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APPENDIX C 

MILITARY HERBICIDES 1 

Systemic herbicide defoliation acts much like normal seasonal 

defoliation, by causing leaf fall through reduction of production 

of the hormone auxin in leaf blades. This causes an abscission layer 

of large, weak cells to form at the base of the leaf stalk (petiole), 

and leaf fall occurs. Other damaging effects of herbicide application 

include interference with respiration and photosynthesis, and conversion 

of stored carbohydrates to soluble sugars. Two of the major herbicides 

used in Vietnam, Orange and White, were hormone-mimicking compounds 

which were particularly effective against dicotyledonous plants. In 

restricted concentrations, these herbicides are highly selecti_ve, making 

them agriculturally useful for retarding the growth of broad-leafed weeds 

and for the defoliation of crops such as cotton, so that mechanical pickers 

may be more efficiently used. At the concentration levels used in Southeast 

Asia, however, these herbicides were deliberately non-selective to insure 

maximum and prolonged effect on a broad range of jungle vegetation. 

The third major herbicide used in Vietnam was a dessicati.ng compound, 

code named Blue, which was more effective against monocotyledonous plants. 

A contact agent, herbicide Blue was primarily used to attack grasses and 

food crops, such as rice, although it could be used as a defoliant during 

the dry season. Both Blue and White were water-based herbicides, thus 

their effectiveness was easily reduced when diluted or washed off by rains 

within twelve hours of application. Orange herbicide was the preferred 

agent during the rainy season because it was oil soluble. In addition, 

the oily base of this herbi.cide helped the chemical to penetrate waxy 

leaf surfaces faster than the water-based herbicides. The higher volatility 

of Orange, compared to White, increased canopy penetration-in heavy vegetation, 

making it the choice for general jungle defoliation. White herbicide 

was required in areas where drift had to be minimized, such as the vicinity 

of rubber plantations, and was an alternate to Orange under other circumstances. 

All agents were most effective while vegetation was in the rapid 

growth stage, but could be used year-around in Southeast Asia because of 

the nearly continuous growth cycle. Maximum damage to crops, such as 

rice, occurred when the agents were applied prior to maturity or grain (fruit) 

formation stage. Tuber crops, such as sweet potatoes, were ideally sprayed 

during root-forming stages. 
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The primary purpose of the defoliating agents was to increase visibility 

through reduction of vegetation by leaf fall. Most vegetation was only 

temporarily damaged, although repeated applications in the same area, 

without opportunity for the plants to recover, could result in plant loss. 

In addition, some susceptable species, such as mangroves (in particular, 

Rhizophora and Ceriops, both Rhizophoraceae), suffered high mortality 

rates after only one application. Young plants were more likE'ly to significant 

injury than mature vegetatIon: e.g., investigation of accidental sprayings 

of several rubber plantations indicated that rubber trees (Hevea brasiliensis) 

more than seven years old usually recovered after initial leaf drop, while 

younger trees might not survive. 2 

At the combat application rate of three gallons per acre (1,000 gallons 

of herbicide mixture in an area 300 feet wide and 14 kilometers long), 

horizontal visibility in jungle target areas improved from an average 

of 30 percent to an average of 75 percent, and vertical visibility increased 

from 40 to 80 percent, in '1963 evaluations. A survey of field commanders 

of all services in mid-1968 concluded that defoliation with the improved 

MijMlj!lRXXX AlA 45Y-1 system was providing a "60 to 90 percent improvement 

in vertical visibility and a 50 to 70 percent improvement in horizontal 

visibility. ,,3 

The objectives of the crop destruction program were to deny local 

food supplies to the enemy, force diversion of enemy manpower to food 

transportation and production, and to weaken enemy morale. An indirect 

result of the program was the movement of non-combatants from the attacked 

areas, reducing the Iiveil~&;I.e work-force available to the enemy. If sprayed 

just before maturation, rice, cereals, and broad-leafed crops had a high 

rate of mortality. Although Blue herbicide was the preferred anti-crop 

chemical, White and Orange also were effective, but to a lesser degree. 4 

Thus, any crops in areas undergoing defoliation also were damaged. 

Compensation to civilians for inadvertant losses was provided for in the 

crop destruction project, but the indemnification program was difficult 

to administer and usually proved to be one of the weakest links of the 

project. 5 
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[ Whi te Herbicide (1965-1971) 

White herbicide, a~ater soluble liquid, consisted of 10.2 percent '-, 
triisopropanoliamine salt Ofcpiclorao/, 39.6 percent triisopropanolamine 

salt of 2,4-D, and 50.2 percent inert ingredients, mostly triisopro­

panolamine solvent. The herbicide contained 2.54 pounds of active 

ingredient per gallon. Procurement of White herbicide was approximately 

5,600,000 gallons. The mixture contained no dioxin. 

Orange Herbicide (196f-1969) 

Orange herbicide was soluble in diesel fuel and organic solvents. ,~ p) 
d ,eA./tl'o pJ.e""IIXyrMt. kTa- \. 2., '1-

The formulation contained 49.49 percent n-butyl ester of 2,4-ft, 0.13 percent 

free acid of 2,4-D, 48.75 percent of n-butyl ester of 2,4,5-T, 1.0 

percent free acid of 2,4,5-T, and 0.62 percent inert ingredients. The 

soution contained 8.62 pounds of active ingredient (4.21 of 2,1.-D and 

4.41 of 2,4,5-T) per gallon. The mean dioxin concentration has been 

estimated at 1.98 ppm. Est:imated procurement of herbicide Orange was 

11.8 million gallons. 

Orange Herbicide (1968-1969) 

An Orange herbicide formulation produced in 1968-1968 by one 

company, known as Orange II, varied slightly frompr,evious Orange herbicide 

in that the :issocytl ester of 2,4, 5-T replaaed the n·butyl ester of 

2,4,5-T in the mixture. Proportions remained approximately the same, 

but improved quality controls on manufacturing temperatures may have 

reduced the mean dioxin levels to below 1.0 ppm. Approximately 950,000 

gallons of Orange II were shipped to Vietnam in 1968-69. 

Other Herbicides (1961-1962) 

Other chemicals evaluated as herbicides during tests in Vietnam in 1962 

included: Dinoxol, Trinoxol, Diquat, and minute amounts of sixteen 

other chemicals. Soil-applied herbicides also were reported to have 

been evaluated, including: Bromacil, TAndex, Monuron, and Dalapon. 

OO~MMgMXHM~HX~XMMM¥XMMMXKHMX~X~~MMM~MMMM~M¥X*M~MXMMMMXMMX 

Between 1965 and 1971, 90 percent of all Orange herbicides was used 

for defoliation, while 8 percent was expended on crop targets and 2 percent 

was used on base perimeters, lines of communications, etc. Defoliation 

with White accounted for 99 percent of the total of this chemical, with 

the remainder used on base perimeters. Crop destruction used 49 percent 

of the Blue herbicide, with the other 51 percent 
'""70 {H". 

U"( HhU I UhLl 
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1 Except as otherwise noted, all material in this appendix is 

from: USAF, SAAMA, Technical Manual: Use of Herbicides, T.O. 42C-1-17, 

22 November 1966, 1-4; USAF, "Toxicology," C:hap. I; USN, "A Review,'" 
G 

apps. A-B; and SIPRI, E;tological Consequences of the Second Indochina 

War (StockhOlm, Sweden, 1976), 24-29. 

~~~"--lieV-~~ 
~, ~Z?..r-b'fJC---="H ,.-

_"Y :~fC--

20rians and Pfeiffer, 5. 

~.~. . J 

3MACCOC7, "Evaluation of the Defoliation Program," 12 October 1968, 

Letter of Transmittal, 1. 

KE®S¥XXM~M~X~XM~XR~XX~~XR~HXXXXXXXXXXXXXXXX 
4White herbicide normally was not programed against food-growing 

areas because of the longer persistance of picloram due to its slower 

ra te of micr'obial decomposition, but even White herbicide was not harmful 

to plant growth by the next crop season after application. 

5DOS , "Herbicide Policy Review," 31-34. 

6Data in this column calculated fromISIPRI, Ecological, table 3.2. 

7Data in this column calculated from unit historical reports in the 

Albert F. Simpson Historical Research Center. 
8 Data from NAS Report, reprinted in USAF, "Toxicology," table 4. 
9 _. ."..---:--~ -,,-" _' ___ . ____ ._ ... __ ,_.n ... - N '"- .:~~ __ PIN _____ ". 

~La £1 Qii Ii TSit, e'e a~ I, l?e~llfd58Q ltrll:hti'. 
10 ,J,W y/pa/ I!s.t.,,):<.J, ~ 3.'1. 

Data', from ,Jes'6illg, reprinted in ibid. 

11 Data from USN, "A Review," 

12Data from unit historical reports in the AFSHRC. 

~,--
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SOURCES 

CONTACT WITH PARTICIPANTS 

Much of' the detai le,d irlforrnat ion il'l this study came from 
inte.'views with, co::'rresp':)r,dence with, arid questio;:.nnaire respo;:.nses by 
the participants, verified by o;:.fficial. co;:.,'resp':,rldence, perso;:.na.l 
paper's, classified mer.1c,'!'''aY'tda, dial'"'ies, il"ltelligerlce repol'''ts, mission 
rep,:),'ts, ,.r,d' so:' ':'1"1. The fo;:.llo;:.wirlg are 1 ists with dates o;:.f the 
autho;:.r'. co;:.nt~ets with participants. 

1 

L.C. ~ -G 
t~ 

t;t-' Ma .'sh a 11 , 

1 t.. C,"'" 
i 

~~~~~~~ 
10 Octo::,ber 1981. 

QUESTIONNAIRES AND CORRESPONDENCE 

Aldrich., Wil~iam B., MaJC'r)USAF'(Ret.~). Questio;:.rlnaire No. 7118, tfii 
October i981. ' 

A V .. ,.. • O.N"IJ n / C.I.~..I, vrlfF. 
Bo()ne, Geol'''g~ T .. , Co 1 ':'Y'le 1 , 

c""..,..~,,....J ............. ~ 31'14-A.e£ "'z. 
uSAF1t(Ret.~). Questiol'maire No;:.. 7162, (iii 

Oct 0 bew 1 '381. 

8e,w1es, H,:.wat'd F., le'rme,' Captain, USAF. Questio;:.nrlait'e No. 7165, @ 
CJctc,bl-:?Y' 1981, ;:)€l Jal,ua. j lii!!. 6 Ftebruary 1982. C",.r.,,-J--.c.., 29J~ rJl2. 

Be-yet".} ,JI::'(~? C'v Cc,lonel, 
[Jet c, bel" ~ ~3B 1. 

