APPENDIX C

MILITARY HERBICIDES1

Systemic herbicide defoliation acts much like normal seasonal
defoliation, by causing leaf fall through reductiocn 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 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 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 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.
A1l 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 fepeated'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 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 pefcent, in 1963 evaluations. A survey of field commanders
of all services in mid-1968 concluded that defoliation with the improved
EHYEEMXXX  A/A 45Y-1 system was providing a "60 to 90 percent improvement
in vertical visibility and a 590 to.70 percent improvement in horizontal
visibility."3 _

The objectives of the crop destruction program were to deny local
food supplies to the énemy, 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 sweddmbide 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.é
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 provéd to be one of the weakest links of the

project.5
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kh White Herbicide (1965-1971)

White herbicide, a water soluble liquid, consisted of 10.2 percent
triisopropanoliamine salt of(ﬁlcloraﬁ 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 (1968-1968)

Orange herbicide was soluble in diesel fuel and organlsui?%3323ivdﬂ}‘h_(lq
The formulation contained 49.49 percent n-butyl ester of 2,413 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 (4.2% 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

117.8 million gallons.

Orange Herbicide (1968-1969)

An Orange herbicide fohmulation.produced in 1968-1968 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 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.
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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
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TExcept as otherwise noted, all material in this appendix is
from: USAF, SAAMA, Technical Manual: Use of Herbicides, T.0. 42C-1-17,
22 November 1966, 1-4; USAF, "Toxicology," Chap. I; USN, "A Review,":

3
apps. A-B; and SIPRI, E¢ological Consequences of the Second Indochina
War (Stockholi, Sweden, 1976), 24-29,
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2Or‘ians and Pfeiffer, 5.

3MACCOC'?, "Evaluation of the Defoliation Program,"™ 12 October 1968,

Letter of Transmittal, 1.
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4White herbicide normally was not programed 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.

°D0S, "Herbicide Policy Review," 31-34.

6Data in this column calculated-fromJSIPRI;_Ecological, table 3.2.

7Data in this c¢olumn calculated from unit historical reports in the

Albert F. Simpson Historical Research Center.

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

e

9Data-@oiﬁziﬂnﬁﬂr~nsb-aL‘,—pepr:nted—tﬂ‘”ﬁ"ﬁr

l SIPR | ologich, Fotl 3.2 ™
0pat s from Wosbils: Hibrinted in ibid. |
11Data from USN, "A Review," }
12

..-/’

Data from unit historical reports in the AFSHRC.
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AAAS
AAF
ABG
ACG
ACS
ACW
AD
ADVON
AFB
AGILE

ALCC

AOC

AQVI

ARPA

ARVN

CBU

CCT3

CCTW

CDTC
CHECO

CIA
CINCPAC
CINCPACAF
COMUSMACY

DASC
DET
DDT
DMZ
DNOK
DOD

APPENDIX B
GLOSSARY OF TERMS AND ABBREVIATIONS

American Association for the Advancement of Science

Army Air Force

Alr Base Group

Air Commande¢ Group

Alr Commando Squadron

Air Commando Wing

Air Division

Advanced Echelon

Air Force Base

Project to field-test various herbiecides in South Vietnam
during 1961,

Alrlift 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

JG3

MAAG

MACY

MULE TRAIN

NAS
NCOIC
NLF
NRC
NVA
0IC
PACAF
PCS
Polwar
Psywar
RANCH HAND

RVN
R&D
SAAMA

Democratic Republic of Vietnam (North Vietnam)

Environmental Protection Agency

Forward Alr 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 3taff

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)

Natlonal Research Council

North Vietnamese Army

Officer-in-Charge

Pacific Air Forces

Permanent Change of Station

Political Warfare

Psychological Warfare

USAF herbiclde 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
SASF
305
SOW
PROV 1
TAC
TACAN
TACC
TAPS
TAS
TAW
TCDD
TCG
TDY
TEW
TRAIL DUST
USAID
USAF
UsIs
VA
VC
VNAF

Strategic Air Command
Special Aerial Spray Flight
3pecial 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-p-dioxin

Troop Carrier Group

Temporary Duty

Tactical Fighter Wing

Overall herbicide program in Vietnam, 1961-19T71
United States Agency for International Development
United States Alr Force

United 3tates Information Service

Veterans Administration

Viet Cong

Vietnamese Air Force (South Vietnam)
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APPENDIX C

MILITARY HERBICIDES!

