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The publication of this r epor t  on the herbicide, 2,4 ,  5-T, symbolizes 
an a r e a  of public policy decision-making in which science and, hence, 
scientists have a la rge  responsibility. 
It examines in detai l  the scientific considerations leading to policy 
judgments about a pesticidal chemical. 

The report  itself is a landmark. 

The foresight of Dr. Lee DuBridge, Science Adviser to the President  
a t  the t ime this review was initiated in October 1969, i s  commendable. 
The Government agencies charged with responsibil i t ies for regulating 
pesticides and for  overseeing the integrity of the public's health, chose 
a course of regulatory action in October 1969 which res t r ic ted  some 
uses of 2,4,5-T. This action was taken a s  a resul t  of a new and 
unexpected r e sea rch  finding which emerged f rom experiments 
sponsored by the Government. At that  t ime, Dr. DuBridge per-  
ceived the need for  a thorough and cr i t ical  review of a l l  of the 
scientific information available on the herbicide -- including that 
dealing with biological propert ies  and human health. 

Importantly, the report ' s  major recommendations already have been 
adopted by the appropriate  Government agencies and specific actions 
have resulted. 
by la ter  research.  A potent impurity, a family of dioxins, h a s  been 
the subject of s eve ra l  r e sea rch  projects. 
about the herbicide's  physical stability, environmental pers is tence 
and biological properties.  
mechanism to r e s t r i c t  temporar i ly  the use of a pesticide on the 
occasion of an unexpeyted r e s e a r c h  finding implicating it a s  a 
health hazard (while fur ther  confirmatory research i s  performed) 
i s  reflected in the Administration's proposed legislation on pesticide 
regulation. 

Although the r epor t  i s  concerned with highly technical ma t t e r s ,  i t  
does allude to some policy issues .  It compares the scientific evidence 
available, and considered adequate, a t  the t ime of f i r s t  registration of 

The original experiments were confirmed and extended 

These have taught us more  

A recommendation for  a legislative 
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2,4, 5-T with the much g r e a t e r  level of scientific understanding 
demanded today. 
f rom the use of 2,4, 5-T but there  was simply very little information 
that could be used to a s s e s s  risk.  Based on its experience in evalu- 
ating r isks  and benefits on the basis  of incomplete information, the 
Panel  cautions that judgments on benefits and r i sks  associated with 
pesticidal chemicals require  an unusual measu re  of prudence to 
a s s u r e  that the public is neither subjected to undue r i sk  nor  
unnecessarily denied the benefits of valuable chemicals. 

The Panel  found evidence of measurable  benefits 

The report  does not speak in particular to the regulatory actions 
taken by the Government on 2,4,  5-T (although I a m  satisfied that 
the review complements t hem in every respect) .  
Government actions appear  divergent f rom these recommendations,’ 
the divergence i s  consistently on the side of prudence and avoidance 
of the possibility of haza rd  to human health, and this i s  a s  it should 
be, for  Government must  ac t  on the side of prudence. 
those of us concerned with pesticides, their  economic value and 
utility, their  negative effects on the environment, and their  other 
biological effects, with an excellent case study. The principles 
brought out in this study will be useful in dealing with other pesticides, 
and indeed with chemicals of other kinds. 

If any of the 

It  provides 

Edward E. David, Jr. 
Chairman 

0006’06 



\ i  ! CONTENTS 

Sunininrj- and Recommendations- . . . . . . . . . . . . . . . . . . . . . . . . .  
Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ! I  
Chemistry- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Solubilitics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Purity of Techiiical Gradc Material . . . . . . . . . . . . . . . . . . .  
Annlytic Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Chemical Stability of 2,4,5-T . . . . . . . . . . . . . . . . . . . . . . . . . .  

Uses and Significaiicc . . . . . . . . . .  . . . . .  . . . . .  
Production . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Uses . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . .  

1 . Domes tic . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . .  
2 . Militnrj- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . .  . . . . . .  . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Cost Sharing Program . . . . . . . . . .  . . .  . . . . . .  
Toxicology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Acute Toxicological Investigations . . . . . . . . . . . . . . . . . . . . .  
Occupational Experience . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
National Cancer Iiistitu tc Screening Study . . . . . . . . . . . . .  

Toxicity of Dioxin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Teratogenesis Testing 
Summnry of Experiments . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Residues of 2,4, 5-T in the Environment .................... 
Residues of 2,4, 5-T resulting from recommended uses in 

thc United States . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Residues of 2, 4-D and 2,4, 5-T resulting from recommend- 

ed uses by the military for defoliation . . . . . . . . . . . . . . . .  
Some Ecological Effects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Reports of Birth Defects . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 

Pow 
1 

8 
10 
10 
11 
12 
13 
17 
21 
25 
26 
26 
26 
32 
36 

38 
39 
42 
42 
47 
47 
49 
50 
54 

54 

60 

65 

vii 

\ 



i 

i 

i 

1 

I 

i I 

1 
I 

I .  

SUMMARY AND 
RECOMMENDATIONS 

Summary 

This review of tho Iicrbicidc, 2,4,5-T, b ~ g t i i i  with n i l  csamiiiiitioii of 
the results from an cs~wrinicntal scrcciiing study which implicated i t  
as n potciitid trratogcn. It quickly bccamc evident thnt examinatioii 
from such ti restricted basis \\-as iiiadcquatc. Therefore, thc Panel 
decided to study more broadly important aspects of 2,4,5-T, including 
details of its chcmistry and purity, its domestic iiscs and thcir relative 
importance, thr niilitnry significance attached to 2,4,5-T as a defoliant, 
residuc levels (in order to ilstimatc probiibilitics of h~unt in  csposure), 
gcneral cffccts on thr rnrironmeiit, tis ire11 as its tosicity. I n  esamin- 
ing the tosicity of 2,4,5-T, the Pt~nd rcvic\ved the informatioil avail- 
able from the literntiire (as w l l  tis some iinpriblishcd documcnts) 
which had been considcrrd in tlir Imt in establishing policy dccisions 
for tlic various iises to which this pcsticidc had becn put. 

Sclcction of 2,4,5-T tis nn esnmplc for detailed csaminntion has had 
a number of ad\-nntagcs. There has been an estensivc history of use 
and espcricncc. 2,4,5-T \vas first registercd on )larch 2, 1945, by the 
Amchem Products Company, Amblcr, Pennsyl\-ania. Since that time 
considerable information on its properties and uses has nccumulatcd. 
Furthermore, i t  has been the subject of rcvien-s bj- others in the past. 
Finally, the problem which brought it to the Panel's attention, sus- 
picion of teratogenicity, appears to be t i  relatirely mnnageable prob- 
lem in coritrnst to man?- other biological effects, notably tumor produc- 
tion and genetic alterations. This is important since the rccommcnda- 
tions which follow can bc made with ti degree of confidcncc that cannot 
be applied to carcinogenic or mutagenic effects. For esamplc, the 
dosc-rcsponsc chiirnctrristic of tcratogcns is generally restricted to a 
relatively small rangc! of dosngc. Accordingly, n threshold below which 
no effcct would be espected can be nssigiied with more certainty. 
Espcrimrnts to determine this range of raliirs can be performcd in n 
relatively short time tind do not rrqriirc vrry Iargc numbcrs of animals. 

Thc Ptrnrl is gratified that sortir of its recommendations are already 
being carried out, esiwcially further experiments to confirm and ex- 
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tend the results of tlic originul scriviiiiig that  iiidiciLtcd 2,4,5-T to be 
tern togenic. 

In considcring the o1icniist.r.v of 2,4,5-T, o u r  at teiitioii \ w s  dru\vii to 
impurities \vhich call result from tlic iii2iiiiifacturiiig process. Particii- 
lar attention \vas focused oil t i  siiiglcb inil)iirity, 2,3,7,8-tctrachloro- 
dibciizo-p-diosin, which occ~trs iii conuiicrcial prcptirntions of the 
lierbicidc in highly variablc aniounts uiilcss piirticular cart’ is taken .to 
esclude it. This impurity is cstrcmcly tosic. Its nmount d c p d s  upoii 
variations in the reactioii conditions. Other diosiiis c a n  bc formed 
from various impurities iii tlic startiiig nilitrriuls. Tlic diosiii impwit>. 
came to pnrticulnr attentioil w h i  t l i c b  U S .  herbicide iiidustry \ v ~ i s  
nsked to producc huger quniititics of 2,4,5-T dririiig the middlcb 1960’s. 
However, its prescwx as ilii iiiipurity ;ind certaiii of its :icutc tosic 
effects had bccii knon-ii siiicc 1957. Its concciitratioii in coninierciul 
2,4,5-T liiis bccu greatly rcduccd in the pust !-car or so. 

Analytic methods a d a b l c  for 3,4,5-T iirc accurate and reliablc. 
With the possiblc csccption of citrus fruits, deterniiiiation of residues 
in food hlis iiot prcscntcd ti serious tiiialytic probleiii. 

2,4,5-T is rclativcly labile iii nature. Residues iii soils and \vlitcr mi 
not pcrsistcnt csccpt iuidcr iuiusual conditions. Tlic licrbicidc is not 
storcd iii plcuits or aninids to t i  significant cstent. 

Productioii of 2,4,5-T in tlic United States rose rapidly bct\vcrii 
1960 and 196s. Civilinn use, most of which is for clctiriiig of range land 
and rights-of-n-aj- and for trcatniciit of pastures, declined about 50% 
betn-een 1964 and 1966. llilitarj- usc of 2,4,5-T as a defoliant, ex- 
prcsscd tis number of iicres sprnyed, rose sharply bet\wcn 1964 iind 
1967 but lias declined since thcri. Although accounting for only t i  

small amount of tlic total usage of 2,4,5-T, its place in coiitrol of aquat- 
ic w e d s  is significant. There is a small but important list of agricul- 
tural uscs n-hcrc 2,4,5-T is applied to food crops. Potential human 
esposure is recognized in this direct opplication to food crops, in 
range and pasture lands grazed by domestic meat and dairy animals, 
arid possibly, in water supplics derived from treated waterways and 
strenms. The economic importance of the various uscs is considerablc, 
but is very much less than that of 2,4-D. Substitution of 2,4-D for 
2,4,5-T can be made for certain uses. 

Defoliation, using mistures of 2,4-D and 2,4,5-T, has been emploj-ed 
in Vietnam since 1962, more intcnsiwlj- since 1967. 

Although not rigorously demonstrated, its military usefulness has 
been considered to be wry high. 

The background of toxicological information on 2,4,5-T is thin. 
Most of the ciiiinial studies have been concerned with acute tosicity 
(single doses or repeated doses for short periods of time). Based on 
thcsc cspcrimcnts, the acute tosicity of 2,4,5-T \vas found to be’ low. 
Little is knowii of the details of the metnbolic handling of the material 
although rapid escretion in the urine seems to be the rule. 
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The screrniiig stiiily supported by thc Natioiial Cancer Institute 011 

the toxicity of ccrtiiin pesticitlcs iind other important industrial chem- 
icals marks an importtint atl\-aiice in tosicologicd testiiig in that the 
tests \rere tlesigiictl to tlrtect carcinogenic, teratogenic and mutagenic 
potential. Tho prepration of 2,4,5-T used in those tests was shown 
to be teratogenic in both rats and mice. There was no evidence that it 
\\‘as cwcinogcnic. Whilc this study had a number of limitations which 
qualified its iisefulncss, the teratogenic results were sufficiently con- 
vincing so that the Plinel u r g d ,  early in its discussions, that  they bc 
repeated oiitl esteiitletl using better churacterized preparations of 
2,4,5-T. Analysis of u samplc of the 2,4,5-T preparation used in the  
origiiial tcratogciicsis study rcvealed u diosiii l e d  of about 27 ppni. 
Such 11 coiisitlcrablc contuniintitioii by this highly tosic mutcrial raised 
the qiiestioii as to whether the teratogenic effects observed \\-ere caused 
by 2,4,5-T itself, by thc diosiii impurity or by other impurities in the 
commerciul preparation testecl. 

The Pancl wis a\rare of press reports of incrcmxl birth defects iii 
Vietnam iittribritctl to tlic iisc of tlcfoliants. The lack of cicciirtite epi- 
demiological data on the iiiciclcncc and kiiicls of birth tlefects in tlieViet- 
nnniesc populntioa before or since the milit tiry iisc of tlcfoliants 
precludes any estinicitc 11s to ~vhether an increw> iii birth defects has 
occurrcd. Calcultitions of potential hiinilin csposiircs froni sources 
such as drinking u-atcr or direct fallout makc this iippecir uiilikel? 
(though theoretically possible). 

A reriew of the ciiviroiimcntal effccts of 2,4,5-T 011 iioiittirget 
‘organisms r e n d s  few harmful consequences of its rcconinicnclcil uses. 
Induced changes in vegetation ore folloti-ctl by iiltcratioii in numbers 
of wild animals. Accelerated erosion of soil may follow thc killing of 
brush with licrbiciclcs but mechanical remoral causes greater erosion. 

Recommendations 

1. Further studies. 
a. The animal experiments which raised the question of the teratogenic 

potential of 2,4,5-T should be extended to include a wider range of doses 
administered to non-inbred strains o f  animals and to larger numbers of 
animals. 
b. The importance o f  the impurities in 2,4,5-T as potential health 

hazards should be ascertained. Recent experiments designed to dis- 
tinguish between 2,4,5-T nrid the dioxin impurity have suggested that 
both the herbicide and the dioxin are potential teratogens in some 
experimental animals. Hon-ever, experiments necessary to establish 
this answer have not been performed. I n  addition, there may be addi- 
tional impurities in commercially prepared phenoxy herbicides which 
may be biologically active. 
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c .  The metabolism of 2,4,5-T in humans should be determined and 
compared to that in  experimental animals. 

2 .  The level of diozin, a recognized Impurity in  2,4,5-T shouId be 
rigorously controlled and limited to not more than 0.5 ppm. A reduction 
to not more than 0.1 ppm should be urged. Several polychlorinated 
dioxins have been found to be highly tosic ant1 capable of eliciting 
teratogenic effects, though they vary widely in tosicity. Since they 
may reach the eiiviroiiment from multiple soiirces. control over k n o w  
sources should be exercised to the esteiit possible. 

3 .  A decision to restrict the rise of 2,4,5-T shoiiltl not be based on the 
isolated Jinding of toxicity but on the erpected exposlire .following recom- 
mended use in  relation to dose response ejects. 

In general, the imposition of restrictions on the IISC of ti pesticide 
v-oultl iippear to bo a function of tu-o factors, thc potciitiiil for hiiniaii 
esposure aiicl the nature of the tosic effects. For cstiniple, if carefully 
documented residue informatioil points to little likclihootl of csposiirc, 
the risk of adverse effects would be lcss significant than if esposurc 
were wid espread. 

The Ptuiel found no evidence to suggest thnt significaiit residues 
~vould result from recommended uses of 3,  4, 5-T on food crops. It is 
possible for rcsidues to occur in tissues of >ininids gruzing ON rccciitly 
treated pusturcs and range land. In fact, thc only resitliics u-liicli have 
been ideiitificcl in the total diet studies have occrirretl in meat ancl 
dairy products. Hon-ever, the few caws in which rcsitlries h a w  becn 
discovered huvc all been ut levels wcll belo\\- thosc \vhit*h worilil be 
especteil to result in significaiit tosicity for man. 

The experimental Jinding of teratogenesis reptiires f trrfher elaboration 
before i t  can be interpreted as a human heaith hazard. 

The risk of tcratogeiiic effects slioulcl be placet1 iii perspective. 
Teratogcnosis iiitlucetl by chemicals is ti fetal respoiisc tit a pnrticu- 
larly sensitive pcriotl in cnibryoiiic tlevrlopniciit to I o w r  tloscs of the 
chemical than tirr wutely tosic to the mother. Birth ilcfects cnn be 
produced in the cnibryo through many nie~liiiiiisnis of injury \\-hell 
the agents are aclministeretl during critical periods of organogencsis. 
It is genernlly heltl that  by careful choice of tlostigc, \\-hich may bc 
close to tht! aciitcxly toxic dose for thc mother, most chemicals might 
be sho\vri to bc terntogenic in animcils. For a variety of reasons, i t  
is not possible to trillislate directly the results of espcrirncnts hi 
animals to mati. There arc differences in sensitivity which arisc 
from tlifferences in metabolism. Comparative nictabolic stritlies in 
man ant1 animals, therefore, are important in interprctinp toxicity 
for nitin. 

The importniit. consitlrrntiou is not, only thr  tlrmonstntion of 
terntogciiicity, which miiy ocwr  with many chemicals u t  secletetl 
dosages, h i t  thc rstimntion of the likclihootl of terntogtviic cffocts 
with the nnioriiits likcly to be iiigcstetl iiicitlcnt to rcconimeiitietl 
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use. T o  restrict or bail usnge of chemicals on the bnsis of tlemonstrn- 
tioii of terntogcnicity a t  dose levels which fur exceed actual or 
cspected exposures is iuireasontible nitd could well deny usnge of 
chemicals whose benefits far out\\-eigh risks. 

4. Registratzons of 2,4,5-T for  uses on  pastures a d  range lands 
should be treated as  registrations fo r  food crop uses. 

It is possible for residues of 2,4,5-T to occur in milk and tissues 
of animals grazing on lniicl recently treated with 2,4,5-T. T o  date, 
meat and dairy products hare been the only food products in the total 
diet studies that contained mensurnble amounts of 2,4,5-T. Use on 
range and pasture land should be included in registrntion for use on 
food crops. 

5. Monitoring of 2,4,5-T residues should be signijcantly expanded, 
especially f o r  meat and milk.  I11 snnipling nieut and milk, special 
attention should be gir-en to geographic areas where trcntmeiit of 
pnstures ant1 range lands with 2,4,5-T is most common. The 2,4,5-T 
residues that may occur in meat uiid milk of animals nllowed to 
graze on pastures nntl rnngt lnnds treated nccording to current 
recomrneiidutions should also be restudied. 

6. A s  new information i s  deceloped on pesticides, it should be dis- 
seminated promptly to intliuid itals and organizations that are legitimately 
concerned as manufacturers, ~forinulators, iisers arid scientijc investigators. 

The case ot 2,4,5-T is illustrutiw of iiiorcliiiutc delay in intiking 
arailnble ne\\- research informution its it became kiiowi. The screening 
study of pesticides which wzis curried otit by Bioiietics Corporation 
under coiitruct with the Ntitionnl Cuncer Institute \\'as completed 
about August 1968. I t  wns 14 months later \\-heit the Government 
nnnoiincc~l its coortlinatctl actions 011 restricting the use of 2,4,5-T 
It \\-us only after an acltlitioiial several nioiiths tlitit the detailed 
datu of thc screening study were rniicle publicly nruilnblc. A central- 
ized mcchtinism for handling aiitl tlisscniina tiiig new informutioil 
about pesticides coulcl help tillevinte this problem. 

7. rl mechanism should be established-for restricting the itse o j a  registered 
pesticide temporarily on  the basis o j  information which implicates the 
chemical as a possible health hazard pending the collection o f  more 
deJinitive injormat ion. 

If u, pdsticicle is nlreudy in established use, the clccisioii is particu- 
larly difficult. Long estnblishctl me  inevitably iniplis II dcpenclence 
iipoii it by the consiimer unt l  u corresponding reluctance by the 
manufacturer to withdrnn- it from the mnrket. 

At the present tinic, a registration may bc held in abeyance only 
by cnncellation or suspension. Because of the serious import of these 
actions they are put into effect n-ith considcrtiblc reluctance. They 
were not designed for situations such us the present with respect to 
2,4,5-T where ternpornry n-ithdrawal from usr, without cancellation 
or suspension of registration, might have been a more appropriate 
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action. Sucli an alt,eriiative course of action is not possible iuider 
present reguln tions. 

There is need for a mechanism whereby the iisc of a pesticide or 
ot.lier cliernical that muy afl'ect hiimuu health can bc tciiiporurily 
restricted or held in abeyance. Such action ivould permit the gntlier- 
ing of more definitive information in time for sufficient consultation 
to permit a decision that \vould protect, the public liedt,li m d  not. 
impose ti11 uiidue ccoiiomic burdcn on the producers, marketers, and 
users of u product,. Coincident with t.he imposition of rcstrictioiis on n 
pesticide, t i  niechtuiisni should be available for informing m d  educat- 
ing pesticide users and npplicntors so as to mtikc tlicni niorc rcslmnsiblc 
agents. It is rccognized thnt. a cliaiige in tllc h \ v  govcrning psticidc1s 
ivokild be iiecessarj- to accommodate t.his mcchluiism of 1% tcmportiry 
restriction. 

S. There i s  a n  urgent need for  a focus of' responsibility in UIHEII. 
to coordinate antl monitor. the toxicity antl health acticities rdatetl to 
e5ects of pesticides. 

Information about the health cfiwts of a pcsticidv derives from ;i 

variety of sources iiicludiiig occupatioaal c~si)os~iros, r t d w  mollitor- 
ing, tosicological investigdoiis, cliiiical cspcriciicc and el)idemio- 
logical studies. In the pist., there has bee11 no single focus witliiii 
DiHEW \vhicli hiis been concerned \I-ith all of these soiircc's of datli 
and, morc important, wtiich lias had thc ciuthorit,y atid rcspoiisibility 
to coordinate ne\\- investigntivc initiatives. The iic\\* Advisory Coni- 
mittce 011 Pcsticidcs to t.hc Secretary of D/HEW ciui be csiwctcd t(.J 
serve as ii source of expert advice but cannot fill ttir essciitinl nccd for 
a focus of responsibi1it.j- and ai1thorit.y at  the level of the Office of tlic 
Secretary. Consideration of the functions to be fulfilled aiid the 
resources available suggests t . h t  t.liis responsibility slioulcl be as- 
signed to the Assistant Secret,ar?- for Health and Scientific Affairs 
because t.he various components of D/HEW coaccrned most n-ith 
aspects of tlic hea1t.h efTects of pesticides report directly to hini 
(Xat.iona1 Institutes of Health, Food aiicl Drug Adniiiiistrcitioii, 
Sational Communicable Disease Center, Environmentnl Health 
Service) .* 

9. Injoirnation proirided in applications for. reyistrations of pesti- 
cides should take into account not only the pesticide fo r  which registration 
i s  sought but should identify other substances inclwliny iqehicles .used in 
formulations, "inert" ingredients, and imptuiities. 

Investigntioii of the sp thes is  of 2,4,5-T and examintition of the 
manufacturing process revealcd tiiat an cst,renicly toxic impurity, 
2,3,7,S-t~et.rnchlorodibcii~o-~~-diosin, present in variablc :imounts in 

'Since thfs report wns written. the President established. through R M ~ g ~ l l i z ~ t ~ O l l  Plan. the Enriroii- 
mental Protection Agency which is to be responsible for broad xrns  of regulation covering environmental 
matters. The Environmentnl Protection Agrncy will d S 0  have the cnpacity to cnrry out some research 
under its name. Flence.we recognize that some of the elements ofcoordination recommended in this section 
will be nccommodnted by this new agency. 
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commercial preparations of 2,4,5-T, may account for some of the 
toxicological characteristics assigned to 2,4,5-T itself. The presencc 
of this impurity was recognized as early as 1957. However, the im- 
portance of this impurity was not general$- recognized in the United 
States until after 1964. I t  appears logical that greater specificitj- 

rials which are registered under a single name would increase the 
probabilitJ- of identification of potentially toxic substances. 

