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SUMMARY AND 
RECOMMENDATIONS 

Summary 

This rede,,· of' th(' hCl'bi<:ici(\ 2,4,5-T, bcg!lIl with 1111 examination of 
tIll' results froll! tIll ('xjwriml'ntal SCl'(>clling-study ,,-hith implicated it 
tIS n potC'lltial kr!ltogrll. It quickly became cyidcnt that examination 
from stich a l'<-'stl'ietl\d b'l:·-iS WHS inadC'quutt'. Therefore, the Panel 
dccidrd to study more broadly important aspects of 2,4,5-T, including 
details of its dwmistry lllld purity, its dcmcstic lISC'S and their relati,~c 
importullcC', tIl(' militlll'Y signifieallep uttachC'd to 2,4,5-T as a defoliant, 
residue' leY{'I~ (in ordC'l" to estimate probabiliti('s of human exposure), 
general dl'l'ct:-; 011 tIl{' l'llyironmf'llt, a~ \Yell as it:-> toxicity. III {'X,;,·,;' 

ing tli(' toxicity of 2,4,5-T, tlll' Pall('l rc\"it'\n'd the informntioll a \"uil­
able from tIll' liteI'<lture (as \\"p1I as some ullpublishC'd documents) 
which had hpPIl cOllsidercd ill th(' past in es~,lblishing' policy dC'eisiolls 
for tlw \T'lriolt-; tlSt'S to \\"hich this ]lPsticicie had been put. 

Selectioll of 2,4,5-'i' ns all rxample for ddaikd eXamill;.l.tioll has hud 
r n llumbpI' of ndYantagc:-'. There has be on an extcnsin' history of lise _'1 

l and expC'l'i(llll'C'. 2,4,5-T ""as first registered on ~Iarch 2, 1948, by tIl(' 
Amchern Products Company, Ambler, PC'nllsyinmi<i. Since that time 
eOllsirtcrabil' information Oil its prop<.'rtic's and lIS{,:-; has accumula.ted. 
FlIl'th(ll'mo1"(', it has becn the subject of n,\·iews by otlwrs in the past. 
Finany, the problem \\"hi('.11 brought it to the Panel's attention, SllS­

picion of tcratogC'nicity, nppC'ars to be a reln,tin~ly manlllgcable prob­
ICill in contr:lst to many otlif'r biological f'ffpcts, notably tumor prodH(,­
tion ulld W'lldic nltpl'<ltic)JJs. This is important since tIl(' rN.'omHH'udn­
tioll:::; which follow nlll be made with a dcgrt'(' of ('onfidC'llcc tbat eaJIIlllt 

be app1ird to cnreinogcllie or mutagenic effects. For cxampll', the 
dose-response chnl'aet('ristic of teratogells is generally rcstricted to a 
I'plati\TC'ly Sllllllll'tlllg(l of dosag<', Accordingly, a tlircslwld bc,lo\,· \\'hich 
110 effect would b(l cxpectrd can be assigned ,,"ith more certain ty. 
Expcrimf'llts to dderminC' this rUllge of \·UhlPS can b<, prrforml'd in a 
l'rlatin'l.\ short time :tIld do not r('quirC' yery large ll11mb('rs of flnimal~ 

Ttl(> PatlP) is grntifiNi that SOTllC' of its recomIlH'lJr1atiollS art' aln':lci.\ 
b('iIlg' cnrri('(l out. ('spreildly further eXjleriIlJ(lllts to (.'ollnnn H!ld ('x-
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tend tilt' result~ of the original sCl'Pl'lling that indil',l,ted 2,4-,5-'1' to b(~ 

. ,.teratogcllic_ 
In considering the chemistry of 2,4 .. 5-T, our ntt('lltioH '\·a~ drnwil to 

impurities ,,"hich ean result from tIl(' JlllulUfnctlll'ing: pl'()t·(,:-;~. Particu­
lar attention was foellscd on a single' impurity, 2,3,7,S-tptrachloro­
dibenzo-p-dioxill, ,,-hieh 0(;(;111';-; in L'OmnH'fcial IH'cpal'atiollS of till' 
herbicide in highly variable amOtlllts lInless particubl' el1ft' is takt'il .to 
exclude it. This impurity is cxtn'llwly toxic. It::> aillount dt'IH'IHls upon 
ytlriatiolls in the reactioll conditions_ Other dioxins etln Iw fonned 
from ';:,1rious implll'itic's ill tIlt' starting rnaterials. The diuxin impurity 
eam(' to partiellbr attentioll \\'}I('11 the U.S. lH'l'bieide illdustry wn~ 
asked to produce largel' qll<lntiti('~ of 2,4,5-T during thr middle 1960'~. 
Howe\'er, its presellce a~ an impnrit:-- and certain of it~ nc.ute toxil' 
effpds had })('('J"\ knO\\Tl sint'-' 1957. It:'> concentration in commercial 
2,4,5-T ha~ lW{,ll greatly reduced in tIl(' j),lst yenr or ~o. 

Annl:-?tic method~ <lnlil110le for 2,4,5-T ,11'<-' accurate and rcliaole. 
"~ith the possible l'xGeption of eitrlls fruib, determination of residues 
in food has not pr('sentccl tl sl'riotts analytic probh'm. 

2,4,5-T is relatin'}y1abile inllatun'. Residues in soils and \\·<It('1' arC' 
not pl'r.:o;istellt exct']>t under 1l1l1lSlWl conditiolls. The herbieidC' is not 
stored ill pbll h or animals to n significl111t extent. 

Productiull of 2,4,5-1' in the United States rose rapidly oet\\"c('n 
1960 nlld 1968. Civilian USC', most of ,,·hich is for clearing of runge land 
and righb-of-,,·;1Y and for tre<.ltrnent of pastures, declined about 500/0 
bet\Ye('n 1964 and 1966. ).Iilitary use of 2,4,5-T as a defo1iallt, ex­
prC'ssed as Humber of acres sprayed, rose sharply bct,,-een ] 964 and 
1967 but has dcclinC'd since thrll. Although accounting for only a 
small amollnt of the total usage of 2 .. 4,5-T, its place in control of aquat­
ic ,,-eeds is significant. TherC' is a small but inlportant list of agricul­
tural uses \rher(~ 2,4,5-T is applied to food crops. Potential human 
exposure is recognized in this direct application to food crops, in 
range and pnsture lands grazed by domestic meat and dairy animals, 
and possibl:-, in watcr supplics dcri'l:cd from treated \nlt{'n\-:.lY~ and 
streams. The t'conomic importanc{' of the \?arious use:;; is cOllsiderable, 
but is Yery much less than that of 2,4-D. Substitution of 2,4-D for 
2,4,5-T call be made for certain uses. 

Defoliation. w;;ing mixtures of 2,4-D and 2A,5-T, has been employed 
in ·Vietnam since 1962, more in tensi n'.ly since ] 967. 

Although not rigorously demonstrated, its militnry us(,fulness has 
oeell considered to be vc-ry high. 

The backgrollnd of toxicological information on 2,4,5-T is thin. 
)'Tost of the nnimal studics luH?e been concrnwd ,,-ith acutc toxicity 
(singl(' dosC's Of rcpented dost's for short periods of timc). Based Oll 

thcse experiments, the neute toxicity of 2,4,5-T '\n1S found to be low. 
Little is known of the detaib of the metabolic handling of the material 
although rapid excretion in the urine seems to be rhe rulr. 
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The screening study ;'lIpport('(l by the ~ atiollaJ Cancer Institute on 
the toxicity of c('rU1in pt·stic·idp::; and othcr important indw:tria} chem­
icals marks an import!lllt adnuH·(, in toxicologicnl testing in that the 
tests ,,-('r(' desigil(~d to detC'("t eureinogPllie, tPrntogenie and mutagenic 
potential. The prepuratioll of 2,4,5-T llsed in those tests was ShO\nl 

to be teratogenic in both rats nnd mice. There ,,·as no eYidence that it 
'\nlS cl.1rcillogcni('_ \YhiiP this study hnd a number of limitations which 
qualified its usefllllless, th(' teratogenic results were sufficiently con­
yineing so th .. 1t the Pnnel lIrg~d, early in its discussions, that they be 
repeated and cxt(,lldl~d using better characterizeu preparations of 
2,4,5-T. An;llysis of a sample of the 2,4J 5-T preparatioll used in the 
origin ,11 tt'ratogell('sis study r('\,('<.l}ed a dioxin lo\-el of about 27 ppm. 
Such a cOllsidC'l't1blC' ('ontaminntioll by this highly toxic material raised 
the question as to ,,·hether tll(> teratogenic. effects obserTed ,,-ere caused 
by 2,4,5-T itself, by the dioxin impurity or by other impurities in the 
commercial preparation tested. 

The Panel was l.nnu·c of press reports of incrC':.lsed birth defects in 
Yietl111m l.lttribut('d to thp llse of defoliants. The lack of <.l('Cllr;ltc cpi­
uenliological dutu on the incidcllce <.'lnd kinds of birth defects in th(' Yiet­
llamese population before or since the military usc of defoliants 
preciudes any estimate as to '\\·hether all increase ill birth defects hl1S 
occurred. Calculations of potential hnml.lll c-xposurcs from sources 
such as drinking \nltcr or direct fallout makl' this 1.1PIW,ll' unlikely 
(though theoretically possible), 

A reyiew of the cll'\?ironnwIltnl efft'eb of 2,4,5-T on llolltargt't 
organisms rm?eals few harmful consequell(,(,S of its recommended uses. 
Induced changes in n:-gctatioll are foUmn:>·d by altcration in numbers 
of wild animals. Accclcrnted erosion of soil may follo\\- the killing of 
brush with herbicides but mcchnnical removal causes greater erosion. 

Recommendations 

1. Further stud'ies. 

a. The animal experiments which raised the question of the teratogenic 
potential of 2,J,,5-T should be extended to include a wider range of doses 
administered to non-inbred strains ~f animals and to iarllter numbers of 
animals .. 

b. The 'importance ~f the impurities in 2,1,,5-T as potential health 
hazards should be ascertained. Recent experiments designed to dis­
tinguish between 2,4,5-T and the dioxin impurity have suggested that 
both the herbicide and the dioxin are potential teratogens in some 
experimental animals. HmH'\?Cr, experiments necessary to establish 
this answer ha ye not been performed. In addition, there may be addi­
tional impurities in commercially prepared phenoxy herbicides ,,-hich 
may be biologically active. 
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c. The metabolism of 2,J,.,5-T -In hllmans should be determined and 
j compared to that £n experimental animals. 

2. The lereloj dioxin, a recognized impurity in 2,1,,5-1' shou:d be 
rigorously controlled and limited to not more than 0.5 ppm. A reduction 
to not more thall 0.1 ppm should be urged. Sc,-eral polychlorinated 
dioxills h~'?c been foulld to be highly toxic and capable of eliciting 
teratogemc effN:ts, though they ,-ary widely in toxicity. Since they 
may reach the environment from multiple sources. t"olltr~l on'r knO\\~;l 
sourCC:-i should be exercised to the exteut po~sible. 

3 . .t1 decision to restrict the use ~f 2,4,.5-T should not be based on the 
isolated finding IIj toxicity but on the expected €Iposure following recom­
mended ltSe -in relation to dose response ej}eets. 

In general, the imposition of restrictions Oll t he usc of a pesticide 
would apppar to be tl function of t\\-O factor~, the potential fo~' humt"Ul 
exposure and the natu1'(' of the toxic effects. For eX<lI11ple, if carefully 
docm.Bented residue information points to little likelihood of exposure, 
the l"lsk of ad\'cl'sc effects would be lcss significant than if exposure 
were widespread. 

The Panel found no c\'idence to sugg('~t that significtlilt residucs 
\\-ould result from recommended 11SCS of 2,4, 5-T on food crops. It is 
possible for residues to occllr in tissue~ of animals grazing all recently 
treated pastures and range lund. In fact, the only residues \dlich have 
been identified in the total diet studics h<1'-e occlIrI'pd in meat and 
dairy products. Howen'l", the fe\\- cases ill \\-hich residues haxc been 
Jiscon~red htlYP all becll at levels weH bclo\\- thosp which would be 
expected to result in significant toxicity for mnn. 

