ABSTRACT
OATSVALL, NEIL SHAFER. War on Nature, War on Bodies: The United States’
Chemical Defoliant Use During the Vietnam War and Its Consequences. (Under the
direction of Matthew Morse Booker.)
During most of the Vietnam War, from 1961-1971, the United States military
sprayed chemical defoliants on a significant part of the Vietnamese environment in order
to gain a military advantage. US forces used these chemicals in an attempt to substitute
technology and financial resources for manpower to triumph over a relatively
technologically deficient enemy. This effort, dubbed “Operation Ranch Hand,” wrought
incredible destruction not only on Vietnam’s natural setting, but also on everyone
involved; Vietnamese and American, civilian and soldier.
This work examines the consequences of defoliation, and aims to show that those
outcomes proved more severe in both scale and efficacy than any anticipated results. It
differs from previous studies by combining environmental, military, medical, and cultural
factors and considering them as interrelated. Whenever possible this study also tries to
bring in a Vietnamese perspective, though that is often impossible due to a lack of
available evidence in English.
In this war, the United States treated not only the Vietnamese Communists as
enemies but also assaulted the natural environment as foe. The interconnections forged
during this complicated interpretation of nature and enemy are essential to the study of
Operation Ranch Hand and chemical defoliation operations. Nature mattered to both
sides, and an understanding of how both sides interacted with the environment is crucial
to understanding this significant aspect of the Vietnam War.

War on Nature, War on Bodies: The United States’ Chemical Defoliant
Use During the Vietnam War and Its Consequences

by
Neil Shafer Oatsvall

A thesis submitted to the Graduate Faculty of
North Carolina State University
in partial fulfillment of the
requirements of the Degree of
Master of Arts

History
Raleigh, North Carolina
2008

APPROVED BY:

_____________________________
Akram Fouad Khater

_____________________________
Nancy Mitchell

_________________________________
Matthew Morse Booker
Chair of Advisory Committee

DEDICATION

To my children not yet born, may we be more conscious of how our actions affect the
world in which you will live and may you do the same for your children.

ii

BIOGRAPHY

Neil was born in Columbia, SC, but spent most of his childhood in Raleigh, NC
and its surrounding suburbs. After graduating from William G. Enloe High School in
2001, he spent four wonderful years in Chapel Hill at the University of North Carolina. In
2005 he received his Bachelor of Arts degree from UNC with majors in Asian Studies
with a concentration in Japanese language and History with a concentration in United
States history.
After taking a year off of school, Neil ended a five-year long distance relationship
and married his college sweetheart, Sarah, in August of 2006. Later that month, he began
his Masters in History at North Carolina State University in Raleigh. As of early 2008,
Neil lives happily in Raleigh with his wonderful wife, and their precocious dog Gracie.
He will graduate from NCSU with a MA in History in August 2008.

iii

ACKNOWLEGEMENTS

A great many people helped me complete this thesis. The support staff in NCSU’s
history department was wonderful. Susan Book, Mary Ellis, Courtney Hamilton and
Norene Miller all deserve my gratitude. Also, a special thanks to the staffs of the NCSU
library and JFK Presidential Library Archives, as well as Jordan Goffin, research
librarian at the University of Montana (for tracking down a particularly hard to find
political cartoon). Also thanks to Charles and Virginia Schutte, my technical advisors.
Grateful thanks are given to the Kingsport News in Kingsport TN, the National
Agricultural Library (for the Alvin L. Young Collection on Agent Orange), and Science
magazine for graciously allowing me to reprint the figures contained within.
My thesis committee with Akram Khater and Nancy Mitchell, and particularly my
advisor Matthew Booker were of immeasurable help. They were more than excellent
scholars, but also excellent mentors. I cherish their advice and support deeply.
The support of my family was absolutely invaluable during both the researching
and writing process. I’m not sure I would have made it though without the love and
support of my parents, Mike and Becky, and my sister, Jessi. Also, my wife’s family,
Allen, Mary Lee, Cecelia, Jason, Bebe, Lee, and Alec. And of course, my grandmother,
Lucy, without whose help my education would never have been possible.
Lastly, and most importantly, I would like to thank my wife. Sarah has supported
me in everything I do. Without her love, kindness, god-like patience and open ear I would
have lost my sanity long before I finished my degree. She has my love, adoration, and
gratitude forever.
iv

TABLE OF CONTENTS

LIST OF FIGURES........................................................................................................vi
NOTES AND ABBREVIATIONS ...............................................................................vii
INTRODUCTION
"Only You Can Prevent Forest"............................................................................... 1
CHAPTER ONE
Chemical Diplomacy and Its
Ill Effects On US Political Relations...................................................................... 14
CHAPTER TWO
Chemical Defoliation's True Ecological Consequences.......................................... 41
CHAPTER THREE
Ambushing the Results:
Reexamining Chemical Defoliation’s Military Benefits ......................................... 65
CHAPTER FOUR
Whether Defoliants Saved Lives Only to Take Them Later ................................... 81
CONCLUSION
Failures Through Unanticipated Outcomes ........................................................... 96
A NOTE ON SOURCES............................................................................................. 103
WORKS CITED ......................................................................................................... 111

v

LIST OF FIGURES

FIGURE 1
Areas of Defoliation in South Vietnam, Jan. 1965 - Feb. 1971............................... 56
FIGURE 2
Areas of Crop Destruction in Vietnam, Jan. 1965 – Feb. 1971. .............................. 57
FIGURE 3
Defoliated Mangrove Forests in the Ca Mau Peninsula. ......................................... 58
FIGURE 4
Cua Lon River and Mangrove Forests,
January 1958, Before Defoliation. ......................................................................... 59
FIGURE 5
Cua Lon River and Mangrove Forests,
May 1969, After Defoliation.................................................................................. 59
FIGURE 6
Ca Mau Peninsula and Mangrove Forests,
Sprayed 1967, Photograph Taken October 1971. ................................................... 60
FIGURE 7
Two Photographs of the An-Lao River Valley,
(Left) Before Defoliation, October 28, 1965,
(Right) After Ten Defoliation Missions, June 24, 1968. ......................................... 61
FIGURE 8
Craters Created By B-52 Bombers, 20 Miles Northwest of Saigon......................... 62
FIGURE 9
"Conservation May Go Over Big In America."...................................................... 63
FIGURE 10
Ranch Hand Unit Insignia...................................................................................... 64

vi

NOTES AND ABBREVIATIONS
Archival Sources
Alvin Young

Alvin L. Young Collection on Agent Orange, Special Collections
of the National Agricultural Library, Beltsville, Maryland
Also online at (accessed 31 March 2008):
http://www.nal.usda.gov/speccoll/findaids/agentorange/index.htm

JFKL

John F. Kennedy Presidential Library, Boston, Massachusetts

Common Abbreviations
2,4-D

2,4-Dichlorophenoxyacetic Acid

2,4,5-T

2,4,5-Trichlorophenoxyacetic acid

ARVN

Army of the Republic of Vietnam

CHMAAGV

Chief of Military Assistance Advisory Group, Vietnam

CINCPAC

Commander in Chief of Pacific Forces

EPA

Environmental Protection Agency

GVN

Government of South Vietnam

NLF

National Liberation Front

RVN

Republic of South Vietnam

TCDD

Tetrachlorodibenzo-para-dioxin, or Dioxin

VA

United States Department of Veterans Affairs

VC

Viet Cong (A pejorative for Vietnamese Communist fighters)

vii

Introduction
“Only You Can Prevent Forest”
In 1966, a sign hung over the Operation Ranch Hand Ready Room door in
Saigon, Vietnam that read, “Only you can prevent forest.”1 Though its motto was a lighthearted play on Smokey the Bear’s catchphrase “Only you can prevent forest fires,”
Operation Ranch Hand had a very serious mission. From 1962-1971 Ranch Hand served
as the US military’s mechanism to systematically destroy large stretches of Vietnam’s
natural environment to achieve a tactical and strategic advantage. These missions were
atypical even for the Vietnam War, itself a new kind of conflict.
The Vietnam War was different from previous US wars in its temporal scale and
new technologies, which allowed it to be fought in new ways.2 Author Robert Tabor
reflected thoughts of many military planners on the eve of the war’s escalation when he
wrote:
There is only one means of defeating an insurgent people who will not surrender,
and that is extermination. There is only one way to control a territory that harbors
resistance, and that is to turn it into a desert. Where these means cannot, for
whatever reason, be used, the war is lost.3

1

Gregory R Clark, Quotations on the Vietnam War. (Jefferson, North Carolina:
McFarland & Company, Inc., 2001), page 83, quotation 1001.
2
For example, Marilyn Young views the US conflict in Vietnam as a continuation of the
French-Indochina War, emphasized by the title of this book:
Marilyn Young, The Vietnam Wars: 1945-1990. (New York, NY: Harper
Perennial, 1991)
3
Clark, Quotations on the Vietnam War, page 50, quotation 521.
1

