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The description and quantity oftactical herbicides used during the Vretnam-American 
War, and the quantity ofthe dioxin contaminant have been identified. 

The legacy issue of Agent Orange remains as one of the last contentious issues between 
the United States and Vietnam. Generally the term "Agent Orange" has been used by 
the public to describe a group of "Tactical Herbicides" used in combat operations 
by the United States Military and Allied Forces in the Vietnam-American War. 
From November 1961 to March 1972, the United States Air Force (USAF) deployed 
tactical herbicides in combat operations to improve visibility in enemy controlled or 
contested jungle areas in order to expose infiltration routes, base camps, weapon 
placements, and storage sites. In addition, with the assistance of the US Army Chemical 
Corps, tactical herbicides were sprayed along lines of communication, transportation 
routes, around the outside of base perimeters, and for limited but selectively-approved 
use for crop denial. Tactical herbicides were developed specifically by the US 
Department of Defense (DOD) to be used only in combat operations. With the full 
concurrence and support of the Republic of Vietnam and the Army of the Republic 
Vietnam (ARYN), USAF Operation RANCH HAND was initiated 7 January 196 
Operation RANCH HAND was responsible for the fixed-wing aerial applications from 
UC-123 aircraft of 95 percent of the tactical herbicides sprayed in Southern Vietnam 
(Figure 1). Helicopters and ground equipment assigned to the US Army Chemical Corps 
and to Combat Engineers ofother Allied Forces sprayed the remaining five percent. 

Figure 1: US Air Force RANCH HAND UC-123 Spraying Tactical Herbicides, and US 
Army Helicopter Equipped for Spraying Tactical Herbicides, Vietnam, 1967. 
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Tactical herbicide formulations were purchased under "Military Specifications" by the 
US Defense Supply Agency for the US Army Chemical Corps and the US Air Force 
Logistics Command for use only in combat operations. However, many commercial 
pesticides, including herbicides, were used in Vietnam and these were purchased under 
"Federal Specifications", and their use regulated by the Armed Forces Pest Control 
Board. The Civil Engineering Squadrons assigned to every US and Allied Base were 
responsible for acquisition and use of commercial pesticides. Tactical herbicides (Orange, 
White, and Blue) were not approved for use by Civil Engineering Squadrons in Vietnam. 
The quantities of tactical herbicides used in Vietnam are provided in Table 1. 

Table 1: Estimated Quantities ofTactical Herbicides Used in Vietnam, 1962-1971 1 

Tactical 
Herbicide 

Commercial 
Components 

Number of 
Drums 

Number of 
Liters 

Years of 
Use 

Green1 2,4,5-T 365 drums' 75,920 liters 1961-62 
Pinle 2,4,5-T 1,315 drums 273,520 liters 1961-63 

Purple1 2,4-D; 2,4,5-T 12,475 drums 2,594,800 liters 1962-65 

Blue Cacodylic Acid 29,330 drums 6, I 00,640 liters 1966-72 

White 2,4-D; Picloram 104,800 drums 21,798,400 liters 1966-72 

Orange1 2,4-D; 2,4,5-T 208,330 drums 43,332,640 liters 1965-70 

Total 356,615 drums 74,175,920 liters 

1Data based on US Defense Supply Agency records. The tenn "used'' was intended to account for all 
herbicides that were sprayed or spilled in Southern Vietnam during the years indicated. 
2These tactical herbicides contained 2,4,5-T herbicide and its associated contaminant, 2,3,7,8-TCDD. 
3All herbicide drums sent to Vietnam were of I 8-guage steel and held 208 liters or 55 gallons of product 
that was applied in concentrated fonn and not diluted. 

In 1969, the US National Institute of Health reviewed research results on the presence of 
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD or dioxin) as a teratogenic (birth deforming 
in mice) contaminant in products made from trichlorophenol, including the herbicide 
2,4,5-trichlorophenoxy acetic acid (2,4,5-T). Portions of these results were published in 
the journal Science in 1970. Although only laboratory results, the Department of Health 
and Human Welfare, the Department of Agriculture and the Department of Defense 
nevertheless moved to restrict the use of 2,4,5-T herbicide. On 15 April 1970, the DoD 
terminated use of all Agent Orange in Vietnam. As noted in Table 1 four of the tactical 
herbicides used in Vietnam contained 2,4,5-T and its associated dioxin contaminant. 
From statistical studies of TCDD levels in 525 samples of Agent Orange, and from 557 
samples of 2,4,5-T representing greater than 90 percent of the 2,4,5-T containing tactical 
herbicides used in Vietnam, 1962-1970, it has been estimated that approximately 130 kg 
-144 kg of TCDD were disseminated in Vietnam (95% confidence level, 105 - 119 kg 
associated with Herbicide Orange and 25 kg from the earlier 2,4,5-T containing tactical 
herbicides). 