Tl~e u:perimental findIng oj teratogenesi-s require8 ju)'ther elaboration 
b~fol'e 'it can be i-nterpreted as a hllman health hazard. 

Tlw risk of ter<ltogenic effects should be placed in perspective. 
TerutogC'lwsi . .., induced by chemicals is a fetal respOllse at a particll­
larly sellsitin' period ill embryonic den~lopmellt to lo\n'r do~es of the 
chemical thall aI'P acutely toxic to the mother. Birth dt'fects cail be 
produced in the ('mbryo through mallY mechanisms of injllry \\-he11 
the agcnts arC' administered during critical lJeriods of organogenesis. 
It is generally twid th~lt by careful ehoice of dosagc, ,,-hieh may be 
close to the uClltC'iy toxic dose for the mother, most chern1cals might 
?e showll to be teratogenit' ill animals. For a variety of reusons, it 
IS Hot possibln to trallslllte directly the l'C'sults of f'XIWl'iments in 
animnls to mall. Then~ arc differcnc('s in sPllsiti\"itv which arise 
from differeIH'('s in metabolism. Compnrative metab~lic studies in 
Illan and animals, therefore, arc important in interpreting toxicity 
for mUll. 

The importallt eonsidcratioll is not only the dpIl1onstation of 
terfttogpnicity, which mny oc-ell!' with m<Ul}- chemicals at serleted 
dosages, but the rstimntioll of the likelihood of trratogpni(: offeets 
\\-itl! tho amounts likf'ly to b(, ingested incident to recomrnpllded 
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use. To rcstriet or bUll usage of chernicabi 011 the basis of df'l1lO11stra­
tion of teratogC'nicity at dose ]e\"cls which far exceed actual or 
('xpected exposures is unreasonable and conld w('II deny usage of 
chemicab \dlOSe bcnefits far otlt\\-eigh risks_ 

4· Registratwns oj 2,4,5-T for uses on pastures and range lands 
should be treated as registrations jar food crop uses. 

It is possible for residues of 2,4,5-T to occur in milk and tissue::; 
of anim,lls grazing 011 lund rccently treated with 2,4,5-T_ To date, 
meat and dairy products han been the only food products in the total 
diet studies that contained nH'asurable amounts of 2,4,5-T. Use on 
range and pasture land should be included ill registration for use on 
food crops. 

5. l11onitoring oj 2,.',,5-T residues should be significantly expanded, 
espeC'ially fo/' meat and milk. In sampling meat and milk, special 
attention should be gin'll to geographic areas w}wre tre,ltment of 
pastures and range lands \dth 2,4":i-T is most commoll. The 2,4,5-T 
residues that may occur in meat and milk of nlliulttls nllowcd to 
graze on pastures and range hmus treated according to current 
recommendations should also be restudied. 

6. As new information is da-eloped on pe&ticides, it should be dis­
seminated promptly to individuals and organizations that are legitimately 
concerned as manujacturus, formulators, users and 8C"i~enti.fic invest-i·gators. 

The euse of 2,4,5-T is illHstratin~ of inordinutp dplHY in makilw 
• 0 

nnlilable ne\\- re::;curch information ,lS it beearne knowlI. The SCTl'!':'::::2,' 

study of pesticides ,,-hich \\-1:1S carried out by Bionetics Corporation 
under contract ,dth the Xational Cancer Institute was completed 
about August 1968. It \\,~lS 14 months later when the Go\"ernment 
annouIlced its coordinated aetiolls 011 restricting the usc of 2,4,5-T 
It, was only after an additiollal sen-ral months that the detailed 
data of the :o;creenillg study \\'{'rc made publicly tl\"ailable. A central­
ized mechanism for handling and disseminating ne\\" informntioll 
a.bout pesticides could help ftlleviate thi::; problem. 

7 . .t1 mechan·ism should be establd!edfor restricting the use oj a registend 
pest·icide temporarily on the basis ~finformation which implicates the 
cheTltical as a possible health hazard pending the collection oj mort 
dejinitit·e information. -t 

If a pesticide is already ill established usc, the decision is particlI­
hlrly difficult. Long establishcd use inevitably impli3s n depenclen('c 
upon it by the consumer and tl corresponding reluctance' by the 
manufacturer to withdraw it from the market. 

At the present time, n registration may be held in abcvance onh­
by cancellation or suspension. Because o{ the serious imp;l't of thes·e 
actions they arc put iuto effect \dth considerable reluctance. They 
were not d('signed for situations such as the present with respect to 
2,4,5-T \\-here tE'mporury withdrawal from use, without cancellation 
or suspension of registration, might have been a morc appropriate 

5 

I 

I 



I.· 
i' 
I 

! 

i 

actiolJ. Such un ultl'l'll!ltin' cour:'l' of action 1:-; Hot po~sible under 
*jH"l'S('nt reguliltiollS. 

There is need for it mpchanism ,,-hereby the i!sr of ,1 p('~ticid(' or 
other clH'mieal that HlHy affrc.t hUmll11 h0'ult11 can b(' temporarily 
n-strictl'd or held ill abeyancC'. Such actiol1 "'oldd permit the gatIH'l'­
ing of Inore ddinitin' information ill time for sufficipnt eOllstdtatioll 
to permit a decision thnt would protect tll(' public lH'nlth and Hot 

impos(' nn undue economic burden on the producers, marh'{Pl's, !lIlt! 

users of a product. Coincid('nt \\'it11 til{' imposition of r(';.;trictiollS on n 
pestieidt.', a ITH'CIWllism should be a,~ail,lbh' for informing and ('dHcat­
ing pestieidp liSP!'S and applicators so as to make thl'Il1 mon' l'('spollsibll' 
Ugl'lltS. It is r('cognized that a change ill the la\\- gon'rlling IH'stici{ks 
would bf' ll('cessary to accommodntL' this mechanism of a -tprnpor;1l"Y 
restriction. 

S. ThO'( is an urgent need for a focus of resjJoii8·ibility hi /J .. I-JEJr 
to coordinate and 'monitoi' tlu io.ticity and health actifitie .. ;;,. J'datul to 
eftects oj pesticides. 

Inforl11<1tioll ;1bout tlw IH'ulth pfIt'{'h of <1 w,sti{'id(' d('rin's from :I 

nu·iNy of sourct's including occupatiolwl eXjHbun'.-;, rt'sidw' lllonitur­
ing, toxicological in \'l'stigations, clinical exp('rirllc,(' H nd ('pidl'mio­
logical studies. In the past, there has been 110 singlC' focu:5 \\-ithin 
D/HE'Y ,,-11ich has been concerned \\"ith all of trl{'se sources of uat;1 
and, m(JI'i."' important, which has had the authority and re:5pollsibility 
to coordinate He"- iIlYcstigati\-e i11itiati\"('s. '1'h(' n(',,- Ad,-isory Com­
mittee 011 P<'sticides to tht' Secretary of D/RE',," call ix' expected to 
::;E'lTe u::; :.1 :::ourC'c of expert advice but cannot fill the ('s~elltialllC'f'(1 for 
a foeus of re~pollsibilit.y a.nd. authcrity tlt the len~l of the Office of tlw 
SeC'rrtary. Considerution of the function::: to be fulfilled and the 
l'e::;ourc{';,; a\"ailable :-,ugg('sts that this responsibility should be a::;­
signed to the Assistant Secretary for 1Iealth and Scientific Affairs 
becausl' the \·arious componeuts of D/HE'V concerned most ,,-ith 
aspect::; of the ]wu]th effects of pesticides report directI~\- to him 
(Xatiomd Institutes of Health, Food and Drug Administratioll, 
X ational Communicable Disease Center, Environmental Health 
Service). * 

9. Information prodded in applications jar registrations oj pesti­
cides shollid take into account not only the pesticide for which registmtioll 
is SOt(;glti b·ut should identify othe,. sub8tiillce,~ inCllliling celtiCles used in 
fonn-ula6ons, (('inert" ingred£ents, and -impnrit£es. 

lrn"estigatioll of the synthesis of 2,4,5-'1' and exnmination of the 
manufacturing proce::iS rc\-enled that ttIl extreme].,- toxic impurity, 
2,3,1,8-tetrachlorodibellzo-p-dioxill, pl'l'scnt in \·ariable ,UllOlwts in 

·Since this report was writtcn, the Prcsid,'nt est~bHshed, through H('organization l'l~ll, the Em-iron­
mental Protection Agency which is to be responsible for broad an-as of r('gulation ("ov('ring envirollment~ll 
matters. The Environmental Protection Agmcy will also have the capacity to caITy out some research 
under its n[lI!lI'. n"llce, we rerogniz ... tn:).t ~onJe of tllr r1"mrllts of (oordin,ltl{)11 recOIllllH'nded in t his o!~ction 
will )JC accommodated by this new 3fTl'l1CY. 
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COIJll11ereial preparations of 2,4,5-T, maT accollut for sump tlf tIl(' 
toxicological characteristics assigned to 2,4,5-T itself. The pre~e~lcc 
of this impurity "-as r('cognized as ('arIy as 1957. HO\\~eyer, t~c .lm­
porU'mec of this impurity "-as DOt. gC'nerally l'cc(Jgnized III the ~ m~ed 
States until after 1964. It appears logical that greater speClficlty 
in identifyincr the components and propC'rties of the mixture of mate­
rials \rhi~h ~re regiMered nuder a single name would increase the 
probability of identification of potentia.lly toxic subs,tancC',s, . 

10. Regi8tration procedures should be based on toxwologwal st"~I,e8 
oj the particular compounds to be registered rather than e:rlrapolatwns 
from stluries on related compounds. '. ~ 

Toxicological studies provided as informatIOu In behalf of 2,4,.J-T 
registration \\'C1"(' performed on a \-ariety of related compollnds (the 
free acid, sen'ra.i types of esters aud a variety of salts) .. Result::; of 
thesc tests \\"('1"(' regarded as being intrrchangeable and applIcable to the 
related compounds. There is ('\-idellce to caution against this concept. 
The thorough testing of isomers, esters, salts, and related compounds 
is a n:>n- laro·C' and expcnsi\-c task. Xe\·ertheles::;, information about a 
potenti;l hc:lth hazard may be incomplete unle::;s all of the compounds 
to be llsed arc tested. 
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INTRODUCTION 

III 1904, 'Ill(' .\'"Iltiollttl C;.lIH'Cr Tll~titl1tc HlHiertook throlwh n C011-
tntet It ~('l'N'llillg sind:; of ,1 1111ml)('r of pcsticidal ehemieal:. Among 
tbe rl'~lIlts of tbis ::o;crccning study \\'(tS the tint/iug thllt birth defect's 
could be pro\-okcd (\x])erimellttll!y in ntls tlnd mice by the <ldIllilli~­

tratioll of H'btin'ly larg(' <lo::,('s of tIll' herbicide, 2;4,5-'1'. 13\- the 
timp these l'hults \\'ere reported, 2)4,5-T lwd beell in common ;t::;t' as 
all ll('rb~(·idl' for Illore tIWll 20 yrars. Further, it had bN'll. l'll1ployed 
along ,nth 2,4-D ;.t:S :1 defolitlllt in Yictll:.llll sillce 1962, although in 
.-.;izl'''lblp <jtl<llltities ollh~ sinCt: 1967. 

In October 1969 s~(\n'i':.d :lgrnci('s of GO\-enlJlWllt mo\"C'd ill· II 

coordinated nlnlllll'r to brillg .. tbOllL n'strictioll of the liSP of 2,4,5-T 
both \\-ithin tli(' L'nited SUl.tl'S and abroad (1). III term::; of domestic 
agricultural use, restriction \\-,15 pLtccd on the use of 2,415-'""1' 011 food 
Cf?PS pending till' :lClluisitioll of further illform:ltiOl~ that might prr­
!lut tilt.' Food ,lIld Drug Administration to grullt. a tokl'l.lllt'C. Use tl:-' 

It defoliallt ill \~ictllam was restricted to non-populated area~. 