US planners intended Ranch Hand to turn parts of Vietnam into a desert where
Vietnamese Communist fighters could not use nature to gain any military advantage.
Russell F. Weigley has pointed to “the complete overthrow of the enemy, the destruction
of his military power, [as] the object of war.”4 This can be accomplished in many ways,
and in previous wars US military strategists frequently used attrition to achieve this aim.
But echoing Tabor’s sentiments, defoliation occurred during the Vietnam War where,
“the strategy of annihilation became characteristically the American way in war.”5
To win the Vietnam War, the United States would need to destroy Vietnamese
Communist resistance, and defoliation was supposed to help. Communist forces regularly
used the Vietnamese natural environment for food and shelter and also to conceal their
movements and locations. But defoliation did not always accomplish its aims, and even
its successes came with unexpected consequences. Complex consequences characterize
the story of Ranch Hand’s chemical defoliation missions. More than these consequences,
defoliation failed to accomplish its objective of aiding the US war effort. Functioning in
substitution for mass manpower, chemical defoliants fall into the same category as most
other US technology used during the Vietnam War—useful in localized incidences but
ineffective when considered against a rubric of larger success.
Previous works have usually studied one of defoliation’s many aspects, but never
comprehensively analyzed the complicated chemical operation as a whole. For example,

4

Russell F. Weigley, The American Way of War: A History of United States Military
Strategy and Policy. (New York, NY: Macmillan Publishing Co., Inc., 1973), xxi.
5
Weigley, The American Way of War, xxii.
2

some works have considered the operational and military side of defoliation.6 Others
have concentrated on the scientific and ecological facets7 or the medical aspects of
defoliation and its legal fallouts.8 New scholarship has begun to consider the social and
cultural factors involved in defoliation, but most works have never placed the
environment as anything more than the incidental setting for the conflict.9 This work
attempts to improve the existing body of literature by considering the environment more
than a tool of human aspirations and instead a significant actor in the conflict. Whenever

6

The succeeding works will all be book-length works. See the Works Cited page for a
selection of articles. For operational perspectives, see:
William A. Buckingham, Jr., Operation Ranch Hand: The Air Force and
Herbicides in Southeast Asia 1961-1971. (Washington, DC: Office of Air Force History,
United States Air Force, 1982)
Paul Frederick Cecil, Herbicidal Warfare: The RANCH HAND Project in
Vietnam. (New York City, NY: Praeger Special Studies, 1986)
7
For examples of the scientific and medial aspects of defoliation, see:
Thomas Whiteside, Defoliation: What are our herbicides doing to us?. (New
York, NY: Ballantine Books, Inc., 1970)
J. B. Neilands et all, Harvest of Death: Chemical Warfare in Vietnam and
Cambodia. (New York, NY: Free Press, 1971)
Flaminio Cattabeni, Aldo Cavallaro, Giovani Galli, eds., Dioxin: Toxicological
and Chemical Aspects. (New York, NY: Spectrum Publications, Inc., 1978)
8
For examples of the medical and legal aspects of defoliation, see:
Fred A. Wilcox, Waiting for an Army to Die: The Tragedy of Agent Orange.
(New York City, NY: Vintage Books, 1983)
Peter H. Schuck, Agent Orange On Trial: Mass Toxic Disasters in the Courts.
(Cambridge, MA: The Belknap Press of Harvard University Press, 1986)
Institute of Medicine (U.S.). Committee to Review the Health Effects in Vietnam
Veterans of Exposure to Herbicides., Veterans and Agent Orange: update
2004/Committee to Review the Health Effects in Vietnam Veterans of Exposure to
Herbicides, Board on Health Promotion and Disease Prevention, Institute of Medicine of
the National Academies., (Washington, D.C.: National Academies Press, c2005)
9
A work that begins to stress the importance of the environment but still neglects
defoliation’s effects is:
Bui Thi Phuong-Lan, “When the Forest Became the Enemy and the legacy of
American Herbicidal Warfare in Vietnam” (PhD diss., Harvard University, 2003)
3

possible it also includes cultural factors and a Vietnamese perspective into the analysis of
defoliation and its consequences.
Nature played an important role in the Vietnam War. Vietnam has a tropical
climate, with high temperatures and humid air that is quite different than almost all of the
United States. South Vietnam is mostly tropical, while the North has a monsoon climate
with both rainy and dry seasons. This means that half the year (from May to September)
it rains constantly in North Vietnam with very hot temperatures while the other half of
the year (from October to March) the weather stays warm and dry. However, the South
stays hot year round.10
Saigon’s coldest average month during the years 1961-70 was January with
average daytime temperatures in the upper 70s (Fahrenheit). April was the warmest
month with average temperatures in the mid 80s. (These numbers are an average of
daytime highs and lows; the daytime highs would have been several degrees hotter than
this.) While the temperature may have stayed fairly constant, the rainfall was anything
but, as Saigon received almost 80 inches a year during the decade. The largest single year
rainfall occurred in 1966 at over 100 inches, while 1961 received the least with just less
than 70 inches. However due to the monsoon climate the rain never fell consistently
throughout the year, and instead drowned the country during the rainy season but barely
appeared during the dry season. Less than four inches of rain came down between
December and April, while the country was deluged with the other 75 inches from May

10

https://www.cia.gov/library/publications/the-world-factbook/geos/vm.html, accessed
September 11, 2007. This is the CIA’s official website.
4

to November.11 (As a point of comparison, Miami’s weather is, on average, cooler each
day with much less rain spread out more evenly over the year.12) At the war’s outset,
about 90% of the whole area’s population engaged in farming, mostly rice.13 As is true of
many people, between weather and agriculture, nature fundamentally mattered in their
daily lives.
Former Army Ranger Dennis Deal described part of Vietnam as a beautiful
pastoral setting, “like a national park.” 14 Thick jungle forests covered much of Vietnam
in the mid-20th century. In fact, before the war, forests stretched across sixty-percent of
the entire country.15 The terrain proved difficult for US soldiers to traverse and made
fighting in the country much more difficult. From his experiences in country, former
Chinook helicopter pilot Jim Soular described the jungle as if it were a living entity:
I’ll tell you one story that’s always stuck with me. It was up around Kontum.
The jungle was just fierce up there, incredibly dense and menacing. We were
going in to extract a platoon, about thirty troops. They had to blow a hole in the
jungle for us to get in and there was just barely enough room. It was like dropping
down a tunnel. It got darker and darker and darker. It was spooky. After that
mission, I was never envious of the grunts. They were out there where you can’t
see five feet in front of you. As we dropped down in there these guys started
11

U.S. Department of Commerce, World Weather Records: 1961-1970, Volume 4, Asia.
(Asheville, NC; National Oceanic and Atmospheric Administration, National Climatic
Data Center, 1984), 391.
12
Taken from the World Meteorological Organization’s website:
http://www.worldweather.org/093/c00267f.htm#climate Accessed 11 March
2008.
13
M Y Nuttonson, The Physical Environment and Agriculture of Vietnam, Laos and
Cambodia: A Study Based on Field Survey Data and on Pertinent Records, Material, and
Reports. (Washington, DC: American Institute of Crop Ecology, 1963), 2.
14
Christian G. Appy, Patriots: The Vietnam War Remembered From All Sides. (New
York, NY: Viking Press, 2003), 130. Quotation taken from Dennis Deal’s account of the
Ia Drang battle.
15
Nuttonson, The Physical Environment and Agriculture of Vietnam, Laos and
Cambodia, 2.
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materializing out of the jungle. They’d been out so long their fatigues were rotting
off.16
The environment was more than the stage and setting for the Vietnam War, but also an
integral actor in the conflict—as it is in warfare in general.
Richard Tucker and Edmund Russell have argued “the importance of
understanding war as a major and distinctive force in environmental change, as well as
the environment as a force in shaping warfare.”17 However it must be understood that
these two processes do not occur independently. Whether the environment becomes an
enemy or ally during wartime is not coincidental, but rather it is the result of complex
human and ecological interactions. In Vietnam, nature held a complicated identity that
was different for each side. For Vietnamese Communist forces, nature was co-opted as an
ally in their ambushes and military movements. US and Government of South Vietnam
(GVN) forces found their military plans constantly disrupted and hampered by Vietnam’s
natural setting in large part because of how Vietnamese Communist forces interacted
with the environment.
Hence it is no surprise that during the war’s earliest stages, US military planners
identified Vietnam’s environment as a potential Vietnamese Communist strength and a
hindrance to RVN and US military interests. North Vietnamese forces integrated the
natural environment into their strategies to conceal their movements and operations, and
also into their tactical resource (such as a hiding place for ambushes) and a source of

16

Appy, Patriots, 159.
Edmund Russell and Richard Tucker, “Introduction.” In Natural Enemy, Natural Ally:
Toward an Environmental History of War, edited by Richard P. Tucker and Edmund
Russell, (Corvallis, Oregon: Oregon State University Press, 2004), 2.
17
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food. In this context, nature became part of the enemy to US soldiers as Vietnamese
Communist forces used the environment as one their solutions to combat a
technologically more advanced military force.
This was not the first tropical war for the United States, and just as DDT had been
used to kill malarial mosquitoes attacking troops in the Pacific Theater during World War
II, chemicals could be used in Vietnam to combat this new foe. US military policymakers
made the decision to use chemical defoliants to destroy the dense foliage that aided
Vietnamese Communist forces. The United States tried to counter the low-tech
environment with a high-tech solution—chemical herbicides.18 As one author claimed of
the US military, “Technology is our first answer to the lethal hazards of waging war,”
and during the Vietnam War nature was part of that lethal hazard.19 In short, both sides
treated forests as an important actor in the conflict, whether they explicitly acknowledged
so or not.
Thus US forces began use of chemical defoliants in the Vietnam War in an effort
dubbed “Operation Ranch Hand.” From January 1962 to February 1971, Ranch Hand
forces doused South Vietnamese forests with between 17.5 and 20 million gallons of
chemical defoliants, covering almost ten-percent (six million acres) of a country about

18

This is very similar to what historian James Gibson has called “Technowar.”
James William Gibson, The Perfect War: Technowar in Vietnam (Boston, MA:
The Atlantic Monthly Press, 1986)
19
In an orgiastic embrace of technology as the United States’ savior in warfare, the
article later, in an Agent Orange redux, refers to Gulf War Syndrome, “at this writing
there is no scientific evidence of a link between service in the war and excess illness and
death.”
Harvey M. Sapolsky and Jeremy Shapiro, “Casualties, Technology, and
America’s Future Wars.” Parameters, Summer 1996.
7

the size of New Mexico.20 If proportionality were used as a guideline for war, as former
Secretary of State Robert McNamara insisted it should be in the 2003 documentary Fog
of War, this would be the equivalent of spraying about 169 million acres of the United
States, a land area the entirety of Texas plus several smaller New England states—or
about twice this amount if it is considered that the US military confined defoliation to
only South Vietnam.21 The Army of the Republic of Vietnam (ARVN) and US military’s
use of chemical defoliants proved both pervasive and ubiquitous.22
However, defoliation’s scale is only part of what makes its story so remarkable.
Chemical defoliation profoundly linked US pilots, civilians and soldiers to Vietnamese
soldiers and civilians, as well as to the Vietnamese natural environment, because they all
shared a common exposure to chemical defoliants. Understanding this connection can
also add to the overall understanding of the Vietnam War as a whole. Previous studies
have usually examined only one of military, cultural and ecological factors and therefore
did not consider the ways that all actors interacted with each other through defoliation.