10. Registration procedures should be based on tonkological studies 
of the particular compounds to be registered rather than extrapolations 

from studies on related compounds. 
Toxicological studies provided as information iu behalf of 2,4,5-T 

registration wcrc performed on a vurietj- of related compounds (the 
free acid, several tj-pes of esters and a varietj- of salts). Results of 
these tests were regarded as being interchangeable and applicable to the 
related compounds. There is evidence to caution against this concept. 
The thorough testing of isomers, esters, salts, and related compounds 
is a verj- large and espensive task. Nevertheless, informatioil about a 
potential health hazard may be incomplete unless all of the compounds 
to be used arc tested. 

I in identifying the components and properties of the mixture of mate- 
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INTRODUCTION 

111 19G4, Tlic Xtitiotid Caiiccr Iiistitutc iiiitlcrtook t.Iirougli IL COIL- 

tract ;I scrcciiiiig stiicly of ii tiittiibc.r of pesticiclnl cheriiicals. Anioiig 
tlic results of this scrcctiiiig stittly i ras tlic fiiidiiig that birth clcfccts 
coultl be provokctl cspcriniciitdly iti nits i i i icl  niicc by the dtiiiiiis- 
trtitioti of rclati\-cly large doses of tlic Iicrbiciclc, 2,4,5-T. By t l w  
time tlicsc results wcrt! reported, 2,4,5-T had beet1 iii c0111111011 use ;is 
:it1 hcrbicitlc for riiorc thiiii 20 years. Further, i t  h:d beelti ctiipioyctl 
aloiig with 2,4-D tis :I tlcfoliuii't iii Victiilitii s i i m  1962, ulthougli .iii 
sizcublc tlit:ititities oiily since 1967. 

Iii October 1969 scvcrid agcticics of Govcrtitiictit tiiovctl iii it 

coorcliii:itccl riiiitititbr to britig uboitt rcstrictioti of tlio itsc of 2,4,5-T 
both withiti tlit! Uiiitctl Stiitcs l it it l  ;ibroatl (I). 111  tcrttis of tloiiicstit: 
tigricriltural iisc, rcstrictioti w s  placctl on the use of 2,4,5-T oil foocl 
crops pencling tlic :icquisitioti of frtrtlicr itifortiiat.ioii thtit miglit per- 
mit. the Food aiitl Drug Atlniitiistratioii to graiit 11 tolerance. Usc as 
II tlcfoliaiit in Vietiinn1 was restricted to iioii-po1)iiItitcd ilrcus. 

For 11 number of 'rctisoiis, i t  sccriiccl \rise t.o c q ~ l o r c  this issrtc iii 

soriic tlctnil. Tlic most import:iiit of thcsc rcusotis, pcrlitips, i r t i s  the 
. tlcsirc to csatiiiiic the scientific cvitlciicc uvuilable to  s t a id  behind 

future policies gorcrtiitig t.hc use of 2,4,5-T tiiitl to suggest. tlircctions 
for fut her cspcrimcii tal rcseilrch. Accordingly, a pniiel of cspcrts wus 
iissctiiblctl by t.hc Prcsitlcnt'i Scicricc Adviser to coiisitlcr :L iiiimbcr of 
tispccts of ;i wriety of herbicides some of which \rcrc weel 11s tlcfoliniits 
iii Viet.iititii. Tlie prcsciit report rc1)rcseiit.s tlicir rcvien- of 2,4,5-T. 

This rcvicn- coiisiclcrs topics u-hich are of coticerti to those mho ure 
fiicctl n-it,li policy tlccisioiis for 2,4,5-T. We hope that i t  c:iti servc :is 
:in csnnipla for thc corisitlcrntioti of tho hcult.li effccts a i d  safety of I 

i 
i 

pcsticitlcs : \ i ~ l  other c1iemic:ils p\irposcfully pl:iccd iii thc environment . 
A iirinibcr of isstics arc raised wlicii the utility uiicl sd'ety of uti 

t~lrrutly csistiiig iniitcriul is quest.ioiictl. I t  is elctiiciitury but iievcrthr- 
less true to say that  thc issiics arc cotiiplcs. 111 ii nxy, their csarnitia- 
t.ioti cnit be cornpared to followiiig ti sccmitigly endless uncl 
contitiiiously braiichiiig program. Tlic subject of lion- much assuruiicc 
of s:ifcty should bc nffortlccl is iniport.atit.. 

Tcrntogciicsis uppcars to be il rnorc niiitiagciiblc problctii tliiiii 
soriw ot.lier 1ic:ilt.h cffccts (siicli ;is tumor protluctioti). Prcclictioti of 
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safety call probably bc made w i L  rcason&,.2 assiu'aiice. In addition, 
csperimcnts to tcst tt suspcctctl substniicc nrc rcnsoiinbly straight- 
forwarti 'to conduct. 

Among other problems, the purity of the chemical bccarnc an issue. 
In the case of 2,4,5-T separation of biological effccts of the principal 
material from those of the impurities turned out to hare  unusual 
importance. For this reason, the resolutioii ant1 liccuracy of annlytic 
methods nvailablc ant1 usccl to detect 2,4,5-T niicl its impiiritics hnd 
to be evaluated. In ascertaining thc probablc hazard to mcui of ail 
agricultural chemical, its toxicity in absolute terms must be related 
to the probabilities of humnn exposure. Rcsitluc information on 
2,4,5-T thcreforc wns esplorccl. 

Finally, thcrc rcniains a series of policy questions which lire a t  
least as philosophical as they arc technical, tlic most crricid oiie being 
how n-itlc tt ninrgin of safety should t~ society d o p t  for itself. 

Thc pancl nlso touched on R i iwrowr uspcct of this qiicstioii by 
posing nn orlclitioiiiil one. This is thc prticticul problem, iii tlic ctisc of 
u, material a l r e d y  in iisc, of how the Govcriirneiit should wt  iii the 
iiitcrim between thc time of wqiiisitioii of preliriiiiiliry cspcrinicil till 
data which rcrcal R clicniicnl suspcct mtl tlic pcrforrnancc of niorc 
definitive csperinicnts \\-hicli cstnblish thc risk. 

REFERENCES 

(I) Press Relensc on 2,4,5-T. Office of Science and Technology, October 29, 1969. 
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CHEMISTRY 

Summary 

2,4,5-trichloropheiiosync~tic ticid is produced commcrcinlly by ii 

proccss which begills with tctniclilorobciizciic! its sttirtiiig 11ititcrii~l. 
Technical gr:idc 2,4,5-T is 90-92% purc wid. Oiic of tlic itinportalit 
inipuritics, i~ polychloriiiiitcd diosiii, results both froni iinl)iiritics iii 
the sttirtiiig miitcricil i d  as sido products of tho dcsirccl 1c:iction. A 
lnrgc number of esters :lid miinc sdts of 2,4,5-T Ii:ivo bccti dcvclol)crl 
RS \wll u s  ii varicty of formulations in ordcr to dtbrivc specific p r o p r -  
tics of volatility and solubility. About onc-half of this tot:il prodrwtioii 
ciin be nccoruntcd for hy the 2,4,5-T wid :itid its n-hutyl cstcr. The* 
frcc acid is prnctic;illy iiisoliiblc iii witcr i~iid,  generally, the cstcrs a r c  
slightly soluble. Thc nminc silts tcnd to be more soluble. Among other 
things, pcnctratioii into the soil or lciichitig is :L function of wutcr 
solubility 
In gcincrd, 2,4,5-T rcsiduos can b:: espectcd to be relatively uiistablc 

mntcrids in the cnvironmcnt. They iirc broken dowi  by microbial 
action nncl by sunlight and ‘cstcrs tirc readily hydrolyzed to the froc 
acid. Avnilublc nnulytic methods for dctccting rcsiducs iirc quite scii - 
sitii-c. The sensitivity of gas chromtitogniphy with microcoulomctiic 
dctcctioii is about 0.01 ppm (10 ppb). Dctcction of rcsiducs in pltuit 
matcriul uppcurs to be iuicomplic;~tccl by bound or complcscd rcsidiics 
with the posiblc csccption of rcsidrics in the peels of citrus fruits. 

Chemical Synthesis of 2,4,5-T 

The hcrbicidc commonly known :is 2,4,5-T or 2,4,5-tricliloroplie- 
nosyacctic wid has tlic chcmicnl formulu : 

Tlic usirnl st,nrt.ing matcrial in thc chcmiciil synthcsis of 2,4,5-T 
is 1,2,4,5-tctrnchlorobcnzc1ic which ciiii bc rciictcd with mct.hnnol 
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and sodium hydroxide in an autoclave under high temperature and 
pressure conditions to give the sodium salt of 2,4,5-t.richlorophenol: 

CI CI 
high temperature 

CI -- high CIIIOII pressure [ I O O C H : ]  - C l - d - O N a  

NaOH 
C1 CI CI 111 

(?,4,5t richloroanfsole) 

2,4,5-trichloroanisole is presumed to be an intermediate in this reac- 
tion. Thc high temperature and high pressure conditions of this step 
are also favorablc for the production of a varicty of other compounds 
from thcsc starting mrlterials. The choicc of thc proper ternperaturo 
and prcssurc, a i d  the control of thcsc condiiions throiighout the mi(:- 
tion arc criticnl for minimizing sidc rcnctions cind hci~cc impurities ill 
thc fiiinl product. 

Thc tiqucous trichlorosodiuni phonosidc is iicst rcuctcd with cliloro- 
iicetic acid u~idcr mildly alkulinc conditione. 

CI CI 
I 

C l d - O N a  - + ClCHrCOOII -- (NoOH) C I - ~ - O C H ? C O O S a  - 
I I 

CI Ci I?] 

This product is tlieii acidificd wit,ll H2S04 to producc 2,4,5-T. 

CI CI 

C l ~ - O C l I : C  - 0 ONo -- H?S 0, C I - D - O C H ? C O  - OH 

I I 
CI CI I31 

The conditions for reactions [2] and [3] are mild compared with 
thosc rcquircd foI thc hydrolysis in step [I]. 

Thc acid rcacts readily with a variety of alcohols to produce a 
large sclection of esters, and with amines to produce amine snlts. 

CI c1 

C l ~ - C J C H ~ C O O I I  - + R O H  - C I - O C H ? C O O R  - 
I c1 CI 

Commercial Formulations of 2,4,5-T 

The 2,4,5-T compounds used in commercial spray formulations 
include the acid, snlts, and a wide variety of esters and mixtures of 
esters. These active components are then formulated with solvents 
and other ingredients to produce a bewildering array of commercial 
final products markctcd under cryptic tradc names. 

2,4,5-T formulations arc applied as solids or liquids. The solids 
usually involve 2,4,5-T esters incorporntcd with clays, talcs, Fullers 
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earth, mineral silicates, or fertilizers. One of tlic major hazards in the 
use of 2,4,5-T is drift of the herbicide into areas where i t  is not dcsircd 
due to volatility of the formulutioii or drift of fine purticlcs in the 
wind. This hazard is icdiiccd in oiie solid formulation for which thr 
active material is deposited 011 polystyrene spheres with u very narrow 
and carefully controlled par ticlc size distribution. 

The liquid formuliitions rcquirc a solvcii t. Typical orgaiiic solveiits 
arc kcros’cnc or diesel oil. In formulatioils that are mixed with watcr 
for spraying, emulsifiers mid surfuctmts nre iiccessnry iiigredieii ts. A 
truly thorough attempt u t  estirnatioii of the toxicity of the scverd 
commcrciiil preparations of 2,4,5-T should take iiito account all of 
the added material, “inert” ingredients, vcliiclcs uiid impurities. 

2,4,5-T is most commonly employed us uii ester 01 iiminc stilt. 
(Table 1). The n-butyl ester is uscd us a defoliant iii Vietnum ill a 
1 : 1 mixture with 2,4-D, known us Orange. 

TABLE 1-Production and value per pound of Major  I, 4, 5-T forniulalions-1967 
[Drawn liom U.S. Tdriff Coiniiiasion. ‘241 

Productioii Unit value 
(loo0 Ibs.) per pouiid (9 

?,4.5-Triclilorplieno~~’-acctic acid C2,4,5T) _ _  . ._.._.._ .. . .._. . ..._.. .. . . ._.. . . . 

? . I ,STr ic l i l or~~~c~~ox~acc l i c  acid. i i - l ) u t ~ l  cster. ~. ... .. . ... .. . . .. ...-.. .. .. . . . n. 6s 

-411 orhcr (L’,4,FT estrrs and salts). ______..______ ~ _ _ _ _ _ _ _ _ _ _  _______._._____ _ _  3,114 I.O!I 

14,552 
?i, IS!# 
19.422 

4. G.53 

1. 25 
0. EO 

1. 16 

Z.~.ITrichlori)lieiiox)’-arrtic ncid cstcrs ant1 salts, total-. - ~ -. ._. . _. . ... _. ._ __. 

?,~.5-Tricli!oroi)liriior~-ncetic acid, i swcty l  cstcr. - ~. . . . . . . . . . . . . . . . . -. . . . . . . 

Solubilities 

The solubility of the herbicide Co1iipoiind used may be important 
in determining the mechanism by which the toxic material enters the 
plant. It also determilies the nature of the vehicle to ke used in its 
dispersion. 

The free acid form of 2,4,5-T is practically insoluble in water ( 6 ) .  
The sodium salt is only soluble to a limited extent (less than 3%), a 
fact which p i d u d e s  its use in the low volume application technique 
which has become more and more widely used in recent yeais. 

The amine salts are considernbly more soluble in water; however, 
they arc somewhat difficult to prepare. Only thc triethyl and tri- 
mcthyluminc salts call be obtained in a conccntiute of 4 lbs. wid 
equ’ivnlentlgal. with satisfactory storage qualities. Furthcrnlore, the 
marked insolubility of thc calcium and magnesium salts o f  2,4,5-T 
which arc foImcd upon dilution with water causes nozzle clogging 
during application. Therefore, these formulations are not widely uscd. 
Ester forinulstions arc most commonly uscd as oil-water emulsions. 

Thc cxten t of leaching of various herbicide formulations was tested 
by applying these in solution to the tops of soil containing tubes. Thc 
depth of leaching could in general be compared with solubility. For 
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example, the amine salt of 2,4,5-T was taken to a depth of nine inches 
whcrcas 2,4,5-T itself remains a t  three inches. 

Aside from the hcrbicidc itsclf, lcnching of diesel oil, a veliiclc 
commonly used in herbicide application, might present a threat to 
ground water quality. However, Lindiii and 14iiller (cited in 13) 
sprayed diesel oil a t  rates of 50, 250, and 500 gal./acrc, and after 
sampling with a tubo and leaching with raih water, thcy found only 
1.5-2 ppm of diesel oil iii sandy loam above 2.5 inches. 

Purity of Technical Grade Material 

Technical grade 2,4,5-T manufactured for agricultural applications 
typictilly contains 90 to 92% 2,4,5-trichlorophenoxyacetic acid, and 
8 to 10% impiiritics. The detailed composition of the technical 
miiteritil given by one producer is showii in Table 3. 

T.\u L I.: 2.--2,4,6- T product cotnposilion 

Percent by weight: 
! ~ l . O f l  .O ?,4,5-tri~l1loropl1enox~ncetic ncld 
0.5fO.l 2,4,5-trichloronnisole 
2.0*0.5 5-methoxy 2.4dlchlorophe1ioxyacetic acid 
?.0*0.5 2-methoxy 4,5-tliclilorophenoxyncetic acid 
0.3*0.1 2.4. 5-trirhlorophenol 
3.0*0.5 I~is-?.4.5-tricl1lorophe1iox~acetic acid 
0.3=tO.I ?.5-dichlorophenoxyacetic ncid 
0."*0.1 SO' 
0.2fO.l Sodium salt of 2,4,5-T 

less thuu 1 ppm tetrachlorodibenz-pdioxiii ( T D D ) .  
0.5fo.z rI?o 

The 1,2,4,5-tctrnclilorobenzcnc st.arting material for the 2,4,5-T 
synthcsis contains typically 3% other tetrachlorobenzcnc isomers and 
ot.hcr chloriiintc~d bciixciics. These inipiiritics caii coiit.ributc to small 
amoiiiits of n vuricty of other chloriiiatcd prodiicts including di- 
clilorol)liciios?-ncctic acicls aiicl other isomers of t.hc trichlorophcnosy- 
acctk acid, alt.hough these products. were not listed bj- thc 
mniiiifnctrircr as iinl)ririt.ics (Table 3). 

2,4,~-tricIiloroaiiisolc, 
CI 

C i a - O C H  i 

I c1 

is proimscd ns an intcrnicdiiitc iii stcp (1) of the mnnufncturing proccss. 
Inconiplctc rciict,ioii of this iiitcrnicdintc accounts for its prcscnce in' 
the fiiinl irodrict. Tlicrc is also a possibility that thc 2,4,5-trichloro- 
aiiisolc iiitcrinodintc caii be 11)-drolxzed iindcr thc conditions of 
step (1) to gin: nictliosydicliloro~ilieiiosyncctic acid as side products: 

CI 

C I ~ - O C H : C 0 0 1 1  - 
I 
CHiO 
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and 
OCHJ 

ciQcH2cooH - 
CI 

24,s- trichlorophenol, 
- 

I 
Cl 

results froin the incompletc condensation of tlic sodium phcnosidc 
with chloroacetic acid in step (2). 
Bis-2,4,5-trichloroplienosyucetic acid, 

c1- 

Cl 

c1 O-.' 
I 
C l  

is nn important impurity becuuse the chloroacetic acid used in step 
(2) commonly coiitniiis some dichloroucctic acid. The 2,5-clichloro- 
phciiosyacctic acid arises from small amouiits of 1,2,S-trichloro- 
benzenc in the tetrachlorobciizciic raw material. Some sodium 2,4,5-T 
and sulfate ions nrc commonly carried into the product from the 
acidification (stcp [31). 

The stniidarcl assay for tcchiiicul grade 2,4,5-T is il siinplc titratioii 
to givc thc acid equivalciit of the product. On this basis most manu- 
fncturcrs mnrkct a product thiit has 97 to 98% acitl equivulciit. 
Aiialysis for actual 2,~,~-trichloroplieiiosyacctic acid contcnt by gils 
chromatography is lcss coinrtiody givcii, although LL stnudart1 incthotl 
esists. Thc Departmciit of Agriculturc reported thut the contcnt of 
2,4,5-T ivns often IS low as S5% iii coinmerciiil rnatcrids t h t  meet 
the 97 yo wid ccluivulent spccificution. (22) Gas chroniii togrnphy is 
used to rnoiiitor trficc impurities iii process coiitrol for stel) (1). 

Tlie impurities present in aiiy commercial prcpmrtioii of 2,4,5-T 
depend strongly on the purity of thc starting milterinls and the 
reaction conditions. Thesc cnn vary aiiiong various producers ant1 
nmong bntchcs for a givcn procluccr. 

Thc tlctailctl proccssiiig mctlioils atid piirificatioii Irocctlurcs idso 
vary widely among thc various produccrs. The varintioii in product 
annlysis has not bccii curcfully tlocumcntcrl , i~iitl the tosicitics of 
most of thc impuritics have not bccn tcstcd. It is not prutlcnt t o  
nssumc that thc combinctl tosicity of thc mixturc of mntenuls iii 
one prepmation is rcprescntt~tivc of all of thc preparations that arc 
widely used. 
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One trace impurity produced in the manufacture of 2,4,5-T hns 
received consideruble uttciition. Tetrachlorotlibciiz-pdioxiii, com- 
monly known a t  TDD, 

is produced tis a side product iiiitler tlie coiiditioiis of step (1). Since 
this compound is known to bc cs t raor t l indy  tosic, tlic history 
of thc rccogiiitioii and ideiitificutioii of tliis impurity is purticiilurly 
in terestitig. Elucidution seems to hili-o conic from t\vo yriiicipill 
independent soiirces. 

Tlic sporadic occiirrciicc of nii iiiipuritj- in specific lots of aiiimnl 
feed in 1957 brought significaiit losscs to Imiiltrj- fmticrs in south- 
eastern and cciitrul US. Chicks wcrc iifflictcd with hj-dropcri- 
cnrdiiini, aiid sriffcrcd gross kidney uiicl liver dliinuge. Empirical tests 
for tlic prcsciicc of tlic “chick edctm fiictor” w t w  i i ~ i i ~ o ~ ~ ~ i c c d  by the 
the FDA in 1966 (11). The tcst iiscd clcctroii capture gas cliromii- 
tograpliy to esamiiic a frnctioii of t i  snniplc isolated from the fat. The  
presence of a specific set of peaks with given retciitioii timcs iiidicatcd 
thc prcsciice of tlie factor. Tlic empirical tcst is uscd as a scrcciiing 
procediire. Wlicii the prcsciicc o f  the factor is iiidicatcd by gas chroma- 
tography, a chick bioassay tcst is required for confirmation. T h e  
abscricc of the factor is a requirement of tlic cdiblc tallow uscd for 
making fatty acids that go into food emulsifiers. 

Thc chick edcma factor was idcntificd bj- X-raj- crj-stallography 
as 1, 2, 3, 7 ,  8, 9-licsactilorodibcii~-~)-dicsiii in 1967 by Woottoii of 
Proctor niid Gnmblc (25) from 4 mg of toxic material cxtractcd from 
100 lbs. of contamiiiatcd fat obtaiiied from trade soiirccs. The toxicity 
of this compoiiiid and rclntcd comporuids was reported bj- rcprcscnta- 
tivcs of the Food and Drug Administratioil i i i  1968 (11). 

A clue to tlic possible origin of the dioxins was suggcstcd in their 
syitliesis by condeiisatioii (21). T \ v o  molecules of 2, 4, 5-trichloro- 
I)liciiol coiidriisc dircctlj- to give TDD : 

CI-()J-OH Cl  - c i  + HO C l - O C l  -CI - C i a o D C l  c I- 
CI + 2HCi 

0 

Two molecules of 2, 4-dichlorol)hcnol condense to give the dichlorodi- 
bcnz-pdiosiii, 

CI @:+:fJci - ci(JyJci 
aiid mixtures of vnrious isomeric chloriiiated phenols give mixed 
chlorinated dioxins. 
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The FDA group reported the following toxicities : 

TULE S.-Afler Higginbothan, et ai, (12) .  

