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APPENDIX 1

Characteristies of Herbieides Used in Southeast fsia

The chemicals present in the defoliant mixes employed by the United
States Air Force in Southeast Agia were developed originally to control
waeds, that is, plants prowing in places vhere nan does not want them to be.
Teeds present serious problems to agriculture because they compete with
crops for aveilable sunlicht, moisture, and nutrients., For millenia the
only weapons farmers had to use asainst veeds were mechanical, such as “he
hoe and the plow. In 1696 the modern uss of chemicals to control weeds
began with the work of a French scientist named Fonnet. Ie observed thot
the seedlin's of wild mustard, a common weed in Western Furope, died when
sprayed with a fungicide developed for use on “rape vines, Tonnet later
fornd that copper sulfate, a component of the fungicide, would selectively
kill the wild mustard growine in a cex;eal crop. Other rerearch showed that
chemical compounds such as sodium nitrate, ferrous sulfate, and dilute
sulfurie acid also acted as selective herbicides against broad-leafed weeds
in Melds of cercal plants with narrow, upri-ht leaves. These compounds .
were dessicants and wo_rked by extracting water from plant tissues, Thelr
selectivity deremded on the broad, level surfaces of the weeds collecting
more of the chemical epray or dust than cereal leaves. The perfomance of |
thece chemicals, except for dilute sulfuric ncid, war, however, erratie,

fynthetic nlant loriones or plant grosth repulators, precursors
of the primary herbicides used in Viebtnam, vere discovered in 4he 100s,

The firet synthetic plant horrone herhicldes were ouite evpensive and
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therefore impractical as agricnltural chemicals. A search undertaken to

find lesé expensive and more active ai‘tificial plant homones in 1942 identified
2, li~dichlorophenoxyacetic acld (2,L-D) as one of the most promising,

Tield irials during the ¥World Var ITI years proved that a related compound,
2,b,5«trichlorophenoxyacetic acid (2,l,5-T) could also be used as a

selective herbicide, These .two compounds later became important agricvitural
chemicals, and they were the primary comnonents of several of the herbicides

()

employed in the Ranch Hand program.

()
feoffrey T. Blackman, The Fffects of Herbicides in "outh Vietnam,

Part B, Working Papers: An Mistoricel Survey oti the Develo: Jmcnt of
Herbic:l.des (Fashington. D.GC.: HNational Academy of Sciences, @ebruary 197h).

Three termms used throughout this study nced to be defined: Yherbicide,"
_"defoliant," and "dessicant," A herbicide is a chemiczl which will kill

or injure a plant when applied to air, soil, water, or the plarmt itseclf, 2
The defining characteristic of defoliants is that they cause the leaves

of a plant to fall prematwrely, althouch the plant may or may not die as .
a resvlt. A dessiernt is a drving azent which causes a plant's tissues

to lose their moisture, therely killin- or damasing the nlant, The uvse of

a dessicant mgy or may not result in subseoguent defolirtion. Thus, a piven
chemical may fall into one or more of Lhesc caterories., Two of the trms,
"herhicide" and "defoliant” are used practically interchanreably in
discursions absut the Ranch Fend prorram, but soretimes the differcnces in

meaning may be important. )



()

Rprt, Review and Evalustion of ARPA "Defoliation" Program in
South Vietnam /19627, p 5.

L TR X

None of the herbicides used in Southeast Asia were of a new or
experimental neture., They had all been used for several years in commercial
agriculture both in the Unifed States and in other courtries. By wagy of
11lustration, in 1961, the year before the Ranch Hand prozram began, about
hO million acres plus hundreds of thousands of miles of roadsides, railroads,
and ubility riehts of way were btreated with phenoxy herbicides in the United

tates. Of this total s more than ten million acres, an area about one-fourth
the size of Sowth Vietnam, received serial spray applications, The
herbicides used in Southeast Asia were familiar arr_riculta;ral chemicals,

()

and aerial spraying eof them was common,

[ORN
Rprt, Review and Evaluation of ARPA "Defoliation" Program in
South Vietnam /19627, p ii.
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The compounds 2,Ui~D and 2,},5-T are chlorinated phenoxy acids, and

herbicides contain them in the acid form, as salts, and as esters. ¥hich

310

fonﬁ is chosen for a specific application depends on desired characteristics such

as solubility, volatility, and melting point.

2,1,5-T in soil is limited to only a few weeks, and high dosages are
ﬁy,@ui/{%ﬁk., 2 wtild 2l onil

Howeva erabls

concern

para-dioxin, commonly lmown as dioxin, an impurity present in 2,h,5-T.
rnenoxy herbicides are growith regulators which have extensive

effects on ihe structure of planis, Their action is generally rzpid,

and the fact that ibey ray spread ihroughout a plant allows thenm to

affect alrost 211 of iis blological activities, A plent's reaciion

to 2,4-D or 2,4,5-T ray result in an atnorral preduciion of buds or

rools and the excessive growth of tissuveec. In lesser concentrations,

the growth in tissues surrounding a plant's vascular sysicm and the
resultant reslriction in the flow of nutirienils ray ceuse a slow death

In short, ithese two herliciies slimilaic & ewiemees-

C )
J4we proliferation of tissues,which—eawscs plunis—te grow- thopsalves

of the plent.

4ﬁsézzih¢£ )

( ) ne Commitice on th? Effects of lHerticides in Vnrt“qn,
hationnl Fchtuzch Council, The Effcets of Herticides in Sonlh Vielnar:
Fart A, (¥athingion, D C..