For a llumber of reasons, it seemed \dsc to explore this issuC' in 
~on~e detail. The most import,lllt of these reaSOllS, pcrlwps, \nlS the 
d,'SIre to (,X<lmiIl0 tho scientific e,ridcllec tlyailablc to stand behind 
flltlll'C policies gO\-cl'lling the usc of 2,4,5-T tWU to suggest directions 
for futher expcrinH'l1tal research. Accordingly, il pallel of ('xperts Wtb 

assrmbh·d hy the President's Sdel)cP A(h-iser to consider a llurnlwl' of 
aspects of tl Ytlriety of herbicides sOlne of \\-hith \\-ere used as dcfoiitUlts 
in Vietnam. The. IH'pspnt report rcpn's(,llls their l'('view of 2,4,5-T. 

This l'('yiew considers topics \dlich ttre of concern to those who arc 
Lwed with policy decisioll:; for 2,4,,5-T. 'Ve hope that it C,l11 sen-c as 
tUl pXttmple for the consideratioll of the health e£feets and ~afetv of 
pp."ti(·itips ,llld oth('r clit:Illicals. j.)llrposPfnlly pl .. tccdjn th~) enyironm-cnt. 

A 1ll1Inl)('l' of iSSlWS <1I'P raised \yhell tIl<' utility and ~s~tfet~-· of .. til 
airf'ady f'xbting material is qU('StiOIH'(l. It is eleme~ltarv buf.n;,-C'rtlH'­
l(:ss trup to say that,the' iS51..H.'s are complcx. III a \\'ay,- their px:.unillll­
tlOll. ean be compared to foll()\\-jng a seemingly endless and 
("olltmuousiy bnmching pl'ogr<.llll. Tlw subject of ho\\- much as:-;urancc 
of saf('ty should be afforded is importtlllt. 

lPl',ltogf'll('sis nppPtlrs to be it more rnnnageablf' probl('lll than 
..,ornC' otller health effccts (SItch a~ tumor l)l·o(iuctiOll). Prl'CiictiOil of 
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safdY call probl.lbly be luade ,dth rCtl.';olluble US:5Uranl" ill additioll, 
exp('rim~nts to test a sllspected substance fl.l'C reasonably strltight­
f01"\\-I11'<1 to conduct. 

Among other problems, the purity of the chemictll hrCtlHlC all issue. 
In tIl(' case of 2,4,5-T separatioll of biologic:al effects of the princip<ll 
nlaterial from thosp of the impurities turned out to h,l\"O llllUSllill 

importance. For thi:; rCI.lSOll, the resolution I.11Hl llCCUl'tlCY of <.uwlytie 
methods uYl.lilable and Hsed to detect 2,4,5-T and its impurities hl.ld 
to be evaluated. In ascertaining the probable hazard to lllall of all 

agriculttlral chemical, its toxicity in absolute terms must be related 
to the probabilities of human exposure. Residuc information on 

2,4,5-T t.herefore W .. 1S explored. 
Finally, there remains a series of policy questions \\-hich <11'e at 

least :1.S philoS01)hiCtll uS they t\re technical, tIl(' mo~t. crHcial Ollt' being 
ho\\- ,\-ide a margin of s,lfety should tt society ndopt for itself. 

The panel abo touehl'd on a 11arrO\\'('r aspect of this question by 
posing all aJditiollnl ono. Thi:3 is the preJ.cticul problem, in the C<.lSC of 
<1 111<.1tcl'ial alrc<.ldy ill usc, of hO\\- the GOyermllellt ~honld nct in the 
interim betwecn the time of acqlli::;itioll of preliminary cxprrimental 
data ·which rc,~eal a chemical :-;tlspect. and thl' performancc· of morc 

definit.iYc experimellts \\-hich cst.!~b1ish the risk. 

REFERENCES 

(1) Prct's Relcase ou 2/4,3-T_ Office of Science and Technology, October :29,1969. 
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The FDA group reported t.he fullowing toxicitie::;; 

T.\BLE 3.~.-1ftcr Higginbolhan, ct ai, (12). 

Reactants 
Xo.ofCl 
atoms in 

dioxin 

2,4-dichlorophf'noL __ .. __ ... __ ._._._._ ......... _..... :2 
Chlorinated dibenz·p-dioxin 1_ _ __ .•.• _ •.• _. 
:2,4,5-trichlorophenol ......... _ .. _ .... _ ... _ .. _.__ 4 
2,4,6-trichlorophenoL ___ .... _. _. _ .. _ .... _. _. _ .. _. __ . _... 4 
2,3,4,6-tetrachlorophenoL. _...... . ... _ .... _ _ 6 
Pentachloropllt'lloL ... _ ......... _ ..... _ ... _ .... _ 8 
Reference toxic fat components. __ . _. - . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~ ~ ~ ~:::: .\lixture 

I )fixed 3 & 4 chloro specics. 

Chicken embn'O 
bioassay . 

j.Lg(egg 

500 
0.05 
0.25 
5.0 
1.0 
5.0 
3.0 

percent 
mortality 

70 
100 
100 
50 

100 
2i 

100 

'f' , t ,t 1 1 - • 1 • 1 '11 1 1 • ne e rUClllOro :speCieS, \\'Illen \nIl DC tIle Impurtunt produet frotH 
t.he conden::,ution of 2,4,5-trichlorophcnol, reqnires onh- 0,25 j1g for 
100% mortality in the chick embryo bioassay. A mixture "of the tri~ and 
tetrachloro species wus reported in one st.udy to be more toxic than the 
tetrachlo.ro species alonc (12). However, more recent ullPublished 
observatIOlls by the same authors have pointed to\\-ard a sinO'ularh­
high degree of toxicity of the four chlorine members of the famih:. 
The conditions required for the production of the tetrachlorodibel;z­
p-dioxin, TDD, are present in step (1) of the commerical 24 5-T 

I · h' ' , synt 10S15, so t IS material can be present in the original herbicide. 
1Iembcl"s of the family of dioxins have been recognized in a variety 
of cllyironmental situations. The origins of these arc not clear in (':ypr~' 
case (23). • 
. The second source of iniormation about the toxicih" of dioxin 

compounds came fronl observations of oecupational e~po::;ures in 
plants manufacturing 2,4,5-T. These are reyic\,·cd in another section 
of this report. One of the diseases reported was a particularly refrac­
tory forn1 of skin rash known as chloracne. This was also'" seon ill 
workers in\"olved in the production of other comnounds. The first 
report of chloracne in 2,4,5-T plant \vorkers was ii; 1957' (14). The 
authors in thi~ case suggested that the dioxin impurity fitlY have been 
the factor whIch caused the chloracne. 

In 1964, the Dow Chemical Company (6) attempted to increase the 
production of 2,4,5-T by changing the reaction conditions. Plant 
operatOi's became alfeeted witltcltl=e.~ 'FIte-DowDhemieal~{l6ffi­
pany closed their facility and, early in 1965, alerted other mallll­
facturcrs of their problem. Thc active agent was identified as 2 3 7 8-
tetrachlorodibenz-p-dioxin. In addition an analytical meth~d' for 
its detection was standardized and vario~ls method~s for rl'movinO' thf' 
impurity were devised. By 1965, sufficient technology was available 
to al~o~\' the manufacture of 2,4,5-T and 2,4,5-trichlorophenol 
contaInIng no more than 1 ppm of 2,3,7,8-tetrachlorodibcllz-p-dioxin. 
By 1966, a new Do\\- plant, conforming t.o those specificatiolls, was 
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put into operation. TDD le,-els ill technical gr.Hle 2,-1 J .5-T from 
another Inanufacturcr arc listed ycar by year in 'fault'- 4, Dioxin len~ls 
ill 2,4,5-T currently rnallufactllr~d arc ~ei)Qrted not to exceed 1 ppm, 

TABLE 4.-Hislory of TDD concentration in technical 2,.';,.5-T 

[Analysis of material from one manufacturer] 