Reactants 

Chicken embryo 
- No. of C1 bioassay 

atoms in 
dioxin percent 

&egg niortality 

2.4dichlorophenol. _ _  - - _ _  _ _  __. _ _ _  -. _.._ ._ __. ~. . -. __. -. _ _  _ _  -. __. . . -. ~ 2 5 0 0  i o  
Chlorinated dibenz-pdioxin 1 - . - - - - - . -  .._...__ _ _ _  ._...._.__.___________________.__ 0.05 100 
?,4.5-trichlorophenol~~ _ _ _ _ _  _ _  _ _ _ _ _  ._.__._ _ _ _ _ _ _  _ _ _ _  _ _  _ _ _  _ _ _ _ _ _ _  _ _ _ _  __. 4 0. ?5 100 
?.4.6trichlorophenol... _ _ _ _ _ _ _ _ _  ~ __-.-_._._ ~ ..___. ~ ._._.______ _ _ _ _  _ _ _ _  4 5.0 50 
?.3,4,6tetmchlorophenol ... _ _ _ _ _ _  _ _ _  .__.._._... .. ._. . . _ _ _ _ _  _ _ _ _  ______. 6 1.0 100 
Pentachlorophenol _ _ _ _  ~ _ _  _ _  _ _  _ _  _ _  _ _ _ _  _._. ._ ._ _ _  _ _  __. . . - __. . . 8 5.0 ?7 
Reference toxic fat components.. ~ _-. .... .. .. .-. ..-.-. ~ .... .. ..______. Jlixturc 3.0 100 

__. . . ~ _ _  

1 Mixed 3 & 4 chloro species. 

The tetrachloro species, whicli will be tlie import ant product from 
the condensation of 2,4,5-trichlorophenol, requires only 0.25 pg for 
100% mortality in tlic chick embryo bioassuj-. A inistiire of the tri- and 
tetrachloro species \\-as reported ill one studj- to be more toxic tliaii tlic 
tctrachloro species alone (12). Howcver, morc rccciit unpublislied 
observations by thc same authors have poiii ted ton-ard a siiigularly 
high degree of toxicity of the four chlorine members of thc family. 
The conditions required for tlic production of thc tctracliloroclibrnz- 
p-dioxin, TDD, are present in step (1) of the commerical 2,4,5-T 
synthesis, so this material can be present in the original herbicide. 
Members of the fnmilj- of dioxins have bccn recognized in a variety 
of environmental situations. The origins of these arc not clcar in cvery 
case (23). 

The second source of information about the toxicity of dioxin 
compounds came from observations of occupational exposures in 
plants manufacturing 2,4,5-T. These are reviewed in another section 
of this report. One of the diseases reported n-ns ti particularlj- rcirac- 
tory form of skin rash known as Chloracne. This was also seen in 
workers involved in the production of other compounds, Thc first 
report of chloracnc in 2,4,5-T plant workers was in 1957 (14). Thc 
authors in this case suggested that the dioxin impurity may 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 
operators became affected with chloracne. The Dow Chemical Com- 
pany closed their facility and, early in 1965, alerted other manu- 
facturers of their problem. The active agent was identified as 2,3,7,8- 
tetrachlorodibenz-pdioxin. In  addition, an analytical method for 
its detection was standardized and various methods for removing the 
impurity were devised. By 1965, sufficient technology was available 
to allow the manufacture of 2,4,5-T and 2,4,5-trichlorophenol 
containing no more than 1 ppm of 2,3,7,8-tetrachlorodibenz-p-dioxin. 
By 1966, a new Dow plant, conforming to those specifications, \!-as 
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put into operation. TDD levels in technical grade 2,4,5-T from 
anothcr manufacturer arc listed year by year in Tablc 4. Dioxin lcvcls 
in 2,4,5-T currcntly mnnufacturcd 1u-c rcportcd not to cscccd 1 ppm. 

TABLE 4.--Hislory of TDD concentration i n  technical 2,4,5-T 
IAnalysis of material from one manufncturer] 

1958 ............................................................................... 11 
1959.-. ............................................................................ 11 
19 50 ............................................................................... 8 
1'981. ............................................................................... 5 
196262... ............................................................................ 10 
1. ............................................................................... 11 
lY64 ............................................................................... 1? 
1!%5..-... ......................................................................... 5-31 
1966- .............................................................................. 3-18 
lm7 ............................................................................... 1-25 
1'968 ............................................................................... 1-?5 
1'WL. ............................................................................ < I  

Analytical Methods 

1. Standard Procedures. 
A typical mcthotl for the aiiulysis of herbicide residues iii oil seed 

crops has been described by G .  Yip of the FDA (2'7). The method 
involves extraction of 50 grams of oil with sodium bicarbonate solution, 
acitlificutioil, and extraction of the herbicides n-ith chloroform. Thc  
herbicide residucs in the acid form are theii esterified with diazometli- 
nile to produce the methyl esters which are finally analyzed by pro- 
grnmmed temperature gas chromatography. Both electron capture and 
microcoulometric detection schemes are used. The microcoulometric 
detector consists of a quartz tube condcnsation chamber where the 
herbicide is pyrolyzed a t  800' C iu the prcseiice of oxygeil. Thc HCl 
formed is carried into u microcoulometric titration cell where the 
chloride is titrated with silver ion. The sensitivity of this analytical 
scheme is about 0.01 ppm. 

A gas chromatogram obtained from cottonseed oil treated with a 
mivture of seven herbicides each a t  0.02 ppm is shown in Fig. 1.  The 
seveii herbicides used in this test of the methatl included : 

O H  OCHzCOOH OCHzCOOH 

P C P  2.4-D MCPA 
C H3 
I 

COOH OCHzCHzCHzCOOH OCHzC 0 OH 0 - C H - C O O H  
I I I I 

61 
?. 3.6-T B h 2.4-DB 2.4,5-T 2.4.5-TP 
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CONTROL 

0.3.6-T0A PCP 

24.5-T 24-00 
0.02 PPM 

MINUTES 

FIG. l-Girs chromatogram of the 0.02 ppm sample of herbicide niixture and D 
control. Both curves rcprcsent 35 g of cottonseed oil.-.4fter Yip (27 ) .  

All of thcse residues arc well separated ai i t l  readily dctectccl after 
22 minutcs. Rccoverics of these residues froiii the vcgctublo oil s ~ m -  
ples were bettcr than 90% iii thc 0.02 to 0.0s ppm rcingc. At the tiiiic 
this method was developed, samples of coniinercid oils iiicludiiig 
cottonseed, corii, safflower, soybean, peanut, and olive oils n-erc 
analyzed for residues of these herbicides. No pcaks wcre disccriicd iii 
the chromatogram of any sample. 

Although the relative retention time of 2,4,~-trichloropheiiol, a 
common formulation impurity and one of the metabolic decomposition 
products of 2,4,5-T \vas not reportcd, i t  should be lcss thaii that of 
peiitnchlorophciiol, and thus anieiiablc to dctectioii by this scheine. (9) 

Yip has also developed a paper chromatographic method which 
allows qualitativc clcterniiiiation of the samc cstcrs (28). A n-orkablc 
separation of the methylated acids was obtuiiied using 35% dimethyl 
formamide in ether as the immobilc phase antl 2.2,4-trimcthyl pcntaiie 
RS the mobile phase. The seiisitivity of thc piiper chromatographic 
techniqiic is 0.1 ppm. 

The procedure recommended by Yip (26) for analysis of rcsitlrics 011 

green crops involves high spced of bleiiding finely chopped grceiis with 
n mixture of H2SOII ethniiol, petroleum ether aiitl ethyl cthcr. The 
solids arc removed by ccntrifugatioii and the liquid estractcd with 
sodium bicarbonate antl chloroform, as for samples of vegetable oils. 
The proccdiue for wheat involves first grinding thc wheat kcriiels iii 
n mill to pass n 30-mesh screen. Thc ground wheat is then blcndetl u-ith 
95% ethanol a t  high speed. The solids are scparatcd by centrifugatioii 
nnd the residues extracted from the supernutant liquid as above. 

2. Bound Residue. The above methods arc adequate for the analysis 
of 2,4,5-T residues that are in thc form of the free acid or various 
esters. The detailed analytical method provides steps for the separatc 
esamination of the rcsitlries prcsctit in free acid antl estcr forms a1- 
though the estcrs nre rarely found as rcsitlucs in crops. 
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An issue of primary concern, however, is whether there can exist in 
crops residues of 2,4,5-T chemically bound such that they are not es- 
tracted and detected by the standard analytical method. Crosby (4) 
showed that u water soluble, ether insoluble hydrolyzable form of 
2,4-D is present in bean plants treated with 2,4-D. It has becii reported 
that 2,4-D as well us other herbicides can be converted to coenyznie-A 
thioesters (3) ; this is a possible form for the “boiiiid” material. I t  has 
also been suggested that 2,4-D may be bound us  2,4-dichlorophenoxy 
acetylglucoside (15). 2,4,5-T could presumably undergo analogous 
reactions to give the corresponding bouiid forms. 

The uiiulyticul method that has been used in most plant residue 
studies provides no information 011 the friictioii tliiit iiiiiy be prcscnt 
in bound form. In  u study of 2,4-D residues iii forage tiiitl iiiilk, the 
residue lerels shown in Tables 5 and 6 \\-ere fouiicl by the stuiidurrl 
analytical method (16) (2.9). 

TABLE 5.-Rcsidtce of 2,4-D in forage satuplcs froiu paslurcs sprayctl with buty l  eslcr 
or %-c.!hylhrzyl csler of %,4-D a1 a ralc of 2 Ibslacrc. .locrugc of 1 lo 5 drlcrminations. 
-.4flcr Klingman ct al, (16) 

2,eD residues, ppm, from 

Date. May 
2-ethylhexyl ester -- Butyl ester - 

Butyl Ethyl Ethylhexyl 
Acid ester ester Acid ester 

6s .................................................... 0 0 0 truce 0 
6 b - - -  ................................................. 58.3 0.10 0.04 36.6 11.8 
8 ...................................................... 19.2 0.18 0.02 38.6 6. 7 

13 .................................................... 5.0 0 0 13. I 1.4 
IO-.. ................................................. 9.0 0.03 0.03 23.8 2. 0 

Sampled just before spraying. 
b Sampled within !5 hr dter  sprnying. 

Residues detected by the standard method \\-ere lurgclj- in the form 
of thc acid rather than thc original cstcrs. Sonic degradation of thc 
butylester to the cthj-1 ester appnrcntlj- occurred. Essentially no 
tracc of residue \\-as found in milk from dairj- c0n-s grazing in pastures 
sprayed with 2,4-D (Tablc 6 ) .  
TABLE 6.-Residue of %,4-D i n  milk,  as determined b y  two melhods of analysis, from 

dairy cows grazing in pastures sprayed with esters of 2,d-D at 2 IblA on morning 
of May 6, 1963. Samples taken from morning milkings only.’-Afler Klingman, 
el a1 (16). 

2.4-D residues in milk, ppni from 
Dnys ~ 

Date, Mny after butyl ester 2-ethglhexyl ester 

FD.4 SWRI FDA SWRI 
sprnying -~ 

6 _ _ _ _  ~ . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . .  b O  0 0 0 0 

...................................................... .02 8. 2 .01 .01 .Ol 
!I...... ................................................. 3 .01 .01 .01 <.01 

10 ....................................................... 4 .01 .01 <.01 .01 
.............................................. ........ .01 11 I 5 .Ol .01 <.01 

13.-.. ................................................... 7 .01 .01 .01 .01 

7 1 0.01 0.01 0.01 0.03 ....................................................... 

a Cows n*eF krpt in pastures contiuuously. escept during milking. All dntn were rounded to nenrest ,O.Ol 
because this IS nbout the prncticnl limit of precaion of the methods used. FDA=Food nnd Drug Admlnls- 
tration nnd SW Rl=Southwest Resenrch Institute. 

b Milk wns sunpled in the morning before pnstures wcre sprnyed. 
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The presence of bound 2,4-D in the grass samples from the pasture 
sprayed with the ethylhexj-1 ester of 2,4-D was also checked. T o  
demonstrate the presence of bound 2,4-D, the acid and ester wero 
extracted from the forage samples as usual. The filtrates were theu 
extracted three times with ethyl ether to remove any residual 2,4-D 
acid and filially heated on a steam bath for 16 hours under highly 
acidic conditions. Presence of bound 2,4-D would be indicated if 
amounts of 2,4-D found in the hydrolyzates were significantly higher 
than those found in the filtrates before hydrolysis. Results are shoivii 
in Table 7 .  

TABLE 7.-Ppm of 24-0 in grass of ethylhezyl ester-sprayed paslure, free and 
bound. (29) 

Days after spraying 
Filtrates 

Initial before Hydrolyzate 
extraction hydrolysis 

......................................................... Control 46 0.053 (9 

(I' 0.54 
?.... 50 0.430 
4 ................................................................ '10 0.246 
7 ................................................................ 19 0. '30  1.31 

............................................................ 

I Trace. 

The presence of small amounts of bound 2,4-D is shown bj- the value 
obtained from the hydrolj-zutes. There is a trend towurd increasing 
formation of bound 2,4-D with time. No bound residues could be 
detected in milk in these esperiments. The results from these esperi- 
ments suggest that  although bound residues were detected, most of 
the residues were present as acid or ester and there would not have 
been a major discrepancj- between the results of the stnndurd method 
and the actual total residue concentration. 

There is evidence for the binding of residues of 2,4,5-TP (Silvex), 
the phenoxy propionic acid analog of 2,4,5-T. A careful study of 
2,4,5-TP residues in orange peel, lion-ever, suggests that  a rather 
high percentage of the growth regulator residues can be present as  
insoluble "bound" materials (IO). 2,4,5-TP fractions could be sepir- 
ated on the basis of solubilitj- into four types: free acid, ester (hestine 
soluble), coniplesed acid (water soluble, hesane insoluble), and 
heat-labile complesed acid (heat-released) . It was possible to detect 
the water soluble coniplesed acid as the methyl ester nfter basic 
hydroIysis and identification. The labile form was released after 
heating for 24 hours a t  104-105' C. The concentrations of these 
various forms during a 13-week period are shown in Fig. 2. 
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FIGURE 2.-After Hendrickson and Meagher (IO). 

These results suggest thiit the original 2,4,5-TP amine salt is first 
converted to the free acid. This acid then is converted to  a soluble 
conjugated form. However, i t  appears that  the insoluble complesed 
form ultimately becomes a major fraction of the total residue. The 
results of this and other studies of herbicide residue in citrus (7), (IS) 
emphasize that the residues of lialogenitted phenoxyacetic acids may 
take several forms in plant tissues. Unless an effort is made to release 
the bound residues, the standard analytical scheme does not provide 
a suitable btisis for estimating the totul residue concentration.* 

CHEMICAL STABILITY OF 2,4,5-T 
1. Photochemical Degradation. 
Ultraviolet light has becn shown to alter drastically the structure 

of niuny pesticides under laboriitory conditions. Knowledge of whether 
sunlight under "field conditions" ciin also affect these transformations 
is criticiil. The detailed cheniistrj- tind tosicology of the resulting 
decomposition products could be significant to agriculture iind the 
public health. 

Although the photochemistry of 2,4,5-T has not been investigated, 
considerable effort litis been espended to elucidate the pathway for 
photochemical decomposition of 2,4-D. It might be expected that 
these compounds react in a similar way. Several studies indicate thu, t 

*It is possible that oiiiy the pure acid and ester residues produce physiological effects on man and mimnls. 
while the bound forms nreinert and non-toxic. Thestandnrd analytical scheme would then provide auseful 
mesure  of the effective concentration of residue in toxic Iorni. The relative physiological effects of bound 
nnd unbound residues nre unknown. 
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2,4-D is, in fact, degraded in the presence of ultraviolet light to 
phenolic products (19), (I), (2). Some evidence is available which 
indicates that  sunlight also detoxifies 2,4-D as Penfound and Minyard 
(20) showed that malformations of water hyacinth and kidney beiin 
plants were more severc in shaded plants than in those receiving full 
sun. The most recent photochemical study (5)  is the first to compcirc 
the transformations induced by sunlight and ultraviolet light. 

Photolysis in the presence of sodium bicarbonate (2X10-3 M )  
and water leads to several isoltible products: 2,4-dichlorophenoI, 
4-chlorocatechol, 2-hydrosy-4-chlorophenos~-acetic acid, and th r  
major product, polymeric humic acids.** Although thc transieiit 
1,2,4-’benzcnetriol could not initiallx bc isoliitcd, i t  coiild bc trapped 
if osidation of this intcrmcdiutc \\-as inliibitcd bj- currxiiig orlt tlic 
photolysis in thc presence of cscess sodium bisulfi tc. 

These rcsults suggest the folio\\-ing sequence: 
OH OH 0.1 - @ H  

I 

OH OH OCHzCOOH OCHICOOH 

@CI - 601. 
()OH - [---OO-] 

I 
0 I1 

I c1 I 
c1 

\ I \ I / 
0 C H? COOH OCEIICOOH 

Q.’ O H  1 
- 8°11 OH I 

FIGURE 3 Proposed mechanism of 2,4-D pliotodeconiposition 
After Crosby (4) 
Analogous results were obtained from irradiation in sunlight. 

2. Hydrolysis. 
The esters of 2,4,5-T are readily hydrolyzed to the free acid under 

acidic or basic conditions. Thc esters tire rarelj- found in residues in 
crops. The rates of hydrolysis of course depend on the detailed stereo- 
chemistry of thc ester substitucnt. Thc rate of hydroll-sis is rcduccd 
as thc bulk of the ester group is increased close to the os)-gen linkngc. 

~~ ~ 

“ S o  attempt was made to determine the late of the two carbon fragment. 
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3. Thermal Stability. 
2,4,5-T is stable with respect to thermal degradation to a t  least 

4. Biochemical Degradation. 
2,4,5-T is slo\vIj- degraded in soil which contains organic matter 

undcr warm, moist conditions. The generally accepted half-life for 
this process is seveml weeks. However, the decay in 2,4,5-T concen- 

of orgiuiisnis thnt metubolizc 2,4,5-T incremes in the presence of 
2,4,5-T. In uretis pre-treated with 2,4,5-T, the lifetime for degriida- 
tioii is significantly rcduced. Threc months upl)cars to be the acccpted 
length of titnc for 2,4,5-T rcsiducs in soils to disappenr cotnpletely. 
The riitc of disupl)eurtincc a j ) ~ ) c ~ ~  to be independent of the quuntity 
of upplicution. Sorne of the organisins respoiisible for 2,4,5-T biodeg- 
radiition huvc been isolilted and identificd. (17) The subject of 
residues is more fully examined in Section VI. 

its melting point of 153’ C .  

d trution is usuiilly not a simple first order process since the population 
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USES AND SIGNIFICANCE 

Summary 
2,4,5-T has become important in land and watermuy mmagement. 

It has been very useful for brush and weed control. A result hiis been 
a growing dependence upon it. The Government itself has encouraged 
the use of 2,4,5-T through an agricultural cost sharing progrnni. 

Nearly 8 million acres were treated with 2,4,5-T in the United 
States in 1964. The major use was brush control on mngelands, 
pastures, and rights-of-way. Other uses ivere on certain food antl 
non-food crops, in aquntic weed control and in forestry. 

I n  1964 antl 1966 almost half of the 2,4,5-T \vas used on rights- 
of-\my. Over two million acres of rights-of-way were treated in 1964 
which is one quarter of the total area treated with this herbicide. 

Civilian uses of 2,4,5-T dropped nearly 50% from. 1964 to 1966. 
More recent, unpublished information from the Department of 
Agriculture suggests that  this trend continued through 1968 but may 
have begun to reverse 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 \veapon in Vietnam. 
If acreage decreased proportionately, about four million acres would 
have been treated in 1966. 

T o  some extent, other herbicides can be substituted for 2,4,5-T 
(notably 2,4-D) . If all alternative herbicides were available the ban- 
ning of 2,4,5-T would appear to lead to an additional cost of nearly 
$52 million in land and waterway management or nearly a 100% 
increase over the current expenditures. These figures assume practices 
designed to achieve 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 over three times the present investment. Agricultural costs are 
estimated to rise $32 million and $44 million, respectively, under the 
two assumptions, while costs of right-of-way management mould rise 
$12 million and $75 Inillion, respectively. 

Agricultural production has become dependent upon the use of 
herbicides. Their use 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\ving, chopping, burning, 
and various other cultural practices for the control of weeds. 
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One of the principal uses of the herbicide, 2,4,5-T, is for control 
of weeds and brush on pasture nnd rangeland. Large quantities m e  
also used to control brush along roadways and under po\i-erlines. Thc 
principal crop use of 2,4,5-T is on hay and pasture. 

In forest production, 2,4,5-T has proved useful for selective weed 
control. 2,4,5-T acts upon deciduous hardwoods leaving the conifers 
with little injury. This treatment has been helpful in releasing conifers 
from deciduous hartlit-oocl competition in mised stands. 

Production 

rapidly: 
Total herbicide production in the United States has increased 

*I960 75,000,000 pounds (3) 
1965 220,000,000 pounds (8) 
1968 403,000,000 pounds (18) 

For 2,4,5-T (acid, esters and salts), production has incrensed as 
follo\\-s : 

1960 7,900,000 pounds (7)  
1965 13,500,000 pounds (IO) 
1966 18,100,000 pounds (IO) 
1967 27,200,000 pounds (IO) 
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. F a n  w e .  
In  1964, of the estimated 13,000,000 pounds of 2,4,5-T produced 

in the United States, only 13 percent or about 1,655,000 pounds were 
used in agriculture (Table 1). About 40 percent of the quantity em- 
ployed in agriculture was used for weed control along fence roivs, 
ditch banks, farm roadways, and other non-crop uses. The remaining 
60 percent or 979,000 pounds was employed on crops (including hay, 
pasture and rangeland). 

Since 1964, the use on farms has been decreasing. In  1966, 760,000 
pounds were applied which is less than 50% of the 1964 amount (IS). 
Use on hay, pasture, and rangeland declined 35 percent, and other 
crop use decreased by 31 percent, whereas non-crop use decreased 
about 84 percent. 

b. Forestry, Riyhts-of-way, Aquatic Weeds and Lawn and Tud. 
I n  1964, about 888,000 pounds of 2,4,5-T were used in private 

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

An estimated 4,368,000 pounds were applied to rights-of-way, 
roadways, fire lanes, and similar areas for tree and brush control in 

*Changes in the method of reporting after 1W make this figure dlWeult to compare wlth later A W S .  
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1964 (Table 1); in 1966, this had decreased to 2,315,000 pounds 
(Table 3). 

About 162,000 puiiiids were npplied to a q u h c  habitats i l l  1964 for 
weed control on about 81,000 acres (Table 1) ; iu 1966, this lind dropped 
to 75,000 pounds (Table 3). 

TABLE 1-Estimated use of 2,4,5-T in the United Slates, 1064 (13) 

Use category 
Quantities of Proportion of 

Loid treated actlvc total quantity 
per 1,ooO ucres 2,4,5T applied applied 

per 1,000 pounds (Percent) 

* F w n  use? 
May, pasture, und rangeland .......................... 2.441 581 
Other farm use ....................................... 1,010 1.074 

7 
12 

I 

i 

I. 

Total farm use ...................................... 3,451 1,655 19 

Federal Govrninient ugencies J-. 3 6  658 7 
Lawn and turf treatment 4 - - .  1. 2M) 600 i 
Rights-of-ways $ - -  .................................... ?. li5 4,337 49 
Private non-farm forests 8 - .  ........................... 430 888 10 

.................................. 2 Aquatic treatment 7 81 1 62 
Other uses 3 -  ......................................... 306 583 6 

Non-farm USQ: 
..................... 

......................... 

Total non-farm use ................................. 4,488 i ,  257 81 

All uses-.. 7,939 9 8,912 100 .......................................... 