20

Buckingham, Operation Ranch Hand, 199-200.
Figures Obtained using the online CIA World Factbook
(https://www.cia.gov/library/publications/the-world-factbook/index.html), a conversion
rate of 247.1 acres per square kilometer, 2.59 square kilometers per square mile, and the
US Geological Survey’s website, (http://www.usgs.gov/). Both were accessed on August
15, 2007. This area is about 7.5% of Vietnam’s total area. The sprayed area in Vietnam
was 24,281 square kilometers, and the US equivalent is 683,737 square kilometers.
22
When information on herbicide operations from 1965-1971 was put on a computer
printout (with each sortie getting a line), 86% of the missions took up a whopping 497
pages. Continuing this scale, it would take almost 600 pages to get every mission on this
report.
Alvin L. Young Collection on Agent Orange, Special Collections of the National
Agricultural Library (Alvin Young), Beltsville, Maryland, Series II, 00108, Herbs Tape:
Defoliation Missions in South Vietnam, 1965-1971
21
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Understanding these interactions and relationships is vital to understanding defoliation
and the Vietnam War as a whole.
Even though US forces sprayed a great deal of Vietnam’s forests, defoliation’s
overall military benefits are questionable. Defoliation should have aided US and ARVN
forces in large-scale operations by improving long-term military capabilities and in
immediate and localized skirmishes by improving chances of battle success. Instead
defoliation sometimes produced mixed results on a localized level, while it frequently
had overall negative effects for most everyone involved. Being interconnected had
unexpected and often unwanted effects, as Americans found themselves linked to
Vietnamese people and environment.
Chapter One will examine how defoliation affected the different political
relationships the United States enjoyed. On a high political level, the use of chemical
defoliants sparked controversy because some governmental and civilian groups, foreign
and domestic, alleged that its use constituted a violation of the Geneva Protocols. In the
early stages of defoliation this represented an important concern for US policy makers,
but significant problems never materialized. Locally, defoliation functioned as a kind of
unwanted chemical diplomacy and might have hurt US war efforts. Most crop destruction
affected Vietnamese civilians much more than Vietnamese Communist forces. As land
and ancestral homeland often accounted for the only truly valuable material thing many
Vietnamese people could claim, destroying the crops on it and making the soil on that
land infertile exacted a terrible price. This undoubtedly affected the campaign to “win the
hearts and minds” of the Vietnamese civilians.

9

Chapter Two will consider how pervasively chemical defoliants affected the
Vietnamese environment. While commonsense that defoliation would harm forests, it is
the extent and way that it did that proved so harmful. The US military intended for
chemical herbicides to kill targeted plants and leaves on trees, but often defoliation also
killed the trees themselves. Sprayed Vietnamese mangrove forests suffered almost total
annihilation and other forests experienced almost the same consequences when sprayed
twice (which was a common occurrence). Jungle ecosystems are complex and intricate,
and therefore when chemical defoliants destroyed jungle trees the results were frequently
devastating for the ecosystem as a whole. Beyond this, the poisons contained in the
defoliants tended to stay in soil and animal life longer than the chemicals themselves.
Thus while forest destruction was an intended result of defoliation, the scale of
destruction seems much more serious than anticipated.
Chapter Three will analyze defoliation’s military effects. Militarily, defoliation
was intended to prevent ambushes and improve security around US military bases.
However, some evidence suggests chemical defoliants made ambushes more successful.
Occasionally US forces used defoliation to make it harder for Vietnamese Communist
forces to move personnel and supplies. This did not work because the Ho Chi Minh trail
constituted a large network of paths and when combined with an immense system of
tunnels proved too big for chemical defoliants to make a significant impact. Evidence
suggests that while chemical defoliation helped, it did not have the intended military
impact as most have previously asserted. It instead produced very mixed results that were
both positive and negative for US forces.

10

Chapter Four will discuss the medical effects of defoliation. The human impacts
of chemical defoliant use were significant and terrible. The chemical defoliants used in
Vietnam contained a byproduct, TCDD (Tetrachlorodibenzo-para-dioxin), which is one
of the more toxic substances known to man. Allegedly the chemicals cause severe liver
damage, multiple cancers, and skin problems. But medical studies have yet to definitively
link TCDD and chemical defoliants to all these problems, and US authorities have
consistently denied claims that defoliants definitively harmed US troops. The chemicals
are scientifically proven to cause birth defects in some mammals and could have similar
effects in humans. Just as with the political, military, and environmental effects, health
controversies produced by defoliation have been more significant than the US
government and military expected them to be.
Jeffrey Record contends that part of why the United States lost the Vietnam War
is because the US military underestimated Vietnamese Communist tenacity and fighting
power and concomitantly overestimated US military and technological effectiveness.23
“The U.S. armed forces contributed to their own defeat in Vietnam by fighting the war
they wanted to fight rather than the one at hand.”24 Part of this stemmed from a striking
arrogance, both cultural and technological, exhibited by the US military, as they often
considered their communist enemies nothing more than products of a “piddling,
preindustrial dwarf” state.25 The story of defoliation fits both descriptions. One visitor
noted that during the height of the Vietnam War, US military officials still had not
23

Jeffrey Record, The Wrong War: Why We Lost in Vietnam. (Annapolis, Maryland:
Naval Institute Press, 1998), xvi.
24
Record, The Wrong War, xix.
25
Record, The Wrong War, 62.
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bothered to read the dozens of translated after-action reports written by French
commanders from the French-Indochina War which detailed French “frustrations,
failures, and lessons learned.”26 Unmitigated destruction at the hand of US planes was a
key part of WWII military success.27 It seems clear that an incredible hubris caused many
military advisors, such as Curtis LeMay, to believe that the destruction that rained down
from their planes—in the form of bombs or defoliants—would also have a significant
positive effect on the US war effort.
In this war, US forces treated not just the Vietnamese Communists as enemies,
but also treated the natural environment as a foe. The relationships forged as a result of
conflating nature and enemies are essential to the study of Operation Ranch Hand and
chemical defoliation operations. All wars are incredibly violent. During the Vietnam
War, US forces created a new type of violence that wedded defoliation chemicals to
typical military operations. Typical of the war as a whole, new technology helped to
make death and destruction a more efficient process, even if that destruction did not help
the United States win the war. The war became one in which nature, as well as humans,
became an enemy and a victim as both natural and human bodies were shattered.
The United States did not respect Vietnam’s complex ecosystem, or how
Vietnamese civilians and soldiers interacted with that environment. The use of chemical
defoliants did not always produce the intended military results, and this blind faith in

26

Record, The Wrong War, 47.
For example see Michael Sherry’s seminal text, especially chapter nine on “The
Triumphs of Technological Fanaticism”:
Michael Sherry, The Rise of American Air Power: The Creation of Armageddon.
(New Haven, Connecticut; Yale University Press, 1987)
27
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technology caused a bevy of complex, unwanted results. This thesis adds to previous
studies by showing the importance of understanding defoliation’s entire range of results,
especially those unanticipated (see A Note on Sources). These complex outcomes more
accurately reflect the true nature of US chemical defoliant use during the Vietnam War,
and understanding those consequences is vital to understanding defoliation as a whole.
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Chapter One
Chemical Diplomacy and Its
Ill Effects on US Political Relations
In September 1961 the US Ambassador in Saigon Frederick E. Nolting, Jr. wrote
a memo to US Secretary of State Dean Rusk on South Vietnam’s international economic
capacity. The note praised the “quality and adaptability of the Vietnamese,” and stressed
the country’s “economic potential.” Nolting considered the natural environment key to
any economic development plans, because Vietnam was “basically an agricultural
economy (over 30% of the people [were] engaged in agriculture).”1 To improve the
GVN’s status in the eyes of its people, Nolting suggested that improving agriculture
would create general economic uplift and therefore greater popular support for the
government. The memo implied that any measures that hurt crops would produce
negative consequences.2
US policymakers did not follow Nolting’s advice to improve the Vietnamese
agricultural system. Those in Washington who believed that, if properly cultured, the
Vietnamese environment and its agricultural production could become a possible strength
1