Date ppm, TDD 

~~~~~~:::.: -:::::::::::.:: - -::::::::::: -:::::.:: _:::::::::::::. -. _. 
1950 ____ ._ 
1961. ____ ... _._ ... .. ... .... ___ ._ .... _ ..... 
1962. __ ... _"_ .... _._. 
1963 __ .. _. _. _ _ __________ ...... _. _______ .: :::::: :.- ... - ... -.-. 

~~t~:::::::::::::::::::::::::::::::::_::::::::::::::::::: 
196i. ____ . ___ ._ . ___________ . ____ .. ____ . _._:::::::::::::::.:~::"_._._._._ ... 
1968 _____ . _____ "_. __ ._._ ._._ . ___ .... _. _. _ ... _ ....... __ _ 
1969.._ 

Analytical Methods 

1. Standard Procedutes. 

II 
II 
8 , 

10 
II 
12 

5-32 
3-18 
1-:25 
1-25 

<I 

A t.ypical rncthod for tho tlllaly~is of herbicide re~idue5 ill oil seed 
crops has been described by G. Yip of the FDA (27). The ml,thod 
illvoln~s extraction of 50 grams of oil with sodium bicarbonate solution, 
aciJ.ificatioll, and extraction of the herbicides \\-ith chlor-oform. The 
herbicide residues in the acid form are then esterified with diazometh­
anc to produce the methyl esters which are finally analyzed by pro­
grammed t.emperature gas chromatography. Both electrou c'~:'+'l"'''-' ., !lrl 

microcoulometric detectioll scheme~ are used. The microC'ouloHlrtric 
detector cOllsists of a quartz tube condensation chamber where the 
herbicide is pyrolyzed at 800 0 C in the presence of oxygell. The HCI 
formed is carried into a rnicrocolliometric titration cell where the 
chloride is titrated with sih-er ion. The sensitivity of this analytical 
scheme is about 0.01 ppm. 

A gas chromatogralll obtained from cottonseed oil treated with a 
mixture of seven herbicides each at 0,02 ppm is shown in Fig. 1. The 
seven herbicides used in this test of the method included: 

OH 

::=6:: 
61 

PCP 

?3.6-TBA 2.4-DB 

2.4-D MCPA 

OCHzCOOH 
I 

(TCI 
CIV 
. 61 

2.4,5-T 

CH, 
I 

O-CH-COOH 

CIO
CI 

61 
2.4.5-TP 
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(23) ,,-L.S. Dep~rt!nent of HEW, FDA, personal communication. 
(2';) 'r.s. Tariff Commission, "Synthetic Organic Chr'micals. L.S. Production 

":tnd Sales, 1967." Publication No. 29.5. 
(25) WOOTON, J. C. Chem. and Eng. News, .i.j:lO, 1967, 
'(26) YIP, G. J. Assoc. of Official Agricultural Chemists, 45:367, 1962. 
(27) YIP, G. J. Assoc. of Official Agricultural Chrmists, 47:116,1964. 
(28) YIP, G. J. Asooc. of Official Agricultural Chemists, 47:343, 1964. 
(29) YIP, G., and lIEY, R. E., Jr., \Yecd:; 14:167, 1966. 
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USES AND SIGNIFICANCE 

Summary 

2,4,5-T hus becOlne important in land a.nd watenn1Y management. 
It has been Ycry useful for brush and ,,"eeel control. A result has been 
a gro,,·ing dependence upon it. The Government itself has encouraged 
the use of 2,4,5-T through an agricllltnral cost sharing program. 

Nearly 8 million uere8 ""ere treated \\'ith 2,4,5-T in the lJnited 
Stlttes in 1964. The major use was brush control on rangelands, 
pastures, and rights-of-way. Other uses were on certain food and 
non-food crops, in aquatic weed control and in forestry. 

In 1964 and 1966 almost haIr of the 2,4,5-T ,,·as used on rights­
of-,,·ay. Orer t,,·o million acres of rights-of-way were treated in 1964 
,,·hich is one quarter of the total area treated 'rith this herbicide. 

Civilian uses of 2,4,5-T dropped nearly 50% from 1964 to 1966. 
:'IIore recent, unpublished information from the Department of 
Agriculture suggests that this trend continued through 1968 but may 
ha,-e begun to reYerse itself within the past year. This decrease 
accompanied price increases and shortages of supply associated with 
the demand for 2,4,5-T as a defoliant and tactical weapon in Vietnam. 
If acreage decreased proportionately, about four million acres would 
have been treated in 1966. 

To some extent, other herbicides can be substituted for 2,4,5-T 
(notably 2,4-D). If all alternative herbicides ,,"ere a,-ailable the ban­
ning of 2,4,5-T ,,"ould appear to lead to an additional cost of nearly 
$52 million in land and waten,-ay management or nearly a 100% 
increase on3r the current expenditures. These figures assume practices 
designed to achiere the current level of management and agricultural 
production. If other phenoxy herbicides are also banned, the additional 
costs from elimination of 2,4,5-T alone would amount to $172 million 
or oyer three times the present in\-estment. Agricultural costs aTe 

- - -esttlImtmj--to rb,,-$i3-2millie,,-ftl'lil-$44--miIlien,-BlSJ><'£ti-Hly-, -Un4er-the 
two assun1ptions, while costs of right-of-\\'ay management would rise 
$12 million and $75 million, respectively. 

Agricultural production has become dependent upon the use of 
herbicides. Their usc in the United States has increased rapidly during 
the past few years. They are employed as substitutes for the more 
costly practices of hoeing, cultivating, mo\\'ing, chopping, burning, 
and various other cultural practices for the control of weeds. 

2S 
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One oi the i;rincipal uses of the herbieide, 2,4/i-'f, i::i for cvntrol 
~f weeds and brush on pasture and rangelan,L Large quantities ure 
uwo used to control brush along road\yuys and under po\ycrlincs. Tlw. 
principal crop usc of 2,4,5-T is on huy and pasture. 

In forest production, 2,4,5-T has prayed useful for selectiye weed 
control. 2,4,5-T acts npon deeiJuous hardwoods leadng the conifcr:5 
with little injury. This treatment has beoll helpful in releasing conifers 
from dcciduous haru,,-oou c01npetition ill mixed stands. 

Production 

Total herbicide production in the United States has increased 
rapidly: 

*1960 \.",000,000 pounds (8) 
196.5 220,000,000 pounds (8) 
1968 403,00(J,000 pounds (12) 

For 2,4,5-T (acid, est-ers and salts), production has increased as 
follo,,'S: 

1960 7,900,000 pounds (7) 
1965 131'=)00,000 pounds (10) 
1966 18,100,000 pounds (10) 
1967 27,200,000 pounds (10) 
1968 42,.500,000 pounds (12) 

A portion of this production IS exported and a portion shipped 
abroad for military use. 

Uses 

1. Domestic. 
a. Farm 'Use. 
In 1964, of the estimated 13,000,000 pounds of 2,4,5-T produced 

in the enitcd States, only 13 poreent or about 1,655,000 pounds werc 
used in agriculture (Table 1). About 40 percent of the quantity em­
ployed in agriculture ,,-as used for \yced control along fence rows, 
ditch banks, fa.rm roadways, and other non-crop uses. The remaining 
60 percent or 979,000 pounds 'ms employed on crops (including hay, 
pasture find rangeland). 

Since 1964, the usc on fnrms has been decreasing. In 1966, 760,000 
pounds were applied ,,·hich is less than 50% of the 1964 amount (13). 
Use on hay, pastufe, and rangeland declined 35 percent, and other 
CfOP usc decreased by 31 perccnt, \yhereas non-crop use decreased 
aboutS4J)Creent. _________ _ ___________ _ 

b. Forestry, Rights-of-way, Aquatic Weeds and Lawn and Turf. 
In 1964, about 888,000 pounds of 2,4,5-T were used in pri"ate 

nonfarm forest management for control of undesirable trees and brush 
(Table 1); in 1966, this declined to 408,000 pounds (Table 3). 

An cstirnated 4,368,000 pounds \\-ere applied to rights-of-way, 
road\yays, fire lanes, and similar areas for tree and brush control in 

*Changes in the method ofrrporting after 1960 n:ake this figure difficult to compare with later figuH's_ 
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1904 \l'ablc 1); IP IH~jd, this had decreased. Lv 2,316,UOO iJUlll,>t& 

(Table 3). 
About 162,000 pounds were applied to aquatic habitats ill 1964 for 

,,"eed cOlltrol on about 81,000 acres (Table 1); ill 1966, this had dropped 
to 75,000 pounds (Table 3). 

TABLE I-Estimated usc of 2,;,.,5-T in the United Slales, 1961, (13) 

rs(' cJ.tE:'gory 

Farm usc:! 
Hay, pastur(', and rang{'land ___ _ 
Otlier farm U5C __ _ 

Total farm usc ___ _ 

Kon-farm use: 
Federal GO\"C'TulllPnt agC'ncics 3_ 
Lawn and turf treatment ~ __ _ 
Ril'hts-of-ways ! ______ ." _________ _ 

Private nen-farm forests 5 ______ • 

_-\.Quatic treatment" __ _ 
Other uses!_ 

Total non-farm use ___ . 

All uses ____ .. ___ _ 

QUUlltitiC'S of 
Lanu treated active 
pcr J,OOO acres 2,4,5-T applied 

per 1,000 pounds 

2,441 581 
21,010 1,074 

Proportion of 
total quantity 

applied 
(Pcrccllt) 

7 
12 

-----------------
3,451 1,655 19 

296 656 

~:~ 600 
4.368 49 

430 888 10 
81 162 2 

306 583 6 

4,488 81 

~ 8, g12 100 

J Based on "Quantities of Pf"sticides Used by Farmers in 19M." AER 131. Farm data excludes Alaska 
and Hawaii. In some farm uses, all acres in a field were reported treated while only spots actually received 
2,4,s.-T, thus making the rate per acre seem low. 

2 Sum of the acres of all crops, except hay, pasturE', and rangeland treated, plus an acreage estimate for 
noneropland receiving treatment. The acreage of noncropland was estimated by allocating the quantity 
of 2,4,5-T used for such purposes at the rate of 2 pounds per acre. 

3 Based on 196'J usage of the Departments of Agriculture, Interior, and Defense; and 1951-69 average 
usa,ze by the Tennessee Yalley Authority. 

j Based on estimated 500,000 acres of turf and 700,000 acres of lawns treated. Estimates based on "Extent 
and 9°st of Weed Control with Herbicides and an Evaluation of Important Weeds," ARS 34-102; and un­
publlshed data. 

~ Based on sources cited in footnote 4 with rate of application same as for federally treated rights-or-way. 
Does not include rights-of-way treated by Federal agencies. 

6 Estimated at 4 tunes the acreage treated and quantitifs of pesticides applied to public forests. 
; Based on sources citf'd in footnote 4 and rates used on federally treated waterways. 
, Includes governments other thJ.n fed('ral and any other usage. 
g Based on table 28 of the Pesticide Review 1\J69. Ag. Cons. Stab. Sen·ice. 

TABLE 2.-Fa,nn use of 2,4,5-T on crops, by category of use, [,~nited Slates, 1964 
and 1966 (13) , 

1:51' category 

Hay, pasture, and rang:eland ___ _ 
COrlL __ _ 
WheaL ________ ._ 
Sorghum ____ _ 
Rice __ . ___ . ___ _ 
Other I'raius _______ . __ 

__ Dth!:LCID_ps _____ _ 

All crop usage ____ . 

Active ingre­
dients per 

1,000 pounds 

Acres treated 
per 1,000 acres 

Percentage 
of planted 

acrrs treated 
with 2,4.5-T 

(percent) 

1%42 10663 1964 1 }\l663 1l!64 ( 1966 5 

581 379 2,441 861 0.4 0.1 
i2 58 255 337 O. 4 O. 5 
16 26 55 59 (~) O. 1 
5 6 48 18 0.3 0.1 

(7) 23 (7) 16 (') 0.8 
264 34 196 99 O. 4 0.2 

__4l __ 127 ~ __ ---.!I~ ____ 0._1 ____ ~2 __ _ 
979 653 3, U2 l,!i65 0.3 0.2 

I Do('s not indude Alnska and Hawaii. 1:sc in 1964 gen('rally reflects CUIT('llt practic('s. D'se. in 1966 was 
Illlusually small and not repr('sentativc of current practices because of dome>:tic shortages due to increased 
military purchases. 

~ R('vised estimates bas('d on Quantities of Pesticides 1.7sed by Farmers in 1964. 1:.8. Dept. Agr., Agr. 
Econ. Rpt. Xo. 131, Jan. 1!JG8. 

3 Data from the E RS Pesticide and GCl1€'raJ Farm Survey. 1966. 
( Acres tr{'uted as a p('rcent of acr('sgrown as reported in Stat. Bul. 334 and Agricultural Statistics 1968. 
5 Acres trrated as a percent of acres grown as r('ported in Crop Production, 1967. V.S. Dept. Agr., Cr. Pr. 

2-2(7-67). 
o L~s than one-tenth percent. 
"; Induded in other grains in 1964 only. 
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1- ,_ .• ,,~, __ "",".,~(.t(';_ .. ;,._.~",_. b-.O', '<' '.;~vl; __ <"'j, ",~ 

2,4-,5-TrichlorQphenoxyacetic Acid 

(Principal formulations: EC esters; amine salts; Type pesticide: 
Herbicide and plant regulator) 

Tolerance 
(ppm) 

lb. actual/A. 

Limitations 

Pa.stures: Grasses. _____ Extended ___ 3. ___________ Heavy blUSh. Apply when ill full leaf and 
after grass is weU f'stablished. 

L _________________ Light brush. Apply when leaves are fully 
expanded. 