I Based on "Quantities of Pesticides Used hy Fumers in 1964." AER 131. Farm data excludes Alaska 
and Hawaii. In some farm uses, all iicres in a field were reported treated while only spots actually receivcd 
?,4.%T. thus making the rote per acre seem low, 

2 Sum of the acres of all crops, except hay, psturr .  and rangeland treated. plus an acreage estimate for 
noncropland receiving treatmmt. The 5cTeage 01 noncropland was estimated by alloc3ting the quantity 
of 2.4.5T used for such purposes a t  the rate of 2 pounds per acre. 

3 Based on 1969 usage of the Departments of Agriculture. Interior, and Defense; and 1951-60 average 
usage by the Tennessee Valley Authority. 

4 Based on estimated 500,000 acres of turf and i00,ooO ncres of lawns treated. Estimates hased on "Extent 
and Cost of Weed Control with Herbicides and an Evaluation of Important Weeds," ARS 3PlW. and un- 
published data. 

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

6 Estimated at 4 times the acreage treated and quantities of pesticides applied to public forests. 
7 Bnsed on sources cited in footnote 4 and rates used on federally treated water\voys. 
8 Includes governments other thxi  federal and any other usage. 
9 Based on table 28 of the Pesticide Review 1969, Ag. Cons. Stab. Service. 

TABLE Z-Farm use of 2,4,5-T on crops, b y  category of use, United Stales, 1964 
and 1966 (IS) 1 

Use category 

Percentage 
Active ingre- Acres treated of planted 

dlents per per 1,ooO acres acres treated 
1,000 pounds with 2.4.5-T 

(percent) -__- 
l964Z 1 M J  lW? 19063 19644 1 W ~  

Hay, pasture. and rangeland.. ............................ 581 3i'J 2.441 881 0.4 0. 1 
Corn.. ................................................... 72 58 W 337 0.4 0.5 
Wheat .................................................... 16 26 55 59 0. 1 
Sorghum ................................................. 5 6 48 18 (2.3 0.1 

Other crops ............................................... 41 127 117 l i 5  0.1 0.2 

Rice ...................................................... (7184 23 p) 16 0. 8 
Other prai ns... ........................................... 34 196 !N (7.4 0.2 

Allcropusage--. ................................... 979 853 3,112 1.505 0.3 a ?  

1 Does not include Alaska and Ilawaii. Use In 1904 generally reflects current practlces. Use in 1908 was 
unusually small and not representatlve of current practices because of domestic shortnges due to increased 
military purchnses. * Revised estimates based on Quantities of Pesticides Used by Farmers in 1 W .  U.S. Dept. Agr., Agr. 
Eron. Rpt. No. 131. Jan. 19fB. 

3 Dntn from the ERS Pesticide and General Farm Survey. 1%. 
4 Acres treated as n percent of acres grown as reported in Stnt. Bul. 384 and Agricullurd Slafwfiw 1068. 
3 Acres treated as a percent of acrcs grown as reported in Crop Pmductlon, 1Ni.  U.S. Dept. Agr., Cr. Pr. 

2-21i-1ii). - - . . -. , . 
a L.es than one-tenth percent. 
7 Included in other grains In 1% only. 
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TABLE 3.-Quantities of 8,4,6-T used and percentage change i n  use, United Stales, 
1964 and 1966 (13) 

Use category 

Quantities of active Reduction 
2,4,5-T applied per from 1964 

1,ooO pounds usage in 
percent 

1964 1 1068 2 

Farm use: 1 
Hay, pasture, and rangelnnd.. . . - _ _  __. . -. ._ ..__. - -. . . _ _  __. -. ~ .. ._ - 
Other farm use- 

581 2 3iD 
2 381 

35 
65 -. ~. ~ - _ _  _ _  __. . - -. . _ _  __. - __. - _ _  _ _  ___. _ _  __. . . . __. . - 1,0i4 

Total farm use _ _ _ _ _ _ _  _ _  __. _ _ _ _ _ _ _  _ _ _ _  _ _ _ _  ._______ _ _ _ _  _ _ _ _  ____._. 1.655 2 i60 54 

Nonfarm use: 
Fedenl Government agencies. - _ _ _  _ _  _ _  _ _ _ _  _ _ _ _  _ _  _ _  ____. _ _ _  _ _  ___. - 656 34450 31 
Lawn and turf treatment. _ _  ~. ~ _ _  -. . . _ _  _ _  _ _ _  -. -. 600 4 3 0 0  50 
Rights4-way. _ _ _ _ _ _  ~ _ _ _ _ _ _  _ _  _ _  _ _  _ _ _ _ _ _ _ _ _ _ _  _______._ ________. _ _  4.368 9 ?. 315 4 i  
Private nonfarm forests. _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _  ~ ..____. 888 8 4 0 8  54 
Aquntic treatment--. __. -. ~. ~ _ _  __. ~. -. -. - _ _  _ _  ~. . . . . . -. . . . ~. . . . _. ._ 16? 7 i 5  46 

583 4m2 50 Other uses ......... _...__ _ _ _ _ _ _  ______...._...__ _ _ _  _._._........-.. 
48 Total nonfarm uses ... . _ _  _ _ _ _ _ _ _ _  _ _ _ _  ._ ._ .___ _ _ _ _  _ _  _ _  _ _  __. . _ _  _ _ _  

All uses 9 -  ________._.______ ~ _ _ _ _  ~ ..... ~ .___ _ _ _ _ _  ______________.. 48 

__. . __. . . __. _ _  __. 

_ ~ _ - - - -  
- i, Si 3.840 

8,01? 0 4,800 

1 See table 1. 
2 Dnta from 1066 ERS Pesticide and Genera! Farm Survey, US. Dcpt. of Agric. 
3 Based on decreases in Forest Service spendmg on timber mprovement, and cooperative programs with 

states. 
4 Assuming 50 percent shift to dicamba. 

Residual after providing for other requirements. 
8 Bnsed on same rate of reduction as total farm use. 
7 Based on snme rate of reduction in 2 4 5-7' use on hay, pasture, and rangehnd. 
a Assuming 50 percent of the 1964 use ;f'?,4,5-T was retained. 
8 Based on tables ?and 3. 

About 600,000 pounds of 2,4,5-T mere applied to lawns and turf 
in 1964 (Table 1); in 1966 this had fallen to 300,000 pounds (Table 3). 

c. Fruit. 
Small quantities (less than 10,000 pounds) of 2,4,5-T were used as 

a growth regulator to thin fruit in the spring and hold it on the tree 
until harvest in the fall (9). 

d. Federal Agencies. 
The DOD, USDI, and USDA are the chief Federal agencies tha t  

use 2,4,5-T on the lands they manage. During 1964 in continental 
. United States the Federal agencies used a total 656,000 pounds 
(Table 1). 

In  1969 the DOD treated 162,000 acres with 221,000 pounds of 
2,4,5-T in continental United States (16). The majority of that used 
by the Department of Defense was by the US. Army Corps of En- 
gineers Civil Works Program for the control of aquatic meeds in 
navigable waters, in and mound reservoirs, on stream bunks and 
rights-of-way. The use of heribcides on DOD installations is generally 
restricted to small areas such as training sites, lawns, fringes of air 
fields, fence rows and ammunition storage mens. 

During 1969, the USDI treated 52,900 acres of rangeland with 
38,200 pounds of 2,4,5-T; in addition 2,200 acres of aquatic habitats 
were treated with 5,600 pounds (17). 

In  1969, the USDA treated 107,000 acres of timberland with 
221,000 pounds of 2,4,5-T. In  addition, 34,000 acres of rangeland and 
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2,000 acres of rights-of-way were treated with 94,000 pounds (un- 
published figures). 

e. Economic Importance. 
It is estimated that herbicides contribute significantly to the profits 

of agriculture. For example, if phenoxy herbicides (including 2,4,5-T) 
were not available, the net loss to rice producers in the United States 
has been estimated a t  $7.6 million per year. This represents some 
2% of the farm value of all of the rice produced in the United States 
per year or about 25% of the value of production from acres treated 
with phenoxy herbicides (IS). 

2,4,5-T has a miijor use for control of brush under truiismissioii 
lines. It is estimated (IS) thut the control of brush with 2,4,5-T on 
rights-of-way costs aboiit $6.50/acre. Other chemicals which could be 
substituted for 2,4,5-T 011 most of this acreugc ~ rou ld  cost $42/ucre. 
hfanuol control costs obout $44/acre. 

The loss to agriculture if 2,4,5-T were 110 longer available would 
be about $32 million (bnscd on normal use in 1964 (see Table 4)). 
Because of military demands for 2,4,5-T in Vietnam, the quantity 
used in agriculture has declined by about one-half (Table 3). 

It has been estimated that the increased costs of alternatives for 
2,4,5-T for nonfarm use were about $20 million for 1964 (Table 4). 
Between 1964 and 1966 these uses were also cut in half (Table 3). 

If 2,4,5-T were not available and other phenoxy herbicides could 
not be used as alternatives, it is estimated that the domestic cost 
would be approximately $172 million (about $44 million for farm 
use and $128 million for nonfarm use (Table 5).  

I 
i 
l b  

v 

f .  Registered Uses. 
The registered uses of 2,4,5-T are shown in Table 6 for food-crop 

use and in Table 7 for noli-food crop use (14). 

t- 
f 
f 
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TABLE 4.-Economic effects of banning 2,4,6-T, if other phenozy herbicides and all 
other registered herbicides could have been used, United States, 1970 (IS) 

Acres Cost of 
Acres requir- alter- 

Esti- that ing native Costof Net in- 
Use category mated could be addi- Cost of herbi- addi- creased 

acres treated tional ?,4,5.T cides tional cost of 
treated with cultural and and cultural using 

with alternn- prac- appli- appli- prac- nlter- 
2,4,5T1 tive tices cation cation tices native2 

l,m l,m 1,am l.m l.m 1,am 1,ooo 
acrca acre8 acrca dollara dollara doUora dollars 

F m  use: 
Hay, pasture, rangeland3 _ _ _ _ _ _  2,441 488 1,953 4.052 1.781 3?,443 30.!72 
Otherfamused _ _ _ _ _ _ _ _  _ _  ___.__ 1.010 879 774 3,968 3.?45 2,486 1,463 

Total fnrm use ... _ _ _ _ _ _ _ _ _ _ _ _ _  3,451 1.367 2,7?7 8.0% 5,0?6 34,929 31,935 

Federal Government 8 -  - _ _ _  _ _ _ _  296 231 15 3.237 3,i& 735 1.?13 
Lawnnndturfe.  _ _ _ _  ~ _ _ _ _  ~ _ _ _ _ _  l,?oo 1 . m  60 2,850 3.720 ?43 1, 110 
Rights-of-way 7 n - - - - -  _ _ _ _ _ _ _  _ _ _ _  2,175 1,958 217 33.7? 36.W 9.548 11.804 
Private nonfnrm forests 7 Be--.-- 430 387 43 3,i38 4,411 3,363 4.036 
A uatic areas i o - - -  - __. ~ -. ~. _ _  - 81 72 8 608 760 240 392 
O%erII _ _ _ _  _ _ _ _ _ _ _ _  __._ ~ ____.___ 306 15 2,219 3,0?6 375 1.182 

L- 

- 
Nonfnrm use: 

Total nonfnrmuse _ _ _ _ _  _ _ _ _ _ _ _  4,488 4.1M 358 46.474 51,710 14.501 19,737 

Totalalluses _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  7,939 5,557 3,085 54,4194 58,i36 49.430 51.67'' 
- - 

1 From Table 1. 
8 Cost of alternative herbicides nnd application plus cost of additional cultunl prnctices less cost of 2.4.5 

T and application. 
a The alternative herbicide was 0.5 Ibs. silvex and 1 Ib. 2,4-D on 20% of the acres treated. Cultural treat- 

ments on the other 1 953 Mx) acres include renovating a third of the acres nt $15.66 an ncre; then bulldoriiig 
72% of the remainingiwckhirds a t  $23.16 an ncre. and mowing the other 28% at  51.50 an acre. 

4 Most acres of individunl crops treated with 2.4.5-T in IW could have been treated with 2.443. Silver wiu 
applied with 2.4-D on the noncropinnd. R a t a  of 2.4-D ,ue  on crops were nssumed to be the I'M average rate 
of dl phenoxy usnge for that crop except for other grains where 2,4-D was used at the same rate s 2.4,5-T. 
Supplemental hnnd or mechnnicnl control w s  used on some of the coni. sorghum. and noncroplnnd. hddi- 
tiond acres of wheat, other small grains. arid other crops were grown to maintam production in spite of  yield 
losses. I n  rice production, additiond fertilizer and a change in the crop rotation were required to maintain 
production and offset loss in quality. 

3 Based on KWJ use by the Departments of Agriculture. Interior. and Defense: and TVA. Two Ibs. eacli of 
2 4-D and silvex were substituted for 2.4.5-T on 95% of all acres treated 111 1YM. Remaining acres required 
additional cultural, mechanical, and manud controls avernging $49.00 per treated ncre. 

8 All acres could have been treated with 0.5 Ibs. each of 2,4-D and silvex. but $4.00 of manual work was 3iSO 
required on 5% of all acres. 

7 Two Ibs. each of 2.4-D and silvex were used 3s substitutes for 2.4,5T on 90% of nll ncres. 
8 Ten percent of the acres required hand cutting at $44.00 per acre. 
0 Ten percent of the ncres were mowed hnnd cut. or undesirable species girdled at a cost of $73.21 per acre. 
10 The remainder required cleaning wiih a drng line at  $30.00 per acre for treated ncres. 
11 Two pounds each of 2,4-D and silvex were used to replace 2.4.5-T on 95'3 of these acres. The remaining 

acres required mechanical control by hand or with machines a t  5?5.00 per ncre on which used. 
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TABLE 3.-Eeonomic effects of banning 2,4,5-T if no other phenozy herbicides could 
have been used but ull other registered herbicides could have been uscd, United 
Slates, 1970 (13) 

Use category 

Acres Cost of 
Acres requir- alter- 

native Cost of Net in- Esti- that ing 
mated couldbe addi- Cost of herbi- addi- creased 

ncres treated tionel ?,4,6T cides tional costiof 
treated with cultural and arid cultural using 

with alterna- prac- appii- appli- prac- alter- 
?,4.6TI tive tic- cation cation tices native : 

l,m 1.m l.m 1.m l.m 1.m 1.Wd 
acres acres acres dollars dollars dollars dollara 

Farm use: 
Hay, pasture. and rangeland 3- _ _  ?. 441 .-. _ _ _ _  __. 2.441 4,052 . _ _  _ _  _ _  _ _  . 40,551 36,498 
Other farm use4 ______________..  1,010 WB 618 3.968 6.386 5.16i i.585 

Total farmuse _________...._. ~ 3.451 628 3.059 8.020 6,386 45. i l8  44,084 -- _ 
Nonlnrni uw: ~~~ 

Federal Government $ - - .  _ _  _ _  __. 
L a w  and turf 6 - - -  _ _  .. . . . . -. _ _  
Private nonfarm forests 8 -  _ _ _ _ _ _  
Aquatic areas 9 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
0 ther 10 __.. . -. . . . . ._. . __. . . - _ _  .- 
Rights-of-way 7- - ._. . . . . . . . . . __. 

296 Ki 1,:m 1, LW 
Z l i 5  1,631 

430 . . . . . . . . . . 
81 

306 
. .. . . . . . . . 
. - . . . . . . . . 

213 
1,:m 

544 
430 . ni 
306 

10, s63 
4. ma 

?3.036 
33.630 
?, 430 
i ,  650 

11.4i7 
4. ‘160 

i4,876 

1.81? 
5.431 

=, 892 

Total noi ihniuse _ _ _ _ _ _ _ _ _ _ _  ~ 4.488 ?.014 ?,is4 46.4i4 01.0?3 83.309 121.858 

Total alluses ___________.__...  i ,%8 3,WL 5.833 54,494 97,WJ 128.021 1 7 1 . G  
- _~ 

I From Table 1. 
2 Cost of alternative herbicides and application plus cost of other treatments less cost of 2.4.5-T and ap- 

plication. 
3 Cultural treatments iiiclude renovating a third of the acres a t  515.66 an acre; then bulldozing iVo of the 

remainill? two-thirds at 623.16 an acre. and mowing the other ?S% at  $1.50 an acre. 
4 Weeds on some ncres of most crops treated with ?.4,5-T in 1964 could have been controlled with nonphen- 

oxy herbicides. Important chemical substitutes used include dicamha. atrazine and oil on crops and piclorani 
on noncropland. Supplemental hand or niechanical control WS also required on some corn, sorghum, small 
grains. and noncroplniid. Additional acres of wheat, other small grains. and other crops were grown to main- 
tain production in spite of yield losses. In rice productioii additional fertilizer and a change in the crop 
rotatioii were required to maintain production and offset loss in quality. 

Dmed on 1969 used by the Departments of Agriculture. Interior, and Defense: and TVA. Two p u n d s  of 
picloram with a drift reducing adjuvant were substituted for ?,4.E-T on i 5  percent of federally maintained 
rights-of-way. All other acres required cultural, mechanical. and manual control averaging $51.00 per acre. 

6 All acres can be treated with 0.5 pound dicamba but supplemental manual work costing $4.00 per acre was 
required on all acres. 

7 Two pounds of piclorani with a drift reducing adjuvant were substituted for ?,4,5-T on i 5  percent of all 
acres. The remaiiider required hand cutting at $44.00 an acre. 

9 All acres had to be mowed, hand cut, or undesirable species hand girdled at a cost of $iS.?I per treated 
acre. 

9 All acres needed to be mechanically cleaned with a drag line at  $30.00 per acre treated. 
10 All acres required mechanical control by hand or with machilies a t  s‘L5.00 per acre. 
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USDA Summary of Registered Agricultural Pesticide Chemical Uses 
8,4,6-Trichlorophenozyacetic Acid 

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

Use Tolerance Dosage Limitatlons 
(ppm) 

lb. adual/A. 
Pastures: Grasses _ _ _ _ _ _ _  Extended ... 3 _ _ _ _ _ _  ~ _ _ _ _  _ _ _ _ _ _ _  Heavy brush. hpply when in full leaf and 

after g 1 3 ~ ~  is well establlshed. 
1 _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _  Llght brush. Apply when leaves are fully 

ex nded. 
Rangeland clearance _ _ _ _  Extended.. - 4. .___ ._______ _ _ _ _ _  A p p r  in s ring by airplane when brush is in 

heavy foylage stage ( 4 0 4  days after leaves 
unfold). 

Apples (McIntosh) ...... Extended ... XI ppm spray 
ollcation 4-5 davs before droD normal& 

Preharvest drop control. Apply a slngle a 
(ncideauiva- 

Blueberries (low bush).. 

Grains, cereal 
(undesignated). 

Pastures: O m s . .  ~ - ._ - 

lent). . 6egins. 

equivalent). 
Extended. ~ - 1.0 (acid Spray on revolvlng cloth-covered d m  held 

above blueberry foliage. Apply during June 
and July of season preceding a bum. Do not 
a p  ly within 3 years of harvesting berries. 

Extended.. - 0.5.. ________._____ Appg. when grain is in tlller to boot Stage and 
weeds are In activrly growlng conditlo!i. 
Do not apply from boot to milk stage or 111 
seedling stage. 

3... _ _  _ _ _ _ _ _  _ _ _ _ _ _ _  Henvy Iwush. .4pply wlien In full leaf and after 
gnss is well established. 

1.. _ _ _ _  _ _ _  _ _ _ _ _ _  _ _ _  Licht brush. A D D ~ V  when leavcs arc fully 

Extended. 

.. - 
cxpandcd. 

Rangeland clearance _ _ _ _  Extended. - - 4............. _ _ _ _  ~ Apply in spring by airplane when brush is In 
heavy foliage stage (40JJo days after leaves 
unfold). 

Rice ... _ _ _ _  _ _ _ _  _ _ _  _ _ _ _ _ _  Extended. - - 1.2.5. ~ ~ _ _ _  .__.__ _ _  - Apply tiller to boot and before floodlng (4-8 
weeks after rice emerges). 

1.5. _ _  _ _ _ _ _ _ _ _ _ _ _ _  - Ap Iy after flooding (?-3 weeks) or 7-10 weeks 
apter planting. 

Sugarcane.. _ _ _ _ _  _ _ _ _ _ _  - Extended..- l... _ _  ______.__ _ _ _ _  Preemergence use only. (Louisiana). If cFne is 
shaved and off-barred. treat immedlately 
following this operation. 

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

1 _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _  Postemergence (weeds In established cane). 
Apply over row when weeds are growing 
vigorously. Do not apply after cane is '2 feet 
tall. 

Broadcast application In early spring to sum- 
mer. Do not use treated water for crop i r -  
rigatlon or livestock drinking water. 

Lakes; Pon ds........... Extended-.. 4 (wlth 20 Ibs./A. 
2,CD as ester). 

TABLE 7.-The nonfood crop uses of 44,~i-T.  The doses listed below are given in  
pounds of 2,4,5-T and equivalent i n  100 gallons of spray using water or oil as the 
vehicle. ( U S D A ,  Pesticide Regulation Division, as amended b y  Pesticide Regula- 
tion Division Notices 70-1 1 (4/20/70) and 70-15 (511 170). 

Non-food crop uses Pounds Comment 
2,4,bT acid 

Around farm buildings and yards ...-.. _ _  _ _  _ _  _ _ _ _  _ _  _ _  __.__.__._ _. ..._.. . .-. . 
Farm fence rows. lanes and roads. - -. . - ~. _ _  ~. _ _  . ~ ~ ~ _ _  . . ._ -. . . _ _  _ _  ._ . -. -. . . -. 
Plne release in hardwood forest.- ~ - -. _ _ _ _  _ _  _ _  _ _  _ _ _  - _ _  _ _  _ _ _ _  ._ .___.____. . ..__ 
Industrial buildlngs lncludlng: Around factories. elevaton loadlng plat- 

2 
2-6 
2-6 

12-16 

3-12 

5.510 
4-20 

2-4 

forms oil refineries. etc. 

transformer stations, lumberyards, parking areas, radlo towers, railroad 
sidings. sawmills. 

Recreational areas Including: Race tracks. wildllfe management ..... ... _. . . - 
phone and telegraph. 

Vaeant lots. - - _ _ _ _ _ _  ~ _ _  _ _ _ _ - _  _ _  _ _ _ _ - _ -  ~ _ _  _ _ _ _  _ _  _ _  _ _ _ _ _ _  - _  - _  ._. - - -  -. - -  -. . . . . - 

Industrh sites: Airline beacon stations. airport runways, coalyards. electric 

Rlghkmf-nray: Fire lanes, highways, pipelines, powerlines. railroads, tele- 

2. Military Uses of 2,4,5-T. 
The phrase, military uses, refers to the cmploj-mcnt of 2,4,5-T 

as a defoliant in operations. Basic research on hcrbicidcs procecdcd 
through the period 1941-1947. The work was encouraged by efforts 
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to develop defoliating agents for use in jungle areas of the South 
Pacific area during World War I1 (2). A major dcrnoiistratioii of the 
utility of the mkturc now known as Orange (1:l misturc of tlic butyl 
esters of 2,4-D and 2,4,5-T) as a dcfoliniit for militarj- purposes 
\vas conducted in 1959 ( 1 ) .  