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 application
include interference with respiration and photosynthesis, and
conversion of stored carbochydrates 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, 80 that mechanical pickers may be more efficiently used.
At the concentration levels used in Southeast Asia, however, these
herbicldes were deliberately non-selective to insure maximum and
prolonged effect on a broad range of Jjungle 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 ralny season because it was 0il soluble, In addition, the olly
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 Jjungle
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 c¢rops, 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.Z2

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 A/A 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
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the attacked areas, reducing the work-force available to the enenmy.
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.” 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

Primary Chemicals

Cacdylic Acid®
(hydroxydimethylarsine oxide)

3tructural Formula:

CH

Toxicological Propertiles:

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 mortallty 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:
NH

2
Cl Cl
H
Cl Co—0H

Toxicological Properties:

Picloram was reported to have a low order toxicity to fish and
wildlife, with acute LDgy 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~D, Picloram was manufactured under the
general trade name of Tordon. The military mixture was known

specifically as Tordon 101.
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2,4-p%

(2,4~dichlorophenoxyacetic acid)

Structural Formula (n-butyl ester):

o | 0--CH2--C0——0——(CH2)3--CH3

€1

Toxicological Properties:

Acute oral LDz, toxicity for raté, 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. 1Inhalation toxicity is considered minimal. Pure 2,4-D
acld was reported to have céused slight mortality for fingerling bream

and largemouth bass at 100 ppm,

Trade Names:
This chemical compound, often in combination with Pic¢loram or
2,4,5-T, was manufactured under various formulations, ineluding

Weedone, Esteron, Weedar, and Dacamine.
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2,4,5-17

(2,4,5-trichlorophenoxyacetic acid)

Structural Formula (n-butyl ester):

0-'CH2——CO——O——(CH2)3—-CH3

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
(LD5q) 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 cacodylie 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 arseniec

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-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 contailned
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,U4,5-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 Y40 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 soluble in diesel fuel and organic sclvents,
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,

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 triisopropanoclamine solvent,
The herbicide contained 2,54 pounds of active ingredient per gallon,
Procurement of White herbicide was approximately 5,600,000 gallons,

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

Other chemicals evaluated as herbicides during tests in Vietnam
in 1962 included: Dinoxol, Trinoxol, Diguat, and minute amounts of
sixteen other chemicals, Scil-applied herbicides also were reported
to have been evaluated, including: Bromacil, Tandex, Monuron, and

Dalapon,

Herbicide Expenditures in Southeast Asia (1962~-1971)

By Chemlcal 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, lines of
communications, waterways, etc. Ninety-nine percent of White
herbicide was used for defolicatlion, 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 eguivilent chemicals,

By Year and Total Gallons

1962 17,17110 49,24011
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 1,500
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Area Treated (by year and acres)

1962 5,68114 5,72415 13,6117
1963 24, 947 24,920 21,568
1964 93,842 93,869 78,894
1965 75,50113 221,559 221,552 72,32710 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.0 U42C-1-
17, 22 November 1966, 1-4; USAF, "Toxicology," Chap. I; USN, "4
Review," apps. A-B; and SIPRI, Ecological Consequences of the Second
Indochina War (Stockholm, Sweden, 1976), 2u4-29,

20rians and Pfeiffer, 5.

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

uWhite 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,
6Nguyen Khac Vien, ed., Chemical Warfare (Hanol, 1971}, foldout

chart; Herbicide Handbook Committee, Herbicide Handbook of the Weed
Science Society of America, 3d ed. (Champaign, IL, 1974), 80--82.

TNguyen, foldout chart; Herbicide Handbook, 302-5.
8Nguyen, foldout chart; Herbicide Handbook, 116=21,
9Nguyen, foldout chart; Herbicide Handbook, 375-78.

10pata in this column calculated from SIPRI, Ecological, table
3.2,

11Data in this column calculated from unit historical reports in
the Albert F. Simpson Historical Research Center,




12pata missing.

13Data from NAS Report, reprinted in USAF, "Toxicology," table 4,
1”USA, Biological Laboratories, "Information Manual for Vegeta-

tion Control in Southeast Asia," by K. R, Irish, R. A. Darrow, and
C. E. Minarik, 1969,

Data calculated from SIPRI, Ecological, table 3.2.

16pata from USN, "A Review,"

17Data from unit historical reports in the Albert F, Simpson
Historical Research Center.
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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 July 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 Vietnham 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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MILITARY HERBICIDES'
(ne/-m- A Deser ‘a'”[ i

Systemlc herbicide defoliatlon acts much like normal seasonal
ddfilatlon, 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 fespiration 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
menccotyledoncus plants, AJQBntact agentk herblclde Elpgiwas
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
‘Wwas 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 0il 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 cholce 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 erops, such as sweet potatoes,
were ldeally 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

specles, 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
maqﬂye 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,?