Rangeland clearance ____ Extended ___ 4 __________ ._. ____ Apply in- spring by airplane when brush is in 
heavy foliage stage (40-00 days after leaves 

Apples (~IcIntosh) ______ Extended ___ ~ PP!ll sp~y 
(acid eqUiva­
lent). 

Bluebrnries (low bush) __ Extended __ LO (acid 
equivalent). 

Grains, cereal 
(undesignated). 

.Extended __ 0.5 ___ .. __ . __ _ 

Pastures: Grasses ___ .. _ Extended __ 3_ 

unfold). 
Preharvest drop control. Apply a single ap· 

plication 4-5 Jays before drop norman) .. 
begins. 

Spray on revolving cloth-covered drum held 
above blueberry foliage. Apply dUring June 
and July of season preceding a burn. Do not 
:lpply within 2 Y('3rs of harvesting berries. 

Apply when graill is in tiller to boot stage and 
weeds are in actively growing condition. 
Do not apply {rem boot to rnilk stage vr iii 
seedling stage. 

. Heavy brush. Apply when in full leaf and after 
grass is Wl'lI established. ,-- . __ Light brush. Apply when leaves are fully 

Rangelandc1earancc ____ Extended __ 4 __ 

Rice_ ._" ______________ Extended 1.25 ___ _ 

Sugarcane_ _ Extended ___ L ____ _ 

expanded. . . 
_ Apply in spring by airplane when brush 1S III 

heavy foliage stage (40-00 days after leaves 
unfold). 

_ Apply tiller to boot and before flooding (4-8 
weeks after rice emerges). 

_______ Apply after flooding (2-3 weeks) or 7-10 weeks 
after planting. 

_______ Preemergence use only. (Louisiana). If cane is 
shaved and off-barred, treat immediately 
following this operation. 

4.5 _______________ Preemergence use only. (Hawaii). Apply just 
before cane emerges. 

1. ___________ . ____ Postemergence (weeds in established ca~e). 

Apply over row when weeds are growlOg 
vigorously. Do not apply after cane is 2 feet 

Lakes; Ponds ___________ Extended ___ 4 (with 20 lbs./A. 
tall. \ 

Broadcast application in early spring to su:rp.­
mer. Do not use treated water for crop Ir­
rigation or livestock drinking water. 

2,4-D asester)_ 

TABLE 7.-The nonfood crop uses of 2,-4,S-T_ The doses listed below are given in 
pounds of 2,-4,5-T and equivalent in 100 gallons of spray using wate~ or oil as the 
vehicle. (USDA, Pesticide Regulation Division, as amended by Pesltcide Regula­
tion Division Notices 70-11 (-4120/70) and 70-13 (5/1/70). 

Non-food crop uses 

Around lann buiJdingsand yards________ _ __________________________ _ 
Fann fence rows, lanes and roads _______ ._____ _ _____ . _________ . __ _ 
Pine rl'lease in hardwood forest. ___________________________________________ _ 
Industrial buildings including: Around factories, ele .... ators loading pla.t-

forms, oil refineries, etc.. . 
Industrial sites: Airline beacon stations, airport runways, coalyards, electne 

transfonner stations, lumberyards, parking areas, radio towers, railroad 
sidings, sawmills. 

Recreational areas including: Race tracks, wildlife management _____ . ______ _ 
- .. -Right.s.-of.-Wa-y.:-fife-lanes.,..-hlgh·v;ays,p!pelines,-powerlinb, 1 ailtoalh, tele­

phone and telegraph. Vacant lots _______________________ ._ 

2. Military U8e8 of 2,J,,5-T. 

Pounds 
2,4,5-T acid 

2 
2-<l 
2-<3 

12-16 

3-12 

Comment 

5.6-10 
4--2(J--'-

2-4 

The phrase, military uses, refers to the employment of 2,4,5-T 
as a defoliant in operations_ Basic research on herbicides proceeded 
through the period 1941-1947. The work was encouraged by efforts 
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lU UeYl': Ii) tictUl:"U ,; Ut, jib i,)r U::iC ill jUIJg1c urea!::> oi the Suuth 
Pacific area during World War II (2)_ A major demonstration of the 
utility of the rnixture now knmnl a~ Orange (1:1 mixture of OJ(' hutyl 
esters of 2.4-D ilnd 2,4,5-T) as n d"foliant for milit"r.'" pu!,))();,'S 
"-as conducted in 1959 (1). 

\ 

A preliminary series of ddoliation trinh \\-as conducted in ViNn;un 
bet,,-een July 1961 and April 1962 (3)_ Operational spra,-ing began in 
Vietnam ill 1962 and increased sharply aftC'r 1967_ R('·dC'\\-s 011 this 
",bjeet are ,n-ailable (3,5, IJ). 

Two herbicidC' formulations used ill military operations ill SOtlthptl:-;t 
.Asia include 2,4,5-T: 

Ag!;'nt 

Purple ___ _ 

Orange ___ _ 

Composition 

_____ n-butyl ester 2,4-D 50'"% (wt.). __ _ 
ll-lJUtyl ('ster 2.4,5-T 30');. (w1.) • 
bobutyl ester 2,4.5-T 2O'f: (w1.). 

________ II-butyl ester 2,4-D 50% (we) __ _ 
II-hutyl ester 2,4,5-T 50% (wt.). 

Lb./Gal. 
of aeti,e 
lllatcritli 

Pm'pIt> mixt LIre was discarded curly because it was found to \w no 
more dfcctiyc than Orange. Orange is applied at a rate of 24 lb. 
per acre from both fixed ,,~illg aircraft and helicopters_ C-123 aircraft 
fly at 150 feet altitude at 130 knob_ A swath of 240 feet per P'bS is 
sprayed. Typically, a formation of 3-9 aircraft. fly at tht' same time. 

The follO\\"ing table 5hO\n:; the tot.al areas sprayed each year bct,,-eell 
1962 and 1968. 

T.\'BLE S.-Land area in Vietnam to which defoliants have been applied between 
1962 and 1968· (1S) 

]962 ____ ._ 
1863 _______ . 
1964 __ 
1(165 ____ _ 
1(166_. __ 
1967 __ 
1968 ___ _ 

Year ~umber of acres sprayed 

4, (140 
24.700 
&3,486 

155.610 
,4!,247 

1.41>6.446 
1,267, lIO 

It has been estimated that under usual operating conditions 90% of 
the relenst'd material is eonfilH'd to it band about 2.0 km wid.e_oJLtjth_cx_ .. 
side of the 80 meter spray path (15)- This figure is based on the spec­
trum of particle sizes, the direction and speed of the cross,\"ind, and 
the altitude. Under realistic conditions but ,dth a cross\rind at right 
angles to the flight path, only 0_1 % of the spray would be deposited 
bct\\-een 1 and 2 km from the center lille of the flight path. 

As shO\m in Table 8, the total area sprayed for defoliation in 19<38 
"-a·s Ip5s than in 1967_ Defoliation "-as discontinued in April 1970_ 
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Defoliation operations have been carried out to some extent in 
v virtually all sections of South Vietnam. The major use has been within 

"War Zone C, War Zone D, and the Rung Sat Special Zone. These 
three areas comprise about one·fifth of the total area to which defoli· 
ants have been applied. 

The Rung Sat Special Zone is an area ,,,hich surrounds the shipping 
channel into Saigon. 113,600 acres had been sprayed by the end of 
January 1968 (6). War Zone C is northwest of Saigon bet\\'een the 
Song Be River and the Cambodian border. 227,000 acres had been 
treated in ,Val' Zone C by January 1968. War Zone D, in which 405,000 
acres ,,'cre treated, is northeast of Saigon between the Song Be and 
Song Dong Rai Rivers (6). Repeated application was made in somc 
areas. ; 

The general purposes for which defoliation operations have been 
used include: 

a. Defoliation of lines of commnnication. Sites of freqnent ambush 
have been defoliated to afford better visibility along roads Ilnd traiL;. 

b. Defoliation of areas \\"here Vietcong tax collectors customarily 
exacted payments from the populace. 

c, Defoliation of cnemy infiltration routes, 
d, Defoliation of enemy base camps. The rationale in this case was 

based on the observation that the enemy tended to mo.e out of a 
base after the area had been sprayed, 

f'. Clearing of vegetation around American base camps and fire 
Gu:.t.'s in order to clear fields of fire and impro,·c observation. 

Importance of 2,J,,5·T as a military defoliating agent. 
Systematic studics haTe not been carried ont to quantify the value 

of defoliation in Vietnam. HO\\'cvcr, many of tho.::ic concerned with the 
program believe that the military advantages arc clearly evident (4., 
15). The follo\\"ing evaluations arc extracted from testimony offered 
by Rear Admiral W. E. Lemos before the Subcommittee on X ational 
Security Policy and Scientific Developments of the Committee on 
Forpign Affairs (4), 

u. ::\Iajor defoliation has been accomplished in ¥lar Zone C. Prior to 
defoliation, 7 brigade:5 ,\"(:re necessary to Ilwintuill USjGVX presence. 
After defoliation, only 3 brigad('s \\'ere required. 

b. The Commander of Naval Forces in Vietnam in a report to Gen· 
cfJ),LAhr.a.ms_sJaLe,~--J=-OJ.Lknow; 0 m fljnl:_C-Oll-C-c:r.n-is..thc-l:e.gcl-tl.tiO-l,l.l __ _ 
along the main shipping channel. Your continuing efforts under 
difficult and hazardous flying condition, in keeping this area and the 
adjacent inland areas deyoid of vegetation have contributed consider· 
ably in denying the protective cover from which to ambush the slow· 
moving merchant ships and U.S. Navy craft." 

c. In 1968, the Commanding General of the First Field Force reo 
ported: "Defoliation has been effective in enhancing the success of 
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allied combat operations. Herbicide operations using C"123 aircraft, 1 
belicopters, truck mounted and hand sprayers have become an integral 
part of the II CTZ operations against VC/KVA. The operatiuns arc 
normally limited to areas nndcr VC/XV A control remote from popu· 
lation centers. The defoliation program hils resulted in the reduction 
of enemy concC'lilmcnt and permitted increased usc of supply routes I 
by fric'lldly units. Aerial surn'illanco of enemy mea::; has improH-,d and 

less security forces arc required to control areas of responsibility. An /"',1 

0'"('1'<111 result of the herbicide program has been to increase friendly 
sccnrity and to assist in returning civilians to GVK c011trol." 

d. The U.S. Commander in the III CTZ relatcd: "Herbicide opera· l 
tiolls have contributed significantly to allied combat operations in the . 
III Corps. Defoliation is an important adjunct to target acquisition. 1 
Aeritll photographs cun often be tukPll from which intcrprd('l's can I 
"sec the ground" in areas that previously \H're obscured. Defoliation ,'I ~~~~~~~~~~~~~~~~~ .. 
<l1so aids visual recollnaissance. U:-:5AF FAC's (forward air controllers) 
and U.S. Army tH'ri,ll obscrvrrs haH' discoycred entire YC base camps 
in defoliated areas that had preyiuusly been o,"erlooked." 

e. In the south in the IV CTZ, C-123 herbicide operations are " 
limited. This is because of the vast areas of valuable crops \\'hich are 
not to be destroyed, even though they may be in enemy hands, There-
fore, commander of the IV Corps area in presenting his e,"aluation II-~~~~~~~~~~~~~~~~­
cited the yulue of helicopter operationE> as fo11o,,·s: ilA significant hcli-
("opter defoliation mission '~"as conducted in the yicinity of SADEC in 
August. 1968, The target area consisted of 3 main canals \\'hich con-
vcrged and formed a strong VC base, The dense vegetation permitted Ii 
"isibility of only 10 .. 15 meters horizontally and nil '"Crtically. The 
ar('a was sprayed with approxinlately 135 gallons of herbicide \Yhite 
and over 90 percent of the area "'as defoliated. As the result of the 
defo1iation, an ARVIN battalion was able to remain oycrllight in the 
area for the fir::it time in iiYt' years. ::\fallY cnt'my bunkers \ycre open 
to obsC'rvutiol1. Since the defoliation, the VC presenec has decreased to 
thp Doint thnt only RFiPF forcp,.; :ll'P nou; n('(-'(',,~nl"V fm lO{,'ll ~"{,l1r-ih·" 

~ ..,' - - - ---, -, - ----------.; _v __ v ___ -~~-~-~.J . 

f. .:-b ,l part of the 1968 t, ..... lhwtion report of ht'rbicide operations, 
the L.S, Sc'uior Ad,"isor in the IV Corps Tactical ZonC'- af('l.i rcported: 
IiA srction of l\~l.ltional Hig-hw<lY 4 in Phong Dinh Proyince '\'as the 
site for a defoliatioll OlH'ratioll on 24 JUllC 1968, Since January 1968, 

.. __ ---<l--S-(.!.r.i-t~'_S________\l..:_a-s FOlldltE:'-t-e-4-agaills-t-~~-6ft-TttJ-"s and tr-e-e--rr-- -i:================= 
mUYCIl1pnts. Bt'c:wse of the total inability of ground troops to keep 
the an'a ckl.ll' of ve, this area \yas spraypd llsing 685 gallons of hl'rbi­
dde 'Yhitl'. Thl' tnrgC't area was primarily COCOIlut paIn1 ,lnd banana 