The actual number was probably much higher than 30%. The American Institute of
Crop Ecology wrote in 1963 that approximately 90% of all Indochinese (includes Laos
and Cambodia) people were engaged in agriculture.
M Y Nuttonson, The Physical Environment and Agriculture of Vietnam, Laos and
Cambodia: A Study Based on Field Survey Data and on Pertinent Records, Material, and
Reports. (Washington, DC: American Institute of Crop Ecology, 1963), 2.
2
John F. Kennedy Presidential Library (JFKL), Boston, Massachusetts, NSF Box
194, 1 Sept 61 Memo from Amembassy Saigon to Secretary of State; Subject: VietNam: Transition to International Development
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for the United States and its client state were overruled. Instead, Vietnam’s environment
became a perceived hindrance to the US war effort; something that should be destroyed
to wage a more effective war. To US policymakers and the US military, Vietnam’s
environment itself became associated with the enemy—an enemy that could be defeated
with chemical defoliants. Improving agriculture and therefore “improving” the land was
abandoned in favor of destroying it to aid military operations. (Although, perhaps many
in the US military considered a destroyed Vietnamese landscape an improved
Vietnamese landscape because they believed it helped them accomplish their military
aims.3) Yet these defoliation missions not only damaged the land, but also affected US
political relationships.
Politically defoliation caused controversy because some alleged that it violated
the Geneva Protocols ban on chemical warfare. And many people, both in the United
States and abroad, held reservations about using chemicals for war purposes. US
planners expected such criticism to be significant, though it never emerged in any
meaningful way. More pervasively, defoliation functioned as an unwanted form of
chemical diplomacy with significant effects on Vietnamese civilians and their food
supply. This encompassed more than embassy-level interactions, and in many ways local
relationships proved much more significant than their grander counterparts. Limited
evidence also suggests that this had the negative consequence of harming the US

3

What constitutes “improving” the land is a contested concept, and for an examination of
how this concept played out between American Indians and European colonizers, see:
William Cronon Changes in the Land: Indians, Colonists, and the Ecology of New
England. (New York, NY: Hill and Wang, 1983)
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campaign to “win the hearts and minds.” Defoliation was supposed to help protect
Vietnamese peasants and hurt Vietnamese Communist fighters. It usually accomplished
the opposite.
No matter how ubiquitous US military defoliation missions may have been
during the Vietnam War, defoliants were a relatively new invention. Experimentation
with plant growth defoliants began in the late 1800s, and became significant in 1941. On
December 11, 1945 the US government gave the first patent for a chlorophenoxyacetic
acid herbicide, the same type later used in Vietnam, to the American Chemical Paint
Company.4 In that year the chemical company Amchem began commercial sales of the
chemical 2,4-D, marketed under the name “Weedone.” (The infamous herbicide Agent
Orange used so profusely in Vietnam would be a 1:1 mixture of 2,4-D and 2,4,5-T.) US
production that started as less than one million pounds in 1945 grew to an excess of 30
million pounds by 1952, and later ballooned to more than 60 million pounds annually.5
At the time commercial and industrial herbicide production skyrocketed, military
use found its meager beginnings. In 1952 at Camp Drum in New York the US military
conducted its first tests of aerially dispensed herbicides. Overgrown sugar maple foliage
had obstructed observation of an artillery range, and planes sprayed herbicides to reduce
the maples.6 As it would later in Vietnam, the US military used chemical herbicides
instead of manpower to clear this problem—nature got in the way of US military
4
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ambitions and was therefore destroyed. The first field tests in Vietnam would not be
conducted until a decade later. President Kennedy approved them on November 30,
1961.7 The Joint Chiefs had previously, on November 3rd, expressed their wariness of
using chemical defoliants for fear that they might be accused of “employing chemical or
biological warfare.”8 With presidential approval, their concerns lessened considerably.
Significantly, though the GVN had repeatedly requested crop destruction missions,
Kennedy’s original authorization did not approve any crop destruction as the State
Department held “serious opposition” to it.9
But Kennedy’s memorandum set the stage for the South Vietnamese countryside
to be doused with chemical defoliants. In what historian James Gibson called a
“fetishism” of technology; the logic of “Machine-system meets machine-system and the
largest, fastest, most technologically advanced system will win” came into play.10 As
Jeffrey Record wrote, “Firepower and attrition have long been attractive to the U.S.
military because they play to American material and technological superiority and offer a
means of substituting machines for men on the battlefield.”11Simply put, the United States
sprayed Vietnam with chemicals in order to wage a more effective and efficient war with a
much higher body count for their opposition than themselves. But chemical herbicides
were not the only technoweapon used in Vietnam.
7
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Many different new technologies found a place in the US arsenal during
Vietnam, but defoliants alone were the most significant. Most other technoweapons
simply helped the US military do something it already did better—helicopters aided
troop transit, better guns provided more efficient firepower, and bigger bombs gouged
even bigger holes out of the Vietnamese landscape. But chemical defoliants were the
ultimate technoweapon because they gave the US military a new ability to destroy the
environment in an unparalleled way. Defoliation not only theoretically improved US
capabilities, but also should have given the US military the flexibility to significantly
alter its war plans. The military tried to control Vietnamese Communist forces through
control of the South Vietnamese natural environment by using what Rachel Carson
called “biocides” to destroy that environment.12
At the Vietnam War’s most violent point, the US military habitually “practiced
an especially capital-intensive brand of conventional warfare that placed a premium on
material and technological superiority.”13 However no matter how many tangible
advantages US and RVN forces held, “Vietnamese communism ultimately triumphed in
Indochina because it mustered and maintained a superiority in the intangibles over a
period of time sufficient to cancel out the significant edge the Americans and the South
Vietnamese allies enjoyed in manpower and weight of metal.”14 That the US military
attempted to counter the military problems posed by nature with its technological
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superiority is to be expected. But when the US military met this simple natural problem
with a complex technological solution problems arose.
Defoliation generated controversy over whether it violated the Geneva
Protocols, though not as much as was likely anticipated. Prompted by ubiquitous
mustard and chorine gas use during World War I (WWI), the 1925 Geneva Protocols
were enacted after that conflict to make warfare “more civilized.” (Though both sides
used war gases, Germany received the bulk of the blame.) The Protocols stated, “The
use in war of asphyxiating, poisonous or other gases, and of all analogous liquids,
materials or devices, has been justly condemned by the general opinion of the civilized
world.”15
Chemical herbicides operated on the boundary of the Protocols and some
claimed that chemicals used to defoliate and kill crops constituted a poisonous liquid.
It seems US policy makers anticipated such claims because they were highly defensive
about whether defoliation amounted to chemical warfare, but the administrators drew
a subtle distinction between chemicals used against enemy combatants and those not.
At least in their rhetoric, trees and crops did not fall under this statute’s protection, no
matter how directly they influenced human beings. (Privately, it seems even
policymakers themselves did not believe in the merit of their carefully crafted
position. A November 1961 memo to President Kennedy said on the subject of the use
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of “Weed Killer”: “Your decision is required because this is a kind of chemical
warfare.”16)
US officials based their argument on two precedents: British use of herbicides
during a previous conflict and the fact that many farmers (in both the United States and
Soviet Union) frequently used chemical “weedkillers.” A 1961 Dean Rusk memo to
President Kennedy showed the common belief that Britain previously set a precedent for
wartime chemical defoliation. Rusk explained, from 1951-53 during the “emergency in
Malaya [the British used] helicopters for destroying crops by chemical spraying.” British
defoliation had not prompted an international incident, and US officials believed that the
world community would also tacitly approve their use of “weed killers.”17
Officials also reasoned that prevalent herbicide use by farmers in the United
States and Soviet Union made their use in warfare moral and permissible. A GVN
briefing prepared by US writers stated that the “Herbicides used [were] similar to, and
no more toxic than, weed-killers which [were] widely available to farmers throughout
the world. These herbicides [would] harm neither human nor animals; neither [would]
they harm soil nor render water supplies unpotable.”18 This implied that the US
government would not let its own civilians use a chemical that would harm them, their
soil or animals. US policymakers believed this did not breach the Geneva Protocols.
Of course the United States had no obligation to follow the Geneva Protocols,
because it had not formally bound itself to do so. Though championed in part by the
16
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United States after WWI’s conclusion, the US congress did not ratify the Protocols.
(Congress would not officially ratified the Protocols until 1975.) However the United
States had previously tried to abide by the agreement in de facto fashion. For example, in
a 1943 speech US President Franklin D. Roosevelt said,
Use of such [chemical] weapons has been outlawed by the general opinion of
civilized mankind. This country has not used them, and I hope that we never will
be compelled to use them. I state categorically that we [the United States] shall
under no circumstances resort to the use of such (chemical and biological)
weapons unless they are first used by our enemies.19
Thus, though not bound to the Protocols the United States had previously followed them,
albeit at times with a very liberal interpretation.20 Nonetheless, hesitancy existed towards
use of chemicals in war.
This previous hesitancy stemmed partially from fear of how war herbicides might
be perceived by allied governments and the press. Manifested at the highest levels, US
policymakers proved deeply conscious of negative publicity and worried that chemical
herbicide use might prompt serious political criticism. Even before military escalation in
19
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Vietnam, an October 1961 paper written by Walt Rostow listed as a “con” for
intervention into Vietnam that it would break “the Geneva Accords and [put]
responsibility on the U.S. for rationalizing the action before the U.N. and the world.”21
Even on a larger level, Washington policymakers showed they did indeed care how US
entry into and actions in Vietnam might be perceived. This concern was mirrored in
concern over herbicidal operations.
Another Rostow memo sent a week later said, “defoliant spraying may well
result [in] some crop damage in areas adjacent to VC areas which could cause adverse
reaction against [the] GVN and could be used by VC propaganda in [an] attempt [to]
develop germ warfare publicity.”22 However, the fear of negative publicity and
“propaganda” did not necessarily influence the outcome of policy decisions. A memo
from the Chief of Military Assistance Advisory Group, Vietnam (CHMAAGV) to the
Commander in Chief of Pacific forces (CINCPAC) in February 1962 declared that the
“American Embassy [had] decided to take another hard look at [the] crop warfare
program to see if [the] political disadvantages outweigh [the] military advantages.”
However, the letter concluded that there still existed “military advantages to be gained in