USAF';( Ret,~) • Questio;:.rlnaire N6 7167, G 
1I.,..u ~., ~,.., 

Br"'l':':\fI1b 1 e, ~, : Co 1 oY'le 1, USAF. Quest i ,:onna it'e No;:.. 7172, 22 Octo;:.ber 1981. 

Bl"enrleCKO?, Ha,'old J., Cole.rlel, USAFI/'(Ret ........... ). 
;'26 Januarl-y 1982. 

QIJest i orl1'la it'e No;:.. 7173, 

Briggs" 
Nc, .. 

Earl. H., Technical Sergeant, USAFF( Ret MoM) • Quest i onna i ,'e 
7174, 26 January 19B2. 

BrOCK, Eugen$ 8., USAF. Questio;:.nnaire No. 7176, 9 November 
19B1 " 

11".1.,. 
8ugg, FUcha,'d D., Mel .. I;o_lClic:wol. Sergeant, USAF' (Ret,ioo!"'tHI) • Quest i orlna i "e 

No. 71B7, 30 October 19B1. 

H,-,r{...'" 
Bi.tt,t yl<., And,',",w G., M&i<ihOB' I i "",,1 Se"geant, 

No. 7190, 15 October 19B1. 

Chand Ie,', Wayy\e R., Lieutel~ant C",lorlel, USAF. 
23 Octob*r 1981~ 

Q !..les t i I:)nna i "'''e 

Quest i onr,a i l"e No;:.. 7211, 

Claud, William D., fbrme,' Cap'tain, 
Februa.'y 19B3. 

USAF. Quest i.:)nnait'e No. 78B5, Gi. 
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C Cl YllrlCl t" , 

1\1e,,, 
B,'yce C., Lieuter,ant Ce,lor,el, 
7237, 25 March 1982. 

USAF#.( Ret.~) • Quest il;:.nnai \'''e 

C,":)cker, Aubrey N. , Senior Maste,' Sergear,t, USAF# (Ret.~) • 
QUI*!st ionr,ah'e Ne,. 7249, 18 Novembe,' 1981. 

Cl.uSerlbal''''Y, 
7c:52 , 

Ch,a,'les L., Co 1 '::lnel , 
22 October 1981. 

USAF.v( Rei; ~) • Quest i onna i re Ne,. 

Dabbe,'t, Edwa,'c:i H., Techr,; ca 1 Se"'geant, USAF¢( Ret ~) • 
"Ie)" 7;254, 18 N'::lvemb",,' 1981. • 

Qllest i or,na i re 

Dallas, BI.I>'nie Ro., J'"., f1::~-;'~n Master Sergeant, USAF!/J.(Ret.~). 
Qu,?st i onn,OI i "e No. 7255, 26 January 1982. c.."u-sl'....I .......... , 13 tJ"t:.-"'- 19~/. 

De 1 uch i, Dem i s, A., Ma,lor, USAF#( Ret.'-""eeI) • Quest ior,na i re N,:>. 7264, G).­
"k,vembe,' 1981. 

Dermis, Robe,'t, Lieutenar,t Cole,nel, U8AFIi(Ret.:h-1!!!ej-). Questiormaire No. 
7266, 1;:;: December 198[Ylll',· Ma,'ch 1982, .-or 4 Apri 1 1982. 

C,'I~~) 
DevliY", "'Iichael W., fe,rmer "'laJo,', USAF. Questie,r,r,aire No. 7268('28 

Oct ,:,bet' 1981. 

DOWYIS, James ,.1., 
1981. 

ColoYlel, UBA8 Quest ionnaire No. 7280, 5 Novembe,' 

D,',?s~;er, Ralph C., Colo:mel, USA".,) Quest ionnaire No. 7104, 
198c~. c.,,,<-#I" ,. L,Z'" /I-.):;;--191'l ... 

18 Oct,:>ber 

PP~~~e~l~t\~,e~r,~b+I""r---~"MlM.e~n~a·~r~ar-~DT.-,---·iC~t-.,rl~u~P~,@~lr,~--rO~8~A~E!J~.~~-'Ir.e.lre~p~h~o;'n~e~-rC";c;",..~,v~e~r~s~t~a~t~i~L~I"., 
S- De(''''embQl'~e-t .. 

Dye,', R,:,be,'t S., Lieutenant Color,el, USAF# (Ret.i-t>eEI). 
7;;::89, 30 Oct,:,be,' 1981. 

Qllest ionl",are No. 

E"ics':m, n,"thu,' G., Lieutel",ant Colonel, UBAF. Questionl",aire No. 7300, 
14 December 1981. 

Fa:r"Y'i 5, 

1\10" 

R,;:)bel·'t H., Lieutel",ant Colonel, USAF#(Ret.~). 
7310, 20 "k:.vembe,' 1981. 

F,'att, Mel"lyl'" D., Lieuter,ant Colonel, USAF.#(Ret.i4o>eeI). 
No .. 7332, 11 November' 1981. 

Quest i Ol",na i re 

Questionnaire 

F"imptel", DOl",ald J., {o,'ml"" Staff Se"geant, USA~ Questionnaire No. 
7333, 5 November 1981 .. 

Gagne'l"I, Le,::' J., J,'., C':llonel, USAF#(Ret.i-t>eEI). 
30 October 1981 • 

Quest i Ol",l"Ia i re No. 7342, 

.. ... -"'-",'"'' -"". -.-.--,- ......... -" "",-.-.-"---'--._'- ·-·-.... -· .... -·-1-·-----·--· --- - ....... -.- _.-,,,-. ---.-.----. '--,-' "-."" -. -.... 
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Gerlach, Daniel D., Master Sergeant, USRF. 
Novembet' 1981. 

Questionnaire Nc." 7349, c[" 

Gcn::.d, Hemt'y K., Liel.lterlarlt Cole.rlel, USRF#:(Ret.~). Que~stionnaire Nc •• 
7356, "1 Mat'ch 1982 ....... " 14 May 1982. 

C.rr.~, 17 n_~" tf/z.. J 

Gcn'man, Mi 1 lard D., Mastet' Sergeant, USRF1I!(Ret.~).. Quest i.:;.nnait'e 
No" 7358, 3 February 1982. 

Gt'<7,'y, James E. 'I Tectwlical Serogeant, USRF.#( Ret.44->t!!!d). 
7:361, 23 Dctobel' 1981. 

Gt'esham, Bet'lirl J., Seniot' Mastet' Set'geant, U~'RF. 

7:368, 23 November 1981. 

Gt'c,ss, .J;.111am Too, Master Set'geant, USAF#(Ret.~). 
7372, 7 November 1981. 

Quest ionrlait"e No. 

Questionnaire No. 

Quest i onna i Y'e No. 

Gt'uerlle,', Eric G., Lieuter,ar,t Colorlel, USAF#.(Ret .. ·' ...... (j). Quest i onna i t'e 
No. 7373, 4 February 1982. 

Hamilton, J.:;.hn C., Mastet' Sergearlt, USRP.i-(Ret.~). Quest ionnai t'e 
No. 7380, 1 February 1982. 

Har,se.n, Pauli Roo, Colorlel, USAF (Ret.~0 Questonnait'e 1\1.:>. 7387, 20 
Dct obet' 1981. 

Hat"'ison, Robet't L., Maste,' Set'gearlt, USAF;#'(Ret.i-t>ed). Qllest i orma i re 
No. 7:394, 16 N.:.vembet' 1981. 

Ha'SSSEH"t t, R(~bet"t w . ., Technical Sergeant, USAF :#: (Ret.H-ed) • 
QUE~st iOY'lna i \-"e 1\1(').. 7396., 12 N.:>vembe,' 1981. 

HeJde, Dardel I., Col.:;.nel, USAF. 
1981. 

Quest iormaire No. 7407, 17 Nove01bet' 

Hoclg i 1'1, Je.hn K., IVlaJe.t', USAF# (Ret.~). Quest iorlnai l'''e~ No. 7423, 23 
Novehlber 1 98 l .• 

<; h ff Nitl.tft;r 
Hoppe,', Mat' :lOl'l Woo, li>4!'1l'i s'r ASewgearlt, USAF#-( Ret,Wed) • 

7427, 20 October 1981. 

/';"l.".1 

Ques~t i onna i re N'j. 

He','n, lBD~~!~b:;.' 19~~~utenan"i:~.' USAFjt(Ret.t·t"1!n:I>. Questionnaire No. 7428, 

Hubbs, Ch,,,-,'le5' H., Lieutenant Colcmel, USAF"4'(Ret.i-¥>ed). Quest i onr,a i t'e 
N,;,,, 7103, U~ Rugust 1981 and .'::2 Oct.:;.bet' 1981. 

Hutchinson, Merle D., Senior Master Sergeant, USAF fr ( Ret.;H-ed ) " 
Questionnaire No. 7444, 12 November 1981. 

Questionnaire No. 7453, 



I •.. 

15 NoveMber 1981. 

K i b'jdea ux, Rndy, IYlaJ 'j,', USiRF:Zt( Ret.:i.->-e!d) • 
Febr'ua,'y 1 98;:~. 
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Questionr,aire No. 74073, 

Knight, Wallace S., Technical Sergeant, 
~.,,, 749:&., 14 .Tar,uary 1982. 

Ct>,.~-...~~/ 
Q"suit ior:eniil j lOa 

Knothe, William C., Lieutenant Colonel, 
No. 7484, 2 February 1982. 

USRF J/( Ret i-l"e"ctl • , Quest i ,::>nna i re 

L.a,'son, Ft'anl< W., Lie'Jtenant Colonel, USRF. Quest iorm,lire No. 7495, 
6 February 1982. 

Leger', 01euse M., .Jr'., IYlastet' Sergeant, USRF4'(Ret.~). Questionnaire 
No. 7498, 22 October 1981. 

L.uke, Hal",::, 1 d W., MaJ CIt', 

15 October 1981. 
USRF #:( Ret,i-t>ectl • Questionnaire No. 7108, 

Mahan, Wi ley H., 
1981. 

Captain, USRF. Quest ior,nai>'e No. 75:19, 4· November 

Mar,tler, Robet,·t C., Technical Sergeant, USRF,t·(Ret,~). Questionnaire 
No. 7521, .'24 October' 1981. 

Mal"shal1, Rober't E., foY'mer' MaJor', 
25 Oct ':> ber' 1981. 

USRF. 

Mar'tir" Wil',fo:,r'd D., J,'., Mastet' Sergeant, 
7532, 28 October 1981. 

Quest i en'·lna, i l'''e NCJ. 7528, 

USAF. QUestionnaire No. 

McCat'thy, James R., Brigadi.et' General, USAF#(Ret.~). Quest i or,na i re 
No. 7542, 21 October' 1981. 

Mc C ,;:. 1', r,e 1 1, At'thur F., Jt'., Lie'Jtenar,t Cc,lonel, USAF:It ( Ret • .H>ed) • 
Questi':'l'maire No. 7110, 25 Decembet' 1981. 

