and that further evidence and tasting
i3 neaded on the mutagenicity of 2,4,5-7T and TCDD. The
Working Group would like to evaluate moré detailed an&
specific information as it becomes avallable from the Seveso
acoident, Relevant information or studies on the mutagsnetic
effects of 2,4,5-T and/or TCDD should be submitted to the
Ageney, and the option for re-evalu;ting.fheir mutagenic
properties must be left open should more c¢onclusive esvidencs
become available.

B. JToxiclty %to Humpans: TCDD
(1) Lhloracne

A number of researchers hava reporfed illness ascribed

to TCDD (90, 93, 95, 153). Most of these toxic effects have
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occurred in chemical plant workers after accidental exposure
to the dioxin. While a number of 11l effects have been

‘reported, the most widely known is chloracne,

Chloracne is a severe skin disease resulting from
exposure to highly éhlorinated dibenzo diecxins, It is a
diseasé of the follicular and sebaceous glands. Its
gsymptoms and signs include skin lesions, feollicular hyper=
keratosis, and the formation of large sebaceous c¢ysts,
inflammed tubercles, and pustules., In addition to these
symptoms, c¢hloracne is often accompanied by a brownish
karatinization of the skin, cystitis, pyelonephritis,
depression, hirsutism, fatigue, neurological disturbances,
raised cholesterol levels, liver damage, and psychological
manifestations (10, 15, 16, 154, 155, 156, 157)., Several
researchers have observed that chloracne is not only irritat-
ing and persistent but also very difficult to cure, It is
one of the most frequently ¢ontracted forms of oc¢cupational
dermatitis, occurring primarily in,chgqioal-plant employegs
engaged in the production of 2,4,5-T and 2,4,5~-TCP (16, 95,

155, 156, 158).

The first report on a toxic material being the
" causative agent for an occupational skin disease appears to
have been by Dr. Karl Herxheimer in 1899, Dr. Herxheimer

diagnosed the cause of dermatological praoblems in a German
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factory worker as exposure to chlorine lons in the produc-
tion of caustic potash (159), It is from this éarly
‘diagnosis that we get the name c¢hloracne, Dur;ng the early
1950's there were a series of industrial accidents in
Germany resulting in an outbreak of chloracne in the
employees of chemical plants manufacturing 2,4,5-T and
2,4,5-TCP. The symptoms of the employses of one of these
Ffactories in Hamburg, Germany, were extensively investigated
by Kimming and Schulz (l6)s These researchers, using

the rabbit ear test, proved that the cause of the chloracne
was a contaminant found in c¢rude 2,4,5-TCP and not the

formulated 2,4,5-TCP., Later 6n, Bauer et al. (1l5) conclusively

v

—

identified TCDD as the causative agent of chloracne,

(2) Porphvria outanea tarda and O -Aminolsvulinie
Asid Synthetass

Porphyria cutanea tarda (PCT), a form of hepatie
porphyria, is another disease caused by exppsuée to‘TCDD
and often accompanies chloracne, PCT'dccﬁrﬁ primarily in
industrial workers associated with the manufacture of

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

e ot et T Syl = Ty

i i

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

overe-production of porphyrins, hirsutism, and neurological
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and intestinal disorders (94, 160)., It is also characterized
blochemically by an increase in the activity of:the mitochon-
- drial enzyme g-aminolevuliﬁic acid‘(ALA) sjrnthetase, which
is the'first and rate-limiting enzyme in hemélbiosynthesis
{160). TCﬁD wasg thpught to be a potent indu;;r of ﬁLA
activity in chick embryo liver (115), Goldstein et al., (161)
reported that TCDD was found to induce ALA synthetase and
hepatic prophyria in mice, These researchers stated that at
that time [1973] TCDD was the most potent porphyrogenic
_¢hemical known. Poland and Kende 1976 (4) found that the
duration of ALA induection from TCDD exposure is prolonged,
most likely due to the long biological half-life of TCDD.
These researchers also found that ALA synthetase inducers
have halogen atoms occupying at least thrge of the four
lateral ring positions (positions é, 3, 7, and 8), and that
there is at least one free, nonhalogenated ring position.

TCDD fulfills all of these requirements,
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