T A hational Acadu: j of SC]EJLPﬁ; 1‘2&)
pp. 11-21, 31; Floyd K, Lchion and Alden S. Crafis, Mode of Aclicn of
Jiecrbicides, (Few York: Jobn ¥iley & Sons, 1973), pp. CLAIP08,
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Athird ecryrond used din fhe Fuorch od nerticide forralall

The persistence of 2,4-D and
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necessary to pmduce Mljmn.ouuaﬁecd,__m,{ch}evm@_m_hwmg&\‘
onsg
cgpdevo nped over the potentlal danger from 2,3,7,8-tetrachlorodibenzo-



3 4)

50ld coimercially as Tordon, it has the formal chemical

-

was picloram,
name of 4-amino-3,5,6-trichloropicolinic acid, In its pure state, it

is a white powier with a swmell 1ike chlorine, Picloran's toxicity to ?

man is thought to be lower than that of 2,4-D or 2,4,5-T. Like the

phenoxy herbicides, picleoram regulaies plant growth, but the precise
rechanisrs involved are not knewn, It is an extrermely mobile conpound,

telng readily 2lcorl.3 by beih the lezves and reoots and transported

throughout the plant's tissves., Tis rmobility enhances its effectivencss

agzinst woody planis. Soire of ithe elfvcts of picloram sre to siunt

leaves and cause lerrinal grewth Lo stop.  Also, tissues along the

stem proliferate, znd the siem lends to tend and split., Roots may

deteriorate, and the plant soon dies, Corpared to 2,%k-D, picloram

Is much rore rodile, tziter able lo j:neirale roots, and nore toxic to

plants, One inporiant difference Letween picloram end the phenoxy

herbiecides is that it is persistent in seils whercas ihe jhenoxy

Tis poreisience allows i1 Lo be used as

() ,

a general soil sterilant under some conditions.

cempourds generally are not,

——— o — r— ——— ——— = —

( )The Cormitice on the Effccis of Rerbicides in Vieinanm, The
Effccis of Ferbicides in South Vietiram: Tart A, p. TI-15; Achton and

Crafts, pp. G13-6iB.
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Cacodylic acid, formally known as hydroxydimeihylarsine oxide

and sold as Fhyilar, is not a plant growth regulaior like ihe other

three herbicides, Pather, it functions as an "uncoupler," keeping

the plant\from using the products of its meiabolism for growih and

tissue mainicenance, It is thought that the effectiveness of cacodylic

acid, like other arsenie coapounis JEEREEM vsed as herbicides,

derives from its abiliiy io substitute azrsenic for phesphorus in tio-

cherical reactions, Iis effecis on a plant ave to stop growth, aliazck

rerbrane integrity, and cavse drying, yellowing, and, eveniuvally, death.

Because drying is-its primary observable effect, caccdylic acid is

ofien labeled as a dessicant, Tt is a contact herbicide and is rapidly

revdered ineffeciive in soil, Cacodylic acid, an(S- t

.<oré§ﬁic compound, can replace inorganic forms of arsenic such as

Thuse

sodium arsenite and sodiuvm arsenate in a herbicide role,
inorganic arsenic conpouris are very loxic to Voth run and anirals and

%;g‘(ﬂ{.t" )‘{\(_
can cause accidental fatalities, Caeedylic acid itself is slishtly

toxic to humanfifs
<;dth a protable lethal oral dose of one ounce or nrere, alilhongh it has

1ittle or no toxicity when zpplied to ihe skin.( )

( )1:hton and Crefis, pp., 147-160,
Coerbinations of Lhece four herbicides were vred Lo fermalale

ihe different color-coied zpente uned in the Funeh Hard ojuraticen in

Table 1 lists the composition of these mixtures,

Lo bkl - 4 -4
Soutliezst keve,

AL\
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TARLE 1 ¥

Major Herbicide Mixtures Used in Vietnam

Military Color Code or Trade Neme® Composition (active ineredients)

Pink 60% n~butyl ester of 2,4,5~T
Lo% isobutyl ester of 2 L,S T
Green . 100% n-butyl ester of 2,L,5-T
Pink=Green mixture 80% n-butyl ester of 2,L,5-T
20% isobutyl ester of 2 b 5-T
Dinoxol 505 butyoxyethanol ester
of 2,4-D
50% butyoxyethanol ester
of 2,h,5-T
Trinoxol 100% butyo:ryethanol ester
of 2,b,5-T
Purple 50‘4 n-butyl ester of 2,h-D

% n-butyl ester of 2, ll
50 1sobutyl cster of L

Blue 1007 sodium salt of cacodylic
acid
Oranse 504 n-butyl ester of 2,L-D
50% n-butyl cster of 2,h,5-T
Orange 1I 50% n-butyl ester of 2,h-D -
50% isooctyl ester of 2,):,5-T
Yhite f07 triisopropanolamine salt

'y

20" triisopropanolanine salt
of picloram

a. Herbicide drums were identifind by a four-inch-wide circular band
of paint colored in corres~ondence with there color codes,

3*

The Tormittee on Llie Effects of WHerbieides in Vietnam, llztional
Research ©ouncil, The Effects of Perbicides in South Vietnam: Part ?
(I"2shinaton, D,C.: vatinnal fcerery of Sciences, 1970t), p il~l'; rprb,
Raview end “waluation of LRPF "Thfoaliction" Prorrsam in South Vietnerm f19627,
rp 31-32; rrrt, Capt Flvin L. Youn7, et al, USLF Oxcupntional and nvivanmental

Ve-1th Labore ztory, The Toricolory, “nvirommental Fate, and Puan 2ick of
Ferbicide Oran~e an’ Its Acsociated Dloxin, Cct 78, p I-7.
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