IYlcCul.l,;:.ugh, Dor,lad D., MaJ,:,r, USRFi1'(Ret.~). 
6 N,:,ver"ber 1981. 

McGee, Edwat'd R., Ma,j':n-, 
1 February 1982. 

USRF.:#·( Ret :i-»ed) • , 

Mead, Ronald E., Lieutenant Colonel, 
30 January 1982. 

USAF. 

Quest i,:.nr,ai re No. 7545, 

Questionnaire No. 7552, 

Quest i orma i>'e No. 7557, 

Meadowl Char'les J., Lieutenant Colonel, 
No. 7558, 23 November 1981. 

USAF#( Ret Wed) • 

Meek ins, 
Nt;) .. 

, 

F~ogen' P., Lieutel",ar,t Colo:mel, USAF#(Ret.~). 
7561, 15 Nr.wernber' 1981. 

Quest i oY'lnai l"'e 



l'1i lam, Ge':o"ge B. , 
Questionnaire No. 

Seroie,r Maste,' Se"geant, 
7570, 15 January 1982. 

USAF tt (Ret. i-»t!!'tt) • 

Me,hney, Russell E., MaJol·' Gene,'al, USAF. Questionnail·'e No. 7111., 
9 Ne,vembe,' 1981. O>M ,,17 !"Iarch 1982. 

c".,.".e,.'lh .& • ~, I n~ '91'-2. J 

IViullir,ax, Johr, C., Techr,ical Se"geant, USAF.#(Ret.!cl· .. ,.d). 11uestionnai,'e 
No. 7595, 20 October 1981. 

N,:>lan, Jifllmy, Chief Maste,' Se"geant, 
. , J ar,ua,'y 1982. 

USAF • Quest i,:onn·a:ire No. 7511, 

Nolar" Wi.lliam C., !"Iaster Se"geant, USAF#(Ret.~). 
7E,1<::, 6 Ne,vembE."" 1981. 

Dba, R,:,be,'t N., I'last e" Se"gear,t, .#. USAF (Ret)rl·ee(). 
7617, .7:5 Oc·tobe,' 198L 

Questionnaire No. 

Que·st ionnai re No. 

Pa,',', Michael J., 
1981.. 

MaJ '::lr, USAF. Quest ionnaire No. 753121, 14 December 

Ph :i. 11 i P"', Robe.·'t 13., Co 1 or,e 1, USAF ft.( Ret.i-t"i!.!1::I) • 
20 October 1981. 

Quest ionn.ai "e No. 7544, 

Picht, Clyde W., Lieutenant Colonel, 
No" 7645, 28 Oct'::lbet' 1981. 

LJSAF~ (Ret.i->"ed) • Quest i or,na i re 

P'::lchut'ek, L .• James, Lieutenar,t Colonel, USAFJ,(Ret.i:-red). Quest ior,nai re 
N'::l. 7113, 20 Ap"i1 1982, 

P":Lce, Charle!; W., Techr,ical Sergeant, USAF#-(Ret,l:-rect-). 
No. 7657, 30 October 1981. 

Reese, A,'thl'" G., Maste,' Sergear,t, USAF~Ret~d-). 
7666, 12 October 1981. 

Rf"lc,des, 
N'::I .. 

Billy D., Technical Sergeant, 
7670, 27 October 1981. 

Questionnaire No. 

Qllest i onna i re 

Ri.chm.::.ncl, John P., Lieutenant Ce.lonel, USAFI.(RetJ_d). Quest ionnai ,'e 
No. 7672, 20 November 1981. 

Rc,be't'''tsc'n, Eltgc"Hie~ 

QIJ.C~st; iOY'lnai re No .. 

Robinson, William 
Questionnaire No. 

S., Technical Sergeant, 
7681, 20 October 1981. 

F. , 
7687, 

Lieutenar,t Colonel, 
15 Janllal'''Y 1982 .. 

R."the,'mel, !"la,'shal1 B., SF.mior Maste,' Se"geant, 
Quest ionn"i,'e Nc." 7698, 7 Decenlber 1981. 

USAF :11 (Ret ...... ed). 

USAF :/1- (Ret.4-t-ed)" 
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Sc.:ott, Joh'"1 L., MaJ '::lr, USAFP( Ret irt>ecr) • 
9 November 1981. 

Quest io::lnna i re No::l. 7718, 

ShEHa)''''c'n~ Be ..... nard F., Jr. , 
18 November 1981. 

USAF. Quest i Ol'ma i re No. 7726, 

(Rd.) 
ShI,.lPP€H·t, IYlichael l...., 

18 October 1981. 
USAF,;,. Questiol''on,ai,'e No. 7731, 

Sm:i.th, Elwo.::ld L., Technical Sergeant, USAF-#(Ret.~). Quest i elY"lna i re 
Ne.. 7736, 2l, .Jal' ..... lat·y 1982. 

Sm;, 11, Hat·e.l d R. , 
Quest iCI1"1nail''''e N,:-" 

former 
7744·, 1 

SergeaYlt, 
No;)vembet· 1981. 

Sc.>wles, Walta'r E. 'I Mastet· Sen'geant, USAF.I(Ret i-»ed). 
7'747'1 21 Jay,uat·y 1982. • 

USAF 11 (Ret H-et:I ) • , 

Questionnaire No. 

Spey, Je.hy, R., IVla,] ()"', USAF""(Ret.~). Quest iOYlnait'e No. 7101, 24 July 
1981. aI'"'' ;22 Def!eMBe, 1901. Ref«JJ d,,.,ul',,....I~J 19io· ,713 • 

Spivey, De In·,,,,t· B. 
Questionnaire No~ 

.J.P l~. LieuteY,ar,t Cc.lonel, 
7750, 27 Oct.;)bet· 1981. 

Stihl, John T., Brigadier General, 
19 October 1981. 

USAF. 7757, 

Stipatich, John H., fc.rmerCaptain, 
12 October 1981. 

USAF. Questionnaire No. 7759, 

Stonet·, Rex I~., Jt·., LieuteY,ay,t Col';)Ylel, USAF # (Ret.i-,"etI). 
Ques'!: iC'nn,dre No. 7762, 27 October 1981. 

Tanner, James L.~ Colonel, 
2':) N.:.vembet· 1981. 

Q~lest i onn.\ i re No. 7774, 

ThO:Ofllas, L':lwell V., Lieutenar,t Celle.r,el, USAF. Quest i':lnn.lire No. 7884, 
;::;~ Febt·uat·y 1982. C.Y'r .... p~ .......... , 190 .. ",'- 1'1'1. 

Thompsoro, Jc.seph W., Master Sergeay,t, USAF-#'( Ret.4-I'-e!1:I). Questionnaire 
No. 7785, 28 Octo:ober 1981. 

T':lp'::llosky, IVlic:hael J., Jr., LieutenaYlt Colonel, US~\F #(Ret!i--.ct). 
Quest i.:.tr.nait"e Nel" 7793, 25 October 1981 .. 

Tt'emaiY,e, Al,-1l"I D., Technical Sergeant, USAF#(Ret,i • ...-ed). Quest i orona i re 
No. 7798, 20 January 1982. 

Uhlet·" Ve"'ne D., Mastet· Sergear,t, USAF-#(Ret.~). Q ues. t i OYW'.a. i }'''e No .. 
7805, 23 October 1981. 

6 

Waitt" l_awt'ence! L., L.ieuter,ant Cole.nel, USAF#(Ret.;i.,,'etO. Quest i onYla i re 
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') "do. 
this work. ttm:l:!e issues must be left to confront future rE,searchers 

who have freer access to original materials, and to when those 
"'" invol ved may feel less protective about their roles in the events 

under study. 12 
+ .., A 

s..e~ ~Inrt, 



AAAS 

AAF 

ABG 

ACG 

ACS 

ACW 

AD 

ADVON 

AFB 

AGILE 

ALCC 

AOC 

AOVI 

ARPA 

ARVN 

CBU 

CCTS 

CCTW 

CDTC 

CHECO 

CIA 

CINCPAC 

CINCPACAF 

COMUSMACV 

DASC 

DET 

DDT 

DMZ 

DNOK 

DOD 

APPENDIX B 

GLOSSARY OF TERMS AND ABBREVIATIONS 

American Association for the Advancement of Scie!nce 

Army Air Force 

Air Base Group 

Air Commando Group 

Air Commando Squadron 

Air Commando Wing 

Air Division 

Advanced Echelon 

Air Force Base 

Project to field-test various herbicides in South Vietnam 

during 1961. 

Airlift Control Center 

Air Operations Center (Vietnamese) 

Agent Orange Victims International 

Advanced Research Projects Agency 

South Vietnamese Army 

Cluster Bomb Unit 

Combat Crew Training Squadron 

Combat Crew Training Wing 

Combat Development and Test Center 

Contemporary Historical Examination of Current Operations 

Central Intelligence Agency 

Commander-in-Chief, Pacific 

Commander-in-Chief, Pacific Air Forces 

Commander, United States Military Assistance Command, 

Vietnam 

Direct Air Support Center 

Detachment 

Dichloro-diphenyl-trichloroethane 

Demilitarized Zone 

Dinituorthocresol 

Department of Defense 
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DRV 

EPA 

FAC 

FARM GATE 

FEAF 

FM 

GAO 

GCI 

GVN 

HAC 

ICC 

IRAN 

JCS 

JGS 

MAAG 

MACV 

MULE TRAIN 

NAS 

NCOIC 

NLF 

NRC 

NVA 

OIC 

PACAF 

PCS 

Pol war 

Psywar 

RANCH HAND 

RVN 

R&D 

SAAMA 

Democratic Republic of Vietnam (North Vietnam) 

Environmental Protection Agency 

Forward Air Controller 

Operation to provide American aviation support to South 

Vietnamese forces, beginning in 1961. 

Far East Air Forces 

Frequency Modulation 

General Accounting Office 

Ground Controlled Intercept 

Government of Vietnam (South Vietnam) 

Herbicide Assessment Committee of the National Academy of 

Sciences 

International Control Commission 

Inspection and Repair As Necessary 

Joint Chiefs of Staff 

Joint General Staff (South Vietnamese) 

Military Assistance Advisory Group 

Military Assistance Command, Vietnam 

Operation to provide airlift support to South Vietnam by 

American-flown transport aircraft, beginning in 1961. 

National Academy of Sciences 

Non-commissioned Officer-in-Charge 

National Liberation Front (Mat-Tran dan-toc giaiphone) 

National Research Council 

North Vietnamese Army 

Officer-in-Charge 

Pacific Air Forces 

Permanent Change of Station 

Political Warfare 

Psychological Warfare 

USAF herbicide operation in Southeast Asia, beginning in 

1961. 