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 B0 percent, in 1963
evaluations., A survey of field commanders of all services in mid-1968
concluded that defoliation with the improved A/A 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, White and Orange alsc were effective,

but to a lesser degr‘ee.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 pr'oject.5
' F
1:"{_1 r“'v"““’j' AT

Herbicideg 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
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 U.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 arseniec,

Green Herbicide (1962-1964)

Green herbicide, an oll-soluble formulation consisting wholly of
n-butyl 2,4,5~Trichloraphenoxyacetate (2,4,5-T), contained 8.16 pounds
active 1ngredient 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,

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 quXality controls on manufacturing temperatures
ﬁg;ﬁ” de reduced the mean dioxin levels to below 1.0 ppm.
Approximately 950,000 gallons gallons of Orange II were shipped to
Vietnam in 1968-69,

Pink Herbicide (1962-1964)
Pink herbicide was another oilwsoluble 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 Herbicige (1962-1964)

Purple herbicide was solﬁéble in diesel fuel and organie
3o0lvents, 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.

White Herbicide (1965-1971)

White herbicide, a water~-soluble liquid, consisted of 10.2
percent triisopropanoliamine salt of Y4-amino 3,4,6-trichoropicolinic
acid (picloram), 39.6 percent triisopropanoclamine 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

Between 1965 and 197 Avallable records 90 percent of all Orange
herbicides wes used&fzr defoliation, while 8 percent was expended on
crop targets and 2 percent on fhse perimeters, lines of
communications, watggerways, ete. 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
approximately the same for the equivilent chemicals,

Totud
By Year andAGallons

1962 17,1716 49,2407
1963 74,760 data miss.iq
1964 281,607 218,510
1965 664,657 daba missiog
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




Al el
-Area-Treated-(by year and acre%h

1962 5,6819 5,72410 13,61412
1963 21, 9y 21,920 21,568
1964 93,842 93,869 78,894
1965 75,5018 221,559 221,552 72,3271 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.0 #2C-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.

3MACCOCT, "Evaluation of the Defoliation Program," 12 Qctober
1968, Letter of Transmittal, 1.

HWhite 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,




11pata from USN, “& Review,"

12pata from unit historical reports in the AFSHRC.




2,4=D

(2,4-dichlorophenoxy)acetic acid

Structural Formula (n-butyl ester):

Cl 0] CH2 co 0 (CH2)3 CH3

Cl

MﬁXﬁKﬁXﬁHXKKKNHXKXXXEéHgEX§E§XXXXX

Trade name and manufacturer:
Toxicological properties:
Acute toxicity: Oral LDSO 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 A;nm~%*ﬂdi

acid was reported tc have caused slight mortality for fingerling bream 1&"k1‘$'

and largemouth bass at 100 ppm. parions J;..ﬂ-tﬁr !
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Picloram
4-amino-3,5,6-trichloropicolinic acid
Structural Formula:
NH

2
Cl Cl

0]
Cl N C OH
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IOXl‘CO ogical pr‘O[Jer‘tieS:

Manufacturered under the general trade name of Tordon) 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.

Inhalakion pfi-dysts were cited as somewhat irritating, but not likely
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APPENDIX C
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Primary chemicals

Cacodylic Acid @
(hydroxydimethylarsine oxide)

Structural Formula:
CH,

CH, As  OH

o

Mobaculap—F % &
TN v?HTASQ’
manufacturer:

+ 2
PH} ) Q, sl f‘r\m:‘\'\ny

Rag=E=Cate, Vineland. Chemical—6p.

Toxicological Properties:

Oral L 0 youn eand female o rats = 30 mg/kg,
orted esSentially n frritating to skin and eye when acc tly

eXposed

YTAR /éo D Phy

Chexmate 3 . Gt irbmtefoddant, , Cacooyiic Acid was reported
to have an acute oral toxicity to young male and female albino rats

of 830 mg/keg, and some subacute toxicity evidence dt 226 mg/kg. Dermal
and occular testing indicated that the chemical compound was essentially

noen=-irritiatihng when accidently applied. z

T""QC ~rd it & 'e
Hawwbuofo!  wlin ek maemw 4 PA,-I-M. /22 AN ey

CJ“"W"-E_ n"'J GOﬁI’Ert Co o J.,Jpﬂ-d‘ 7Za Y P oy

#&r—é M“"é ‘?o-ﬂ.‘!-
V-do3q  fldod

TO Yye-1-11 e




2,4,5-T
(2,4,5-trichlorophenoxyjacetic acid
Structural Formula (n-butyl ester)
O CH2 coO 0O (CH2)3 CH
Cl

3

Cl
Cl

Toxicological Properties:

At recommended use rates of 0.5 to 16 1b/A, the hazard to wildlife
was reported negligible, with an acute oral toxicity (LDSO) 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.
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APPENDIX C

MILITARY HERBICIDES]!