21

The Geneva Accords ended the French-Indochina War, and are not to be mistaken for
the 1925 Geneva Protocols. The Geneva Accords also pledged that foreign troops
would stay out of Vietnam.
JFKL, NSF Box 194, “Concept for Intervention in Viet-Nam” by W. W. Rostow,
2 October 1961.
22
JFKL, NSF Box 194, Telegram from “SAIGON” to “Secretary of State”, 7 October
1961.
22

crop warfare and that a complete reversal of US position would be hard to justify to
[South Vietnamese President Ngo Dinh] Diem.”23
Furthermore, after initial sprayings, an August 1962 letter by Secretary of
Defense Robert McNamara to President Kennedy expressed McNamara’s view that “the
propaganda impact [had already] been made and that [they could] use herbicides without
causing a serious new international incident.”24 McNamara did not worry about the
legality or morality of defoliation, but rather how others might perceive it and provide
fodder for enemy propaganda (or domestic resistance). Therefore, the US government
and military were aware of the negative publicity that defoliation might engender.
Moreover, they continued their policy of military defoliation because they believed the
military benefits would outweigh any negative side effects they might incur in the public
relations arena. Those negative side effects would come, but only barely.
Though the “civilized world” (as the Geneva Protocols claimed) might have
believed that tear gas and herbicide use were in violation of the Geneva Protocols, the
United States did not. Dean Rusk wrote to Kennedy in 1961 saying, “The use of defoliant
does not violate any rule of international law concerning the conduct of chemical warfare
and is an accepted tactic of war.”25 Continuing this logic, in a March 16, 1963 letter
response to Senator Robert W. Kastenmeier’s chemical warfare allegations, William P.
Bundy wrote:
23
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No poisons or chemical warfare agents have been employed by the GVN. As you
are aware, chemical warfare as defined by international law requires injury to the
physical person of the enemy. The chemicals that have been used are weedkillers of the same types […] used – especially by farmers – in the United States
and other countries. They are commercially available in many countries. They
are not injurious to man, animals, or the soil.26
This official opinion was continued though President Nixon’s administration,
when Nixon explicitly stated his opinion that herbicides and tear gasses did not
violate the Protocols.27
Minimal foreign criticism also appeared. On April 2, 1963, the Polish Red Cross
made note of possible US chemical use and suggested sending delegates to South
Vietnam for an investigation. Not long after that, the Burmese, Cambodian, and North
Vietnam press also condemned the use of herbicides and “noxious chemicals as a war
means.”28 Several days later on April 8, 1963, the US State Department received a
telegram from the “Federation of Cuban Women” which stated, “We protest with
indignation against the crimes that imperialism is committing against the people of South
Viet-Nam by means of chemical warfare. We are solidly behind the fight for its
liberation.”29
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The minimal outcry such as heard from abroad proved even less severe in allied
and domestic press during the war.30 Sometimes the US press ran stories about US
chemical use—including but not limited to defoliation—during the Vietnam War. For
example, the on March 23, 1965 New York Times reported about, “some temporarily
disabling ‘types of tear gas’ for combat use against the Vietcong.”31 That day the White
House released a statement claiming, “President Johnson had not been consulted about
the use of nausea-inducing gases in the South Vietnamese war.” Secretary of Defense
McNamara emphasized a precedent, stating that US police forces previously employed
similar gasses in riot control situations.32 (Noted biochemist and Vietnam War scholar J.
B. Neilands explained that this came as a bit of a shock to many people, because, as he
claimed, “The US had established—until Vietnam—a consistent history of respect for
the Geneva Protocols.”33) Nonetheless, though policymakers might have expected them,
the United States used chemical herbicides during the Vietnam War with very few state
and governmental level political consequences. An expected consequence
unintentionally never happened.
However as the US military escalated troop deployment in Vietnam so did
herbicide use. Washington officials broadly defined acceptable chemical use under the
Geneva Protocols. McNamara’s loose interpretations of the Protocols as they related to
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anti-personnel gases reflected the administration’s loose interpretations of chemical
herbicides’ acceptability under the Protocols. Therefore, anti-personnel gas use in
Vietnam is important because it emphasizes a disregard of how international statutes
might proscribe US use of chemicals in war, as policymakers seemed more concerned
with publicity than legality. But herbicide use struck a dissonant chord with some.
J. B. Neilands claimed that most experts disagreed with US policymakers’
interpretations of the Protocols. These governmental statements on herbicides made the
implicit assertion that since the United States was killing trees and crops—the
environment—and not people, its chemical use did not violate international law. So
that the use of chemicals to kill living organisms in warfare did not violate the Geneva
Protocols, US officials drew a distinct line between the rights of humans and the
environment in which they live. They did so even though almost the whole world
disagreed.34 As Neilands explained, “The concept that anti-personnel gases and
herbicides are exempt from the Geneva Protocol appears to be a peculiarly American
interpretation.”35 The experts might have decried US chemical use during the Vietnam
War, but their sentiment failed to trickle up to those in positions of political influence.
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In many ways the effects of chemical defoliation suffered at local levels were
much more profound than the negative political consequences. This chemical
diplomacy, mostly as chemical crop destruction, affected the United States’ campaign
to win the “hearts and minds” of the Vietnamese people. Technically, only GVN
personnel destroyed crops with chemical herbicides. But as historian James Gibson
explained:
The U.S. Air Force used American aircraft, but Vietnamese markings were put
on the planes and a Vietnamese was required to fly along in each aircraft. This
slight subterfuge was undertaken to avoid problems with international law
forbidding destruction of food intended for civilian consumption.36
This subtle distinction was lost on Vietnamese civilians. As with traditional defoliation,
the US military supposedly undertook crop destruction to gain a military advantage over
Vietnamese Communist forces. It believed that if it destroyed crops in Communist
dominated areas, Communist soldiers would have less to eat and become a hungry, less
effective fighting force. Such an advantage did not always coalesce, however. To
understand why, crop destruction’s history must first be understood.
The military’s desire to use chemical defoliants to destroy crops and food
supplies had a logical beginning. By August 1961, South Vietnamese troops sometimes
destroyed crops they believed were primarily eaten by Vietnamese Communists. Doing so
36
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required either backbreaking labor in the form of cutting, pulling and burning, or aircraft
fire and napalm.37 However, these options (especially cutting, pulling and burning)
required a great deal of human effort and manpower. Therefore, it was no surprise that
some South Vietnamese officials advocated crop destruction with easily used high-tech
chemicals as opposed to the time intensive low-tech measures previously employed.
The first recorded crop destruction tests occurred on August 10, 1961 on remote
patches of potatoes and manioc (tapioca). The food was “sufficient to feed rebel groups
for long periods of time.” US military and ARVN forces fitted HIDAL helicopters with
an experimental spray rig and used them along with C-47 cargo planes and AD-6 fighter
planes fitted with additional “rig equipment.” US officials paid careful attention to how
local South Vietnamese people and the world perceived crop destruction. Internal
documents emphasized “full Vietnamese participation in each of these projects with
U.S. technical advice and support.”38 Of course, the people participating were ARVN
soldiers, and not the South Vietnamese civilians whose crops were targeted.
A September 29, 1961 meeting highlighted the desire by South Vietnamese
policymakers to use chemical defoliants for crop destruction purposes. GVN President
Ngo Dinh Diem met at Independence Palace in Saigon with a US group that included
Ambassador Nolting, General McGarr (CHMAAGV) and Admiral Felt (CINCPAC).
Their discussions eventually turned toward the subject of Vietnamese Communists
forcing the minority Montagnards to clear land and plant rice for Vietnamese Communist
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soldiers. Diem believed that this would be a significant amount of food and requested its
immediate destruction.39 In a strange twist from relations with other governments, crop
destruction might have actually improved US relations with Diem and the South
Vietnamese Government.
Early US reports deemed crop destruction a success. One October 1963 report
found the chemical spray to be “100% effective in the physical destruction of crops.” It
also claimed, “Defoliation and chemical crop destruction [had] a direct and continuing
favorable impact on military and civil activities in RVN.”40 A November 23rd test also
went well, which prompted both evaluators to declare the operation a general success.41
By July of 1966 conclusions became less enthusiastic. A later report said, while “the
advantages to the allied forces from both programs [defoliation and crop destruction]
significantly outweigh the disadvantages,” the disadvantages had grown significantly.
More likely, by 1965 they had stopped being dismissed because they did not fit into the
rubric of intended outcomes and had begun to be noticed.
It has been estimated that in 1965 enough foodstuff, primarily manioc, sweet
potatoes, and rice, to feed about 245,000 people for one year were destroyed by
herbicide operations. Because many of the destroyed crops belonged to civilians,
the total amount destroyed cannot be considered to be a direct detriment to the VC
troops and cadre. The destroyed civilian crops were located, however, in areas
under VC control or influence.42
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The destroyed food constituted about 1% of the total food production for the whole
country. The report concluded, “While the loss to the VC is severe, in many instances,
the civilians suffer more.”43 Later reports would even doubt whether the loss to
Vietnamese Communist forces constituted any real hindrance at all.
More problems surfaced with crop destruction. An October 1967 report
questioned how much crop destruction contributed to the general inflation of food prices,
and whether the cost to feed persons whose crops had been destroyed was too high. It
concluded, “Within the context of what has been studied, it would appear the crop
destruction effort may well be counterproductive.”44 US reports questioned the military
effects as well, as no “significant relationship was noted between [Vietnamese
Communist] rice rations and the percentage of regional rice lands sprayed.” Thus crop
destruction played into a very common theme of the Vietnam War. As a predominantly
guerilla war, civilians and soldiers were largely indistinguishable (sometimes with no
difference). Defoliation and crop destruction made clear one of the most difficult
dilemmas the US military faced, discerning friend from foe. To combat this, they often
“had to burn the village to save it,” hurting the hearts and minds battle.
Again, those fighting did not suffer from crop destruction, as that weight fell
almost entirely on civilians. Analysis indicated, “[T]he civilian population seems to carry
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very nearly the full burden of the results of the crop destruction program.”45 Indeed, an
“estimated 90% of the crops destroyed in 1967 were grown, not by VC/NVA military