Republic of Vietnam (South Vietnam) 

Research and Development 

San Antonio Air Material Area 
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SAC 

SA SF 

SOS 

SOW 

TAC AF 
TRANSRON 
PROV 1 

TAC 

TACAN 

TACC 

TAPS 

TAS 

TAW 

TCDD 

TCG 

TOY 

TFW 

TRAIL DUST 

USAID 

USAF 

USIS 

VA 

VC 

VNAF 

Strategic Air Command 

Special Aerial Spray Flight 

Special Operations Squadron 

Special Operations Wing 

Tactical Air Force TransportSquadron, Provisional One 

Tactical Air Command 

Tactical Air Navigation System 

Tactical Air Control Center 

Tactical Air Positioning System (British) 

Tactical Airlift Squadron 

Tactical Airlift Wing 

Tetrachlorodibenzo-£-dioxin 

Troop Carrier Group 

Temporary Duty 

Tactical Fighter Wing 

Overall herbicide program in Vietnam, 1961-1971 

United States Agency for International Development 

United States Air Force 

United States Information Service 

Veterans Administration 

Viet Cong 

Vietnamese Air Force (South Vietnam) 
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APPENDIX C 

MILITARY HERBICIDES1 

General Description 

Systemic herbicide defoliation acts much like normal seasonal 

defoliation, by causing leaf fall through reduction of production of 

the hormone auxin in leaf blades. This causes an abscission layer of 

large, weak cells to form at the base of the leaf stalk (petiole), and 

leaf fall occurs. Other damaging effects of herbicide appl ication 

include interference with respiration and photosynthe'~is, and 

conversion of stored carbohydrates to soluble sugars. Two of the 

major herbicides used in Vietnam, Orange and White, were hormone­

mimicking compounds which were particul ar 1 y effecti ve against 

dicotyledonous plants. In restricted concentrations, these herbicides 

are highly selective, making them agriculturally useful for retarding 

the growth of broad-leafed weeds and for the defoliation of crops such 

as cotton, so that mechanical pickers may be more efficiently used. 

At the concentration levels used in Southeast Asia, however, these 

herbicides were deliberately non-selective to insure maximum and 

prolonged effect on a broad range of jungle vegetation. 

The third major herbicide used in Vietnam was a dessicating 

compound, code named Blue, which was more effective against 

monocotyledonous plants. Herbicide Blue, a contact agent, was 

primarily used to attack grasses and food crops, such as rice, 

although it could be used as a defoliant during the dry season. Both 

Blue and White were water-based herbicides, thus their effectiveness 

was easily reduced when diluted or washed off by rains within twelve 

hours of application. Orange herbicide was the preferred agent during 

the rainy season because it was oil soluble. In addition, the oily 

base of this herbicide helped the chemical to penetrate waxy leaf 

surfaces faster than the water-based herbicides. The higher 

volatility of Orange, compared to White, increased canopy penetration 
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in heavy vegetation, making it the choice for general jungle 

defoliation. White herbicide was required in areas where drift had to 

be minimized, such as the vicinity of rubber plantations, and was an 

alternate to Orange under other circumstances. 

All agents were most effective while vegetation was in the rapid 

growth stage, but could be used year-around in Southeast Asia because 

of the nearly continuous growth cycle. Maximum damage to crops, such 

as rice, occurred when the agents were applied prior to maturity or 

grain (fruit) formation stage. Tuber crops, such as sweet potatoes, 

were ideally sprayed during root-forming stages. 

The primary purpose of the defoliating agents was to increase 

visibility through reduction of vegetation by leaf fall. Most 

vegetation was only temporarily damaged, although repeated 

applications in the same area, without opportunity for the plants to 

recover, could result in plant loss. In addition, some susceptable 

species, such as mangroves (in particular, Rhizophora and Ceriops, 

both Rhizophoraceae), suffered high mortality rates after only one 

application. Young plants were more likely to significant injury than 

mature vegetation: e.g., investigation of accidental sprayings of 

several rubber plantations indicated that rubber trees (Hevea 

brasiliensis) more than seven years old usually recovered after 

initial leaf drop, while younger trees might not survive. 2 

At the combat application rate of three gallons per acore (1,000 

gallons of herbicide mixture in an area 300 feet wide and 14 

kilometers long), horizontal visibility in jungle target areas 

improved from an average of 30 percent to an average of 75 percent, 

and vertical visibility increased from 40 to 80 percent, in 1963 

evaluations. A survey of field commanders of all services in mid-1968 

concluded that defoliation with the improved A/A 45Y-l system was 

providing a "60 to 90 percent improvement in vertical visibility and a 

50 to 70 percent improvement in horizontal visibility. ,,3 
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The objectives of the crop destruction program were to deny local 

food supplies to the enemy, force diversion of enemy manpower to food 

transportation and production, and to weaken enemy morale. An 

indirect result of the program was the movement of non-combatants from 
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the attacked areas, reducing the work-force available to the enemy. 

If sprayed just before maturation, rice, cereals, and broad-leafed 

crops had a high rate of mortality. Although Blue herbicide was the 

preferred anti-crop chemical, White and Orange also were effective, 

but to a lesser degree. 4 Thus, any crops in areas undergoing 

defol iation al so were damaged. Compensation to civilians for 

inadvertant losses was provided for in the crop destruction project, 

but the indemnification program was difficult to administer and 

usually proved to be one of the weakest links of the project. 5 

Structural Formula: 

Primary Chemicals 

Cacdylic Acid6 

(hydroxydimethylarsine oxide) 

CH3--- As ---- OH 

o 

Toxicologieal Properties: 

Cacodylic Acid was reported to have an acute oral LD50* toxicity 

to young male and female albino rats of 830 mg/kg, and some subacute 

toxicity evidence at 226 mg/kg. Dermal and occular testing indicated 

that the chemical compound was essentially non-irritating when 

accidently applied. 

* The ingestion level at which 50 percent mortality can be 
expected • 

. -.-.---'--------'-.. --~.--.------.---."-.--------'.'--,~-,---
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Trade Names: 

This compound was manufactured under several names, including 

Phytar 138. Rad-E-Cate, Chexmate, and Bolls-Eye cotton defoliant. The 

military mixture was refered to as Phytar 160 and, later, Phytar 560G. 

Picloram7 

(4-amino-3,5,6-trichloropicolinic acid) 

Structural Formula: 

CI '\.'\.~_-CI 

o 

II 
CI C--OH 

Toxicologieal Properties: 

Picloram was reported to have a low order toxicity to fish and 

wildlife, with acute LD50 levels ranging from 8,200 mg/kg for rats to 

greater than 750 mg/kg for cattle. Mild skin irritation was noted, 

with moderate eye irritation which healed rapidly with no corneal 

injury likely. Inhalation of dusts were cited as somewhat irritating, 

but not likely to cause illness. 

Tr ad e Names: 

In combination with 2,4-D, Picloram was manufactured under the 

general trade name of Tordon. 

specifically as Tordon 101. 

The military mixture was known 
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2,4_08 

(2,4-dichlorophenoxyacetic acid) 

Structural Formula (n-butyl ester): 

Cl 

Cl 

Toxicological Properties: 

Acute oral L050 toxicity for rats, rabbits, and guinea pigs range 

from 300 to 1,000 mg/kg. It is reported not harmful to wildlife under 

use cond i tions. Some formulations are reported to cause skin 

irritation. Inhalation toxicity is considered minimal. Pure 2,4-0 

acid was reported to have caused slight mortality for fingerling bream 

and largemouth bass at 100 ppm. 

Tr ad e Names: 

This chemical compound, often in combination with Picloram or 

2,4,5-T, was manufactured under various formulations, including 

Weedone, Esteron, Weedar, and Oacamine. 
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2,4,5-T 9 

(2,4,5-trichlorophenoxyacetic acid) 

Structural Formula (n-butyl ester): 

Cl 

Cl 

Cl 

Toxicological Properties: 

At recommended use rate of 0.5 to 16 pounds per acre, the hazard 

to wildlife was reported negligible, with an acute oral toxicity 

(LD 50 ) of 300 mg/kg for rats and 100 mg/kg for dogs. No significant 

increase in tumors occurred when 2,4,5-T was fed to mice for 18 months 

at 21.5 mg/kg/day. 

Trade Names: 

Manufacture names included Weedone, Weedar, Esteron, and various 

brands of "brush-killers." 

Herbicide formulations used in Southeast Asia ---

Blue Herbicide (1961-64) 

Early Blue herbicide was a powdered cacodylic acid with 65 

percent active ingredient, 30 percent sodium chloride, 3 percent 

sulfates, and 2 percent water. Mixed in the field with water at the 

rate of 2.9 pounds of powder per gallon, 5,200 gallons of formulation 
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were reportedly used in Vietnam. This mixture contained organic 

arsenic and traces of inorganic arsenic. 

Blue Herbicide (1965-1971) 

Blue herbicide, the preferred anti-crop chemical, was a soluble 

combination of 4.7 percent cacodylic acid, 26.4 percent sodium 

cacodylate, 5.5 percent sodium chloride, mixed with 3.4 percent 

surfactant, 0.5 percent anti foam agent, and 59.5 percent water. This 

formulation contained 3.1 pounds of active ingredient per gallon. The 

mixture contained no dioxin, but did have 15.4 percent organic arsenic 

and traces of inorganic arsenic. 

Green Herbicide (1962-1964) 

Green herb:lcide, an oil-soluble formulation consisting wholly of 

n-butyl 2,4,5-Trichloraphenoxyacetate (2,4,5-T), contained 8.16 pounds 

active ingredient per gallon. Estimated dioxin (2,3,7,8-

Tetrachloradibenzo-p-dioxin) concentration was 65.6 ppm. Use of Green 

was very limited--only 8,208 gallons were procured. 

Orange Herbicide (1965-1969) 

Orange herbicide was soluble in diesel fuel and organic solvents. 

The formulation contained 49.49 percent n-butyl ester of 2,4-

dicholorophenoxyacetate (2,4-D), 0.13 percent free acid of 2,4-D, 

48.75 percent of n-butyl ester of 2,4,5-T, 1.0 percent free acid of 

2,4,5-T, and 0.62 percent inert ingredients. The solution contained 

8.62 pounds of active ingredient (4.21 of 2,4-D and 4.41 of 2,4,5-T) 

per gallon. The mean dioxin concentration has been estimated at 1.98 

ppm. Estimated procurement of herbicide Orange was 11.8 million 

gallons. 
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Orange Herbicide (1968-1969) 

An Orange herbicide formulation produced in 1968-1969 by one 

company, known as Orange II, varied slightly from previous Orange 

herbicide in that the issocytl ester of 2,4,5-T replaced the n-butyl 

ester of 2,4,5-T in the mixture. Proportions remained approximately 

the same, but improved quality controls on manufacturing temperatures 

reportedly reduced the mean dioxin levels to below 1.0 ppm. Approx­

imately 950,000 gallons gallons of Orange II were shipped to Vietnam 

in 1968-69. 