trees that had been ubundollC'd bv their 0\\'110rS for sc,·eral Years. 
During the p('riod of abandOlHnel~t the ycgetation had bcco~e so 
dense that conyoy security elrments \\'mc not able to sec n10re then 
fh'e meters into the underbru:::;h and had to rely on reconnaissance by 
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ilre to ui.,co, er the hidden enemy. fhis method of protection had 
• proven ineffective. Three RF/PF companies with U.S. advisors were 

,. used to secure the target for the helicopter operation in addition to an 
/1tl'mored cavalry troop. Since the defoliation mission was completed, 
convoys have used the highway 2 or 3 times a week without attack or 
harassment. Only one RF platoon has remained in the nrea to proyide 
local security to the hamlet and highway." 

g. In certain instanecs, we kno\y the V'-C have been forced to divert 
tactical units from combat missions to food-proeurement operations 
and food transportation tasks, attesting to the effectiyeness of the 
crop destruction program. In local areas where extensive crop destrnc­
tion mi:-3sions \\'ere conducted, VC/1\VA defections 10 GVN illeretlsed 
as a result ~f low morale resulting prineipally froin food 8hortages. 

The most highly valued item of equipment to field commanders in 
Victnarr~ is the hclieoptcr. There \nlS some question when the heli­
copter spray equipment \\-Us first procured \"hether fieJd commander8 
would di\~ert the use of helicopters from eombat operat.ions for IlC'rbi­
cide spray operations. The very fact that the commanders have llsed 
their helicopter spray equiPlllent to the fullest and have asked for 
more is certainly proof that herbicide operations have been helpful 
in protecting the American Soldier and contributing to successful 
accomplishment of the ground combat mission." (4) 

Cost Sharing Programs 

'The' Agricultural Stabilization fiud Conservation Sen'ice of the U.S. 
Department of Agriculture has proyidcd a cost sharing progrtun for 
farmers in order to encouruge desirable fann and conservation prac­
tices. Included in this Agricultural Conservation Program are two 
programs in which 2,4,5-T was used: 

1. Control oj competitite shrubs on range and pastures. 
In 1968, $7 million "-ere paid to farmers ,,-ho treated 1.9 million 

acres. Approximately one-half of this land ,,-as treated with chemicals, 
~ subst.'lnti.al.part of which "WfiS 2,4,5-T. The rem.alnder was treated I by mechamcal means. 

2. Control oj specified noxious weeds on jarmland or biennial weeds on 
pasture and range lands. ~ In 1968, $1. 75 million ,yere paid to farmers to treat 700,000 acre.s. 
In some cases 2,4,5-T '\'as llsed, nlthough in 11l0St ('ascs,_~.A-D_:.u}.d___ I 
other cnemlcals were employed. I 
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TOXICOLOGY 

Summary 

Relat~ely little toxicological information bas been available 
on 2,4,5-T . .\lost of the experiments prior to the National Cancer 
Institute screening study \,;crc of acute, single-dose or short-term 
toxicity. The longest ppriod of observation was 90 days. It ,''us as­
sumed (not unreasonably) that the several phenoxy herbicides be­
haved in similar fashion toxicologically. Hence, an understanding 
of aspects of the toxicology of 2,4,5-Twas infoned fr-oni experimPllts 
\vith 2,4-D. The sample sizes used in many of the early toxicity 
studies were so small that it is difficult to draw statistically valid 
inferences. The studies indicated that 2,4,5-T is only moderately 
toxic. Relatively little is known about tbe mechanisms of toxicity 
of 2.4,5-T or of its metabolism in man and animals. 

The screening study of pesticides carried out under contract for 
the National Cancer Institute tested the teratogenicity of a number 
of compounds, including 2,4,5-T. 2,4,5-T appeare.d to be t.elatogcuic 
in mice and rats. Subsequent studies have confirmed these obser­
vations and in addition indicatf'd that purified 2,4,5-'1' containing 
less than 1 ppm of the toxic contaminant tetrachlorodibenz-p-dioxin 
as well as 2,4,5-T contaminated with 27 ppm dioxin arc teratogenic. 
It has also been reported that dioxin by itself is teratogenic. Tumor 

prodnetion by 2,4,5-T ""as not found. 
AeCOLlnts of birth defects in de.foliat.cd areas of Vietnam huye 

been reported. The information available docs not permit. the COll­

clusion that 2,4,5-T used in Vietnanl has been the cause of human 

birth defects. 

A. Acute Toxicological Investigations 

Toxicological studies on 2,4-D were first reported in 1944 (8). 
~O\\-cypr, there were. no published reports of toxicological investiga­
tlOns of 2,4,5~T untIl 1?53. In that year, Drill and Hiratzka (5) 
reported a,senes of studICs of acute and subacute toxicity of 2,4,5-T 
011 dogs. fhe mat:nal llsed "was commercially available 2,4,.5-T 
(presumably the aCId) and was administered in caj)sulcs mixed in 
dog f.ood. The sill?le ~cute dose ranged from 50-400 mg/kg/. Chronic 
toxICIty was studIed III this case by oral administration in doses of 
2,-20 mg/kg,/duy, 5 days per week oy(':r it }Jrriod of 13 ,,'ceks. Obsefvu­
hom; and measurements made included determination of the numher 
o,r days Hlltil death ensHed, changes in body weight-, general obscrnt­
hOllS of ,ubnormal physical signs, gross pathology of organs, and se­
lected lllstology. The Ilumber of animals llsed \\'as small (as fc,,' u.s 
oll.e per do!"p ana us many as foul' per dose). In brief, t.he finding:"> of 
tlll~ sf Ildy snggpstcd that n. single fatal dose for dog~ lay SOmC\dlCre 
bef\\'eell 100 and 400 mg/kg. It \\'us infC'rred by the author that the 
110uit'. LD,so* "'as arollnd 100 mg/kg for dogs. Repea.ted daily doses 
of 20 mg/kg led to the death of all four ani~als tested \\"ithil~ 11-75 
days. RcpC'ated daily dosc~ of 10 mg/kg did not prove fatal oY('r a 
9?-.day perio~. There '~'erc some on~rt signs of toxicity including 
\b\lelgdl~t 10sfs, stIffness of lund legs, muscular weakness and, occasionally, 

Of' mg rom gums. 
Tht' Do~\- Chemica.l Comp~Uly, it Inanufacturer of 2,4~5-T, under­

took a. st'nes of studl(~s of acute toxicity of this rnatcrial becrinnincr 
around 1950. This series inclttded it ,-ariety of speeies of :nimaI: 
und a number of the Yariolls salts and esters of 2,4,5-'1' and se\"('ral 
of the various formulations. The details of these studies have 11('\'('r 
beell }H1blbJU'd in the open Jitcrature. A number of lhom have bcpn 
suomlttpd as background muterial for a petitioll for the crranting of a 
tolerance for the herbicide for usc':; of food crops. In 1954e> a sm;man' 
of some of this \mrk '\"as published by Ro\\e and Hymas (17). Table '1 
lists the Y:lrIOUS herbicioal agcnh test(~d. 

*LI~.w--:-n:('(liall :('~hal dos('=the amount ofa !o~it agpnt which wili be lethal to 50% of the test animals 
to which It IS adnlll1lS(ered under the eonditiol1S of tlH' experiment. 

2,4,S-T is classed as a plant hormone since, in appropriate anlO11nts, 
---rr-lf(Xcleffit",,~--growtA.-'Dlc--IllCcbanisJll o~~f:-,:,th:"eZh:,e~rb:i'I,,:'c~id":'~ll-=eff=ec:;t,---___ -+ ____________ _ 

is not fully understood. However, it is generally believed that excess 
growth stimulation and herbicidal properties arc related. Herbicidal 
effects occur when these materials arc used in large doses. 
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TABLE 5.-Teratogenic evaluation of 2,4,5-T in mice (2) 

-' compound Yehicle 

Nontrcated _______ None_ ... __ 

n"", 
(mg!kg) 

Litters 
(No.) 

Live 
fetuses 

per litter 
(av. No.) 

Fetal 
mortal­
ity per 
litter 
(per­
cent) 

C.57BLj6 strain treated days 6 to 14 

~one._ .. 7".l 5. , 26 

Ab­
normal 
litters 
(per­
cent) 

38 

Ab- Percentage of 
normal fetuses per 
fetuses litter with: 

per litter -------
(per- Cleft Cystic 

ccnt) palate kidney 

11 <1 1 
ControL. _____ . ___ D).1S0. __ • CO) 106 5.5 29 42 12 <1 2 
ControL. __ ... ____ Honey_ ... CO) 32 7.1 15 41 14 0 1 
2,4,5--T_. _______ .. _ DMSO .. __ 21 . .5 6 7.7 3 50 12 0 0 

H:~~~=~~:=:=~::: fig~1f===~ 
113.0 18 ••• 42 t86 t57 t22 t41 
46.' 6 8.5 , llOO ;37 2 taa 

113.0 12 .. , t47 tloo tiO t23 t48 

C5iBL/6 strain trcated days \J to 17 

~on:re,ated. ____ None __ : .. _ Xone .. __ 
'-'on~rOl._. _._._._ D:\iSO .. __ (*) 
2,4,5-T. ______ ._._ DMSO ___ . 1l3.0 

, 
lO 
lO 

5.1 
0.1 
7.7 

36 
:!;:S 
II 

71 
30 

tlOO 

3l , 
fi7 

o 
o 

t29 

7 
o 

t60 

AKR strain trc~ted days 6 to ].5 

Nontreated .. __ . _ None_. ____ Xonc ____ 
ControL ___ ... _ . __ DMSO ... 
ControL ______ . __ . Honey_ ... 
2,4.5--T. ______ . ___ D11S0 ____ 
2,4,5-T._._ Honey __ .. 

*Dose, 100 ... 1 per mouse. 
tP=.Ol. 
~P=.O.5. 

(0) 
CO) 
113.0 
113.0 

OS 7.1 
72 0., 
12 8.8 
14 a, 
7 5.3 

16 19 5 <1 <I 
15 24 • <1 <I , 0 0 0 0 
23 til tZ9 t28 1 

1:42 tloo j55 j55 0 

T.'\.BLE 6.-Teratogenic evaluation of 2,4,5-T in rats 

Compound Yehic1e D"" 
(mg/kg) 

~ ontreated .. --. None. - -- --. - -C·j.)-_. 
ControL __ .. _ .. _ Honey ___ _ 
2,4,5-T __________ JIoney. __ . 4.6 

~;:;ti=~=~::==:= ~~~~~==== !~~ 
1200 .,.l{rat {fl· 
·*Statistical Sumific:mce Level =0.05. 
···Statistiea1 SIgnificance Level=O.Ol. 

Xo.of 
litt('rs 

7 
14 
8 
7 
6 

Average 
~o.live 
fetuses! 
litter 

,. , 
&7 
8.2 
7.1 
2.7 

Paccnt PNccnt 
fetal abnor· 

mortal- mal 
ity,1itter litters 

II 
1 

12 
**~28 

"'59 

43 
57 
88 
86 
67 

§The sample size was possibly too small to show a significant difference. 

Percent of ietnses 
1'('rcellt per litter with: 
a1mor- ---------

lllal Enlarged CystiC 
fetuses! renal kidney 
litter pelvis 

9 
12 

0°36 
·'46 

§60 

, 
12 
II 
17 
27 

o 
<1 
21 

'·30 
§33 

7. 2,4,5-T appeared to be clearly teratogenic in two strains of 
mice treated "ith 2,4,5-T at 113 mg/kg via either of the two routes 
of administration_ In rats, 2,4,5-T appeared only equivocally 
teratogenic at any dosage but clearly embryo-lethal from 10.0-46.4 
mgfkg· 

8. The lack of an unequivocally defined dose-response relationship 
renders these results less than completely satisfying. 

Reports of Birth Defects Among Humans Following Exposure to 
2,4,5-T 

Shortly after the report of the teratogenesis screening in experi­
mental animals of pesticides, there appeared a series of articles in 
the lay press ,,-hich described the occurrence of birth defects in parts 
of Vietnam ,,·here defoliants had been used. These articles appeared 
in at If'Hst six different nc\\-spapcrs in South V'ictnarn between June 26 
and July 5, 1969. Both congenital abnormalities and hydatid moles. 
"-ere described. Translations of the 'lfticles have alluded to the 
possibility that defoliants might be responsible for these defects. 
The implication "-as offered that these abnormalities had increased 
in frequency in the recent past. No documentation has been available. 

Toxicity of Dioxin 

It ."was pointed out in an earJier section of this report that one of 
the impurities ,,-hich arises in the manufacturing process of 2,4,5-T 
is 2,3, 7, 8-tetrachlorodibenzo-p-dioxin. This substance has con­
siderable interest because it is highly toxic, because a close relative 
\\-as a toxic constitutent in chicken feed and because it has caused 
chloracne, a seYcre skin disease, among workers f'llgagcu in the 
Il1mlllfacture of 2,4,5-T. 

The dioxin impurity has assumed a further importance as an 
impurity in comrncrdally tt'.-uila.blc 2,4,5-T. 'Vith the observation 
that productioll lots of 2,4,5-T containing approximately 27 ppm 
dioxin could be teratogenic, it became important to ascertain whether 
it \\-as 2,4,5-T itself or somc impurity \yhich "-as the teratogen. Recent 

5. It is puzzling that ,irtually no skeletal malformations were experiments at the Xational Institute of Em-ironmcntal Health 