Since 1970, scientists from throughout the world have been conducting studies on the 
environmental/ate ofdioxin (TCDDJ. 
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Public discussion and scientific research have proceeded largely on the assumption, 
rather than a determination, of widespread substantial exposure to tactical herbicides and 
the associated dioxin to US and Allied Combat Forces and Vietnamese civilians during 
the Vietnam-American War. Does sufficient knowledge about the environmental fate of 
tactical herbicides and dioxin support the conclusion that allied ground troops and 
Vietnamese civilians could have been contaminated, if not by direct exposure, perhaps by 
entering previously sprayed areas? 

In-depth evaluations of the spray systems used to disseminate tactical herbicides in 
Vietnam showed that they were capable of highly precise applications both in terms of 
concentrations sprayed and area treated. Research on tropical forest canopies with leaf 
area indices (a measure of foliage density) indicated that the amount of herbicide and 
associated TCDD reaching the forest floor would have been between 1 and 6% of the 
total aerial spray. Studies of the properties of plant surface waxes of the cuticle layer 
suggested that Agent Orange, including the TCDD, would have dried (i.e., be absorbed 
into the wax layer of the plant cuticle) upon spraying within minutes and could not be 
physically dislodged. Studies of Herbicide Orange and the associated TCDD on both leaf 
and soil surfaces have demonstrated that photolyis by sunlight would have rapidly 
decreased the concentration of TCDD, and this process continued in shade. Studies of 
'dislodgeable foliar residues' (the fraction of a substance that is available for skin uptake 
from plant leaves) showed that only 8 percent was present 1 hour after application, and 
this dropped to 1 percent of the total, 24 hours after application. Studies with human 
volunteers confirmed that after 2 hours of saturated contact with bare skin, only 0.15-0.46 
percent of 2,4,5-T entered the body and was eliminated in the urine. Conclusion: The 
prospect of widespread prolonged exposure to TCDD from tactical herbicides in 
ground troops or Vietnamese civilians in Vietnam entering defoliated areas was 
unlikely in light of the environmental dissipation of TCDD, little bioavailability, and 
the properties of the tactical herbicides and circumstances of application that 
occurred. 

The historical military records from the Vietnam-American War do not support the 
intentional direct spraying of tactical herbicides on Allied Combat Forces or 
Vietnamese Civilians. 

The question remains, would have US and Allied combat ground troops and non-combat 
Vietnamese (Vietnamese civilians) been intentionally exposed to tactical herbicides and 
any associated TCDD? The historical military records do NOT support the hundreds of 
examples of anecdotal information by individuals who claimed they were exposed to 
tactical herbicides and TCDD. Historical records documented that RANCH HAND spray 
missions were flown at tree top level and consequently were exposed to frequent and 
intense hostile fire. Therefore, fighter escorts accompanied nearly every tactical herbicide 
spray missions, often bombing and strafing the spray target to suppress hostile fire and 
protect the unarmed RANCH HAND aircraft. To prevent 'friendly fire' casualties during 
these missions, military procedures mandated that a Forward Air Controller (FAC) arrive 
at the spray target in advance of the spray planes and fighter aircraft and direct the 
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mission. The FAC was required to abort the mission unless he could confirm that there 
were no friendly forces in the area. The records confirmed that 80 percent of all RANCH 
HAND missions scheduled between 1966 and 1971 were cancelled or aborted because all 
the conditions required for the conduct of the mission were not met, including absence of 
friendly forces. Conclusion: Through detailed policies and procedures, the 
circumstances in which spraying of combat troops and non-combat civilians with 
tactical herbicides in Vietnam was closely managed to minimize this exposure. 

Reports by Vietnam War Veterans and Vietnamese Civilians of Repeated Sightings of 
RANCH HAND Aircraft Spraying Allied Bases and Associated Vietnamese 
Communities Confirm the Mission ofOperation FLYSWATTER. 

In late 1966, the United States Air Force was instructed to modify RANCH HAND UC-
123 aircraft to an insecticide-spray configuration. Operation FL YSWATfER commenced 
on 6 March 1967. From that date through February 1972, from one to three UC-123 
aircraft and crews were used to spray Malathion, an organo-phosphate insecticide, for 
mosquito and malaria control. The low-flying insecticide-spraying aircraft were 
commonly called the 'Silver Bug Birds' because they normally were not camouflaged. 
These RANCH HAND aircraft routinely sprayed insecticide over military and civilian 
installations, as well as in areas where military operations were in progress, or about to 
commence (Figure 2). By 1970, Malathion treatment was being applied to 14 airbases 
and their adjacent South Vietnamese cities, and the re-spray interval had been reduced 
from every fourteen days to every nine days. Between 1966 and 1972, more than 3.5 
million liters of Malathion insecticide were sprayed on approximately 6 million hectares 
of Southern Vietnam. Conclusion: Anecdotal reports of dired spraying of troops and 
civilians in Vietnam likely reflected the RANCH HAND missions supporting 
Operation FLYSWATTER. 