Pink Herbicide (1962-1964) 

Pink herbicide was another oil-soluble herbicide, consisting of 

60 percent n-butyl 2,3,5-T and 40 percent iso-butyl 2,4,5-T, with 8.16 

pounds act, i ve ingred ients per gallon. Dioxin concentration was 

estimated at 65.6 ppm average, and procurement was 122,792 gallons. 

Purple Herbicide (1962-1964) 

Purple herbicide was soluble in diesel fuel and organic solvents, 

and consisted of 50 percent n-butyl ester of 2,4-0, 30 percent n-butyl 

ester of 2,4,5-T, and 20 percent iso-butyl ester of 2,4,5-T. The 

mixture contained 8.6 pounds of active ingredient per gallon. The 

mean dioxin concentration has been estimated at 32.8 ppm. Procurement 

of Purple was 145,000 gallons. 

White Herbicide (1965-1971) 

White herbicide, a water soluble liquid, consisted of 10.2 

percent tri isopropano 1 iamine sal t of 4-amino 3,4,6-trichoropicol inic 

acid (picloram), 39.6 percent trUsopropanolamine salt of 2,4-0, and 

50.2 percent inert ingredients, mostly triisopropanolamine solvent. 

The herbicide contained 2.54 pounds of active ingredient per gallon. 

Procurement of White herbicide was approximately 5,600,000 gallons. 

The mixture contained no dioxin. 
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Other Herbicides (1961-1962) 

Other chemicals evaluated as herbicides during tests in Vietnam 

in 1962 included: Dinoxol, Trinoxol, Diquat, and minute amounts of 

sixteen other chemicals. Soil-applied herbicides also were reported 

to have been evaluated, including: Bromacil, Tandex, Monuron, and 

Dalapon. 

Herbicide Expenditures in Southeast Asia (1962-1971). 

By Chemical and Type Mission 

Available records indicate 90 percent of all Orange herbicide 

used between 1965 and 1971 was for defoliation, while 8 pel"cent was 

expended on crop targets and 2 percent on base perimeters, lines of 

communications, waterways, etc. Ninety-nine percent of White 

herbicide was used for defolication, with the remainder used on base 

perimeters. Crop destruction missions used 49 percent of the Blue 

herbicide, with the other 51 percent used for defoliation or perimeter 

grass control. The pre-1965 percentages are estimated to be approx­

imately the same for the equivilent chemicals. 

By Year and Total Gallons 

1962 17,171 10 49,240 11 

1963 74,760 --12 

1964 281,607 218,510 

1965 664,657 12 

1966 2,535,788 2,600,000 

1967 5,123,353 4,879,000 

1968 5,089,010 4,639,900 

1969 4,558,817 4,265,800 

1970 758,966 854,600 

1971 10,039 1,900 

---_._-----_._--------_._-.-. 
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Area Treated (by year and acres) 

1962 5,681 14 5,724 15 13,61417 

1963 24,947 24,920 21,568 
1964 93,842 93,869 78,894 

1965 75,501 13 221,559 221,552 72,32716 229,920 

1966 608,106 842,764 845,263 847,496 
__ 12 

1967 1,570,114 1,707,738 1,707,784 1,599,903 1,375,241 

1968 1,365,479 1,330,836 1,696,337 802,380 

1969 1,365,754 1,519,606 

1970 294,925 252,989 

1971 1,259 3,346 

1 Except as otherwise noted, all material in this appendix is 
from: USAF, SAAMA, Technical Manual: Use of Herbicides, T.O 42C-1-
17, 22 November 1966, 1-4; USAF, "Toxicology," Chap. I; USN, "A 
Review," apps. A-B; and SIPRI, Ecological Consequences of ~he Second 
Indochina ~ar (Stockholm, Sweden, 1976), 24-29. 

20r ians and Pfeiffer, 5. 

3MACCOC7, "Evaluation of the Oefoliation Program," 1;~ October 
1968, Letter of Transmittal, 1. 

4White herbicide normally was not programmed against food-growing 
areas because of the longer persistance of picloram due to its slower 
rate of microbial decomposition, but even White herbicide was not 
harmful to plant growth by the next crop season after application. 

500S , "Herbicide Policy Review," 31-34. 

6Nguyen Khac Vien, ed., Chemical Warfare (Hanoi, 1971), foldout 
chart; Herbicide Handbook Committee, Herbicide Handbook of the Weed 
Science Society of America, 3d ed. (Champaign, IL, 1974), 80··82. --

7Nguyen, foldout chart; Herbicide Handbook, 302-5. 

8Nguyen, foldout chart; Herbicide Handbook, 116-21. 

9Nguyen, foldout chart; Herbicide Handbook, 375-78. 

100ata in this column calculated from SIPRI, Ecolol,\icCll, table 
3.2. 

110ata in this column calculated from unit historical reports in 
the Albert F. Simpson Historical Research Center. 



120ata missing. 

130ata from NAS Report, reprinted in USAF, "Toxicology," table 4. 

14USA, Biological Laboratories, "Information Manual for Vegeta-
tion Control in Southeast Asia," by K. R. Irish, R. A. Oal"rOW, and 
C. E. Minarik, 1969. 

150ata calculated from SIPRI, Ecological, table 3.2. 

160ata from USN, "A Rev iew," 

170ata from unit historical 
Historical Research Center. 

reports in the Albert F. Simpson 
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APPENDIX D 

RANCH HAND HONORS 

As Special Aerial Spray Flight, 309th Air Commando Squadron: 

Air Force Outstanding Unit Award, with V Device for Valor, 

8 March 1965-30 April 1965. 

Air Force Outstanding Unit Award, with V Device for Valor, 

30 June 1965-9 Jul y 1965. 

As 12th Air Commando Squadron/12th Special Operations Squadron: 

Presidential Unit Citation, 21 August 1966-30 June 1967. 

Air Force Outstanding Unit Award, with V Device for Valor, 

15 October 1966-30 April 1967. 

Republic of Vietnam Gallantry Cross, with Palm, 15 October 1966-

31 July 1967. 

Presidential Unit Citation, 21 January 1968-12 May 1968. 

Republic of Vietnam Gallantry Cross, with Palm, 1 May 1968-1 July 

1969. 

Presidential Unit Citation, 15 May 1968-15 April 1969. 

Republic of Vietnam Gallantry Cross, with Palm, 1 June 1969-

1 June 1970. 

Presidential Unit Citation, 1 April 1970-30 June 1970. 
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APPENDIX C 

MILITARY HERBICIDES1 

Systemic herbicide defoliation acts much like normal seasonal 
GO' 

d(tfi~ation, by causing leaf fall through reduction of production of 

the hormone .auxin in leaf blades. This causes an abscission layer of 

large, weak cells to form at the base of the leaf stalk (petiole), and 

leaf fall occurs. Other damaging effects of herbicide application 

include interference with ~spiration and photosynthesis, and 

conversion of stored carbohydrates to soluble sugars. Two of the 

major herbicides used in Vietnam, Orange and White, were hormone­

mimicking compounds which were particularly effect:lve against 

dicotyledonous plants. In restricted concentrations, these herbicides 

are highly selective, making them agriculturally useful for retarding 

the growth of broad-leafed weeds and for the defoliation of crops such 

as cotton, so that mechanical pickers may be more efficIently used. 

At the concentration levels used in Southeast Asia, however, these 

herbicides were deliberately non-selective to insure maximum and 

prolonged effect on a broad range of jungle vegetation. 

The third major herbicide used in Vietnam was a dessicating 

compound, code named Blue, which was more effective against 

monocotyledonous plants. .'A --~;;ntact agent-~ he~b_~~i_d.:. B~y~) was 

primarily used to attack grasses and food crops, such as rice, 

although it could be used as a defoliant during the dry season. Both 

Blue and White were water-based herbicides, thus their effectiveness 

was easily reduced when diluted or washed off by rains within twel ve 

hours of application. Orange herbicide was the preferred agent during 

the rainy season because it was oil soluble. In additi()n, the oily 

base of this herbicide helped the chemical to penetrate waxy leaf 

surfaces faster than the water-based herbicides. The higher 

volatility of Orange, compared to White, increased canopy penetration 

in heavy vegetation, making it the choice for general jungle 

defoliation. White herbicide was required in areas where drift had to 

be minimized, such as the vicinity of rubber plantations, and was an 

alternate to Orange under other circumstances. 



All agents were most effective while vegetation was in the rapid 

growth stage, but could be used year-around in Southeast Asia because 

of the nearly continuous growth cycle. Maximum damage to crops, such 

as rice, occurred when the agents were applied prior to maturity or 

grain (frui t) formation stage. Tuber crops, such as sweet potatoes, 

were ideally sprayed during root-forming stages. 

The primary purpose of the defoliating agents was to increase 

visibility through reduction of vegetation by leaf fall. Most 

vegetation was only temporarily damaged, although repeated 

applications in the same area, without opportunity for the plants to 

recover, could result in plant loss. In addition, some susceptable 

species, sueh as mangroves (in particular, Rhizophora and Ceriops, 

both Rhizophoraceae), suffered high mortality rates aft;er only one 

application. Young plants were more likely to significant, injury than 

mat6\!Je vegetation: e.g., investigation of accidental sprayings of 

several. rubber plantations indicated that rubber trees (Hevea 

brasiliensis) more than seven years old usually recovered after 

initial leaf drop, while younger trees might not survive. 2 

At the combat application rate of three gallons per acre (1,000 

gallons of herbicide mixture in an area 300 feet wide and 14 

kilometers long), horizontal visibility in jungle target areas 

improved from an average of 30 percent to an average of 75 percent, 

and vertical visibility increased. from 40 to 80 percent, in 1963 

evaluations. A survey of field commanders of all services in mid-1968 

concluded that defoliation with the improved AlA 45Y-1 system was 

providing a "60 to 90 percent improvement in vertical visibility and a 

50 to 70 percent improvement in horizontal visibility. ,,3 

The objectives of the crop destruction program were to deny local 

food supplies to the enemy, force diversion of enemy manpower to food 

transportation and production, and to weaken enemy morale. An 

indirect result of the program was the movement of non-combatants from 

the attacked areas, reducing the work-force available to the enemy. 