encountered in either controls or test group. Skeletal defects usually Sen-ices indicate that partially purified 2,4,5-T\.,\(;<~0~.I~p~P8m~~t~e~~tr~a~-~ ___ --t================== 
_~~_~a~c~c~o~ugn~t~f~o~r~a~s~u~b~~~a~n~t~i~~~p~a~r~t~o~f~t~h~e~e~u~i~~~d~e~t~e~c~~~b~l~e~m~a~I~~~r~mWa!ti~o~n~s~--t---~~s~rufup=~nn~mt~mo~.P~ t 

that occur spontaneously or after treatment in rodent species. Hardly tetrachlorodibenzo-p-dioxin sho,,-s teratogenic activity also, but not 
a strain that has been carefully studied in properly cleared and at Im,- enough doses to account for the activity of the partially purified I) 

stained specimens has failed to show vertebral and rib variations. 2,4,5-T. We cannot exclude the possibility that other impurities may 
6. There were some known teratogens used in these experiments contribute significantly to the observed teratogenic activity of 

(trypan blue, 6-aminonicotinamide). It is puzzling to find that these 2,4,5-T. 
agents failed to produce significant teratogenic and embryo-lethal 
effects consistantly. This raises questions about the precision with *(An abnormality of pregnancy which in,olves the placenta and the membranes surrounding the fetus.) 

which these teratogenicity tests were performed. 
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ln {.fit, folio>.\ illg paragraphs, the history of Li.tL ois(;ovel'Y (of dlOXHi 
is examined in relation to the experimental observation of the 
teratogenic properties of 2,4,5-T. Secondly, data on the toxicity of 

-_ ..• ---------

but the porphyria had disappeared. Chloracne was attributed to 
the dioxin impurity but the origin of the porphyria was less certain. 

.. }his material are presented. 
In order to measure the toxicity of the dioxin impurity, the Dow 

Chemical Company undertook a series of acute toxicity studies on 
smallllnimals in 1967 (16). Single doses of 2,3,7,8-tetrachlorodibenzo­
p-dioxin were administered orally to lots of five animals for each of 
several closes. The number surviving und the time of death ,,·em 
noted. The animals used were male rats, fem~le rats and female 
guincn pigs. Table 7 gives the results of these experiments: 

In March 1949, an accident occurred at a 2,4,5-T plant owned by 
the :'vIonsanto Chemical Company which led to the release of some of 
the intermediate chemicals into the plant. As a result, 117 cases of a 
severe skin disease known as chloracne were found among the exposed 
workers. Chloracne is characterized by comedones, blackheads, 
inclusion cysts, and pustules "rith eventual scarring over the neck, 
back, and chest. In addition to the cases which were traced to the 
accident, a number of other clinical cases of chloracne were recognized 
among wOT4ers in the 2,4J5-T plant who were not in the vicinity of 
the accident. (10) Kimmig and Schulz (11) reported in 1957 that 
chloracne occurre'd among workers engaged in the rnanufacture of 
2,4,5-T in Germany. These authors demonstrated that the agent 
responsible for chloracne was tetrachlorodioxin. In 1964, the demand 
for 2,4,5-T in the United States began to rise mainly due to its 
increasing lise as a defoliant in Vietnam. A greater demand \\'us 
placed on each of the domestic manufacturers to produce more 
herbicide. Coincident with the increased production was the discovery 
of chloracne among somc 60 2,4,5-T workers. (7) The Dmv Chemical 
Company reduced its opemtions substantially for a period of several 

T.H.lLE 7.-Singlr-dose oral lox icily of dioxin (18) 

Speci<'s 

~f~~~alc\~ai~_'_'_-_' __ . __ 
Fl'lllai(' guin('a pig ..... _. __ . ___ ._._, ___________ .. ____ . _ .. __ 

LD. 
mgjkg 

\l.022 
0.045 
0.0006 

With this background in mind, the purity of the 2,4,5-T material 
used ill the National Cancer Institute screening study assumed a 
ne"- importance. A sample of this material 'was submitted to chemical 
analysis by gas chromatography. The result was the finding of 27 ± 
S ppm of dioxin. 

Testing for Teratogenicity 
months in order to investigate the origin of the toxic hazard. It was 
fo',md that the amount of dioxin formed varied '\vith the temperature The study of teratogenic effects ill experimental animals is charac-
and pressure of the early reaction steps. The Dow Chemical Company terized by a great deal of empiricism. Hmvever, in ge.ncral testing for 
made its finding::; kno"'n to the other domestic manufactnrers. Looking teratogenic potcntial is a morc TI1I1nageable problem than are a 
back it is evident that dioxin levels varied ,,~idely among commercial number of other types of biologic testing. There are large numbers 
2,4,5· T samples, as seen in Table 4 of Section III. Rigorolls control is of agents known to be teratogenic to animals. In fact, it has been 
1l0\V exercised to reduce dioxin levels ill the final product to less than held that virtually any material is potentially teratogenic if admin-
1 ppm. istcrcd in an appropriate Jose at the critical time in gestation. In-

A recent revie,,- of occupational disease attributed to dioxin has tcrcstingly, ho\\"oY('1', only a. fo,,- chcmicab have been recognized as 
been prepared by Poland et al (15). These authors studied 73 male human tcmtogens. 
employees in l). 2

j
4

j
5-T fnctory, sorno of ,'\-hOIll had been obsen-ed ,I In general, ali embryo-toxic d06e of a materi<.tl is scparuteJ. from 

six years previously by Blciberg (1) \dlO then noted the prevalence n maternal toxic dose by a smull margin (perhaps no more than a 
of chloracne. Poland et al (15) also found chloracne among the same factor of 10). Only slightly below the embryo-lethal or toxic dose 
population although estimates of exposures "ere not made. Poland is a no-effect dose (separated, perhaps, by a factor of 2). Between 
attributed the chloracne to the dioxin impurity. They also examined the highest level which has no effect all the de,·eloping fetus and the 

... _:~ ___ ~...JhB-p.r_e.Y:aleJJJlc..Jlf a tJ"P1LoJ--POr.ph~ria, thg"g~"';·ffi-_igi"" ___ + ___ .<'ll:W':). _B*i£ lewl is -a-stccp-dose~respmrse-rct,nl-<)flstflp:--J'j,reill'"n"'g~-- --1================== 
known as porphyria cutanea tarda (elevated urinary porphyrin for teratogenicity, the lo,,~est dose on the dose-response curve (thresh-
excretion, skin fragility and vesicular eruptions). Uroporphyrinuritl old for any embryo toxicity) is identified. All doses below this level 
had been noted during the carly visit to the plant by Bleiberg (1) are, by definition, no effect doses. By accepting an extra margin of 
but it "·as not found during the later study. Elevated urinary copro- safety bela,,· this dose (a factor of 1/10-1/100), reasonable freedom 
porph:yrin IeyeIs were noted, however, but there appeared to be no from teratogenic effects call be predicted. 
correlation 'rith the severity or presence of chloracne (1, 15). The A problem urises in extrapolating findings in experimental animals 
later series of observations found much of the chloracne still remaining to man. The embryo toxicity of a chemical agen t is, in theory, a function 
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renal defects. In rats renal defects and excess fetal mortality were 
~ seen but seemed to be related to dioxin content rather than 2,4,5-T. 

'" 3. FDA Experiments (unpublished data acquired in the spring of 
1970). 

Teratogenic studies were performed by giving the tcst compound 
by oral intubation to pregnant hamsters on day 6 through 10 of 
organogenesis. Embryos were removed by caesarian section on day 
14 of pregnancy. Samples of 2,4,5-T tested were: 

a. "Dow 'fcchnicaF'-containcd ;;;;;: 0.5 ppm dioxin. 
b. "Dow 'fechnical"-contained ~ 0.1 ppm dioxin. 
c. "Do\v Pure"-containcd ~ 0.1 ppm dioxin. 
d. Hercules X-17394-contained no detectable dioxin. 
e. :'vlonsanto NL-07-02o-contained 2.9 ppm dioxin. 
f. UK & K" sample-contained about 45 ppm dioxin. 
g. Eastman Kodak (recrystallized in FDA)-contained no detectable 

dioxin. 
In addition pure 2,3,7,8-tetracolorodibenzo-p-dioxin (Dow) was 

administered to hamsters. 
These materials were tested in various doses from 40-100 mg/kg. 

All of the 2,4,5-T samples produced increased embryo toxicity and 
gastric and/or intestinal hemorrhages. Birth defects consisted chiefly 
of poor head fusion and absence of eyelids. 

The pure tetradioxin produced increased fetal toxicity at 0.31 and 
1.43 I'g;kg and gastric and/or intestinal hemorrhages at the lowest 
d06c, 0.02 I'g/kg. 
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excr~tory route was the kidney. His data (7) showing weak but 
1~ llcertain" protein binding of 2,4-D suggest that this rnay also occur 

"" '''ith 2,4,5-T. 
5. Food and feed-Results of studies of pesticide chemical residues 

in total diet samples by the Food and Drug Administration during 
the pCIiod 1964-68 provide convincing evidence that 2,4,5-T residues 
are not a significant health hazard in food in the United States. During 
this 5-year period 30 composite samples of about 82 food items each have 
been collected each year from retail markets in 25 or more cities. 
Each composite sample, representing a 2-week diet for a 16- to 19-
year-old male, is analyzed by multiresiduc methods for more than 60 
~hlorinated organic and organophosphorus insecticides and for herbi­
cides, car~amatcs, and selected inorganic chemical residues. Exami­
nation of these'samples is carried Qut at levels of .sensitivity rnuch 
lo,,-er than those normally used for products tested for compliance 
with tolerances. 

Data reported for the period June 1967-April 1968 (4) show inci­
dence and levels of 2,4,5-T re:sidues that are typical. Only one sample 
of diary products waS contaminated. About 2 percent of diary products 
and 1 percent of meat, fi:sh, and poultry were reportcd to contain 
residues of 2,4,5-T. All of these residues ,yere at. trace levels, belo\\." 
0.01 ppm. No residues of 2,4,5-T were found in any of the other 10 
classes of foods. 

It is significant that residues of 2,4,5-T were detected only in foods 
i.u animal origin. The most likely source is forage from pastures and 
rangelands treated ,,·ith 2,4,5-T for weed or brush control. 

Duggan and Lipscomb (5) summarized the results of sampling for 
herbicide residues in prepared food from the totat diel studies over 
a period of four years. From these studies, they estimated the likely 
dietary intake of all of the herbicides searched for to below: 

1965 ....... __ ..... _ .. _ 
1966 ....... __ ........... _ 
1!l6i. __ ••... ____ ...... _. 
1968._ •. _ .•.... __ ......• _ ... 

Estimated 
dietary 
intake 

(mg/kg/day) 

0.0012 
0.00022 
0.00005 
0.00006 

I 
__ ~ _____ Bince 2,4,5-T---T",~~a-:;maU JlereeRtag~~t"J----~+-~­

herbicide residues found in foods it seems safe to conclude that there 
is little likelihood of exposure from this source. 

Residues of 2,4-D and 2,4,5-T resulting from recommended nses by 
the military for defoliation. 

All the available ovidence indicates that 2,4-D and 2,4,5-T bohave 
similarly in animals ,vith respect to absorption, distribution, me tab-
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olism, and elimination. Since mixtures of these herbicides are ust\d 
in the defoliation program in Vietnam, it does not appear reasonable 
to cOllsid('l" them separately. 

The large-scale application of 2,4-D-2,4,5-T mixtures for defoliuting 
military target arc as in Vil'tnam poses some possibly uniquc hazards 
to humans. Applicatioll rates of ubout 26 lbs/acre of a 1:1 mixturc of 
the n-bl1tyI ('st('rs of the chemicals arc generally IlCu.Yicr than those 
Hsed for agriculture and brush clearing in the United States. (There 
hayc hcell a fe,,', limited applications of 2J4-D rpported to lnkcs, 
~treams, ulld rpsen'oirs ill tlw Unitrd States at rates of SO-laO Ibs/ 
aere for aquatic weed control.) There nre other diff('rences. There 