personnel, but by the civilians living there.”46 While perhaps some were intended for
Vietnamese Communist forces, it is highly doubtful that all of the crops were. Crop
destruction likely hurt common South Vietnamese civilians much more than it did
communist military forces.
Consequently crop destruction’s anticipated strategic advantages never
materialized. Military decision makers’ rationale for crop destruction assumed that
destroying crops would hinder Vietnamese Communist forces. Instead, destroyed food
nearly always came directly out of South Vietnamese peasants’ mouths. Those fighting
retained their rations. Frequently US military and governmental officials rationalized this
civilian food deprivation because defoliation and crop destruction operations supposedly
were “employed [only] in areas not under GVN control and where [the] population
[contained only] VC or VC supporters.”47 That is to say, when reports showed that noncombatants bore the brunt of food denial programs, chemical crop destruction could still
be undertaken with the logic that the affected civilians supported Vietnamese
Communists. Often this logic only took food away from innocent people who suffered
because they happened to live in a war torn land. Not only did chemical crop destruction
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cause many problems for Vietnamese civilians, it failed at its military goal of communist
troop food depravation.
Frequently chemical crop destruction and defoliation had the effect of driving
people off of lands their families had lived on for generations. When soil that had borne
crops for generations suddenly produced only wilted rotting plants, villagers might have
had a good idea of why the land suddenly went barren. After defoliation operations a
quick growing grass often replaced what had previously been triple canopy jungles. Local
peoples called this “American grass,” and such a moniker shows that they understood the
connection between US operations and the destroyed plants.48 Vietnamese people
understood who destroyed their crops and the surrounding vegetation, which led to worse
perceptions of the US military and its actions.49
Of course, forest defoliation proved much more prevalent and widespread than
crop destruction. Sometimes the Ranch Hand missions would fly by and accidentally
spray villages and civilian crops with chemicals.50 Often pilots meant to spray terrain
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adjacent to these villages, but even a slightly miscalculated route or a strong gust of wind
could put the spray off course. In one study, in almost 90% of the areas studied, “crop
damage by defoliation missions was greater, sometimes considerably so, than by crop
destruction missions.”51 For the chemical defoliants to operate at an optimum efficiency,
they had to be dispersed with a very small droplet size. This created a problem because
when sprayed in such a fine mist any crosswinds greatly increased the potential for spray
drift.52 Put simply, for the chemical defoliants to work best they had to be sprayed so that
any wind would cause them to land off target.
If this simply meant that a defoliation mission intended to spray a group of power
lines instead sprayed an uninhabited area next to it, no great problem would have existed.
Of course unintentional defoliation is unacceptable – if nothing else it wastes time and
money – but it still would not constitute a human rights violation. However, a problem
did exist when areas near intended targets were inhabited. Even when missions missed
crops, they still rendered the sprayed environment barren. Early tests showed defoliation
to be quite effective in destroying non-crop foliage.53 Chemical defoliation destroyed the
natural environment of Vietnam, and it did so very effectively.
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US decision makers seemed very cognizant of the fact that they were pervasively
damaging the Vietnamese countryside, and that this could adversely affect local peoples.
A near obsession with legalities suggests US policymakers were unsure of their own
rationale of how defoliation did not violate international statutes. Before spraying an area
planes dropped leaflets and military servicemen with loudspeakers told civilians of the
impending defoliation.54 The US Embassy in Saigon assured Washington officials that
local warning and publicity would take place before operations, and chemical defoliation
would not occur until all “Psywar” (or psychological warfare) aspects of the operation
had been met.55
These warnings constituted another piece the US/ARVN war machine. Leaflets
preceded both defoliation missions and traditional bombing runs, urging civilians to
vacate the area. Undertaken before air missions, the US military intended for “Psywar” to
help it win the hearts and minds of the Vietnamese people and therefore advance its war
effort. At first, “Psywar” efforts appeared successful. A February 1966 report said
because of the notifications, “any adverse effects on the attitude of the villagers caused
by the attacks appear to be greatly diminished. The villagers seem grateful for warning
and sometimes seize the opportunity it offers to move to GVN-controlled areas.”56
However, later analyses suggest these exhortations had the opposite effect. One side of
the leaflets showed a B-52 and on the other side Vietnamese text not only warned about
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the upcoming danger, but also asked civilians to leave their villages and go to strategic
hamlets. Defoliation or bombing runs after the leaflets then became a type of “negative
reinforcement.” Captain Robert B. Johnson described the system, “[T]he message was
clear to the people in the countryside; leave your homes or we will kill you.”57
As the leaflets encouraged, civilians were to not only leave their homes, but
also go to strategic hamlets. At a cost of about $25,000 each in 196258 (or
approximately $170,000 in year 2007 US dollars59), the United States and Republic of
Vietnam intended for strategic hamlets to keep noncombatant Vietnamese people safe
and also remove any communist influence. Historian William J. Duiker described the
hamlets:
In theory, the village would first be pacified, and revolutionary elements
located and removed. Then the perimeter of the village would be surrounded
with barbed wire, stakes, and other defensive arrangements, while the residents
were appropriately armed and trained in techniques of self-defense. In the
meantime, the government would attempt to win their heart and minds by
providing them with essential services and improving their livelihood.60
However, this did not always happen. Laminated ID cards, intended to be a safeguard,
did not always successfully identify and separate hamlet residents from non-residents.
They were easy to lose and many residents did not understand their importance. The
defenses frequently did not keep out Vietnamese Communist attackers and insurgents.
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Most importantly though, strategic hamlets still forced Vietnamese people from their
ancestral homeland, just like their ill-fated Agroville predecessors.61
Thus, one of the main problems with defoliation surfaced yet again – it forced
people off one of the few valuable things they had, their land. Supposedly strategic
hamlets were built on top of existing villages, but this was not always feasible. Often,
doing so proved much too cumbersome to provide any real defensive benefits. Therefore,
defoliation was integrated, intentionally or not, as part of a strategic hamlet mechanism
that destroyed ancestral homeland and made people move off of it into these hamlets.
As another cog in the mechanized US war machine, this created religious
problems. Unlike Catholic President Ngo Dinh Diem, most Vietnamese practiced
Buddhism.62 (Because of this, Diem rarely considered his Buddhist constituents when
requesting chemical defoliation operations.63) Part of Vietnamese Buddhism required
regularly offering gifts and prayers to a family shrine located on or around hallowed
ancestral lands.64 Trying to force Vietnamese Buddhists from their land essentially asked
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them to blaspheme their religion and dishonor their ancestors. It is no small wonder that
the program did nothing to improve US and RVN popularity with most Vietnamese
people.
Thus, one aspect of defoliation operations tried to separate Vietnamese people
from the land, and therefore separate Vietnamese Communist forces from one of their
greatest assets: help from local civilians. However, even when local civilians moved to
strategic hamlets, voluntarily or involuntarily, they often found themselves still within
the reach of communist influence.65 Also, since civilians frequently stayed on their
lands even after sprayings, any support that existed for Vietnamese Communists
before the sprayings also existed after. Defoliation destroyed Vietnamese people’s
homelands to deprive communist forces of resources, but instead it often cemented or
improved this communist advantage.66
One evaluation very clearly showed how chemical crop destruction caused great
civilian enmity towards the US military:
The reaction to spraying operations which destroy civilian crops is almost
unanimously hostile. Eighty-eight percent of our interview sources indicate that
the people blame the US/GVN for the destruction and 74 percent assert that the
blame approaches a level of hatred in its intensity.67
Le Ly Hayslip, When Heaven and Earth Changed Places: A Vietnamese Woman’s
Journey from War to Peace. (New York, NY: Doubleday Books, 1989), 7-8.
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Not only were Vietnamese civilians understandably upset by their crop destruction; they
blamed the United States for it. This could not have had a positive effect on the US
campaign to win the hearts and minds.
Consequently, defoliation effectively acted as a chemical diplomacy and hurt
Vietnamese civilians in very tangible ways. Though there is not overwhelming evidence
to support so, it also seems likely that this hurt US relations with the Vietnamese on a
very localized level. Vietnamese people knew that when US planes (whether they were
marked so or not) flew by and dumped chemicals on their crops and the surrounding
environment that those plants’ deaths would surely follow. Often civilians came into
direct contact with this death-dealing liquid when it was on their crops or the plants near
their homes. Operation Ranch Hand Commander Major Ralph Dresser said of the
chemicals in a 1966 interview, “It [defoliants] tastes like kerosene with chemical
overtones – not good, but hardly a deadly poison unless you drink it, which nobody is
likely to do.”68
Sadly Vietnamese people drank defoliants that contaminated the water supply and
ate recently sprayed crops. Christian Appy’s interview with Dr. Le Cao Dai suggests that
many believed sicknesses they developed were related to the chemicals they drank.69 Of
course they had no proof of the United States’ and Republic of Vietnam’s culpability in
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their declining health, but that is not what is important. What is important is that this
interview shows how even at the time Vietnamese civilians believed the sprayings caused
their illnesses.
Defoliation significantly impacted how the United States waged the Vietnam War.
Its effects proved far-reaching, though not always in the way that US military officials
hoped. The United States publicly said that its chemical defoliants killed only trees and
crops, but they had greater effects. Though it would never come to fruition, policymakers
expected serious criticism for using chemicals in war. More importantly, chemical crop
destruction never achieved its intended aim of denying food rations to Communist forces.
US military and ARVN forces intended defoliation to remove a perceived advantage for
Vietnamese Communist warriors: the natural environment of South Vietnam. These
benefits, when they did occur, frequently manifested themselves with consequences
outside the realm of military affairs. US forces used defoliants as a way to aid their warmaking capabilities and control Vietnamese Communist forces. Their logic was simple: if
they destroyed the enemy’s resources then they would more easily destroy the enemy.
Thus, chemical defoliation helped to destroy enemy resources in the form of both forests
(for cover, material resources or home for example) and crops for food.