If sprayed just before maturation, rice, cereals, and broad-leafed 

crops had a high rate of mortality. Although Blue herbicide was the 

preferred anti-crop chemical, 

but to a lesser degree. 4 
White and Orange also were effective, 

Thus, any crops in areas undergoing 

-~-~--~----.-.----------.--------.---.-----.----
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defol iation al so were damaged. Compensation to civilians for 

inadvertant losses was provided for in the crop destruction project, 

but the indemnification program was difficult to administer and 

usually proved to be one of the weakest links of the projElct. 5 

Herbicide~ used in Southeast Asia 

Blue Herbicide (1961-64) 

Early Blue herbicide was a powdered cacodylic acid with 65 

percent active ingredient, 30 percent sodium chloridEl, 3 percent 

sulfates, and 2 percent water. Mixed in the field with water at the 

rate of 2.9 pounds of powder per gallon, 5,200 gallons of formulation 

were reportedly used in Vietnam. This mixture contained organic 

arsenic and traces of inorganic arsenic. 

Blue Herbicide (1965-1971) 

Blue herbiCide, the preferred anti-crop chemical, was a soluble 

combination of 4.7 percent cacodylic acid, 26.4 percent sodium 

cacodylate, 5.5 percent sodium chloride, mixed with 3.4 percent 

surfactant, 0.5 percent antifoam agent, and 59.5 percent water. This 

formulation contained 3.1 pounds of active ingredient per gallon. The 

mixture contained no dioxin, but did have 15.4 percent organic arsenic 

and traces of inorganic arsenic. 

Green Herbicide (1962-1964) 

Green herbicide, an oil-soluble formulation consisting wholly of 

n-butyl 2,4,5-Trichloraphenoxyacetate (2,4,5-T), contained 8.16 pounds 

active ingredient per gallon. Estimated dioxin (2,3,7,8-

Tetrachloradibenzo-p-dioxin) concentration was 65.6 ppm. Use of Green 

was very limited--only 8,208 gallons were procured. 

Orange Herbicide (1965-1969) 

Orange herbicide was soluble in diesel fuel and organic solvents. 

The formulation contained 49.49 percent n-butyl ester of 2,4-

dicholorophenoxyacetate (2,4-0), 0.13 percent free acid of 2,4-0, 

48.75 percent of n-butyl ester of 2,4,5-T, 1.0 percent free acid of 



;, 
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2,4,5-T, and 0.62 percent inert ingredients. The solution contained 

8.62 pounds of active ingredient (4.21 of 2,4-D and 4.41 of 2,4,5-T) 

per gallon. The mean dioxin concentration has been estimated at 1.98 

ppm. Estimated procurement of herbicide Orange was 11.8 million 

gallons. 

Orange Herbicide (1968-1969) 

An Orange herbicide formulation produced in 1968-1969 by one 

company, known as Orange II, varied slightly from previous Orange 

herbicide in that the issocytl ester of 2,4,5-T replaced the n-butyl 

ester of 2,4,5-T in the mixture. Proportions remained approximately 

"" the same, but improved qujality controls on manufacturing temperatures 
~Y't,/Jllj ~ 

-fra--\I'-e reduced the mean dioxin levels to below 1.0 ppm. 

Approximately 950,000 gallons gallons of Orange II wer'~ shipped to 

Vietnam in 1968-69. 

Pink Herbicide (1962-1964) 

Pink herbicide was another oil-soluble herbicide, consisting of 

60 percent n-butyl 2,3,5-T and 40 percent iso-butyl 2,4,5··T, with 8.16 

pounds active ingredients per gallon. Dioxin concentration was 

estimated at 65.6 ppm average, and procurement was 122,792 gallons. 

Purple Herbicide (1962-1964) 

> Purple herbicide was SOluf,ble in diesel fuel and organic 

solvents, and consisted of 50 percent n-butyl ester of 2,4-D, 30 

percent n-butyl ester of 2,4,5-T, and 20 percent iso-bu1;yl ester of 

2,4,5-T. The mixture contained 8.6 pounds of active ingredient per 

gallon. The mean dioxin concentration has been estimated at 32.8 ppm. 

Procurement of Purple was 145,000 gallons. 

White Herbicide (1965-1971) 

White herbicide, a water-soluble liquid, consisted of 10.2 

percent triisopropanol iamine salt of 4-amino 3,4,6-trichoropicolinic 

acid (picloram), 39.6 percent triisopropanolamine salt of 2,4-D, and 

50.2 percent inert ingredients, mostly triisopropanolamine solvent. 

The herbicide contained 2.54 pounds of active ingredient per gallon. 

4 
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Procurement of White h,~rbicide was approximately 5,600,000 gallons. 

The mixture contained no dioxin. 

Other Herbicides (1961-1962) 

Other chemicals evaluated as herbicides during tests in Vietnam 

in 1962 included: Dinoxol, Trinoxol, Diquat, and minute amounts of 

sixteen other chemicals. Soil-applied herbicides al so were reported 

to ha v e been ev al uated, inc 1 ud ing: Bromac iI, Tandex, Monuron, and 

Dalapon. 

Herbicide Expenditures in Southeast Asia (1962-1971) 

By Chemical and Type Mission 

-'\ A .;,.p; • .k" 
Between 1965 and 19~_11, .available records/l90 percent of all Orange 

herbicides W8& used~16r defoliation, while 8 percent was expended on 

crop targets and .! percent on lase perimeters, lines of 

communications, wattrerways, etc. Ninety-nine percent of White 
"".-

herbicide was used for defol ication, with the remainder used on base 

perimeters. Crop destruction missions used 49 percent of the Bl ue 

herbicide, with the other 51 percent used for defoliation or perimeter 

grass control. The pre-1965 percentages are estimated to be 

approximately the same for the equivilent chemicals. 

-r .+.J. 
By Year andAGallons 

1962 17,171 6 49,2407 

1963 74,760 A.:ltA n.'7S ':"'j 

1964 281,607 218,510 

1965 664,657 J",t", ,.....Sl;~ 

1966 2,535,788 2,600,000 

1967 5,123,353 4,879,000 

1968 5,089,010 4,639,900 

1969 4,558,817 4,265,800 

1970 758,966 854,600 

1971 10,039 1,900 

5 
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-AF-ea.-'!'r e abe&.-( b y year 
+vf.J ; ...... ).) 

and acres)! 

1962 5,681 9 5,724 10 13,61412 

1963 24,947 24,920 21,568 
1964 93,842 93,869 78,894 
1965 75,501 8 221,559 221,552 72,327 11 229,920 
1966 608,106 842,764 845,263 847,496 

1967 1,570,114 1,707,738 1,707,784 1,599,903 1,375,241 
1968 1,365,479 1,330,836 1,696,337 802,380 

1969 1,365,754 1,519,606 

1970 294,925 252,989 

1971 1,259 3,346 

1 Except as otherwise noted, all material in this appendix is 
from: USAF, SAAMA, Technical Manual: Use of Herbicides, T.O 42C-1-
17, 22 November 1966, 1-4; USAF, "Toxicology," Chap. I; USN, "A 
Review," apps. A-B; and SIPRI, Ecological Consequences o'!: the Second 
Indochina War (Stockholm, Sweden, 1976), 24-29. 

20r ians and Pfeiffer, 5. 

3MACCOC7, "Evaluation of the Defoliation Program," 12 October 
1968, Letter of Transmi.ttal, 1. 

4White herbicide normally was not programmed against food-growing 
areas because of the longer persistance of picloram due to its slower 
rate of microbial decomposition, but even White herbicide was not 
harmful to plant growth by the next crop season after application. 

5DOS , "Herbicide Policy Review," 31-34. 

6Data in this column calculated from SIPRI, Ecological, table 
3.2. 

7Data in this column calculated from unit historical reports in 
the Albert F. Simpson Historical Research Center. 

8Data from NAS Report, reprinted in USAF, "Toxicology," table 4. 

9USA, Biological Laboratories, "Information Manual for Vegetation 
Control in Southeast Asia," by K. R. Irish, R. A. Darrow, and C. E. 
Minarik, 1969. 

10Data calculated from SIPRI, Ecological, table 3.2. 
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11 Data from USN, 11 A Rev iew," 

12Data from unit historioal reports in the AFSHRC. 
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2,4-D 

(2,4-dichlorophenoxy)acetic acid 

Structural Formula (n-butyl ester): 

Cl 

Cl 

Trade name and manufacturer: 

Toxicological properties: 

Acute toxicity: Oral LD50 for rats, rabbits and guinea pigs 

range from 300 to 1,000 mg/kg. It is reported not harmful to wildlife 

under use conditions. Some formulations are reported to causeskin 

irritation and inhalation toxicity is considered minimal. Pure 2,4-D 

acid was reported to have caused slight mortality for fingerling bream 

and largemouth bass at 100 ppm. 

fI~/' '"Ie I II{ -2./ 

,,#0 >t - i.t.LJ 

Picloram 

4-amino-3,5,6-trichloropicolinic acid 

Structural Formula: 

Cl Cl 

o 
Cl N C OH 

Toxicological properties: ~ 
'" c.,..b;.~..J...:.... 1",41.. lo, c.j -0, -f1anuf~cturered under t'he general trade name of Tordov picloram 

was reported to have a low order toxicity to fish and wildlife, with 

acute oral LD50 levels ranging from 8,200 mg/kg for rats to greater 

than 750 mg/kg for cattle. Mild skin irritation was noted, with moderate 

eye irritation which healed rapidly with no corneal injury likely. 

~8he~a§~o~1~he§Hsts were cited as somewhat irritating, but not likely 

r,.....tJ... .,.....-: n .... _ \ 1'4 ;.... d.::; 

I"';,..J..- IAAt J,.,.. "'" -r;.J.- PI. 
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APPENDIX C 

Primary chemicals' 

Cacodylic Acid II 
(hydroxydimethylarsine oxide) 

Structural F'ormula: 
CH, 

CH, As OH 

o 

;..( 
TF8lh~ haIJIE ana manufacturer: 

Ra.Q E_Cate, Vjneland a~}/im;isal Op. 

Toxicological Properties: 

~_rree~and female' ..... =J_LI 30 mg/k' 
. rltating S in and eye when ac~tlY 

exposed 

yT,,1( I~,.J , C~~~~~~iQ~~~~~~~~~~~, Caco ylic Acid was reported 
to have 

of 830 

an acute oral toxicity to young male and female albino rats 
mg/kg, and some subacute toxicity evidence at .226 mg/kg. Dermal 

and occular testing indicated that the chemical compound was essentially 
non-irritiating when accidently applied. J 

nA.,...+ .. rJ. • ..-I ...J-. , ... tJ.. ,.,,,- ..... .1 'P1o. .,-1-_ m, t?J-~.('~, 
7t.. ..... I.~ .... ,,,,,­

~7*''' rlD(('. 
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2,4,5-T 

(2,4,5-trichlorophenoxy)acetic acid 

Structural Formula (n-butyl ester) 

CI 

Toxicological Properties: 

o CH2 CO 0 (CH2 )3 CH
3 

CI 

CI 

At recommended use rates of 0.5 to 16 lb/A, the hazard to wildlife 

was reported negligible, with an acute oral toxicity (LD
50

) of 300 

mg/kg for rats and 100 mg'kg for dogs. No significant increase in 

tumors occurred when 2,4,5-T was fed to mice for 18 months at 21.5 

mg/kg/day. 