General Desecription

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 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 0il soluble., 1In 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 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

bragiliensis) more than seven years old usually recovered after

initial leaf drop, while younger trees might not sur‘vive.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 A/A U5Y-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 chemical, White and Orange also were effective,
but to a lesser degree.u 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

Primary Chemicals

Cacdylic Acid®
(hydroxydimethylarsine oxide)

Structural Formula:

CH3 As OH

Toxicological Properties:

Cacodylic Acld was reported to have an acute oral LDSO' 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.

Trade 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:
NH
Cl Cl

Cl N ¢ OH

Toxicological Properties:

Picloram was reported to have a low order toxicity to fish and
wildlife, with acute Lbgg levels ranging from 8,200 mg/kg for rats to
greater than 750 mg/kg for cattle., Mild skin irritation was noted,
Wwith 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-D, Picloram was manufactured under the
general ¢trade name of Tordon, The military mixture was known

specifically as Tordon 101.

2,4-p8
{2,4~dichlorophenoxyacetic acid)

Structural Formula (n-butyl ester)}:

0--CHy-~C0--0--(CHp)3-~CH3

Cl Cl




Toxicological Properties:

Acute oral LDSO toxicity for rats, rabbits, and guinea plgs range
from 300 to 1,000 mg/kg. It is reported not harmful to wildlife under
use conditions. Some formulations are reported to causzse 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 Plcloram or
2,4,5-T, was manufactured under various formulations, including

Weedone, Esteron, Weedar, and Dacamine,

2,4,5-19
(2,4,5-trichlorophenoxyacetic acid)

Structural Formula (n-butyl ester):

0-—CH2—-CO——0-—(CH2)3~~CH3
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
(LDSO) 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 (196164}

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 arsenie,

Blue Herblcide (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 sodlum 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 ocil-scluble 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 #9,49 percent n-butyl ester of 2,U-
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 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 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 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 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 Y4-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, Socil-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, 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.
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By Year and Total Gallons

1962 17,17110 49,2401
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 5,68114 5,72415 13,614 17
1963 24,947 24,920 21,568
1964 93, 8u2 93,869 78,894
1965 75,50113 221,559 221,552 72,3271 229,920
1966 608, 106 842,764 845,263 84T, 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.0 42C-1-
17, 22 November 1966, 1-~#; 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,

3M.&CCOC?, "Evaluation of the Defoliation Program," 12 October
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1968, Letter of Transmittal, 1.

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

5DOS, "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,

"Nguyen, foldout chart; Herbicide Handbook, 302-5.
8Nguyen, foldout chart; Herbicide Handbook, 116-21.
9Nguyen, foldout chart; Herbicide Handbook, 375-78.

10Data in this column calculated from SIPRI, Ecological, table
3.2.

11Data in this column calculated from unit historical reports in
the Albert F. Simpson Historical Research Center.

12Data missing.

"3pata from NAS Report, reprinted in USAF, "Toxicology," table 4.

14Us4, Biological Laboratories, "Information Manual for Vegeta-
tion Control in Southeast Asia," by K. R. Irish, R, A. Darrow, and
C. E. Minarik, 1969.

15Data calculated from SIPRI, Ecological, table 3.2.

16pata from USN, "A Review,"

17Data from unit historical reports in the Albert F. Simpson
Historical Research Center,
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MILITARY HERBICIDES!

Systemic herbicide defoliation acts much like normal seasonal
dofilation, %3 causing leaf fall through reduction of production of
the hormone auxin in leaf blades, This causes an abscission layer of
large, weak cells te form at the base of the leaf stalk (petiole), and
leaf fall occurs. Other damaging effects of herbicide application
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 breoad range of jungle vegetation,

The third major herbicide used in Vietnam was a dessicating
compound, code~named Blue, which was more effective against
monocotyledonon plants. A contact agent, herbicide Blue was
primarily used to attack grasses and food c¢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
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, withéhgwb portunity for the plants to
recover, could result in plant loss.’.In addition, some susceptfble

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
mathe 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.?

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 purcent,
and vertical visibility increased from 40 to 80 percent, in 1963
evaluations., 4 survey of field commanders of all services in mid-1968
concluded that defoliation with the improved A/A U5Y~% 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, White and Orange also were effective,

but to a lesser degree.u Thus, any crops in areas undergeing
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defoliation also were damaged. Compensation to c¢ivilians 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 pr‘ojerct.5

Herbicides 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
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 cacodyliec 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 contalned #9.49 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 f'ree acid of