Operation

Ranch Hand Commander Major Ralph Dresser proclaimed in 1966, “We [Operation
Ranch Hand] are the most hated outfit in Vietnam, nobody likes to see the trees and crops
killed. But we’re in a war, and Ranch Hand is helping to win it.”70 This basic attitude
pervaded US chemical defoliation efforts, because though defoliants may have been
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unpopular they were deemed necessary to win the war. But defoliation, through its
chemical diplomacy, proved dreadful for local South Vietnamese peasants. It also caused
US officials to be on guard about claims of chemical warfare that would never occur. As
even the anticipated consequences of chemical defoliation did not occur it seems clear
that US policymakers did not fully understand the repercussions of their defoliationrelated actions. Defoliation had more negative effects on the local level and fewer
negative effects on the high political level than anticipated, and politically did not help
the US war effort as much as intended, if at all.
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Chapter Two
Chemical Defoliation’s True Ecological
Consequences
Chemical defoliants affected more than just US political relationships. With
defoliation the US military failed to respect the environment’s complexity, and this
caused near irreparable damage to Vietnam’s natural setting. Of course, chemical
defoliants were intended to destroy nature to gain a military advantage, and that they
negatively affected the environment seems commonsense. But in a twist of irony, one of
defoliation’s few intended results (vegetation destruction) occurred in a way that could be
considered a failure. Chemical defoliation did more than just destroy the desired
vegetation—it frequently hurt the entire ecosystem. Defoliation significantly damaged
forest recovery capacity, often killed forests instead of just defoliating them (especially
mangrove forests), and let nutrient poor, quick growing grasses and bamboo overwhelm
the surviving trees.
Many other parts of the forest ecosystems were affected by defoliation –
something no preliminary reports took into account. Perhaps policymakers glossed over
any potential environmental problems in their haste to save lives, but nonetheless the
decisions of US planners did not reflect a full understanding of the interconnected,
complex Vietnamese ecosystem. Their plans did not appreciate that destroying one facet
of the forests would surely affect everything else in that environment. Chemical
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defoliation cannot be understood without reflection on these inadvertent outcomes
generated by chemical herbicides. Before considering these effects, an examination of the
chemicals used for defoliation purposes is useful for understanding their full effects.1
Agent Orange constituted the most prolifically used chemical. With more than 40
million pounds sprayed at a cost of over $100 million2 (over $500 million in 2007
dollars3), Agent Orange, so named because of the 7.6cm colored band4 on the 208-liter
steel drum5 in which it was stored, became the primary workhorse in Ranch Hand
operations. After spray application, it caused leaf fall in three to six weeks and its effects
lasted up to a year.6 The defoliant was a 1:1, reddish-brown mixture of two different
chemicals, 2,4-Dichlorophenoxyacetic Acid (2,4-D) and 2,4,5-Trichlorophenoxyacetic
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acid (2,4,5-T), which were also usually combined with diesel fuel or some other organic
solvent before spray application.7
Though Agent Orange remains the most well known defoliant used in Vietnam, as
many as ten different chemical herbicides were used for defoliation and crop destruction.
These include Agents Pink, Green, Purple, Blue, White, two different types of Orange, a
Pink-Green mixture, Dinoxol and Trinoxol. But innocuous names with bright colors
belied the fact that the defoliants contained incredibly potent chemicals. Most agents
were combinations of different forms and concentrations of 2,4-D and 2,4,5-T, although
cacodylic acid (contained arsenic8) and picloram were also used.9 Other than Orange,
Agents White and Blue were the commonly used. White usually had a more accurate
spray placement and defoliated a broader range of woody plants for a greater amount of
time. Blue was a fast-acting contact herbicide, most often used to keep down vegetation
along bases and roadsides.10 Whatever their compositional differences or typical uses,
chemical defoliants did more than remove leaves and destroy vegetation as intended. Just
as decision makers did not understand how pervasively defoliation might negatively
affect Vietnamese civilians, the first chemical defoliation tests did not evaluate how
significantly the chemicals might affect the environment.
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In early chemical defoliation studies, evaluators compared defoliants to
commercially available weed-killers, advertised as not harmful to the environment, other
than to the forests or “weeds”11 they were trying to destroy.12 A March 1963 GVN news
briefing said that the herbicides used in some of the first chemical defoliation tests “harm
neither human nor animals; neither do they harm soil nor render water supplies
unpotable.”13 It seems that this statement ignored a simple ecological truth—humans,
animals, soil and the water supply are all interconnected with the trees and vegetation
with which they share a natural space. To assume that destroying one would not affect the
others is either gross negligence or idiocy. As oft quoted late 19th and early 20th century
environmentalist John Muir said, “When we try to pick out anything by itself, we find it
hitched to everything else in the universe.”
Of course it is very possible that US policymakers were too concerned with the
possible ability to save the lives of US servicemen to consider defoliation’s real
ecological consequences, but even at the time some soldiers recognized the GVN
briefing’s shortcomings. As part of the 6th cavalry training unit in the United States,
Vietnam War era Army veteran Ed Gibbon had conversations in the early 1960s with
soldiers who had returned home from Vietnam. These conversations, and his background
11

For an excellent discussion of what actually constitutes a weed, and how humans relate
to undesired vegetation, see Alfred Crosby’s chapter titled “Weeds”:
Alfred W. Crosby, Ecological Imperialism: The Biological Expansion of Europe,
900-1900. (New York, NY: Cambridge University Press, 1986, 2004), 145-170.
12
For example, Taylor’s November 3, 1963 report to Rostow said, “Chemicals used in
this operation are commercially produced in the U.S. in large quantity and widely
employed there for selective weed control and similar commercial uses.”
John F. Kennedy Presidential Library (JFKL), Boston, Massachusetts, NSF Box
203, Taylor Report to Rostow, 3 November 1963.
13
JFKL, NSF Box 197, Memo from SAIGON to Secretary of State, 20 March 1963.
44