are \"astly greater areas inyolycd in Vietnam. Because of the nature 
of the military targets-hcaYily 'n)()dcd~ jUllgh' areas-it is not likrly 
thnJ nl<llly ('rops nre grown in or near treated ,lfP:.lS. Although defulia­
tion procrc]llres appcar to be until'f rigid control with all reasonablp 
prccautiolls taken to prevent <lpplic'.ltioll to crops, the nature of Inili­
tary oJll'rations Ilwke" it likely Owt accidents may occur alld that 
mistakes may be madl' "'hich result in direct applications to nOll­

target areas. In such eases it i:::; possible that food crops and \yater 
suppli('s in restricted localities could receiyc heavy doscs of the 2J4-D-2, 
4,5-T mixture. A much more likely possibility is drift of relati,·ely 
small amounts of the herbicides to non-target areas. The n-butyl 
('ster.::; of both 2,4-D and 2,4,5-T are volatile and substantial amounts 
of both chemicals may ,·aporize at temperaturcs preV<lIent in Yietnnm 
and ('scape from the target area. 

If mixtures of 2,4-D and 2,4,5-T were applied directly to food 
crops at the rates being used in Vietnam for defoliation (about 26 
lbs/acre), it is theoretically possible that amounts po!Plttially hazard­
ous to humans could be deposited on food. The butyl ester of 2,4,5-T 
applied to an improved pasture at the rate of 2 pounds per acre ,,·as 
found to rcsult in an initial dcpo:::;it. of about 300 ppIll on the forage 
(12). Direct application to food crops at 26 pounds per acre could not 
reasonably be expect('(i to result. in initial residue::; great.er than 3900 
prn1. Assuming initial residucs all food erops as high as 3900 ppm 
from direct application at tht' rate of 26 pounds per acre is unrealistic. 
Such an assumption n'quircs that: 1) surface/volume ratios of food 
items be similar to t.hat of foragc grasscs; 2) all portions of food 

t 

~ - -~- ------- ---------

items. ('.R.,.~_llJJ.sk~_o_LCDr]) plock oLha-l-l-ru-h'l-,~..J±ells-------B-f----eB-£flO£H.y'd"t" -'\,"0e------1'================== 
consumed; 3) there is no loss of herbicide during preparation and cook­
ing; and 4) translocation of herbicide into portions of the plants used 
for food, e.g., root crops, banana pulp, and coconut flesh und milk, 
results in residues as high as if these portions had becn treated directly. 
Xonc of thc.';)c is true. ··~()me items of food could not be contaminated 
by direct contact \ritn the spray formulation. Translocation from 
foliage to underground reots of ::;\n,'('t potato and fruits of peanut 
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and into aboveground fruits such as COCOllut would be required for 
these foods to be contaminated. 

Table 5 breaks down an estimated diet for a 60-kilogram Vietna­
mese into three parts according to the rapidity with which 2,4-D 
and 2,4,5-T might be translocated into the portions consumed for 
food. 

Table 6 estimates the maximum be1icyublc concentrations of the 
herbicides in such !l diet as being 3900 ppm initially, 1560 ppm after 
one week and 910 ppm after 2 ,,·eeks (Sec Table 2 for estimated 
rates of disappearance of 2,4,5-T residues frOlll forage). The maxi­
mum dosage retained, substantially greater than any realistic figures, 
is about 30/mg/kg/day. 

1> 
T .'l..BLE 5.-Estimated for a 60-kilogram Vietnamese divided into three groups based on 

the rapidity with which 2,4--D and 2,J,,5-T, might be translocated into portions con­
sumedfoJ food. l 

A. Foods into which vcry rapid movement is possible, not necessarily probable, 
and maximum concentration is attained immediately 

Dietary 
port/OM 

CQ1l.!umed 
g/puson/day 

Leafy green vegetable _____ ~________________________________________ 52 
Other vegetables ________________________ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 196 
Condiment vegetablc_ _ _ _ _ _ _ ____ _ _ __ __ _ _ ____ _____ __ __ _ __ ______ __ __ _ 40 
Bananas _________________________________________ ~ ________ ~_______ 107 
Other fruits ____________________________________________________ ~_ _ 75 

Total ___________ . ______ . ___ .. _.____________________________ 470 

B. Foods into which moderately rapid movement is possiblc, though not neces­
sarily probable, and maximum concentration is attained within 1 week 

Cereals __________________________ ~ ~ ______________________________ _ 
Fish and meat ___________________________________________________ _ 
Fish sauce _______________________________________________________ _ 
Spices __________________ ~ ________________________________________ _ 
Coconut fiesh _______________ ~ ____________________________ ' ________ _ 

Coconut milk_ 

TotaL ________ _ 

500 
311 

1 
1 

25 
12 

850 

C. Foods into which movement is relatively slow and maximl11n concentration 
is attained within 2 ''leeks 

T.-\.BLE 6.-CalculntiQn of upper limits for daily dose of 2,4-D and 2,4,5-T combined 
when all food is fully exposed to one aerial application at 26 lbs/A.I 

f:\laximum possible contamination, Dtg/kg/day] 

Food Group 
gm/I>erson/ After 

day Immediate 1 
week 

Group A _____ ... _ ........ _.. ._ ..... _ .... . 470 30 12 
Group B _____ .... _ ....... _ .. _ .. __ ...... _ ._ ... _ .... . 
Group C _____ ._ ....... _ .......... _ ...... _. 

TotaL._ .. _ ... _ ........ ___ ._ ....... _ ... _ .. _ .. 

R50 •. _.......... 2"2 
180 ..... - ..... 30 .... -... -.34-

I .3ee Table 5. 

After 
2 

weeks 

7 
13 

3 
23 

The possibility that uny of these assumptions might approach reality 
is probably nil. ~fally crops that arc treated directly at such high 
rates show seyere damage within a fOl\' da'y~ and "'ould not be hur­
ycsted. Tnlllsioeatioll or penetration of re~idues into coconut meat 
a1ld milk and bl.l1lana pulp '\'otild take sornc time to occur, if at all, 
,llld ,yould probably be at lo,·eb much lower thun amounts deposited 
on foilnge. The amount of residues of these chemicab that would 
penetrate into kernels of mature rice through palen. and lemma is 
probably a very smull percentage, if any; of the dose applied. There 
does not appear to be information on these points, however. 

Probably the greate,t potential hazard from contaminated food 
would be from ingesting leafy green vegetables, other vegetables, and 
fruits. 

:\Iuch of the drinking ,yuter in thc villages of Vietnam is from 
::3hal1O'i\-, open \\·c1Is and from rain,\'ater collected from the roofs of 
thatched houses. Direct application of hea,·y ratcs of herbicide to 
these sources could result in the ingestion of substantial amounts of 
the chemicals in rtlinwater collected from roofs of houses. Assuming 
that about 270 mg of herbicide is applied per sq. ft. of surface, that 
I\·tlter supplies arc collected from rain falling on a roof haying a total 
area of 200 sq. ft., and that all of the herbicide is ,,"ashed off immedi-
atcly after application and collcetcd in containers holding 200 liter::>, 
n GO kg person drinking 31. of ,,-uteI' could get about 10 mg/kg/dny. 
:Xo information is uyailnble on the amounts of these ehcmiculs thut 
call be washed off tl thutched roof by rainfall. HO"'cyer) duta on rates 
of dis>ipation of 2,4-D and 2A,5-T from dead litter materi,Jl in pas­
tures :-:;ho,\' rates of di;:;uppel1runce slower than for green tissues (12). 

ROOt vcgcta6IeS":. ____________________________________________ -_-_-_-_-_----.8"0.-----t----ThtG--;-it-ifFl1C-,n'~ reasonable to expect considerably less than IOu per-
Beverage ______________________ ~~_________________________________.5 ccnt of the umount applied to be "'llshed off II thatch roof treated 
Sugar and vegetable oils _____________________________ ~______________ 95 ,,·ith 2,4-D and 2,4)5-T. EYcn if it Iyere all "'ashed off, it appears to 

Totru______________________________________________________ 180 
I Components of diet and amounts consumed adapted from "Federation of Malaya Nutrition Survey". 

Report Interdepartmental Committee for :S-utrition for National Defense, 1964, 365 pp. (:\fodified in con­
sultation with Vietnamesestudellts at Louisiana State l.'niversity.) 
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be unreasonable to expect it all to be cnptured in ycssels huying a 
combined capacity of only 200 liters. Therefore, any reasonable 
:Issulllption would be that a 1>(>rS011 getting drinking \yater froIn such 
n ~ource contaminated at the InHximmn rate possible would get much 
Ie::;s than 10 mg/kg/day. 
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rate expected from a 26 lb/acre application, assuming a depth of 4 
feet for water in the well, would amount to less than 0.5 mg/kg/day, 
and thus would pose no hazard. 

Other possible routes of entry into humans from accidental direct 
application to non-target areas would be by inhalation and penetra­
tion through the skin. There is inadequate information ayuilable on 
these poil;ts to form any concept of the potential hazard of residues 
from these sources. Way (17) has suggested that there is little hazard 
of transport across the skin barrier. However, these materials are fat 
soluble which might encourage their percutaneous absorption. At least 
one study of the acute toxicity of the defoliant, Purple, (esters of 
2,4-D ufd 2,4,5-'1') suggested that skin absorption of the animals 
tested occurred but was perhaps 10-20 times slmyer tlllln absorption 
from the 01 {ract (10). In the extreme situation of a nude) pregnnnt 
female, prone beneath an nrca of spraying of the defoliant, Orange, 
the maximum impingement of 20.2 mg/kg of 2,4,5-T on her skin Blight 
be expected. This should probably be vie,,·ed as equivalent to 2.0 
mg/kg of an oral dose. 
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SOME ECOLOGICAL EFFECTS 

Summary 

Elimination of types of yegetatioll on \\~hich mammals, birds, fish, 
and insects and other species depend, can severely reduce or eliminate 
thelu from the treatcd habitat. Howey·cr, altering the vegetation 
makeup may also benefit certain types of wildlife. The elimination of 
water hyacinth from some water bodies, for example, has proved a 
necessity for the sllrvivnl of sport fishery programs. 

2,4,5-T has becn found to affect nOll-target organisms ill a number 
of ways: 

1. Although chickens, quail and mallard ducks appear to be rela­
tin'ly resistant to 2,4,5-T, the herbicide has been reported to reduce 

I
~ egg prod uetion in domestic chickens. 

,

- 2. Some formulations of 2,4,5-T, such as certain esters, have been 
found to be quite toxic to fish and oysters. 

3. The hydrocyanic acid content of sudan grass \\-0.5 found to 
increase 70 percent following treatment \yith 2,4,5-T. Xitrate levels 
in certain plants may increase up to 36 percent following treatment 
\\'ith 2,4,5-T, making them more toxic to mammals. Increasing the 
toxicity of plants to ,dldlifc might have important efi'e,cts in nature. 

I 
I 

I 
5. 2,4,5-T may cause some specirs of microorganisms to decrease ill 

Humber \yhile ha\·ing no effect upon other species. In soil, 2,4,5-T h<lS 

been fOHnd to largcly disappear ill about three mouths. 
2,4,5-T has been found to influence non-target organisms both ( 

directly and indirectly through habitnt changes. Thp impact of 2,4,5~ T (i 

I Oil the principal classes of nOll-target orgllilisms is presented in the J 
folIo" ing sections. L Mammals \ 

I -~oe and-Hymas (1:) presented data toindieate that the acute oral -1================= 
tOXICIty LD50 of 2,4,0-T to varIOUS speCIes of mammals \nlS about 
500 mg/kg. 

2,4,5-T has some repellent action. Whell cottontail rabbits (Syl- j 
tilagu8 floridanu8) were given a choice of either 2,4,5-T treated vege-
tation or untrentcd, the rabbits consumed almost none of the treated 
vegetation. (11,) 
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