A preliminary series of defoliation trials \\'us conducted in Vietnani 
bctween July 1961 and April 1962 (3). Operational spraying bcgan in 
Victnurn in 1962 and increased shnrply after 1967. Review 011 this 
subject arc av&~blc (3, 6 ,  6) .  

Two herbicidc forniulatioiis used iu military opertitions in Southeast 
Asia include 2,4,5-T: 

Agent 
Lb./Gal. 

Coiiipositioii of active 
iiiaterial 

Purple ... . .. . ._....___ _...___ _ _  _ _ _ _ _ _ _ _  _ _  _ _  _ _  _ _  _ _  _ _ _  n-butyl ester 2,d-l) 513% (wt.) 

Ormngc. _._.____.__ ~ ___..._________._.____ _ _ _  _ _ _ _ _ _ _  n-l)utyl ester 2,4-D W, (wt.). 

~ _ _  .. __. 8.9 

8.9 

. n-butyl ester 2.4.5-T 30% (wt.). 
Isobutyl mter 2.4.5-T 20% (wt.). 

ii-l)utyl cstcr ?,4,5-T e (wt.). 
~ ____. . 

Purple niisture \vas discnrdcd e:~rlj- because it was found to be 110 
more effcctir-c than Orange. Ort~iigc is ul)plied a t  a rutc of 24 Ib. 
pcr acre from both fiscd wing aircraft and hclicoptcrs. C-123 aircraft 
flj- a t  150 feet altitude a t  130 knots. A s\vath of 240 feet per pass is 
sprayed. Typically, a formation 01 3-9 aircraft flj- at  the same time. 

The following table s h o w  the total arcas sprnj-ed cnch year bctii-ccn 
1962 and 1968. 

TABLE 8.-Land area in  Vietnam to which defoliants have been applied between 
1962 and 1968 (16) 

Year Number of acres sprayed 

It has been estimated that under usual operating conditions 90% of 
thc released material is confined to a band about 2.0 kin wide O H  either 
side of the 80 meter spray path (25). This figure is bused on the spec- 
trum of particle sizes, the direction and speed of thc crosswind, and 
the altitude. Under realistic conditions brit with a cross\\-ind a t  right 
angles to the flight path, only 0.1% of the spray woiild be deposited 
betwecn 1 and 2 krn from thc ccntcr line of the flight path. 

As shown in Table 8, thc total area spraFcd for defoliation in 196s 
\vas less than in 1967. Defoliation \vas discontinued iii April 1970. 
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Defoliation operations have been carried out to some extent in 
virtually all sections of South Viet.nam. Thc major use has bccii within 
War Zonc C, War Zone D, and the Rung Sat Special Zone. These 
three areas comprise about onc-fifth of the total area to which dcfoli- 
ants have bcen applied. 

The Rung Sat  Special Zonc is an area which surrounds thc shipping 
channel into Saigon. 113,600 acres had been sprayed by the end of 
January 1968 (6). War Zonc C is northwest of Saigon between the 
Song Be River and thc Cambodian border. 227,000 acres had been 
treated in War Zone C by January 1968. War Zonc D, in which 405,000 
acres were treated, is northeast of Suigon bctu-ccn the Song Be and 
Song Dong Hai Rivers (6) .  Repeated application was madc in some 
arens. 

The general piirposes for which defoliatioii operations have been 
used includc : 

a. Dcfoliatioii of lines of communicatioii. Sitcs of frcqucnt ambusli 
have been defoliated to afford bcttcr visibility along roads nnd trnils. 

b. Dcfoliation of arcas whcrc Victcong tax collectors custornarily 
exacted payments from the populace. 

c. Dcfoliation of encmy infiltration routes. 
d. Defoliation of enemy basc camps. Thc rationale in this case was 

bnsed on thc observation that thc enemy tended to move out of a 
bnsc aftcr thc arca had been sprayed. 

e. Clearing of vcgctation around American base camps and firc 
bases in ordcr to clcar fields of firc and improvc observation. 
Importance of 2,4,5-T as a military defoliating agent. 

Systematic studies h a w  not been carried out to quantify thc value 
of defoliation in Victnam. Hon-cvcr, many of those conccrncd with thc 
program bclicvc that thc military advantages arc clcarly cvident (4, 
25). Thc foilon-ing cvaluations arc extracted from testimony offered 
by Rear Admiral W. E. Lcmos bcforc tlic Sribcommittcc 011 National 
Security Policy and Scicn tific Dovclopments of thc Committcc on 
Foreign Affairs (4). 

a. Major dcfoliation has bccii accomplished in Wiir Zonc C. Prior to 
defoliation, 7 brigades wcrc nccessarj- to maintain USIGVN prcsciicc. 
After dcfoliatioii, only 3 brigndcs \vcw required. 

b. Thc  Commander of Naval Forces in Vietnam in a report to Geu- 
era1 Abrams stated: “As you know, a major concern is the vcgctatioii 
along the main shipping channel. Your continuing efforts under 
d a c u l t  and hazardous flying condition, in keeping this mea and the 
adjacent inland areas devoid of vegetation have contributed considcr- 
ably in denying the protective cover from which to ambush the slow- 
moving merchant ships and U.S. Navy craft.” 

c. I n  1968, the Commanding General of the First Field Force re- 
ported : “Defoliation has been effective in enhancing the success of 
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allied combat operations. Herbicide operations using (2-123 aircraft, 
helicopters, truck mounted and hand sprayers have become an integral 
part of the I1 CTZ operations against VC/NVA. The operations arc 
normally limited to areas under VC/NVA control remote from popu- 
lation centers. The defoliation program has resulted in the reduction 
of enemy concealment arid permitted increased use of supply routes 
by friendly units. Acrid surveillance of enemy aleas htis improved and 
lcss security forces arc rcquircd to control areas of rcsponsibility. An 
overall rcsult of the herbicide program hiis been to increase friendly 
sccurity and to assist in rcturniiig civilians to GVN control.” 

d. The US. Commtinder in the I11 CTZ related: “Herbicide operii- 
tions huvo contributed significaiitly to allied cornbat operations ill the 
I11 Corps. Defoliation is an important adjunct to target acquisition. 
Aerial photogriiphs can oftcn be ttikcii from which intcrpretcbrs c ~ i  
“see the ground” in arctis that  previously were obscured. Defoliation 
also aids visual reconnaissance. USAF FAC’s (for\\-nrd tiir controllers) 
and US. Army acrid observers hiivc discovcrcd entire VC basc canips 
in defoliated areas that had previously beell overlooked.” 

c. In the south in the IV CTZ, (2-123 herbicide operations are 
limited. This is bccausc of the vast areas of valuable crops which are 
not to be destroyed, even though thcy may bc in cncrny hands. There- 
fore, commander of the IV Corps arca in presenting his evaluation 
cited the value of helicopter operations as follows: “A significant heli- 
copter defoliation mission \\-as conducted in the vicinity of SADEC in 
August 1965. The target arca consisted of 3 niiiin canals which con- 
verged and formed a strong VC basc. The dcnsc vcgetation permitted 
visibility of only 10-15 meters horizontally and nil vertically. The 
area \\-as sprayed with approsimutcly 135 gallons of hcrbicidc White 
and over 90 perccnt of thc area was defoliatcd. As the result of the 
defoliation, an ARVIN battalion \\-:is able to rcmiiin overnight in the 
arcti for thc first time in five ycnrs. l l a n y  cncmy bunkers \\-ere open 
to obscrvation. Since the defoliation, the VC presence has decrcascd to 
the point that  only R F / P F  forcc’s are nom ncccssary foi local sccurity.” 

f. As a pirt o f  the 1968 cvalucition report of herbicide operations, 
th(1 US. Srnior Advisor in the IV Corps T w t i c d  Zotic area reported: 
“A section of Ntitiotid Highway 4 in Phong Dinh Province was the 
site for a dcfolirition oporntioti on 24 June 1965. Since January 1965, 
t~ wries of :imbrishcs \\-tis conductcd against SYK convoys mid troop 
movements. Bcciiusc of tlic totrll inability of ground troops to kcep 
t h ~  tireti clear of VC, this iirca \\-tis sprayed using 655 gallons of herbi- 
cidl: White. Tho target area \\-us primarily coconut pnlm and banana 
trees that had been ubnndoncd by thcir owners for several years. 
During the period of ubntidonmcnt the vegetation had become so 
dense that convoy security elcmcnts were not able to see more then 
five meters into the undcrbrush and had to rely on reconnaissance by 
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fire to discover the hidden enemy. This method of protection had 
proven ineffective. Three R F / P F  companies with US. advisors were 
used to secure tlic target for the helicopter operation in addition to an 
armored cavalry troop. Since the defoliation mission was completed, 
convoys have used the highway 2 or 3 times n week without attack or  
harassment. Only one RF  platoon hns rcmaiiiod in the area to providch 
local security to the hamlet and highway.” 

g. I n  certain instaiiccs, wc know tlie VC huve been forced to d iwr t  
tactical units from combat missions to food-l)rociirement olxrntioiis 
and food transportation tasks, attesting to the effcctiveness of thc 
crop destruction progrum. In local iwc:is Ivlierc extensive crop dcstruc- 
tion missions \\-ere condiictcd, VC/NVA defections to GVN increuscd 
as a result of low morale resulting ~ ) r i ~ i c i p u l l ~  froiii food sliortupes. 

The most highly valued itciii of equiprncnt to field coniniunders ill 
Vietnam is the 1iclicol)tcr. Tlicrc \\-as soinc qucstioii \vlicn tlic hcli- 
copter spruy ecluipnient \\ as first procured d ie thcr  field coiiiinanders 
would divert the use of 1iclicol)ters froiii combut oper:itioiis for hcrbi- 
cide sprny operations. The very fact tliii t tlic comniiinders liiive used 
their helicopter spray eyuipnient to the fullest and liavc usked for 
more is certainly proof that herbicide operutions huvc been 1icll)fiil 
in protecting the American Soldier und contributing to successful 
accomplishmen t of the ground combat mission.” (4) 

, 

Cost Sharing Programs 

The Agriculturnl Stabilization arid Conservution Service of the U.S. 
Department of Agriculkire has provided a cost sharing progrcim for 
farmers in order to encourugc desirable farm and conservutioii prnc- 
tices. Included in this Agricultural Conservation Progruni are two 
programs in which 2,4,5-T was used: 

1.  Control of.eompetitive shrubs on  range and pastures. 
I n  1968, $7 million were paid to farmers who treated 1.9 million 

acres. Approximately one-half of this land was treated with chemicals, 
a substantial part of which wns 2,4,5-T. The remainder  as treated 
by mechanical means. 

2. Control of speci$ecl noxious weeds on farmland or biennial weeds on 
pasture and range lands. 

I n  1968, $1.75 million were paid to farmers to treat 700,000 acres. 
I n  some cases 2,4,5-T \\-as used, althougli in most cnses, 2,4-D und 
other chemicals were emploj-ed. 
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TOXICOLOGY 
Summary 

Relativcly littlc toxicological information has been available 
on 2,4,5-T. Most of thc cxpcrimcnts prior to thc National Cancer 
Institute scrccning study wcrc of acutc, siiiglc-dosc or short-term 
toxicity. The longest period of observatioii was 90 dtxxs. It was as- 
sumed (not unreasonably) that thc scvcral phctioxy herbicides bc- 
havcd in similar fashioii toxicologicnllj. Hcncr, an widerstanding 
of aspects of thc toxicology of 2,4,5-T was iiifcrrcd fIorn cxpcrinicnts 
with 2,4-D. Thc sample sizes uscd in m a n j  of thc early toxicity 
studies were so small that i t  is difficult to drat\. statistically valid 
inferences. Thc studics indicated that 2,4,5-T is only moderately 
toxic. Relativcly littlc is known about the mcchanisms of toxicity 
of 2,4,5-T or of its metabolism in man and animals. 

The screening study of pcsticidcs carricd out undcr contract for 
the National Cancer Institute tcstcd thc teratogenicity of a numbcr 
of compounds, including 2,4,5-T. 2,4,5-T appcarcd to bc tcratogcnic 
in micc and rats. Subscqucnt studics have confirmed thcsc obscr- 
vations and in addition indicatod that purifiod 2,4,5-T containing 
less than 1 ppm of the toxic coritaminant tctrachlorodibenz-p-dioxin 
as well as 2,4,5-T contaminated with 27 ppm dioxin arc teratogenic. 
It has also bccn reported that dioxin by itsclf is teratogenic. Tumor 
production by 2,4,5-T was not found. 

Accounts of birth defccts in defoliated areas of Vietnam havc 
been reportcd. Thc  information availablc docs not permit thc con- 
clusion that 2,4,5-T used in Vietnam has been the causc of human 
birth defects. 

2,4,5-T is classed as a plant hormone since, in appropriatc amounts, 
i t  acccleratcs plant growth. The mechanism of thc herbicidal effcct 
is not fully understood. Howcvcr, it is gencrally bclicved that cxccss 
growth stimulation and herbicidal properties arc rclatcd. Herbicidal 
effccts occur when thcsc matcrials arc uscd in largc doscs. 
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A. Acute Toxicological Investigations 

Toxicological studies on 2,4-D were first reported in 1944 (8).  
Hon-ever, there \\-ere no published reports of toxicological investiga- 
tions of 2,4,5-T iintil 1953. I n  that ycar, Drill and Hiratzka (6) 
reported a series of studies of acutc and subacute toxicity of 2,4,5-T 
on dogs. The material used \\'as commercially available 2,4,5-T 
(presumablj- the acid) and was administered in cnpsulcs miscd in 
dog food. The single acute dosc ranged from 50-400 mg/kg/. Chronic 
toxicitj- was studied in this case by oral administration in doses of 
2-20 mg/kg/day, 5 days per wcek over a period of 13 weeks. Observa- 
tions and measurcmcnts made included deterniinatiou of thc number 
of days until death ensued, changes in bod!- \\-eight, general observa- 
tions of ubiiormul plij-sicnl signs, gross patholog?- of organs, and sc- 
lected histology. The number of animals ustd \\-us smnll (as fen- as 
one p r  dose and RS many as four per dosc). In brief, tlic findings of 
tliis study suggested that a singlc fatal dose for dogs lay somc\\-herc 
betweii 100 and 400 nig/kg. It n-ns inferred by the author that thc 
acute lAD,o* \viis tworind 100 nig/kg for dogs. Rclieutcd daily doses 
of 20 mg/kg Icd to tlio death of all four animals tested withiti 11-75 
dnj-s. Rel)c;ited daily doses of 10 ing/kg did not prove fatal over a 
90-d;~~-  pcriod. Tllcrc \\-ere soino overt signs of tosicity including 
weiglit loss, stifitless of hind legs, muscrilnr \wakncss and, occasionnlly, 
blccdiiig from gums. 

Thc Dow Chemical C o m p n y ,  a manufacturcr of 2,4,5-T, undcr- 
took a scrics of studies of acutc toxicity of this material bcginning 
around 1950. This scrics incliidcd a variety of species of animals 
and a number of the various salts and cstcrs of 2,4,5-T and scrcral 
of the varioiis formulutioiis. The details of t h e  studies h a w  iicvcr 
bccn published in the open litcrnture. A riumber of them h a w  been 
submitted as background material for a pctition for the granting of a 
tolcraiicc for thc herbicide for iiscs of food crops. 111 1954, a summary 
of some of this work \\-as published by Rowc aud Hj-mas (17). Table 1 
lists the various hcrbicidal agcn ts tested. 

'LDe-median lethal dosc=the amount of a toxic agent which will be lethal to 50% of  the test animals 
to which it is administered under the conditions of the expcriment. 
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Table 1. Herbicidal formulations. 

TABLE 1.-Herbicidal formulations studied by Rowe and Hymas (17) 

Trade name Active Ingredients (percent) 

2.4DOW weed killer (formula 40) _ _ _ _  _ _  ~ - __. _ _  65.0 Alkanolamine salts of 2,4D 
Esteron 44 _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _  _ _ _  _ _ _ _  44.0 Isopropyl ester of 2,CD 
Esteron 245 (old formulatlon). _ _ _ _ _  ~ _ _ _ _ _ _ _  _ _ _  33i3J%opopyl ester of 2.4,5T: 12.1 Mlxed amyl esters Of 

4 . 1 . 5  I 
Esteron 245 (present formulation) .........-..- 65.3 Mono-, dl-, tripropylene glycol butyl ether esters O f  

2.4.5T 
Esteron ten-ten ...... _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  70.5 Yono-, db, tripropylene glycol butyl ether esters O f  

?.4D 
Brush killer 50-50........ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  27.2Butylestersof24-D; ~.5Butylestersof2,4,5T 
Brush killer T. _ _ _ _  ~ _ _ _ _ _ _  ~ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _  52.2 Butylestersof2:4.5-T 
Esteron i6 (used in oil solution only) ...-..... . 37.1 Isopropyl esters of ?,4-D; 39.0 n-Butyl ester of %4-D 

2.4.5-7’ 
Kuron (was called H-1078). _ _ _ _  _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  64.5 Mono-, di-, tripropylene glycol butyl ether esters of 

Dow MCP amine weed killer. .. _ _ _ _  _ _ _ _ _ _ _ _ _ _  69.1 Alknnolamine salts of JlCP 
silvex 

*2-methyl4chlorophenoxyacetic acid. 

Table 2 presents a summary of the acute oral toxicities of the various 
herbicide components. 

TABLE 2.--Acute oral toxicities of various phenoxy acetate herbicidal chemicals. 
Rowe and Hymas (17) 

l.d.30 (19/?0 con- 
Specles Sex Vehicle 5dence limits) -- Material 

(mg./kg.) 

2,4,5-T (?,4,5-Trichlorophenoxyacetic acid) ~ - 

2,4,5-T, isopropyl ester ... _ _ _ _ _ _  _ _ _  ..___ ..__. 

2.4,5-T, mixed butyl este rs..... _ _ _ _ _ _ _ _  ..___ 

2,4,5T, mlxedamyleste rs-... _.___ _____.-__ 
MCP (Cchloro6-toloxyacetic acid or 2- 

MCP,nininesalt _ _ _ _ _  _ _ _ _ _ _ _ _ _  _ _ _ _ _  _ _  __..-_. 

sllvex. (~2.4,5-trichlorophenoxy] propionic 

silvex, mixed butyl esters. __. . ~ -. . - _ _  _ _  .-.__ 

Methyl-(-chlorophenoxyacettc acld). 

acid). 

silvex. mono-, dt-. 
ether esters. 

tdpropylene glycol butyl 

Rats. .________ MI...... _ _ _  Olive oil. ~. ~ 

&rice ... _ _ _ _ _  _ _  M ......... Oliveoil .... 
Gulnen pigs ... 11 and F. ~ Olive Oil. - - ~ 

Chicks _______. 11 and F-- Olive oil. _ _ _  
Dogs (4) -. - -. -. ~ _ _  _ -  _ _  _ _  - - Capsule.. . ~ - 
Rats ... _ _  __. . - %I and F. Olive oil. - - - 
Guinea pigs ... P. ~ - _____. Olive 011- - -. 
Mice ... _ _  ____. F. - ~ _ _ _ _ _ _  Olive oil. - _ -  
Rat-.- __.__.._ F.. - _____. Corn 011 .-... 
Rabbit .... - ._. M.. ~. _ _  _ _  - Corn oil--.. . 
Mice-.. - _ _ _ _ _  ~ F. _ _  _ _ _  _._ Corn oil.-. -. 
Guinea pi gs... F. - - ~ __. . - Corn oil ... -. 
Rats. _ _  - _ _  ._ - F. - -. -. . . - Olive oil. ~. - 
Rat _ _ _ _  _ _ _ _ _ _ _  M _ _ _ _  _ _  _ _ _  Corn oil ... . . 
Rat _ _ _ _  ~ _ _ _ _ _ _  Bf. _.______ Water.. __.-- 
Guinea pi gs... M...... __. Water.. _ _  .. ~ 

Rat..... . . . . . . M and F. ~ Corn oil ... ~ - 
Rat..... . - __. - F. - - _ _  ~. - Corn oil.. . ~ - 
Rabbi ts-..... ~ F.. - - - _ _  - Undiluted. - 
Chic ks........ Mnnd F.. Cornoil _ _ _ _ -  
Rat _ _ _ _ _ _  ____. F. - - _ _ _  _ _  ~ Corn OIL- - ~ 

Gulnea pi gs... M......... Cornoi l  _ _ _ -  
Mice .......... F... _ _ _ _ _  ~ Cornoil..--. 
Chic ks.... _ _ _ _  >I and F-- CON OiL _ _ _ _  
Rabbits..- _ _ _  F. - -. __. . . Undiluted. - 

500 (301640) 
38’5 (245-610) 
381 (307473 
310 (211456) 

Range 
100 (50-250) 
405 (4xh584) 

551 (380-799) 
44’5 (362-557) 

481 (313-73’5) 
Range 

712 (500-1.oOO) 
940 (674-1.312) 

Range 
750 (500-1.OOo) 

Range 
is0 (soO-l.OO0) 

Rnnge 
m (~l.000) 

Rnnge 
1.m (I,cm-2,OO0) 

Rnnge 
l,m ( ~ ? , 0 0 0 )  

Range 
600 (w)-1.ooo) 

Range 
7 3  (500-1.OOo) 

1,190 (iO7-2.000) 
621 473-814) 

L n g e  
1,’- 5oo-2.ooo~ 
1,410 L n g e  (1,oOO-2.000) 

1,190 (847-1.610) 
819 (610-1,OiO) 

650 (5W-760) 
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Similarly, Rowe and Hymas reported the results of oral feeding of 
several commercial formulations of 2,4,5-T and related compounds 
(Table 3). 

TABLE 3.--Sumrnary of oral lozicities of a variety of phenozy acelale herbicidal 
fonu la l ions .  Rowe and Hymas ( 1  7 )  

Material 

1.d. so 
(19/20 confidence 

limits) 

big.&.) 
_________ Speeles Sex Vehicle 

Raiige 
?,l-L)Ow weed killer ______._.__..____ tiuinea pigs ... F _ _ _ _ _ _ _ _ _  Water -..... ......... 2,000 (1,000-3.000) 

?,4-Dow weed killer (formuln 40).. .. Rats-.. _ _  ___._ F .  ..... ... Watcr. _ _ _  . _____ __. .. 850 (i00-1.000) 

Estrroii 44.. _.____ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _  ... Rats __.______.  AI .______ _ _  Olive oil. -. .... ..... 650 (3w-1.ooO) 

Esteroii 245 (old).. ______.__._._._._ Rats ___._.____ F .._..__.. Eiiiulsioii iii water-- 1.000 (300-2.OOO) 

n;lIIgn 

nnllgt! 

nallgl. 
. .  

nallge 
Esteron 245 ( n e w . -  ___________.__..  Rats __._.___.. AI .__._____ O l i v ~  oil.. .......... XO0 (lioo-1.000) 
Esteron ten-ten.. ... __. . . . .. .. . .. . . Rats.. . . . . . . .. F . .  . . . . . . . Olivtb oil. -. __. . .. _. . i W  (0-860) 
Brush killer 50-50 ... . . . _ _  _ _  _ _  __. _ _ _  . Rats.. .-. _ _  . . . F __. . . __. Emulsion in water- - 1,OiO (700-1,650) 

Ouiiiea pigs ... F .  .... _ _  _ _  Eniulsioii i n  water.. 1.160 (X20-1,Cj;u)) 
Mice ____.___._ F _..____._ Corn oil _._..____._.. 800 (624-1.OiO) 

Rnbhits ... . _ _  . F -. . . _ _  . . . Undiluted. -. . . .. . . . 1,420 (500-2.000) 
Chicks . _ _ _ _ _ _ _  hl aud F.. Undiluted-. __..__.. 4,000 (?,iW5.900) 
Rat _.____ _ _ _ _ _  F .  _ _ _  _ _ _ _ _  Emulsion in water.. 1,”00 (i83-1.850) 
Guinea pigs.. . F .  _.._____ Eniulsioii in water-. 1,410 (8i5-?;?JO) 
Mice ________._ F .  ______.. Olive oil. ~ _______... 12ZKI (938-1.6‘20) 

Range 

Brush killer T _ _ _ _ _  _ _  _ _  _ _  _ _  __. . . . _. . 