Figure 2. RANCH HAND UC-123 "Silver Bug Birds" Supporting Operation 
FLYSW A TIER in the Spraying of Malathion Insecticide for Mosquito Control. 

Is It Likely That There Are "TCDD Hot Spots" in SouJhern Vietnam Due to Agent 
Orange? 
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The United States Department of Defense (DOD) and Vietnam's Ministry of National 
Defence (MOD) have jointly sponsored two 'Agent Orange and Dioxin Remediation 
Workshops', held in Hanoi in August 2005 and June 2007 (Figure 3). The purpose of 
these Workshops has been to investigate whether or not the former Tactical Herbicides 
Storage and Loading Sites in Southern Vietnam have constituted a source of TCDD 
contamination, i.e., hot spots, to adjacent communities. By agreement between the two 
governments, the Workshops were focused on issues related to remediation activities and 
on the historical use of the sites. Likewise, it was agreed that the sites of concern by 
MOD were those airbases where RANCH HAND operations originated, or where 
Operation PACER IVY had occurred (the operation to return unused stocks of Herbicide 
Orange to the United States after April 1970). Table 2 identifies the airbases in Southern 
Vietnam that were used by the United States and Allied Forces for tactical operations 
involving herbicides or insecticides. 

Figure 3. United States and Vietnam Participants in an Agent Orange Workshop, June 
2007. 

At the June 2007 Workshop in Hanoi, the DOD presented the MOD with a report on 
"The History and Maps of the Former Tactical Herbicide Loading Sites in 
Vietnam", and with large (I x 1.25 meter) maps of the seven airbases identified in Table 
2. Each map was a recent satellite image overlaid with sites where activities involving 
tactical operations had occurred. The satellite images had a resolution of one meter, and 
were pan-sharpened, multi-spectral, and goo-referenced to geographic coordinates. 
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Figure 4 is the satellite image of Da Nang Air Field identifying where RANCH HAND 
and PACER NY activities had occurred. 

Table 2: Air Bases in Southern Vietnam Used by United States and Allied Forces for 
Tactical Operations 

MILITARY OPERA TION.1 YEARS1 

VNAIRBASE RANCH HAND PACERNY FLYSWATTER 
Ton SonNhut X 1962--1966 
Bien Hoa X X X 1966--1972 
DaNang X X X 1964-1972 
Phu Cat X 1968-1970 
Nha Trang X 1968--1070 
Phan Rang X 1970--1972 
Tuy Hoa X 1970--1972 

1Operation RANCH HAND, 1962--1971 was the USAF Mission to spray herbicides; Operation 
FLYSWA TIER, 1967-1072 was the USAF Mission to spray insecticides; Operation PACER IVY, 
1971- 1972 was the project to return all remaining stocks of Herbicide Orange to the United States after 
April 1970. 
2Time periods encompassing all operations at the specific air base. 
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Figure 4. Satellite Image Map ofDa Nang Air Base showing locations of tactical 
herbicide operations. 
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The United States is committed to working with Vietnam in a joint program involving 
sampling, surveys, and analyses of potentially contaminated sites at the seven Air Fields 
identified for MOD at the June 2007 Workshop. However, it is in the best interest of 
both Nations that a scientifically credible remediation program be based on a risk 
assessment process that involves reconciling the available data with the satellite image 
maps, and preparing a comprehensive plan to conduct additional site investigations 
needed to improve the technical understanding of the sources, extent, and the hazards of 
all contaminants. This plan would involve significant commitments by all parties to visit 
and assess each of the Air Fields, and then jointly prepare a comprehensive risk 
management program covering all installations. 

"I do not accept the term 'victims ofAgent Orange'. The United States humanitarian 
assistance to the disabled in Vietnam is not based on evaluation of causes of 
disability. " 
Statement of Ambassador Michael W. Marine, 9 August 2007, Hanoi, Vietnam. 

Absent evidence of widespread exposure to TCDD either from tactical herbicides or from 
soil or other sources in Vietnam, published reports suggesting that Agent Orange has 
caused widespread disease in veterans and their families and the Vietnamese people 
should be viewed with skepticism. Indeed, many effects attributed to the tactical 
herbicides and TCDD are readily explained by alternative factors. For example, neural 
tube defects (e.g., spina bifida and anencephaly) in Vietnamese children are frequently 
attributed to Agent Orange. However, other risk factors, primarily related to nutritional 
deficiencies of folic acid, are much more likely to be the underlying causative factors of 
such defects. A wider view of potential causative factors and recognition that TCDD and 
tactical herbicide exposure may be much less than generally assumed can release medical 
resources and scientists from the grip of the 'Agent Orange problem' and re-focus 
resources toward the real causation of health problems in Vietnam. To these ends, the 
United States has expended in Vietnam more than $40 million in humanitarian assistance. 
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