Ii o-1-L ~ ()-f Ie. 37)" - 7 6 
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APPENDIX C 

MILITARY HERBICIDES1 

General Description 

Systemic herbicide defoliation acts much like normal seasonal 

defoliation, by causing leaf fall through reduction of production of 

the hormone ~ in leaf blades. This causes an abscission layer of 

large, weak cells to form at the base of the leaf stalk (peti.ole), and 

leaf fall occurs. Other damaging effects of herbicide appl ication 

include interference with respiration and photosynthe,sis, and 

conversion of stored carbohydrates to soluble sugars. Two of the 

major herbicides used in Vietnam, Orange and White, were hormone­

mimicking compounds which were particul ar 1 y effecti ve against 

dicotyledonous plants. In restricted concentrations, these herbicides 

are highly selective, making them agriculturally useful for retarding 

the growth of broad-leafed weeds and for the defoliation of crops such 

as cotton, so that mechanical pickers may be more efficientl y used. 

At the concentration levels used in Southeast Asia, however, these 

herbicides were deliberately non-selective to insure maximum and 

prolonged effect on a broad range of jungle vegetation. 

The third major herbicide used in Vietnam was a dessicating 

compound, code named Blue, which was more effective against 

monocotyl edonous pI ants. Herbicide Bl ue, a contact agent, was 

primarily used to attack grasses and food crops, such as rice, 

although it could be used as a defoliant during the dry season. Both 

Blue and White were water-based herbicides, thus their effectiveness 

was easily reduced when diluted or washed off by rains within twelve 

hours of application. Orange herbicide was the preferred agent during 

the rainy season because it was oil soluble. In addition, the oily 

base of this herbicide helped the chemical to penetrate waxy leaf 

surfaces faster than the water-based herbicides. The higher 

volatility of Orange, compared to White, increased canopy penetration 

in heavy vegetation, making it the choice for general jungle 
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defoliation. White herbicide was required in areas where dri.ft had to 

be minimized, such as the vicinity of rubber plantations, and was an 

alternate to Orange under other circumstances. 

All agents were most effective while vegetation was in the rapid 

growth stage, but could be used year-around in Southeast Asia because 

of the nearly continuous growth cycle. Maximum damage to crops, such 

as rice, occurred when the agents were applied prior to maturity or 

grain (fruit) formation stage. Tuber crops, such as sweet potatoes, 

were ideally sprayed during root-forming stages. 

The primary purpose of the defoliating agents was to increase 

visibility through reduction of vegetation by leaf fall. Most 

vegetation was only temporarily damaged, although repeated 

applications in the same area, without opportunity for the plants to 

recover, could result in plant loss. In addition, some susceptable 

species, such as mangroves (in particular, Rhizophora and Ceriops, 

both Rhizophoraceae), suffered high mortality rates after only one 

application. Young plants were more likely to significant injury than 

mature vegetation: e.g., investigation of accidental sprayings of 

several rubber plantations indicated that rubber trees (Hevea 

brasiliensis) more than seven years old usually recovered after 

initial leaf drop, while younger trees might not survive. 2 

At the combat application rate of three gallons per aere (1,000 

gallons of herbicide mixture in an area 300 feet wide and 14 

kilometers long), horizontal visibility in jungle target areas 

improved from an average of 30 percent to an average of 75 percent, 

and vertical visibility increased from 40 to 80 percent, in 1963 

evaluations. A survey of field commanders of all services in mid-1968 

concluded that defoliation with the improved AlA 45Y-1 system was 

providing a "60 to 90 percent improvement in vertical visibility and a 

50 to 70 percent improvement in horizontal visibility."3 

The objectives of the crop destruction program were to deny local 

food supplies to the enemy, force diversion of enemy manpower to food 

transportation and production, and to weaken enemy morale. An 

indirect result of the program was the movement of non-combatants from 

the attacked areas, reducing the work-force available to the enemy. 
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If sprayed just before maturation, rice, cereals, and broad-leafed 

crops had a high rate of mortality. Although Blue herbicide was the 

preferred anti-crop chemicoal, White and Orange also were effective, 

but to a lesser degree. 4 Thus, any crops in areas undergoing 

defol iation al so were damaged. Compensation to civilians for 

inadvertant losses was provided for in the crop destruction project, 

but the indemnification program was difficult to administer and 

usually proved to be one of the weakest links of the project.5 

Structural Formula: 

Primary Chemicals 

Cacdylic Acid 6 

(hydroxydimethylarsine oxide) 

As OH 

o 

Toxicological Properties: 

Cacodylic Acid was reported to have an acute oral LD50* toxicity 

to young male and female albino rats of 830 mg/kg, and some subacute 

toxicity evidence at 226 mg/kg. Dermal and occular testing indicated 

that the chemical compound was essentiall y non-irritating when 

accidently applied. 

Tr ade Names: 

This compound was manufactured under several names, including 

* The ingestion level at which 50 percent mortality can be 
expected. 
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Phytar 138, Rad-E-Cate, Chexmate, and Bolls-Eye cotton defoliant. The 

military mixture was refered to as Phytar 160 and, later, Phytar 560G. 

Picloram7 

(4-amino-3,5,6-trichloropicolinic acid) 

Structural Formula: 

CI 

CI 

Toxicological Properties: 

N 

CI 

o 
C OH 

Picloram was reported to have a low order toxicity to fish and 

wildlife, with acute L050 levels ranging from 8,200 mg/kg for rats to 

greater than 750 mg/kg for cattle. Mild skin irritation was noted, 

with moderate eye irritation which healed rapidly with no corneal 

injury likely. Inhalation of dusts were cited as somewhat irritating, 

but not likely to cause illness. 

Trade Names: 

In combination with 2,4-0, Picloram was manufactured under the 

general trade name of Tordon. 

specifically as Tordon 101. 

The military mixture was known 

2,4-08 

(2,4-dichlorophenoxyacetic acid) 

Structural Formula (n-butyl ester): 

CI CI 
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Toxicological Properties: 

Acute oral LD50 toxicity for rats, rabbits, and guinea pigs range 

from 300 to 1,000 mg/kg. It is reported not harmful to wildlife under 

use conditions. Some formulations are reported to cause skin 

irritation. Inhalation toxicity is considered minimal. Pure 2,4-D 

acid was reported to have caused slight mortality for fingerling bream 

and largemouth bass at 100 ppm. 

Trade Names: 

This chemical compound, often in combination with Pialoram or 

2,4,5-T, was manufactured under various formulations, including 

Weedone, Esteron, Weedar, and Dacamine. 

2,4,5-T 9 

(2,4,5-trichlorophenoxyacetic acid) 

Structural Formula (n-butyl ester): 

Cl 

Toxicological Properties: 

0--CH2--CO--0--(CH2)3--CH3 
Cl 

Cl 

At recommended use rate of 0.5 to 16 pounds per acre, the hazard 

to wildlife was reported negligible, with an acute oral toxicity 

(LD50 ) of 300 mg/kg for rats and 100 mg/kg for dogs. No significant 

increase in tumors occurred when 2,4,5-T was fed to mice for 18 months 

at 21.5 mg/kg/day. 

Trade Names: 

Manufacture names included Weedone, Weedar, Esteron, and various 

brands of "brush-killers." 
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Herbicide formulations used in Southeast Asia ---

Blue Herbicide (1961-64) 

Early Blue herbicide was a powdered cacodylic acid with 65 

percent active ingredient, 30 

sulfates, and 2 percent water. 

rate of 2.9 pounds of powder per 

percent sodium chloride, 3 percent 

Mixed in the field with water at the 

gallon, 5,200 gallons of formulation 

were reportedly used in Vietnam. This mixture contained organic 

arsenic and traces of inorganic arsenic. 

Blue Herbicide (1965-1971) 

Blue herbicide, the preferred anti-crop chemical, was a soluble 

combination of 4.7 percent cacodylic acid, 26.4 percent sodium 

cacodylate, 5.5 percent sodium chloride, mixed with 3.4 percent 

surfactant, 0.5 percent anti foam agent, and 59.5 percent water. This 

formulation contained 3.1 pounds of active ingredient per gallon. The 

mixture contained no dioxin, but did have 15.4 percent organic arsenic 

and traces of inorganic arsenic. 

Green Herbicide (1962-1964) 

Green herbicide, an oil-soluble formulation consisting wholly of 

n-butyl 2,4,5-Trichloraphenoxyacetate (2,4,5-T), contained 8.16 pounds 

active ingredient per gallon. Estimated dioxin (2,3,7,8-

Tetrachloradibenzo-p-diox:ln) concentration was 65.6 ppm. Use of Green 

was very limited--only 8,,~08 gallons were procured. 

Orange Herbicide (1965-1969) 
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Orange herbicide was soluble in diesel fuel and organic solvents. 

The formulation contained 49.49 percent n-butyl ester of 2,4-

dicholorophenoxyacetate (2,4-D), 0.13 percent free acid of 2,4-D, 

48.75 percent of n-butyl ester of 2,4,5-T, 1.0 percent free acid of 
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2,4,5-T, and 0.62 percent inert ingredients. The solution C)ontained 

8.62 pounds of active ingredient (4.21 of 2,4-D and 4.41 of 2,4,5-T) 

per gallon. The mean dioxin concentration has been estimated at 1.98 

ppm. Estimated procurement of herbicide Orange was 11.8 million 

gallons. 

Orange Herbicide (1968-1969) 

An Orange herbicide formulation produced in 1968-1969 by one 

company, known as Orange II, varied slightly from previous Orange 

herbicide in that the issocytl ester of 2,4,5-T replaced the n-butyl 

ester of 2,4,5-T in the mixture. Proportions remained approximately 

the same, but improved quality controls on manufacturing temperatures 

reportedly reduced the mean dioxin levels to below 1.0 ppm. Approx­

imately 950,000 gallons gallons of Orange II were shipped to Vietnam 

in 1968-69. 

Pink Herbicide (1962-1964) 

Pink herbicide was another oil-soluble herbicide, consisting of 

60 percent n-butyl 2,3,5-T and 40 percent iso-butyl 2,4,5-T, with 8.16 

pounds act i v e ingred ients per ga lIon. Diox in concentrat ion was 

estimated at 65.6 ppm average, and procurement was 122,792 gallons. 