Rabbits ... . . . . 81.. . .-. __. Undiluted.-. . . .. . .. 
Chicks .____.__ AI and F.. Uiidilutrd. ~. ______ .  2,000 (1,350-1’.1)60) 

Brush killer 76 ... . _ _ _  _ _ _  __. _ _  _ _  _ _  __. Rats.. . . _ _  __. . F -. . . _ _ _  _ _  Corn oil ... . . ___. . . . . 

Brush killer i6E. ~ -. . __. . . . . . . . __. . . Rats. - -. . . . . . - F -. . . . . . . . Corn oil.. . . . __. . . .. . 

a!) (601-lJ90) 

i50 (500-1.OOO) 

300 (3BJ-1.000) 

naI1gts 

Ranga 

Range 
Estt,roii brush killer (old) __________. Rats. _ _ _ _  .___. M ___.__ _.. Emulsion in water-. 1.000 (300-3.000) 
Estt*ron brush killer (new) ___._____. Rats __._______ ;\I and F.. Corn oil _ _ _ _ _ _ _ _  ___.. 860 (8M)J.WO) 

(;uinea pigs.. . M.. . . ____. Corn oil ... . _ _  _ _  .. _. . 1,220 (1.040-1.430) 
(tuinra pigs ... F .  _ _ _  _ _ _ _ _  Corn oil .... .. .. .__. . 1,600 (1.390-1.840) 
Rabbits.. _ _ _ _ _  bl and F-- Corn oil _________..._ 960 (7J0-1,160) , 

Chicks . _______  31 atid F..  Corn oil ____. ___.__.. 2.000 (1.000-3.000) 
Stern.. .. _ _ _ _  ___.__ ______ .  Undiluted-. ..____.. Greater tlvou 1.ooO 

Rangr 

Rowe und Hymcls voncluded thtit the acute LD, for 2,4-D, 2,4,5T, 
and their various formtiliLtions iind conibiiiiitions fell in the riiiige of 
300- 1000 nig/kg. There wis some viiriation among species with dogs 
appearing relatively more seiisitive tliiiii other species of ul1iIniils. 

3Iilitary applications of 2,4,5-‘t‘ us it  defoliant hiive utilixcd corn- 
bintitioils of 2,4-D aiid 2,4,5-T in forniuliitions know1 iis Oriiiige 
tilid Purple. There has been some itcute tosicologicd testing of thc mix- 
ture, Purple, on small iiiiinitds. Purple contiiins 50 per cent butyl ester 
of  2,4-D, 20 per cent isobutyl ester of 2,4,5-T iind 30 per ceiit 11-biityl 
ester of 2,4,5-T. The detiiils of this work have not beeii 1)ublislied 
hiit hsve appeured in sumniiiry form in 11 review. (8)  (Ttible 4) 
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.. .. - . . ..,.- . ... +- 

TABLE 4.-Aeule animal toxicity of Purple (8) 

Route 
D m g e s  (mslks) 

Toxicity - 
Rat Rabbit Dog 

Oral.. __... _ _  _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _  _ _ _ _  _ _  ___._ LD so... ____._ _ _ _ _  - 
LDI .  -. _ _  _ _ _ _  _ _  __. 

Intraperitoneal- ~ _ _ _ _ _ _  ._._____ _ _ _ _  ___.______ _.____ _ _  ... L D s .  _ _  _. _. .. .. .__ 

Intratracheal. - _ _  __._ _ _  _ _  _ _  _ _ _ _  _ _  _: _ _ _ _ _ _ _ _ _ _ _ _  _______._ L D s  -.... ________. 

Percutnneous-. _ _  -. __. . __. -. -. . . . . . __. -. . . -. . . . -. __. . __. L D s .  __. . __. . ._. . - 

666 - .. _ _ _ _ _ _  _ _ _ _  .._.... 
213 _______. .___ _ _  _... .. 
586 1 , M  D 500 

LDI _ _ _ _ _ _ _ _ _ _ _ _ _ _  121 363 >250 
569 - .. _ _  _ _  __. a 500 

LDI _ _ _ _ _  _ _  _ _ _ _ _ _ _  244 _._ .___._ ~ >250 
12,034 .. -. . ~. . . . 

LDI _ _ _ _ _ _ _ _ _ _  _ _ _ _  3,178 493 >l,'lJO 
5.562 

a=approxlmation 

There have been a few accounts of testing for acute toxicity of 
2,4,5-T on domestic animals (14, 17). These indicated that repeated 
doses of 100 mg/kg of 2,4,5-T were tolerated without overt signs of 
illness in sheep and steers. In  one instance 1000 mglkglday proved 
fatal to a steer after the third day. 500 mg/kg/day provoked signs of 
acute toxicity in steers after the third day (17). The numbers of animds 
used in these studies mere very small (single animals in some cases). 

It has been assumed by some that the metabolism (and, hence, 
toxicity) of 2,4,5-T would resemble that of the other phenoxy acid 
herbicides. This is probably a reasonable assumption although it hiis 
not been systematically examined. There have been two recent re- 
views of the toxicity of phenoxy acid herbicides (5), (29). Included in 
these reviews are account.s of acute human toxicity of 2,4-D. The 
accounts include incidents of excessive occupational exposure, suicidal 
efforts, intended oral feeding and parenteral administration as a form 
of treatment for coccidioidomycosis From descriptions such ns these, 
it has been inferred that around 50 to 100 mg/kg of 2,4-D is acutely 
toxic to humans. However, there are inconsistencies in this scanty 
information. 

Occupational Experience 

Occupational exposures (in the 2,4,5-T manufacturing process) 
have provoked illness in workers. However these effects have been 
attributed to the dioxin impurity (tetrachlorodibenz-p-dioxin) . (See 
Section 111, Chemistry). The toxicity of this impurity is considered 
later in this section. 

National Cancer Institute Screening Study for Carcinogenesis and 
Teratogenesis 

I n  1964, the National Cancer Institute contracted for a screening 
study of a number of pesticides. Among the purposes of this large 
scale examination wns to determine whether compounds in common use 
might be tumorigenic, or teratogenic or mutagenic (22). The results of 
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testing for carcinogenesis have been summarized by Innes e t  a1 (9). 
The rcsults of testing for terutogenesis with 2,1,5-T have been ana- 
lyzed and summarized by Courtney e t  a1 (2) .  

Screening for tumorigenicity was performed on two hybrid struins 
of micc. The materials, which were from commercial lots, were given 
by single subcutaneous injection or by continuous oral feeding. For 
each dose and each strain, 18 animals of each sex were used. Oral feed- 
ing \\-as started when the anininls were seven days old and was contin- 
ued for 18 months. The dose chosen corresponded to a musimal 
tolerated dose. This \vas the esperimcntally determined masimuni 
level resulting in zero mortality for 19 daily doses. The dose of 2,4,5-T 
used in tlic oral feeding studies \\-as 21.5 mg/kg. Of the 72 micc which 
started tlic study, 12 died or \wre cunnibulizcd before the end of the 
18 months. Of those surviving, nine animuls exhibited tumors. Of the 
total number necropsied (survivors plus premutute deutlis) , 12 tinimals 
eshibited tumors. These included 4 reticulum cell surcotnas, 2 pul- 
monary adenomus, 5 heptonius, and l benign calcifying cpitlielioma. 

Tliesc results w r e  compared wit11 the tumor incidence in u, group 
of untreated control animals and in a group of animals treated with 
known tuniorigens. 2,4,5-T wus not foiind to provoke significant 
increase in tumors after chronic udministriitioti. 

I n  addition to 2,4,5-T, sevcral related phenosy compounds were 
also screened for tumor production. These compounds included : 

2,4-D 
2,4-D isopropyl ester 
2,4-D butyl ester 
2,4-D isooctyl ester 
 CY-(^, 4-diclilorophenoxy) propionic acid 
4 2 ,  5-dichlorophenoxy) propionic acid 
a-(2,4, 5-trichlorophenosy) propionic acid 

Three of these compounds administered by the subcutuneous route 
[CY- (2,4-dichlorophenoxy) propionic acid ; CY- (2,4,5-trichlorophenoxy) 
propionic acid; and 2,4-D isopropyl ester] elicited an increase in tumor 
incidence in comparison with negative controls but the statistical sig- 
nificance was less than 0.02. 

Screening for teratogenic effects was performed on four strains of 
mice and, in the case of 2,4,5-T, on one strain of rats. 2,4,5-T was 
one of 53 compounds examined in this study. Other related agents 
included were : 

2,4-D 
2,4-D isopropyl ester 
2,4-D butyl ester 
2,4-D isooctyl ester 
2,4-D methyl ester 
2,4-D ethyl ester 
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a-(2,5-dichlorophenoxy) propionic acid 
2,4-dichlorophenol 
2,4,5-trichloropheno1 
2,4,6- trichorophenol 

Compounds were administered subcutaneously in solution of 
dimethyl sulfoxide in maximally tolera ted doses to pregnant female 
animals. Administration occurred between the 6th and the 14th days 
of gestation in mice. The animals were sacrificed on the 18th day 
and the fetuses were examined for abnormalities. With the finding 
of apparent increase in birth defects, the experiments were repeated 
with oral administration of the agents. Because of the finding of an 
increase in birth defects in the case of 2,4,5-T, this compound was 
studied more intensively (wider range of doses and two species of 
animals). 

Evaluation compared the influence of these chemicals on the 
total incidence of birth defect. In  addition, a further :inalysis tittempted 
to reduce the interlitter statistical influences bj- culculating the 
incidence of birth defects on a litter-by-litter basis (2) 

2,4,5-T was tested in the C57BL/6 and AKR struins of mice, 
and in a hybrid strain produced by mating C57BL/6 females with AKR 
males. Three dosage levels (21.5, 46.4, and 113.0 mg/kg) were used 
orally and by injection. Numbers of litters varied from 6 to 1s in the 
experimental animals (6 to 12 in the orally fed animals). Three different 
patterns of dosage and sacrifice were used (dosage during days 6-14, 
6-15, and 9-17). The findings from this set of experiments were in- 
creases in incidence of fetuses with cleft palate and fetuses with cystic 
kidney when compared to controls. There was also an indication of a 
dose-response relationship. Table 5, reproduced from Courtner, e t  d. 
(2) summarizes the findings. The numbers in the columns representing 
the percentages of abnormal fetuses per litter were derived by aver- 
aging the percentages of abnormalities per litter for each dosnge. 

Because of these results, an additional series of experiments was 
conducted in Sprague-Dawley rats. Four dosage levels were used 
(4.6, 10.0, and 21.5 and 46.4 mg/kg). Two types of fetal abnormalities 
were recognized, cystic kidney and enlarged renal pelvis. Courtney 
et al., (2) in reviewing these experiments, analyzed the results on the 
bnsis of abnormalities per litter. In  reducing the sample size from the 
total number of fetuses to the total number of litters, these authors 
felt that the resulting sample size for the 21.5 mg/kg dosnge was too 
small and, hence, deleted the data for this dose. Table 6 is a summary 
of these data. 

The inferences which have been drawn from these experiments 
nre that 2,4,5-T nppears to provoke n higher than expected level 
of fetal death and fetal abnormality in rats and mice in the dosages 
used. Further, there appeared to be a suggestion of a dose-response 
relationship over the range of doses used. 
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Comments of the screening study contracted for by the National 
Cancer Institute have already been published (18). The following 
observations by the Panel are concerned with thc portion of this 
study in which the teratogenic potential of 2,4,5-T was tested. 

1. The study involved a great number of variations in procedure 
(strain of mice used, dates when tests were performed, and routes of 
administration). These variations make the task of evaluation 
diffic til t . 

2. Too few animals and litters of animals were used. Since biological 
variability is considerable, the sample size must be udeyutLtelg large 
to demonstrate specific effects of the chcmicd agents in question. A t  
least 10 pregnant females to assure a t  least 100 conceptions is sug- 
gested. The Food and Drug Administation suggests 20 femalcs per 
test group. 

3. There appears to be an unusudly high level of embryo lethiility 
and terlitogenicitg among untreiitcd uid vehicle-tretktcd groups. 
Either the experimcntd conditions werc less tliiLn optimid or the 
strain of animnls was derelopmeiitidly unstable. 

4. The strain of mouse most ofteii used (C57BL/6) appeared to 
have had undesirable traits as a test animal, being variably and 
uncertainly responsive to the substance being tested. A reasonably 
homogeneous, colony-bred stock which has been maintained in the 
laboratory long enough for the investigator to have accumulated sub- 
stantial background data on fecundity, spontaneous malformation and 
intrauterine death rates is generally regarded as preferable. to inbred 
stocks for teratological testing. 
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TABLE 5.-Teratogenic evaluation of 8,4,6-T i n  mice (f?) 

Fetal Ab- Percentage of 
Live mortal- Ab- normal fetuses er 

Dasa Lltters fetuses ityper normal fetuses litter w l h :  

( ~ . N O . )  (per- (per- (per- Cleft Cystic 
eent) cent) cent) palate kldney 

Compound Yehlcle (mg/kg) (No.) per lltter litter Utters per lltter 

C57BL/6 s t r d n  treated days 6 to 14 

Nontreated _.__.__ None _ _ _ _ _ _  None .... 7?. 5.8 26 38 11 <1 1 
Control.. _ _ _ _ _ _ _ _ _  DMSO _ _ _ _  (*) 108 5.5 ?9 42 12 <1 2 
Control ... .______ ~ Honey .... 32 7.1 1 14 0 41 

l5 3 M 12 0 0 2.4.5-T.-. _ _ _ _ _ _ _ _  ~ DMSO ..__ '21.5 0 7.7 
2i4i5-T ......... _ _ _  DMSO.:.- 113.0 18 4.4 42 t80 t57 t22 t4 l  
2,4,5.T ... __. - _ _  __. Honey. - _ _  46.4 0 a5 8 !loo t37 2 t33 

12 4.8 t47 7100 t70 tw t48 2,4,6T _ _ _ _  ~ _ _ _ _ _ _ _  Honey _ _ _ _  113.0 

C57BL/6 strain treated days 9 to 17 

Nontreated. _ _ _  _ _ _  None. _ _ _ _ _  None .... 8 5. 1 36 71 31 0 

2,4,5-T _______.____ DMSO .... 113.0 10 7.7 11 t lW 177 t?J t60 
Control-. __. _ _ _  _ _  - DMSO.. - - (*) 10 a 1  3 30 8 0  A 

AKR strain treated days 6 to 15 

Nontreated ___..__ None _ _ _ _ _ _  None _ _ _ _  58 7.1 16 19 5 <1 <1 
Control ....... . _ _ _  DMSO _ _ _ _  (*) 72 an 15 24 4 <1 < 1  
Control ... ___. - _ _  ~ Honey.. . 12 8.8 'J 0 0 0  0 

2,4,5T ... _ _ _ _ _ _  _ _ _  Honey _ _ _ _  113.0 7 5.3 :42 tl00 t55 t55 0 
2,4,5-T ..... ___.___ DMSO _ _ _ _  713.0 14 6.9 23 t71 t'>J t% 1 

*Dose. 100 jd per mouse. 
tP=.01. 
:p=.OJ. 

TABLE 6.-Teratogenic evaluation of 2,4,6-T i n  rats 

Percent of fetuses 

Compound Vehicle Dose No. of No. llve fetal abnor- abnor- ----- 
(mg/kg) lltten fetuses/ mortal- mal nial Enlarged Cystic 

litter ityflitter litters fetuses/ renal kidney 

Average Percent Percent Percent per lltter with: 

litter pelvis 

Nontreated ..... None ............... 7 9.9 11 43 9 9 0 
Control-. _ _ _ _ _ _ _  Honey. - _ _  1 57 1'2 12 < 1 14 a 7  

11 21 8 a2 
2,4,5T _____. _ _ _ _  Honey _ _ _ _  10.0 
2,4,5T _ _ _ _ _ _ _ _ _ _  Honey _ _ _ _  404  

2,4,5-T ... _ _ _ _ _  _ _  Honey _ _ _ _  "i.6 12 88 -36 17 **30 
86 '*46 's ;; :::g 67 $60 27 033 

t200 d r a t  (2). 
**Statlstlcal SignlAcance Level=O.O& 
***Statistical Significance Level=O.Ol. 
OThe sample size was passlbly too small to show a slgnfficant dlflerence. 

5.  It is puzzling that virtually no skeletal malformations were 
encountered in either controls or test group. Skeletal defects usually 
account for a substantial part of the easily detectable malformations 
that occur spontaneously or after treatment in rodent species. Hardly 
a strain that has been carefully studied in properly cleared and 
stained specimens has failed to show vertebral and rib variations. 

6. There were some known teratogens used in these experiments 
(trypan blue, 6aminonicotinamide). It is puzzling to find that these 
agents failed to produce significant teratogenic and embryo-lethal 
effects consistantly. This raises questions about the precision with 
which these teratogenicity tests were performed. 
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7. 2,4,5-T appeared to be clearly teratogenic in two strains of 
mice treated with 2,4,5-T at 113 mg/kg via either of the two routes 
of atlministrntion. I n  rats, 2,4,5-T appeared only equivocally 
teratogenic a t  any dosage but  clearly embryo-lethal from 10.0-46.4 

8. The ltlck of an unequivocally defined dose-response relationship 
mglkg. 

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 esperi- 
mental animals of pesticides, there appeared u serics of articles in 
the lay press which described the occurrence of birth defects in parts 
of Vietnam where defoliants hail bee11 used. These articles appeared 
in a t  least six different newspupers in South Vietnuni bct\vecn Julie 26 
and July 5, 1969. Both congenital ubiiormiilitics ani1 hyclatitl moles* 
were described. Translations of the articles have allutlcd to tlic 
possibility that dcfoliunts might be responsible for these defects. 
The implication u-w offered that these abnormalities had increased 
iii frequeiicy in the recent past. No documentation has been availible. 

Toxicity of Dioxin 

I t   vas pointed out in an earlier section of this report that one of 
the impurities which arises in the nianufucturing process of 2,4,5-T 
is 2,3,7,8-tetrachlorodibenzo-p-ilioxin. This substaiice has con- 
siderable interest becarisc it is highly toxic, because i~ close relative 
\vas a toxic constitutent in chickcn feed and becillisc it has caused 
chloracne, a severe skin disease, among workers engaged in the 
manufacture of 2,4,5-T. 

The dioxin impurity has nssumed a further importance as an 
impurity in commercially avuilnble 2,4,5-T. With the observation 
that production lots of 2,4,5-T containing approximately 27 ppm 
dioxin could be teratogenic, i t  became important to ascertain whether 
it was 2,4,5-T itself or some impurity which was the teratogen. Recent 
experiments a t  the National Institute of Environmental Health 
Services indicate that partially purified 2,4,5-T (<0.1 ppm tetra- 
chlorodibenzo-p-dioxin) shows teratogenic activity in the mouse. Pure 
tetrachlorodibenzo-p-dioxin show teratogenic activity also, but not 
a t  low enough doses to account for the activity of the partially purified 
2,4,5-T. We cannot exclude the possibility that other impurities may 
contribute significantly to  the observed teratogenic activity of 
2,4,5-T. 

*(An abnormality of pregnancy which involves the placenta and the rnembrnncssumounding the fetus.) 
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In  the following paragraphs, the history of the discovery of dioxin 
is examined in relation to the experimental observation of the 
teratogenic properties of 2,4,5-T. Secondly, data on the toxicity of 
this material are presented. 

In M u c h  1949, an accident occurred a t  a 2,4,5-T plant owned by 
the Monsnnto 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 with eventual scnrring over the neck, 
back, and chest. I n  addition to the cnses which were traced to  the 
accident, a number of other clinical cases of chlorncne were recognized 
among workers in the 2,4,5-T plant who were not in the vicinity of 
the accident. (10) Kimmig and Schulz (11) reported in 1957 tha t  
chloracne occurred among workers engaged in the manufacture of 
2,4,5-T in Germnny. These authors demonstrated that the ngciit 
responsible for chloracne ~vns tctrachlorodioxin. In 1964, the demand 
for 2,4,5-T in the United States began to rise mainly due to i ts  
increasing use as a defoliant in Vietnam. A greater demand was 
placed on each of the domestic manufacturers to produce more 
herbicide. Coincident with the incrensed production wns the discovery 
of chloracne among some 60 2,4,5-T workers. (7) The Dow Chemical 
Compniiy reduced its operations substnritinlly for a period of severnl 
months in order to investigate the origin of the toxic hnznrd. It was 
found that the amount of dioxin formed varied with the ternpernture 
and pressure of the enrly rciictioii steps. Tlic Don- Chemical Compuiiy 
made its findings known to the other clomcstic manufacturers. Looking 
back it is evident thnt dioxin levels vuricrl iriclely among commerciul 
2,4,5-T snmples, as sceii in Table 4 of Scctioii 111. Rigorous control is 
now excrciscd to rcdiicc dioxin levels in the filial product to less thuii 
1 PPm. 
A recent review of occupational diseuse attributed to dioxin has 

been prepared by Poluntl et al (15). Thcse authors studietl 73 m d e  
employees in a 2,4,5-T fnctory, some of whom had been observed 
six yenrs previously by Blcibcrg (1) who then noted the prevalciice 
of chloraciie. Poland et  ul (15) also found chloruciie among the w n c  
population nlthough estimntes of exposures were not made. Polaiirl 
attributed the chloracne to the dioxin impurity. They also examined 
the prevalence of a type of porphyria, thought to be toxic in origiii, 
known ns porphyria cutunca tnrda (elevated urinnry porphyrin 
excretion, skin fragility and vesiculnr eruptions). Uroporphyrinuriu 
hnd been noted during the enrly visit to the plant by Bleiberg (1) 
but  i t  mas not found during the later study. Elevnted urinary copro- 
porphyrin levels were noted, however, but there appenred to be no 
correlation with the severity or presence of chloracne (1, 15). The 
later series of observations found much of the chloracne still remaining 
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but the porphyria had disappeare Chloracne was attributed to  
the dioxin impurity but the origin of the porphyria was less certain. 