Purple Herbicide (1962-1964) 

Purple herbicide was soluble in diesel fuel and organic solvents, 

and consisted of 50 percent n-butyl ester of 2,4-D, 30 percent n-butyl 

ester of 2,4,5-T, and 20 percent iso-butyl ester of 2,4,5-T. The 

mixture contained 8.6 pounds of active ingredient per gallon. The 

mean dioxin concentration has been estimated at 32.8 ppm. Procurement 

of Purple was 145,000 gallons. 
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White Herbicide (1965-1971) 

White herbicide, a water soluble liquid, consisted of 10.2 

percent triisopropanoliamine salt of 4-amino 3,4,6-trichoropicolinic 

acid (picloram), 39.6 percent triisopropanolamine salt of 2,4-D, and 

50.2 percent inert ingredients, mostly triisopropanolamine solvent. 

The herbicide contained 2.54 pounds of active ingredient per gallon. 

Procurement of White herbicide was approximately 5,600,000 gallons. 

The mixture contained no dioxin. 

Other Herbicides (1961-1962) 

Other chemicals evaluated as herbicides during tests in Vietnam 

in 1962 included: Dinoxol, Trinoxol, Diquat, and minute amounts of 

sixteen other chemicals. Soil-applied herbicides also were reported 

to have been evaluated, including: Bromacil, Tandex, Monuron, and 

Dalapon. 

Herbicide Expenditures in Southeast Asia (1962-1971) 

By Chemical and Type Mission 

Available records indicate 90 percent of all Orange herbicide 

used between 1965 and 1971 was for defoliation, while 8 percent was 

expended on crop targets and 2 percent on base perimeters, 1 ines of 

communications, waterways, etc. Ninety-nine percent of White 

herbicide was used for defolication, with the remainder used on base 

perimeters. Crop destruction missions used 49 percent of the Blue 

herbicide, with the other 51 percent used for defoliation or perimeter 

grass control. The pre-1965 percentages are estimated to be approx­

imately the same for the equivilent chemicals. 
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By Year and Total Gallons 

1962 17,171 10 49,240 11 

1963 74,760 12 

1964 281,607 218,510 
1965 664,657 12 

1966 2,535,788 2,600,000 
1967 5,123,353 4,879,000 
1968 5,089,010 4,639,900 
1969 4,558,817 4,265,800 
1970 758,966 854,600 
1971 10,039 1,900 

Area Treated (by year and acres) 

1962 5,681 14 5,724 15 13,614 17 

1963 24,947 24,920 21,568 
1964 93,842 93,869 78,894 
1965 75,501 13 221,559 221,552 72,327 16 229,920 
1966 608,106 842,764 845,263 847,496 12 

1967 1,570,114 1,707,738 1,707,784 1,599,903 1 ,375,241 
1968 1,365,479 1,330,836 1,696,337 802,380 
1969 1,365,754 1,519,606 

1970 294,925 252,989 
1971 1,259 3,346 

1 Except as otherwise noted, all material in this appendix is 
from: USAF, SAAMA, Technical Manual: Use of Herbicides, T.O 42C-1-
17, 22 November 1966, 1-4; USAF, "Toxicology," Chap. I; USN, "A 
Review," apps. A-B; and SIPRI, Ecological Consequences of the Second 
Indochina War (Stockholm, Sweden, 1976), 24-29. 

20rians and Pfeiffer, 5. 

3MACCOC7, "Evaluation of the Defoliation Program," 12 October 
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1968, Letter of Transmittal, 1. 

4White herbicide normally was not programmed against food-growing 
areas because of the longer persistance of picloram due to its slower 
rate of microbial decomposition, but even White herbicide was not 
harmful to plant growth by the next crop season after applicat:ion. 

500S , "Herbicide Poli.cy Review," 31-34. 

6Nguyen Khac Vien, ed., Chemical Warfare (Hanoi, 1971), foldout 
chart; Herbicide Handbook Committee, Herbicide Handbook of l;he Weed 
Science Society of Americ~, 3d ed. (Champaign, IL, 1974), 80-82. 

3.2. 

7Nguyen, foldout chart; Herbicide Handbook, 302-5. 

8Nguyen, foldout chart; Herbicide Handbook, 116-21. 

9Nguyen, foldout chart; Herbicide Handbook, 375-78. 

100ata in this col umn calcul ated from SIPRI, Ecological, table 

110ata in this column calculated from unit historical reports in 
the Albert F. Simpson Historical Research Center. 

120ata missing. 

322 

130ata from NAS Report, reprinted in USAF, "Toxicology," table 4. 

14USA, Biological Laboratories, "Information Manual for Vegeta-
tion Control in Southeast Asia," by K. R. Irish, R. A. Oarrow, and 
C. E. Minarik, 1969. 

150ata calculated from SIPRI, Ecological, table 3.2. 

160ata from USN, "A Review," 

170ata from unit historical reports in the Albert F. Simpson 
Historical Research Center. 



APPENDIX C 

MILITARY HERBICIDES' 

Systemic herbicide defoliation acts much like normal seasonal 
') 1.."1: ",1)'"", .A 
, t\~fl> --7 dofilation, 'f;J causing leaf fall through reduction of pr()duction of 

the hormone auxin in leaf blades. This causes an abscission layer of 

large, weak cells to form at the base of the leaf stalk (petiole), and 

1 eaf fa 11 occurs. Other damaging effects of herbicide appl ication 

include interference with espiration and photosynthesis, and 

conversion of stored carbohydrates to soluble sugars. Two of the 

major herbicides used in Vietnam, Orange and White, were hormone­

mimicking compounds which were particularly effective against 

dicotyledonous plants. In restricted concentrations, these herbicides 

are highly selective, making them agriculturally useful for retarding 

the growth of broad-leafed weeds and for the defoliation of crops such 

as cotton, so that mechanical pickers may be more efficiently used. 

At the concentration levels used in Southeast Asia, however, these 

herbicides were deliberately non-selective to insure maximum and 

prolonged effect on a broad range of jungle vegetation. 

The third major herbicide used in Vietnam was a dessicating 

> compound, code-named Blue, which was more effective against 

monocotyledonous plants. A contact agent, herbicide Blue was 

primari ly used to attack grasses and food crops, such as rice, 

although it could be used as a defoliant during the dry season. Both 

Blue and White were water-based herbicides, thus their effectiveness 

was easily reduced when diluted or washed off by rains within twelve 

hours of application. Orange herbicide was the preferred agent during 

) the rainy season because it was oil-soluble. In addition, the oily 
A 

base of this herbicide helped the chemical to penetrate waxy leaf 

surfaces faster than the water-based herbicides. The higher 

volatility of Orange, compared to White, increased canopy penetration 

in heavy vegetation, making it the choice for general jungle 

defoliation. White herbicide was required in areas where drift had to 

be minimized, such as the vicinity of rubber plantations, and was an 

alternate to Orange under other circumstances. 
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All agents were most effective while vegetation was in the rapid 

growth stage, but could be used year-around in Southeast Asia because 

of the nearly continuous growth cycle. Maximum damage to crops, such 

as rice, occurred when the agents were applied prior to maturity or 

grain (fruit) formation stage. Tuber crops, such as sweet potatoes, 

were ideally sprayed during root-forming stages. 

The primary purpose of the defoliating agents was to increase 

visibility through reduction of vegetation by leaf fall. Most 

vegetation was only temporarily d,maged, although repeated 
dl/o""", 

applications in the same area, without opportunity for the plants to 
". 

recover, could result in plant loss. In addition, some suscept~le 

2 

species, such as mangroves (in particular, Rhizophora and Ceriops, 

both Rhizophoraceae), suffered high mortality rates aner only one 

application. Young plants were more likely to significant injury than 

> mat~e vegetation: e.g., investigation of accidental sprayings of 

several rubber plantations indicated that rubber trees (Hev~ 

brasiliensis) more than seven years old usually recovered after 

initial leaf drop, while younger trees might not survive. 2 

At the combat application rate of three gallons per acre (1,000 

gallons of herbicide mixture in an area 300 feet wide and 14 

kilometers long), horizontal visibility in jungle target areas 

improved from an average of 30 percent to an average of 75 .'"rcent, 

and vertical visibility increased from 40 to 80 percent, in 1963 

evaluations. A survey of field commanders of all services in mid-1968 

concluded that defoliation with the improved AlA 45Y-1 system was 

providing a "60 to go percent improvement in vertical visibility and a 

50 to 70 percent improvement in horizontal visibility."3 

The objectives of the crop destruction program were to deny local 

food supplies to the enemy, force diversion of enemy manpower to food 

transportation and production, and to weaken enemy morale. An 

indirect result of the program was the movement of non-combatants from 

the attacked areas, reducing the work-force available to the enemy. 

If sprayed just before maturation, rice, cereals, and broad-leafed 

crops had a high rate of mortality. Although Blue herbicide was the 

preferred anti-crop chemical, White and Orange also were effective, 

but to a lesser degree. 4 Thus, any crops in areas undergoing 
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defoliation also were damaged. Compensation to civilians for 

~ -j inadvertant losses was provided for in the crop destruc1;ion project, 
<,(l' 

but the indemnification program was difficult to administer and 

usually proved to be one of the weakest links of the projE>ct. 5 

Herbicides ~ in Southeast Asia 

Blue Herbicide (1961-64) 

Early Blue herbicide was a powdered cacodylic acid with 65 

percent active ingredient, 30 percent sodium chloride, 3 percent 

sulfates, and 2 percent water. Mixed in the field with water at the 

rate of 2.9 pounds of powder per gallon, 5,200 gallons of formulation 

were reportedly used in Vietnam. This mixture contained organic 

arsenic and traces of inorganic arsenic. 

Blue Herbicide (1965-1971) 

Blue herbicide, the preferred anti-crop chemical, w!.s a soluble 

combination of 4.7 percent cacodylic acid, 26.4 per,nent sodium 

cacodylate, 5.5 percent sodium chloride, mixed with 3.4 percent 

surfactant, 0.5 percent antifoam agent, and 59.5 percent water. This 

formulation contained 3.1 pounds of active ingredient per gallon. The 

mixture contained no dioxin, but did have 15.4 percent organic arsenic 

and tra()es of inorganic arsenic. 

Green Herbicide (1962-1964) 

Green herbicide, an oil-soluble formulation consisting wholly of 

3 

n-butyl 2,4,5-Trichloraphenoxyacetate (2,4,5-T), contained 

acti ve ingredient per ga llon. Estimated dioxin 

8.16 pounds 

(2,3,7,8-

Tetrachloradibenzo-p-dioxin) concentration was 65.6 ppm. Use of Green 

was very limited--only 8,208 gallons were procured. 

Orange Herbicide (1965-1969) 

Orange herbicide was soluble in diesel fuel and organic solvents. 

The formulation contained 49.49 percent n-butyl est.er of 2,4-

dicholorophenoxyacetate (2,4-D), 0.13 percent free acid of 2,4-D, 

48.75 percent of n-butyl ester of 2,4,5-T, 1.0 percent free acid of 