In  order to measure the toxicity of the dioxin impurity, the Dow 
Chemical Company undertook a series of acute toxicity studies on 
small animals 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 doses.. The number surviving and the time of death were 
noted. The animals used were male rats, female rats and female 
guinea pigs. Tiiblc 7 gives the results of these experiments: 

TABLE 7.--Singlc-dose oral tozicily of diozin (I 8) 

Species LDs 
mg/kg 

Mnle rat--. . . . . . . . . __. . __. __. . . . -. . . _ _  -. . . . . . . . . . . . . -. . . . __. . . . . . . . . - -. . . . . . . . . ._. . - 
Feninle n t - -  _ _ _ _ _ _ _ _ _  _ _ _ _ _  _ _ _ _  _ _ _ _ _ _ _ _ _  ___. _ _  _ _ _ _ _ _  _ _ _ _  ._ ._._ ...._..__...._........ . 
Fcmnle guinen pig.. - _ _  _ _ _ _ _ _ _ _ _  _ _ _  _ _  _ _  _ _  _ _  __. . . _ _ _ _  __. _ _  _ _ _ _  .. . .-. . . .. _ _ _  . _ _  __. . . . . 

0. LE? 
0.045 
0. OOOG 

With this background in mind, the purity of the 2,4,5-T material 
used in the National Caiiccr Institute screening study assumed a 
new importance. A sample of this material \vas submitted to chemical 
analysis by gas chromatography. The result was the fiiiding of 27f 
8 ppm of dioxin. 

Testing for Teratogenicity 

The study of teratogenic effects in experimental animals is charac- 
terized by a great deal of empiricism. However, in general testing for 
teratogenic potciitiul is a more mauageable problem than we a 
number of other types of biologic testing. There are large numbers 
of agents kiiowi to be teratogenic to uiiimals. In fact, it has been 
held that virtiiiilly uiiy muterial is potentially teratogenic if admin- 
istcrctl in a11 uppropriatc dose at  the critical time in gestation. In- 
terestingly, ho\\-cver, only a fo\\- chemicals have been recogiiized ns 
huinuii teratogens. 

111 gcncrul, ail embryo-toxic dose of a material is separated froin 
ti niutcriial tosic dose by a small margin (perhaps no more than a 
fuctor of 10). Only slightly below the embryo-lethal or toxic dose 
is a no-effect dose (separuteil, perhiqs, by u, factor of 2). Between 
the highest level which has no effect on the developiug fetus and the 
embryo toxic lcwl is a steep dose-response relationship. In testing 
for teratogenicity, the lon-est dose on the dose-rcsponsc curve (thresh- 
old for any embryo toxicity) is identified. All doses below this level 
are, by defiiiitioii, no effect doses. By accepting an extra margin of 
safety below this dose (a factor of l/lO-l/lOO), reasonable freedom 
from teratogenic effects can be predicted. 

A problem arises in extrapolating findings in experimental animals 
to man. The embryotoxicity of a chemical agent is, in theory, a function 
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of the degree of exposure of the developing embryo to the agent. This 
appears to be a function, in turn, of the persistence of the material 
in the maternal circulation. Thus, in order to extrapolate animal 
findings to humans, the animal must be “calibrated” to humans for 
each chemical agent. Tha t  is, the rate of disappearance of the agent 
fxom the animal circulation must be compared quantitatively to that 
in humaus. As a first approximation, corresponding doses in mg/kg 
mould be taken as proportional to the blood clearance rates for the 
two species. 

These principles make possible the design of testing procedures for 
reproductive defects caused by chemical substances. The scheme 
described is of a general nature but can be applied to 2,4,5-T. The 
first step involves determination of the chemical nature of the Inuterial 
in question. Secondly, animal studies should be done to establish 
embryotoxic levels. In  the case of 2,4,5-T, some additional studies 
have been carried out to confirm the results of the National Cancer 
Institute screening study. In  addition, studies should be undertuken 
on pure 2,4,5-T and on its various impurities to identify the teratogciiic 
agent or agents. Hybrid strains of animals should be used rather than 
highly inbred strains. At least two animal species should be used. 
Preferably strains of colony or random bred rats and mice should be 
used which have been maintained in the laboratory long enough for 
the investigator to have accumulated substantial background data on 
fecundity, spontaneous malformations and intrauterine death rates. 

By careful testing, using a small series of doses, a TD, dose ( that  
dose which will cause teratogenesis in 50 percent of fetuses) can be 
ascertained. At  the low end of the dose-response curve is found, 
presumably, a threshold dose below which no detectable teratogenic 
effects would be expected. Actual experimentation locates TD s m a l l  

a t  which teratogenicity occurs in only a few percent of all fetuses. 
The next step is to compare the expected human exposure with the 

animal TDsmall. If these differ by as much as a factor of 100, it would 
seem reasonable to consider the material safe with regard to terato- 
genesis. If the difference between the human exposure and the animal 
TD,,,,,,1 is as little as a factor of 10, the margin probably is insufficient. 
Between 100 and 10 lies a certain amount of flexibility for further 
action. Finally, in order to extrapolate the animal data to human 
experience, rates of excretion and detoxification in animals and humans 
should be compared. 

Summary of Recent Experiments 

Following analysis of the results of the screening study carried out  
for the National Cancer Institute, it was felt that confirmatory studies 
should be undertaken. Two sets of experiments were begun inde- 
pendently by the Dow Chemical Compnny and by the National 
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Institute of Environmental Health Sciences. At  the time of this 
writing, some of these experiments have been completed and the 
results have been reported. 

1. Do\\- experiments. 
2,4,5-T (containing Z 1.0 ppm dioxin) was administered orally to 

pregnant Sprague-Dawley rats on days 6-15 of gestation. (6) The 
doses used were 1, 3, 6, 12, and 24 mg/lig/day. The 2,4,5-T was 
administered in 0.25% Methocel@. The  results were compared with 
those obtained from controls which received the vehicle only. 

No clinical or gross pathologic signs of adverse effect were observed 
in tieated females during the period of treatment. Litter size, number 
of fetal resorptions and birth weights appeared to be uriaffected. 
Furtheimore, there \vas no increase in the incidence of birth defects 
compared to control animals. 

111 IL related study by  the Don. Chemical Company on the teruto- 
gcnicity of 2,3,7,8-tctr:~clilorodibeii~o-~,-diox~ii (4),  tliis inuteriid, in 
pure form, w s  adininistcrcd to pregiiant Spraguc-DiL\\-lcy rats. The 
doses used ranged froni 0.03 to 8.0 ing/kg/diry. B c t w c n  0.125 and 
0.5 nig/kg, intcstiiid liemorrliagcs were seen in the fetuses. Dioxin 
\vab very einbryolethal u t  the highest dosages (2.0 and 8.0 Ingikg). 

2. NIEHS experiments. 
The Natioiiul Institute of Environrnentul Health Sciences under- 

took a series of experiments in which 2,4,5-T (containing various 
aniounts of dioxin impurity) \\-us administered to pregnant mice and 
rats (13).  Three strains of mice were used (1 random bred and 2 in- 
bred stains) and a random bred struin of ruts. Four different lots of 
2,4,5-T were employed : 

a .  “Eastnian Organic”-contained ? 1.0 ppm dioxin. 
b. “DOW Technical”-contained 2 0.5 ppm dioxin. 
c. “DO\\- Pure”-contained 2 0.1 ppni dioxin. 
d. 2,4,5-T samples used in the original tests performed for the 

National Cancer Institute-containing about 27 ppin dioxin. 
In  addition, pure 2,3,7,8-tetrachlorodibenzo-p-dioxin was adminis- 

tered to IL series of mice and rats. 
These mnterids were tested in various dosages in mice by icjection 

in dimethyl sulfoxide (DA4SO). In the random bred (Charles River) 
mice, the dosage schedule for 2,4,5-T covered the range of 50-150 
nig/kg/day. In the other strains of mice, a narron-er range of doses 
was tested. In rats, the dosage range \vas 10.0-21.5 mg/kg/day and 
here the material \vas administered orally in sucrose. Pure dioxin 
n-as administered subcutaneously in DMSO in rats and mice (1 and 
3 nig/kg/duy in inice and 0.5 and 2 niglkg in rats). 

In rnice, both 2,4,5-T (in the purest foriii uvuiliible) und dioxin 
prodticcd birth defects :tiid increased fetal toxicity. The birth defects 
w r c  qudita t i d y  similiw to those seen previously in the National 
Ciincer Institute screening study and included cleft palates and 
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renal defects. I n  rats renal defects and excess fetal mortality were 
seen but seemed to be related to dioxin cyntent rather than 2,4,5-T. 

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

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

a. (‘Dom Technical”-contained S 0.5 ppm dioxin. 
b. ((Dot\. Technical”-contained S 0.1 ppm dioxin. 
c. ‘(Dow Pure”-contained S 0.1 ppm dioxin. 
d. Hercules X-17394-contained no detectable dioxin. 
e. Monsanto NL-07-020-contained 2.9 pprn dioxin. 
f. “K & H” sample-contained about 45 ppm dioxin. 
g. Enstman Kodak (recrystallized in FDA)-contained no detectable 

dioxin. 
I n  addition pure 2,3,7,8-tetracolorodibenzo-pdioxin (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 andlor intestinal hemorrhages. Birth defects consisted chiefly 
of poor head fusion and absence of eyelids. 

The pure tetradioxin produced increased fetal toxicity a t  0.31 and 
1.43 pglkg and gastric and/or intestinal hemorrhages a t  the lowest 
dose, 0.02 pg/kg. 
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RESIDUES OF 2,4,5-T 
IN THE ENVIRONIVIENT 

Summary 

2,4,5-T residues disappear from soil with moderate speed, probably 
through action of microorganisms, persisting as long us three months. 
During this period they arc potentially available for transport to 
non-targe t areas. 

It appears unlikely that residues from reconmended applications 
of 2,4,5-T could appear in hazardous quantities in water. Typicill 
applications are to forested areas or those infested by weeds where 
most of the herbicide appears to be intercepted by the plants. Resi- 
dues do not seem to persist in water, however, they do remiiin longer. 
in bottom sediments. 

Residues from rangeland and pasture ilpplications mtLy find their 
way into cattle permitted to graze soon after spraying. Cattle excrete 
the intact herbicide rapidly but  2,4,5-T residues have occasionally 
been found in meat and dairy products. Although the residue levels 
are low, they dictate caution about pasturing soon after rangeland 
treatment. 

The rate of application of 2,4,5-T in Vietnam is 13 lbs. of the butyl 
ester per acre (26 lbs. of Orange per acre). This rate is about 2-6 
times as high as that used on rangelands domestically. Moreover, 
much larger areas are treated in Vietnam. Ornnge is not used on food 
crops but  on forests. Hence, human exposure to contaminated food 
crops would be unlikely. If, during the vulnerable period of gestation, 
all a pregnant mother’s food came from locations treated with Orange 
a t  26 lbs/acre within the preceding week or so, the daily dose of 2,4,5-T 
might conceivably reach 15 mg/kg/day, which by comparison to some 
animal data might prove to be embq-otoxic. Such estimates nre based 
on a very extreme, worst-case calculation. 

Residues of 2,4,5-T resulting from recommended uses in the 
United States 

The herbicide 2,4,5-T is applied for weed control to a relatively few 
crops. However, it is used more extensively for control of weeds in 
rangelands and pastures, non-croplands and aquatic areas (Table 1). 
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It is not considered to be a persistent pesticide by comparison with 
many of the chlorinated hydrocarbon insecticides. Nevertheless, its 
use a t  rates of recommended application results in measurable levels 
of residue in soils, water, air, plants, and animals which persist for 
relatively short periods of time after application. The potential effects 
of such residues on the health of man and other animals have been 
little studied and are poorly understood. Data available suggest that  
residues resulting from recommended rates of applicution are not of 
sufficient magnitude to justify concern as potentid health hazards. 
Unfortunately, most of the tosicity studies conducted thus far have 
been relatively short-termed and of value for dttermining acutely 
toxic doses only. Substantial amounts of d a h  are available of the sort 
reported by Palmer and Rudeleff (14). Data from such studies indi- 
cate that  2,4,5-T is not acutely haznrdous for cattle, sheep, and 
chickens \\-hen applied a t  rcconimcnded rates. They considered rates 
of application above 30 pounds per acre to be l i t izdoiis.  

Recent concern over the possible udveise effects of long-tcrm expo- 
sure to relatively sniall amounts of 2,4,5-T iis residues in food, feed, 
aiid w t e r  makes i t  desirable to review the iiiformution tivailable on 
levels aiid persistence of such residues. 

1. Soils--The possibility of residuiil tosicity to crops grown on soils 
trcuted with 2,4,5-T has eml)hasizcd the need for information on the 
levels of residues resulting from various rates of application and their 
Ijersistence. Substantial amounts of dtita have been accumulated on 
tlicse points and there is relutively good agreement in results of most 
studies. Tuking into account differences in soil type, temperature, and 
moisture and the phenomenon of bacterial 1)roliferation in response 
to a nex substrate, it uppeitrs that  2,4,5-T residues in soils mu\- per- 
sist for m long as three months. Tlic persistent!. of residues seems to be 
independent of the rate of application. 

TULE 1.-Some ezamples of domestic uses of 2,4,5-T for control of weeds. (Swg- 
gested guide for weed control, 1969). U.S.D.A. Agriculture Handbook .Vo. 332 

Rate of 
Crop or area application. 

pounds per A 

Sugarcanr. .............. .-I.. .............................................................. 
Grasses grown for seed.- ................................................................... 

1. 0 
.~ 0. ;5 

Rice.. ...................................................................................... 0.5-1.5 
Permanent pastures and raiigclands. ........................................................ 0.5-8.0 
Non-crooland. riahts+f-was. floodwass. ditchbanks, lance rows, nnd industrial s i t s  ........ 1 . 0 4 0  
Aquatic'weeds.. I-. ......................................................................... 1.0-4.0 

Laboratory studies suggest that  breakdown of 2,4,5-T residues in 
soils result from the action of microorganisms which nre capable of 
using these chemicals as sources of energy and carbon. Two species 
have been reported to use 2,4,5-T as a source for energy and carbon. 
(1) The microbiological degradation of the phenosyacetic acid her- 
bicides in the forest floor material probably resembles that in soils. (13) 
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Under the conditions of this environment substantial amounts of 
2,4,5-T remained after 4 months. The  relatively rapid degradation of 
residues of phenoxyacetic acid herbicides in the soil makes it unlikely 
that there will be any accumulation of 2,4,5-T from one season to the 
next. Rates of removal from soils by plants and invertebrates are 
uncertain. 
A major concern about residues of persistent pesticides is that 

they do not always stay in the target area. The fact that residues of 
2,4,5-T may remain in the soil for periods of three months, or more, 
makes it subject to transport to non-target areas. Soil particles con- 
taminated with 2,4,5-T may be transported by wind or water to 
areas far removed from the site of application. The extent to which 
this occurs seems to have received little or no attention. 

The choice among esters is often influenced by such considerations 
as reduced volatility (which may reduce spreading to non-target 
plants), slowness of hydrolysis, and avoidance of crystallization after 
the vehicle has evaporated. 

Experiments on leaching of 2,4,5-T products uiitl vehicles suggest 
that amine salts are leached more rapidly than the free acid (8). 

2. Water-Residues of pesticides in water are of concern because of 
the possibility of their getting into drinking water for inan and other 
nnimals, of their potential adverse eflects on aquatic organisms, and 
of the potential adverse effect on sensitive crop plants of irrigation 
water contaminated with these chemicals. Contamination of surface 
waters with herbicide residues is a matter of special concern since 
surface water provides most municipal water supplies. Nearly all of 
the water for livestock nnd other animals is supplied from surface 
water. 

Since nearly 100 million acres of land are treated with herbicides in 
the United States each year, about 3 million acres of which are forest 
or rangelands, it  is inevitable that substantial contarnination of surface 
waters occurs. However, most of the contamination is indirect as a 
result of drift from target areas. 

The manner in which contamination OCCUM, wlietlier frorii drift or 
from direct application, determines the level of residues deposited. 
In  applications made to forested areas or to bodies of water henvily 
infested by weeds estending above the water, much of the ton1 amount 
of herbicide applied will not reach the water directly. As much as 
88 percent of the total amount applied may be intercepted by such 
plant covers as liveook which are much less dense than those of water 
hyacinth or alligator weed. (26) There appears to be little information 
available on the possibility of future release to water of residues in 
plants. 

Streams in forests in Oregon sprayed with 2,4,5-T or mixtures of 
2,4,5-T and 2,4-D in a 1 :1 ratio at the rate of 2 pounds per acre showed 
maximum residues of 70 ppb which disappeared within 17 days. (25) 
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Even a t  the heaviest rate of application recommended for control 
of weeds in permanent pastures and rangelands and aquatic species, 
2,4,5-T residues would not be substantial even a t  the maximum levels 
that could be expected. For example, 8 pounds of herbicide per acre ap- 
plied to a body of water 3 inches deep would result in residues of only 12 
ppm, Tablc 2. An animal drinking from even such an unrisually shallow 
soiircc could not get a dosc that would be cspected to cause chronic 
tosicity. For esamplc, a cow weighing 500 kg niay be expected to drink 
11s much as 50 1. of water per day during thc \\-arm seasons of the year 
which would result in the ingestion of about 1.2 mg/kg/day. How- 
ever, a morc realistic example could be expected from applications of 
2,4,5-T to rangelands a t  4 pounds per acre. Treatmcnt of a body of 
water onc foot deep a t  this rate would result in residucs of only 1.5 
nig/l. A 500 kg cow drinking from such a sorircc could get no more 
than 0.15 mgjkglday. 

Atlvcrsc cffccts of residues of 2,4,5-T nil aqutitic species such us fish 
and some of tlic bottom dwclling invcrtcbrates might be cspected from 
thc heavier recornmendcd uses of this herbicide to shallow bodies of 
mater. For example, 24-hr. LC,* for bluegill is 1.4 ppm for the bu- 
tosyethanol ester of 2,4,5-T (see table 1 on page 67). Concentra- 
tions higher than this would result from tlic direct application of 4 
pounds per acre to bodies of water no more than 6 in. deep. 

TABLE %-Estimated mazimum level (mg.11.) of residues of 8,4,5-T at various 
rates of application lo bodies of water ranging from 3 inches lo 10 feet in  depth. 

Rates of npplicatioii. pounds per A _ _ _ ~ - -  Depth of Water 
1 ? 4 6 M ' 2 6 8 0 1 0 0  

3 inch ex... _ _  _ _  __. . . . _ _ _ _ _ _ _ _ _ _  __. . . ~. . _ _  
6 inches .... . . . . _ _  -. __. . .__. ._. . _ _  __. . . -. . . 
1 foot. _-.. _ _ _ _ _ _ _  .___.- _ _  -.____ ~ _____.._ _ _  
2 feet __----. . ._ _ _  _. . . ._ .---.-- ~ __. . _ -  .. __. 
3feet _ _ _ _  ~ ___________._____ _ _  _ _ _ _  - - . '______ 
4 feet. ____. _ _  _ _  _ _  __. . _ _  _ _  __. . _ _  __. . __. . __. 
5 feet. _ -  - - - - - ~ -. -. . ~. ~ - - -  -. .- . - ~ -. . - - -. ~ -. 
6 feet .-..... .________ _ _  ___.._______ _ _ _  _ _ _ _  
7 feet _ _ _ _ _ _  ._ _ _  _ _  __. . ____.. _ _ _ _  _ _  __. . . . . . - 
8 feet. - - _ _  _ _  _ _  __. . . . _ _  _ _  _ _  __. -. _ _  _ _  -. _ _  ~ 

9 feet .-........ .. ..__.. ..-.--.__. ._.- -__. . 
10 feet _ _ _ _ _ _  ~ _ _ _ _ _  _ _ _ _  _.._ _.__ _ _ _ _  _ _ _ _ _ _ _ _  

1.5 
0. i5 
0.38 
0. 19 
0. 13 

0.08 
0.06 
0.05 
0.05 
0.04 
0.04 

am 

3.0 8 0  1.50 3.0 
0. i5 1. 50 
0. 38 0. i5  0.25 0.50 
0. l!) 0. 38 

0.13 0.25 
0. 11 0. ?I 
0.09 0. 19 
0. 08 0. 17 
0.08 0. 15 

0.15 0.30 

9.0 30.0 39.0 
4.50 15. M) 19.50 
2.?5 7.50 9.75 
1.13 X i 5  4.88 
0. i5  250 3.25 
0.56 1.98 244 
0.45 1.50 1.95 
a38 1.2.5 1.63 
0.32 1.07 1.39 
0.18 0. 'a 1.22 
0.25 0.63 1.08 
0:B 0. i5 O.'B 

120.0 
60.0 
30.0 15.0 
10.0 
i. 50 
6.00 5.00 
4.29 
3.75 
3.33 
3.00 

150.0 75.0 
37. 50 
IS. I5 
12 50 
9.38 
7. 50 
6.25 
5.36 4.69 
4. 17 3. 75 

There appears to be little likelihood of 2,4,5-T appearing in hazard- 
ous quantities in ground water or drainage channels from local applicn- 
tions. Brown and Nishokn (3) reported that 2,4,5-T was not detectable 
in samples of water-suspended sediment mixtures from 11 streams in 
the western United States. 

However, a subsequent study of the same streams (11) making use 
of improved techniques showed 28 of 235 samples token from 17 rivers 
during 1966-68 to be positive for 2,4,3-T residues. Tu-enty-one of these 

~ 

*LClo. medlan lethal concentratlon of a toxicant, typically plnced in the ambient environment of the 
organisms whose survlval is measured. Usually. the envlronment in question is aquatic. The terms. LDs 
and LCs, may be used Interchangeable for nquatlc organisms. 
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were from three rivers, the Arkansas, Brnzos, and Canadian. All of 
the seven samples taken from the latter were positive. The amount of 
residues found was extremely small, ranging from 0.01 to 0.07 ppb. 
Samples were taken uniformly throughout the year and there appeared 
to be little effect of season on incidence or levels of 2,4,5-T residues. 

Samples were analyzed as received with no effort mode to separate 
water and sediments. It is possible that a high percentage of the resi- 
dues was contained in the sediment since there is evidence that phe- 
noxyacetic acid herbicide residues persist longer in sediments than in 
water. I n  either case, these data provide strong evidence that residues 
of 2,4,5-T in water which result from use of the herbicide in this country 
are not hazardous. 

3. Plants-The levels of residues of 2,4,5-T in plants hare  received 
much less attention than has been devoted to insecticide residues. The  
comparatively short residual life of this miitcriul together with the 
fact tliat it  is usually applied several weeks, or even montlis, in uilvancc 
of harvesting dates, lias ullomcd it to bc usctl in riiost cusc's w i t h i i t  
danger of significant residues in the harvested procluct. Hm-c'vcr, i t  is 
recommended for control of w e d s  in permunent pastures and range- 
lands a t  rates which result in significant levels of residues that have 
been reported to persist, under some conditions, for as long as 6 weeks, 
Table 3. However, there has been relatively good agreerncnt in results 
obtained by various workers who have reported on persistence of 
residues of 2,4,5-T applied to forage grasses in rangelands and pastures. 
The data of Morton, et al. (12) indicate levels in pasture grusses rang- 
ing from 10 to 32 ppm after about one month which agrees reasonably 
well with the 7 ppm reported by Buur, et al. (2) in range forage grasses. 

TABLE 3.-Rate of disappearance of 8,4,6-T residues from various types of forage 
crops. Estimated f rom semi-logarithmic plots i n  Figures 1-4. (18) 

No. days from treatment 

Coneentratlon, ppm (2,4.6T) 

2 pounds 
per A bu- 2 pounds 1 pound 
toxyethyl- per A acid per A amine 

ester 

- --I- 

0 .............................................................. 300 100 100 
2 ........................................................................................................ 
1 ........................................................................................................ 
7 .............................................................. 130 70 70 

14. - _ _ _  -. 45 
21 .............................................................. 55 20 30 
28 .............................................................. 45 15 15 
35 .............................................................. 32 12 10 
42- ............................................................. 20 11 8 
49 .............................................................. 12 11 6 
68 .............................................................. 7 11 5 
63. 8 4 

......................................................................... 7 3 
77 ............................................................................ 6 3 w-.... 5 2 
91 - 
ga 3 2 

-. - - -. -. - - - ~ ~ - - - - - - -. - -. - _  - ~ ~ - - - - - - - - - - -  - -  - -  ._. . ~ 70 35 

........................................................................... 

....................................................................... _ _ _ _  ~ _ _  _.__. _ _ _  _ _  _ _  _ _  _ _  -. __. - _ _  _ _  ~. ._ _ _  -. _ _  _ _  _ _  -. - _  _ _  ._. -. - _ -  - -  .- -. _-. - - 
............................................................................ 
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Substantial levels of residues occur in forage plants treated with 
2,4,5-T a t  2 Ibslacre, and appreciable quantities sometimes persist 
for as long us 3 n-eeks. This suggests that beef cattle permitted to 
graze pastures or rangelands immediately after treatment., or that  
diury cattle permitted to graze such areas 7 days after application a t  
maximum rates recommended, may be esposed to dosages that are too 
high for safety (Table 4). Estimates of the levels of residues that might 
occur in forage grasses treated a t  higher rates indicate a possibility of 
transfer of residues to milk and even chronic toxicity (Table 4). 
However, tlie fact thut no evidence of toxic effects lius been reported 
and thut residues of 2,4,5-T have been rarely found, and even when 
found liuve been a t  very low levels in dairy products that  huvc been 
anulyzcd by FDA in total diet studies, nrgues tigainst the probability 
t h t  residues of this herbicide in forage crops pose uny significant 
Iiuzurrl. 

T.\I+LI.: 4.-Estiniatetl rates of disapprarance of 8,-$,6-T rcsidrces froiri forage trealrd 
at (liferen1 ralcs with corresponding maziniunt aniounts of hcrbicidc thut might 
bc ingcstctl by  cattle paslurcd on forago trcatcd at the rutcs indicatctl. 

'1.4.5-T butoxyetliyirster . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 Ibs/h b 4 IbS/A c - _c____----- 

So. weeks after treatiiieiit 

iiig/kc: in ili~/kg/day nip/kg in mg/kg/day d 
forngc ingested forage Ingested 

0 '  m 25 600 50 
l... ................................................... 130 11 260 22 
2-... i o  6 140 12 
3.... .................................................. 55 4 110 8 
I.. .................................................... 45 ' 4  90 8 
s.... .................................................. 32 3 64 . 6  
6... 20 2 40 4 

1 24 2 l..... ................................................. 12 
E... 7 0.6 14 1.2 

.................................................... 

.................................................. 

................................................... 

................................................... 

- Within 30 min. of treatment. 
b Estimated from sernilopnritiimlc plots of grnpli in Tnble 2. (16) 
e Extrapolnted from 11 using maxhiiuni rntrs of ?,4,5T recoinmended for permanent pastures and range- 

d Assuming 3 500 lig cow eating 45 kg forage per day. 
lands in Agriculture IIandbook No. 332.1939. 

4. Animals-Residues of 2,4,5-T in animals, as in plants, have 
received much less attention than some of the fat soluble, long- 
persisting organochlorine insecticides. The residues that occur from 
ingestion of the phenoxy herbicides are eliminated rapidly and there 
is evidence that accumulation occurs in onlj- a fcw species. Erne (6) 
in one of the most thorough studies of the distribution and elimination 
of 2,4,5-T reported that it \\-as retidily absorbed and distributed com- 
pletely in the bod\-. He found that it was eliminated rapidly. Plasma 
half-life values from single oral doses of 100 mg/kg of the amine salt  
to male rats and pigs were 3 and 10 hours, respectively. Highest 
levels of residues were found in the kidncj-, liver, lungs, and spleen 
with levels sometimes exceeding plasma levels. There was little 
evidence of penetration into the brain or adipose tissues. The main 
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excretory route was the kidney. His data (7) showing weak but 
“certain” protein binding of 2,4-D suggest that this may also occur 

5. Food and feed-Results of studies of pesticide chemical residues 
in total diet samples by the Food and Drug Administration during 
the period 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-meek diet for a 16- to 19- 
year-old male, is analyzed by multiresidue methods for more thun 60 
chlorinated organic and organophosphorus insecticides and for herbi- 
cides, carbamates, and selected inorganic chemical residues. Exsmi- 
nation of these samples is carried out a t  levels of sensitivity much 
lower than those normally used for products tested for compliance 
with tolerances. 

Data reported for the period June 1967-April 1965 (4) show inci- 
dence and levels of 2,4,5-T residues that are t?;pical. Only one sample 
of diary products was contaminated. About 2 percent of diarj- products 
and 1 percent of meat, fish, and poultry were reported to contain 
residues of 2,4,5-T. All of these residues were a t  truce levels, below 
0.01 ppm. No residues of 2,4,5-T were found in any of the other 10 
classes of foods. 

I t  is significant that residues of 2,4,5-T were detected only in foods 
of animal origin. The most likely source is forage from pastures and 
rangelands treated with 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: 

lvith 2,4,5-T. 

Since 2,4,5-T residues nre only n small percentage of thesc total 
herbicide residues found in foods it seems safc to conclude that there 
is little likelihood of exposurc from this source. 

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

All thc available cvidcnce indicates thnt 2,4-D and 2,4,5-T behave 
similarly in animals with respect to absorption, distribution, mctab- 
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olism, and elimination. Since mixtures of these herbicides are used 
iii the defoliation program in Victiiani, it does not appear reasonable 
to consider them separately. 

The large-scale application of 2,4-D-2,4,5-T mixtures for defoliating 
military target areas ill Vietnam poses sonic possibly unique hazards 
to hurnans. Application rates of about 26 Ibs/itcre of a 1 :1 mixture of 
the n-bu tyl esters of the chemicals are generally heavier than those 
used for agriculture and brush clearing in the Uuitcd States. (There 
have beeii u few, limited applications of 2,4-D reported to lakes, 
streams, und reservoirs in thc United States u t  rates of 80-100 lbs/ 
ticre for aquatic \reed control.) There are other differences. There 
arc vastlj- greater u r c ~ ~ s  involvcd ill Victaani. Because of the nature 
of the rnilitar>- turgc ts-heavily \ \ . ~ ~ d e d ,  jungle areas-it is 110 t likely 
thiit iiianj- crops are grown iii or iiei~r treated itre:is. dltliougli dcfolia- 
tion procedures apltbiir to bc uiidcr rigid control with a11 rcasoIliible 
prccautious taken to pwi-ent application to crol)s, the nature of mili- 
tar\- operations makes i t  likely that accidents may occur aiid that 
mistakes ma>- be made \\-liich result in dircct applications to 11011- 
target areas. 111 such cases it is possible that food crops and water 
supplies in restricted localitics could rcccivc heavy doses of the 2,4-D-2, 
4,s-T misttire. A much more likely possibilit- is drift of relatively 
small amounts of the herbicides to non-target areas. The n-butyl 
esters of both 2,4-D and 2,4,5-T are volatile and substantial amounts 
of both chemicals may vaporize a t  temperatures prevalent in Vietnam 
and escape from the target area. 

If mixtures of 2,4-D and 2,4,5-T wcre applied directly to food 
crops a t  the rates being used in Vietnam for defoliation (about 26 
lbs/acre), i t  is theoretically possible that  amounts potentiallyv hazard- 
ous to humans could be deposited on food. The but)-1 cstcr of 2,4,5-T 
applied to an improved pasture a t  the rate of 2 pouiids per acre was 

(12). Dircct application to food crops a t  26 pounds per acre could not 
rcasonabl- be expected to result in initial residues greater than 3900 
p1.m. Assuming initial residries on food crops as high as 3900 ppm 
from direct application a t  the rate of 26 pounds per acre is unrealistic. 
Such an assumption requires that: I) surfaccirolumc ratios of food 
items be similar to that of forage grasses; 2) all portions of food 
items, e.g., husks of corn, peels of banana, shells of coconut, be 
consumed; 3) thcrc is no loss of herbicide during prcparation and cook- 
ing; and 4) translocation of herbicide into portions of the plants used 
for food, c.g., root crops, banana pdp, and coconut flesh and milk, 
results in rcsidrics as high as if thcsc portions had been trcatcd directly. 
Nonc of these is true. Some items of food could not be contaminated 
by direct contact with thc spraj- formulation. Traiislocatioii from 
foliage to iindcrground rcots of sweet potato and fruits of peanut 
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i found to result in an initial deposit of about 300 ppm on the forage 
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and into aboveground fruits such as cocorlut would be required for 
thcse foods to bc contaminated. 

Tablc 5 breaks down an estimated dict for a 60-kilogram Victnn- 
mese into threc parts according to thc rapidity with which 2,4-D 
and 2,4,5-T might be translocated into the portions consumed for 
food. 

Table 6 cstimatcs thc maximum believable concentrations of the 
herbicides in such a. diet as bcing 3900 ppm initially, 1560 ppni aftcr 
onc week and 910 ppm after 2 wceks (See Tablc 2 for estimated 
ra tcs of disappearancc of 2,4,5-T rcsiducs from forage). Thc masi- 
mum dosagc retained, substantially grcatcr than any realistic figures, 
is about 30/mg/kg/day. 

T.iBLE 5.-Estimated for a 60-kilogram Vietnamese divided into three groups based on 
the rapidity with which 8,4-D and 2,4,5-T, might be translocated into portions con- 
sumed f o r  food.' 

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

Dietary 
port low 
cowumcd 

dpcraonldw 
Leafy green vegetable ________________________________________- - - - - -  52 
Other vegetables _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - -  196 
C o n d i m e n t v e g e t a b l e _ _ _ _ _ _ ~ ~ ~ _ ~ ~ ~ _ ~ ~ _ _ _ ~ ~ ~ _ ~ ~ ~ ~ _ - - - ~ - - ~ ~ ~ ~ ~ ~ ~ - ~ ~ ~ ~  40 
Bananas ________________________________________- - - - - - - - - - - - - - - - - -  107 
Other fruits ___-__-_________________________________- - - - - - - - - - - - - - -  76 
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TABLE 6.-Calculation of u p p e r  limits for daily dose of 8,4-D and %,4,5-T combined 
whcn all food is  fully exposed to onc aerial application at 86 lbslA.1 

IMaxmum possible contamination, mg/kg/day] 

ginlpersonl After After 

week weeks 
Food Group day Immediate 1 2 

470 30 l? 7 
Rso ...___...__ _ _ _  22 13 
180 ..__ _ - - - _  ___. ..__ ~.~ _._-__ 3 

30 34 23 

Group .___ ._ .. .___ ._____ _ _ _ _ _ _  _ _  _ _ _ _  _ _  _ _  _ _  _ _ _  
Group 11 _____. . . _ _  _ _  ___. ._. - _ _  _ _  _ _  _ _  -. _ _  -. _ _  __. . . . . -. 
Group C _____. _ _  _ _ _ _ _ _  ._._ _ _  _ _ _ _ _ _  _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _  __. 

Total. .___. .. ._ _. .. .. _. .__ _ _ _ _ _ _ _ _ _  _________. _ _ _ _  _ _  _ _  _ _ _ _ _ _  _ _ _  
1 See Table 5. 

The possibilitj- that any of these assumptions might approach realitj- 
is probably nil. Many crops that arc treated directlx a t  such high 
rates show severe damage within ti few daxs and would not be hur- 
vested. Trniislocation or penctriition of residues into coconut meat 
and milk and bantintL pulp would take some time to occur, if a t  all, 
nnd would probubly be ut levels much lo\\-er than amounts deposited 
on foilage. The amount of residues of these chemicals that  would 
penetrate into kernels of mature rice through palea and lemma is 
probably a very small percentage, if any, of the dose applied. There 
does not appear to be informa tion on these points, however. 

Probablj- the greatest potentid hazard from contaminated food 
would be from ingesting leafy green vegetables, other vegetables, and 
fruits. 

Much of the drinking water in the villages of Vietnam is from 
shallow, open wells and from rainwater collected from the roofs of 
thatched houses. Direct application of heavy rates of herbicide to 
these sources could result in the ingestion of substantial amounts of 
the chemicals in rainwater collected from roofs of houses. Assuming 
that about 270 nig of herbicide is applied per sq. ft. of surface, that  
water supplies arc collected from rain falling on a roof having u total 
area of 200 sq. ft., and tha t  all of the herbicide is washed off immedi- 
ately after application and collected in containers holding 200 liters, 
a 60 kg person drinking 31. of water could get about 10 mg/kg/daT. 
No information is availuble on the amounts of these chemicals that 
ctin be washed off 11 thatched roof bj- rainfall. Howevcr, data  on rates 
of dissipntion of 2,4-D und 2,4,5-T from decid litter material in pas- 
tures slioiv rates of disappearance slower than for green tissues (12). 
T ~ U S ,  it appears reasonable to expect considerably less than 100 per- 
cent of the nmount applied to be washed off u thatch roof treated 
with 2,4-D m d  2,4,5-T. Even if i t  were all washed off, i t  appears to  
be unreasontible to expect it all to be captured in vessels having a 
combined cupticity of onlj- 200 liters. Therefore, anj- reasonablc 
ussunil)tion \\-odd be thtit ii person getting drinking water from such 
a source contaminated ut the nitmimuin rate possible would get much 
less thiin 10 mg/kg/duj-. 
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Drinking water from a shallow well contaminated a t  the maximum 
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 available on 
these poiits 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 ore 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 and 2,4,5-T) suggested that skin absorption of the animals 
tested occurred but was perhaps 10-20 times slower than absorptioii 
from the GI tract (IO). I n  the extreme situntion of a nude, pregnlint 
female, prone beneath an tirea of spraying of the defoliant, Ortinge, 
the maximum impingement of 20.2 mg/kg of 2,4,5-T on her skin might 
be expected. This should probnbly be viewed ns equivalent to 2.0 
mg/kg of an oral dose. 
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SOME ECOLOGICAL EFFECTS 

Summary 
Elimination of types of vegetation on which mummals, birds, fish, 

aiid iiisects iiiid other species depend , cuii severely reduce or eliminate 
them from the treated habitat. However, altering the vegetation 
niilkcup may also benefit certain types of wildlife. The elimination of 
water hyacinth from some water bodies, for example, htls proved a 
iieccssity for thc survival of sport fishery programs. 

2,4,5-T has been found to affect non-target organisms in a nuniber 
of ways : 

1. Although chickens, quail and mallard ducks appear to be rela- 
tively resistant to 2,4,5-T, the herbicide has been reported to reduce 
egg production 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 was found to 
increase 70 percent following treatment with 2,4,5-T. Nitrate levels 
in certain plants may increase up to 36 percent follo\vhg treatment 
with 2,4,5-T, making them more toxic to mammals. Increasing the 
toxicity of plants to wildlife might have important effects in nature. 

5. 2,4,5-T may cause some species of microorganisms to decrease in 
number while having no effect upon other species. In soil, 2,4,5-T hns 
been found to largely disappear in about three months. 

2,4,5-T has been found to influelice non-target organisms both 
directly ond indirectly through hobitut changes. The impact of 2,4,5-T 
on the principal classes of non-target orgaiiisnis is presented in the 
following sections. 

Mammals 

Roe and Hymas (22) presented data to indicate that the acute oral 
toxicity LD, of 2,4,5-T to various species of mammals was about 
500 mg/kg. 

2,4,5-T has some repelleiit action. When cottontnil rabbits (Syl- 
vilagusfEoridanus) were given a choice of either 2,4,5-T treated vege- 
tation or untreated, the rabbits consumed almost none of the treated 
vegetation. ( 2 4 )  
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Applying 2,4,5-T or 2,4,5-T in combination with 2 ,4D a t  recom- 
mended dosages for brush control in Michigan, resulted in killing the 
oak type vegetation and relensed the pine and encouraged a dense 
ground cover of grasses and other herbs, taller berry producing shurbs, 
and tree sprouts. (7) The low growing food and cover were ideal for 
deer, rabbits, grouse, and other forest animals. 

Chemical brush control was carried out in power-line right-of-way 
with 2 , 4 D  and 2,4,5-T applications. Woody brush was practically 
eliminated. White-tail deer (Odocoileus virginianus) have used both 
the treated and untreated areas and their use of both areas increased 
during the four years of investigation. (2) The deer made less use of 
the treated areas during the winter months because there \vas less 
food available. The deer fed most heavily in the treated areas in the 
spring and early summer on various grasses and herbs. Deer also 
bedded don-n in the treated areas in patches of sedge :tiit1 grass. 
Numbers of cottontail rabbits were found to increase in thc treated 
areas because of improved food and cover. 

Birds 

Fifty percent mortality in birds occurred for the following doses 
(2,4,5-T fed in the daily diet for less than 10 clays): 5,000 ppm for 
young bobwhite quail (Colinus virginianus); 5,000 ppm for young 
mallard ducks ( A m  platyrhynchos). f4) Approximate LDsOJs based 
on estimated food consumption, were: 9,000 mg/kg for the bobwhite; 
21,000 mg/kg for the mallard. 

The iisc of 2,4,5-T and 2,4-D for brush control under power lines 
improved the environrncnt for ruffed grousc (Bonasa urnbellus) ( 2 ) .  
The grouse were found on thc edges within 150-200 feet of thc right- 
of-way rather than on the right-of-way itself. This emphasized the 
importance of thc right-of-way ns a crcator of cdgc cffccts. Wild 
turkcj-s (Meleagris gallopavo) wcrc also obscrvcd to make cffcctivc usc 
of thc rights-of-way treated nrcns. Thc young turkcys wcrc attracted 
to thc opcnings for feeding on various insects which were morc 
abundant on the grassy right-of-way than within thc ti-oodcd arcas. 

Chickens were exposed daily for 14 days to grass trcnted with 
2,4,5-T (15 percent active agent) a t  )5 oz/gal of water and 2-:4 oz/gal. 
(5) The low 2,4,5-T treatment led to a 9 pcrccnt reduction in egg 
yield and thc higher dosage to an 18 pcrccnt rcdriction but thcrc  as 
no changc in thc fcrtility or hatchnbility of thc eggs. Thc cxposcd 
chickens also lost somc weight. 

Fish 

Thc 24-hour LC,* for rainbow trout (Salmo guirdnerii) esposcd to 
2,4,5-T was 12 ppm; however, Bohmont (1)  reported a 48-hour LCs0 

*LClo, median lethal concentration of a toxicant which Bills 50 percent of the test organism. 
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for rainbow trout a t  1.3 ppm. Bohmont also calculated the 4s-hour 
I,Cso for bluegills (Leyomis macrochircts) to be 0.50 ppm. 

1-oung silver salmoii (Oncorhynchus kisutch) csposed to u combina- 
tion of 2,4,5-T and 2,4-D (about 10 percent of each chemical in the 
forniulation) a t  concentrations of 50 ppm or more w r c  observed to 
be “immediately distressed and would snap their jaw,, dart  about 
the aquarium, and leap out  of thc water before loss of equilibrium and 
death.” (8) 

llullet (Muyil cephahs) exposed to 50 ppin of 2,4,5-T for 4s  hours 
exhibited no noticeable effects. (3) 

Table I gives 24- and 48-hour LC50.s of bluegill sunfish to various 
2,4,5-T forniulatioii. (9) The  esters appeared to bc most toxic, prob- 
tibly due to better solubility. No attempt mas made by Hughes and 
Davis to esplain the wide variation in results obtained from differcnt 
batches of the same formulation. 

TABLE 1.-The LC50 of bluegill sunfish lo 6,4,5-T fornrulalions. (9)  

24-hour lahour 

Dimethylamine _ _ _ _ _  ~ __._ .___ _ _  _ _ _ _ _ _ _ _  ...._..____. _ _ _ _  _ _ _ _ _ _  _ _ _ _  ....._.____...__ .__ 
Isooctylester.. _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _.___ ._____ ~ _ ._________ ~ _________._.___________ _ _ _  
Isooctyl ester.. - - ~ _ _ _  _ _  _. . - __. - ~ -. . . - .. ._.. .. . . . . __. . _ _  _ _  _ _  __. . _ _  ._.__._. ._._ ._.. _ _  __. 
Isooctyl ester. ... _ _ _  _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  __._ ____._ _ _  ._ _ _ _ _  _ _  _ _  _ _  ._____ _ _ _ _  _ _ _ _  _ _  __._ _ _  _ _  __. 
Propylene glycol butyl ethyl ester. - - - _ _  __. -. ~. -. ~. . . . -. _ _  _ _  __. - .___ ._.__ ~ _. . . _ _  _. .. . 
Butoxyethanolester _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _____________._____ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  

144 
31 
28 

. 10.4 
17 
1.4 

144 
31 
26 10.4 
17 
1.4 

*Different batches of the same formulation. 

Molluscs 

The csposure of oysters (Crassostrea virgkka)  to 2.0 ppm of 2,4,5-T 
acid for 96 hours had no effect on shell growth. (3) 

Invertebrates 

The minimum lethal dosages (ppm) which produced a kill esceeding 
25 percent with 2,4,5-T arc listed for the following fish food organisms: 
Daphnia 1.5; Eucypris 0.5; Hyallella 0.7; Palaemonctes 1.2; Amphi- 
agrion 7.5; Pachydiplac and Tramea S.0; aud Chironomus 6.0. (16) 

The cqosrirc of brown shrimp (Penaeus aztecus) to 1.0 ppm of 2,4,5- 
T for 45 hours had no noticeable cffccts. (3) 

Plants 

S\\-anson and Sliaiv (25) demonstrated that  the hydrocyanic acid 
content of sudtlii grass was increased by 70 percent in pllts treated 
with 1 lb/acre of 2,4,5-T. 

When 9 species of weeds were treated with siiblcthal dosages 
(0.25 lb,!ucrc of 2,4,5-T, tlic iiitratc contcnt of the plants decrcilscd 
from 5 to 32 percent in 4 species but  increased from 3 to 36 percent 
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in the other species. (6) The 36 percent increase occurred in Impatiens 
bajlora. 

The exposure of phytoplankton to 1.0 ppm of 2,4,5-T for 4 hours 
caused no decrease in growth. (9) 

Microorganisms 

Magee and Colmer ( I t )  reported that 2,4,5-T a t  1,500 to 2,000 
ppm produced in hibitioii of respiratioil to Azotobacter however, 2,4,5- 
T was found not to affect Streptomyces at 2 and 50 lb/acrc. 

Persistence 

2,4,5-T applied a t  a rate of $6 to 3 lb/acre was found to persist for 
2 to 5 weeks with little or no leaching, under summertime conditions 
in a temperate climate and moist loam soil. (IO) Sheets and Harris (IS), 
however, reported that 2,4,5-T generally persisted for about 3 months 
under moist soil conditions. 
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