in ecology, troubled Gibbon about the possible laterization of the soil defoliation might
cause.14 (Laterization is the process where insoluble substances in the soil replace soluble
substances, hardening it into an almost brick-like substance.) This never became a
significant problem in Vietnam, but Gibbon’s sentiments show an acknowledgement of
how defoliants might have greater effects than just defoliation. While his scientific
background made Gibbon much more knowledgeable than average soldiers, it was
nonetheless possible to contemplate defoliation’s possible repercussions even at the time.
It was not until near Ranch Hand’s end that scientists conducted complete
overviews of defoliation and its effects. Previous studies focused on the immediate
environmental effects and damages associated with chemical defoliant use. However, as
the 1960s closed, far more holistic research showed that these early estimations obscured
a great many long-term problems associated with chemical herbicide use. In these waning
years, scientists carried out several field studies on defoliation’s environmental effects in
Vietnam. These on-site evaluations represented the first appraisals resembling
comprehensive examinations to take place.
Perhaps the most positive ecological evaluation came in 1969 from Fred H.
Tschirley. Tschirley went to Vietnam at the request of the U.S. Department of State to
assess the US defoliation program’s ecological consequences.15 He concluded that
defoliation would neither effect atmospheric moisture and precipitation,16 nor kill
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microorganisms or cause any significant laterization.17 On defoliant treated forests,
Tschirley wrote, “Some trees would be killed, and the canopy would be less dense
temporarily. But within several years the canopy would again be closed and even a
careful observer would be hard pressed to circumscribe the treated area.”18 His evaluation
of the damage done to mangrove forests was not so positive: “20 years may be a
reasonable estimate of the time needed for this forest to return to its original condition.”19
Tschirley found no evidence that any of the defoliants was more than moderately toxic to
warm-blooded animals (save Agent Blue, which contained arsenic).20
Orians’ and Pfeiffer’s mid-1970 evaluation of defoliation in Science proved less
positive. Though based on limited data, they believed that mangrove forests might take
longer than previous estimates to recover, due to poor seed germination conditions.21
They also noted a possible “serious source of error” in visual estimates of reforestation. It
seems that frequently vines climbed up dead trees, and though from the air this may have
looked like healthy tree regrowth, the new herbage was in fact a sign that the trees were
dying or dead. They explained, “On some of the plots nearly all the greenery above 3
meters was contributed by vines and not by refoliation of the original trees.”22 Also, they
were unsure about defoliation’s effects on warm-blooded animals. For example, they
found only one type of bird (barn swallows) in all the defoliated areas they studied –
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there should have been many more. Moreover, their article hinted that the chemicals were
much more toxic than Tschirley asserted.23 At the beginning of the rainy season, they
noted “many small, round, dark spots in the muscles” of fish. 24 Even though the fish
were obviously sick and the spots adversely affected the taste, the poor continued to eat
them out of necessity. Orians and Pfeiffer also claimed that the rate of accidental
defoliation had been much higher than previously acknowledged.25
Arthur H. Westing added to the knowledge of chemical defoliation’s effects in
Vietnam with his late 1971 Bioscience article. Westing pointed out that about two-thirds
of South Vietnam’s total land was covered by jungle forest, which contained “a
staggering diversity” of plant and animal life. However, on the first aerial spray
application, one out of every eight to ten trees was not just defoliated, but killed.26
Westing wrote, “Because of the rapid decomposition of organic matter and the high
rainfall, the soil does not have a capacity to retain nutrients, but continues to supply them
to the vegetation from current acquisitions.”27 If, the forest were deprived of decaying
plant and animal matter because a majority of the trees and vegetation were killed at
once, that soil would quickly become barren.
In general, rainforests have poor soil quality, because most of the ecosystem’s
nutrients are stored within the trees themselves, creating an intense competition for the
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nutrients present in the soil. Anything affecting this nutrient balance would have dire
effects on the whole forest. Westing found that, after defoliation, surviving animals
usually were less diverse and smaller plants, such as bamboo, crowded out trees.28
Bamboo and other quick-growing grasses took over because they could out compete
surviving and young trees for sunlight and nutrients in the soil. This new conquering
bamboo had a lower nutrient holding capability, and in general made the environment
weaker. Westing summarized how herbicides affected the Vietnamese environment:
The conclusion is thus inescapable that significant environmental deterioration
and economic loss have been incurred, and that the results of the herbicides will
continue to be felt long after their use ceases. From this it follows that beyond
their presumed military utility, the herbicidal agents have a significant and longterm impact not only on the land but also on the many human beings only
coincidentally involved.29
Of course Westing erred here, as humans were more than coincidentally involved, since
they constituted both the reason for (Vietnamese Communist forces) and initiators of (US
military) herbicide use. He wrote, “Both food and cover have been wiped out not only for
the [NLF] but also for most other indigenous creatures.”30 However, not all parts of the
natural environment suffered equally, as some ecosystems felt the brunt of defoliation
much more harshly.
Defoliation in Vietnam most severely damaged mangroves. Mangrove forests, a
collection of trees and shrubs that grow along salt-water coast lines (particularly estuarine
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river banks in Vietnam), were especially good hiding places for Vietnamese Communists
soldiers and snipers.31 This made them likely spray targets, and it was very unlikely that
many policymakers cared about their destruction since it ostensibly saved US lives.
However, such indifferent feelings toward mangroves did not begin during the Vietnam
War. Scientists Ariel E. Lugo and Samuel C. Snedaker have noted an historical
ambivalence toward mangrove forests.32 “Unlike other terrestrial communities that can be
lived in, managed, or exploited by man, mangroves offer only a few direct uses (tannin,
construction timber, and charcoal),” and therefore, humans historically have considered
mangroves “an academic curiosity at best, a nuisance at worst, and, in general, of little
value to man and his works.”33 This led to mangrove destruction such as former Navy
Seal Joe Napes described, “When I first got to Dont Tam, there was a lot of vegetation.
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But by the time I left, the mangrove forest that had been there was so burnt out we ended
up playin’ softball on it.”34
However many Mekong Delta coastal dwellers had enjoyed a close relationship
with the mangrove forests “since ancient times.”35 Mangroves provided them not only
food (fish, shellfish and crabs), but also basic necessities such as firewood and medicine
(particularly for skin disorders and sores). Thus, with a net effect similar to that of crop
destruction and forest defoliation on inland Vietnamese people, when mangrove
destruction led to the gradual erosion of many riverbanks it affected many lives.36
Defoliation harmed coastal dwellers directly by destroying food and livelihood. It also
harmed them indirectly because runoff and erosion made the water much more turbid,
which in turn killed many aquatic plants with wide-ranging impacts on fish in connected
ecosystems. Also, because mangroves were more susceptible to chemical defoliants than
many other types of forests, they did not bounce back as quickly as other forests. 37
Hence the tale of defoliated mangroves serves as an effective representation of
how chemical defoliants affected the environment. Defoliation theoretically
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accomplished its military aim of removing hiding places for snipers, but the long lasting
consequences born from US military planners’ technology-reinforced lack of respect for
the Vietnamese environment had terrible effects on mangroves then and continue to do
so. By 2004, an estimated $15 million had been spent to restore mangrove forests.38 The
costs, monetary and ecological, associated with mangrove forest defoliation were largely
unexpected, but nonetheless devastating. Many of these problems began to manifest even
while Operation Ranch Hand was operating, however the environmental problems the
operation caused did not end with it.
After Ranch Hand ended, many troubles still existed due to chemical defoliant
use. Chemical defoliants frequently leaked from their tanks and hoses. Biochemist Alvin
Young explained, “Within the aircrafts, it was not uncommon to have herbicide leakage
from around the numerous hose connections joining the spray tank and pumps with the
wing and aft spray booms. In hot weather, the odor of herbicide within the aircraft was
decidedly noticeable.”39 This necessitated the removal and cleaning of the spray tank and
console, as well as periodic repainting of the aircraft, likely strewing defoliants about in
many unintended places. Also, the military still had a great deal of the unused chemical
defoliants after the Vietnam War. After Ranch Hand flights were suspended, 1.5 million
gallons of Orange herbicide were left in Vietnam, with another 800,000 gallons left in
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Gulfport, MS, which had to be disposed of by incineration.40 (The Agent Orange left in
Vietnam was moved to Johnston Island, Hawaii for storage in April 1972.41)
However defoliants were not merely left unused in barrels but also stayed in the
soil. Eglin Air Force Base in Florida housed chemical defoliants during the Vietnam War.
And though storage area soil samples taken more than a half-decade after the chemicals
had been moved off base contained no appreciable amounts of the chemicals themselves,
the samples contained one of their byproducts, TCDD (Tetrachlorodibenzo-para-dioxin
or dioxin).42 One sample had concentrations of TCDD as high as 275 parts per billion,
with up to one-third that amount at the depth of one meter.43
TCDD is a horrible substance. It “is relatively immobile in soil and not
photodecomposed.”44 It does not dissolve in water, clings to dirt and dust particles, and
cannot be reduced through natural processes. 45 Once TCDD enters human and animal
bodies it accumulates in fatty tissues where it usually stays indefinitely.46 Also, TCDD
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has the ability to bioaccumulate. Much as DDT caused an epidemic among US bald eagle
populations, as larger animals eat plants and smaller animals that have been
contaminated, TCDD steadily taints those larger animals more and more. TCDD is so
toxic that a few millionths of a gram kill more than 50% of all laboratory animals and
billionths of a gram frequently cause terrible birth defects and complications.47 Defoliants
may not have appreciably harmed the soil as one GVN brief stated, but their toxic
byproducts remained long after their use had been terminated. If TCDD was still present
in such levels in a place where chemical defoliants were only stored, one can imagine
what the levels might be in places where defoliants were actually sprayed.
However, sometimes a single spray did not create the biggest problems. Instead,
the combination with a second application caused a synergistic reaction and proved much
more harmful than one spraying ever could. Fred Tschirley described the effect:
A single treatment with 3 gallons of Orange or White would not be expected to
have a great or lasting effect on a semideciduous forest in Vietnam. Some trees
would be killed, and the canopy would be less dense temporarily. But within
several years the canopy would again be closed and even a careful observer would
be hard pressed to circumscribe the treated area. A second application during the
period of recovery would have a wholly different effect.48
If this happened infrequently, it seems doubtful that this phenomenon would be worth
noting. However, some scientists estimated that perhaps as much as one-quarter of the
country’s forests were sprayed more than once.49 Considering that almost two-thirds of
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South Vietnam (RVN) was covered by some sort of forest (24.7 million acres), this
represented a significant portion of the country.50
The “wholly different effect” that Tschirley alluded to was vast destruction of
forests. On sites sprayed twice, one year apart, observers reported, “a heavy kill of all
woody plants, including seedlings.”51 Invasion by bamboo and “tenacious” pioneer
grasses proved even worse in areas sprayed more than once. This would make
reestablishing the old tree type very difficult, as “once bamboo brakes become
established, such stands may remain in place for many decades.”52 In fact, at the points
with established bamboo brakes, the forest was not truly a tropical forest anymore, but
instead a bamboo grassland mixture – the forest’s composition had fundamentally
changed for the worse.
Double sprayings though, did not exist in a hermetically sealed bubble, but
instead interacted with other factors. Sometimes pilots jettisoned their tank of chemical
defoliants very rapidly. Often because of engine trouble, crews were forced to empty
their entire thousand gallon tanks in about one-eighth the normal application time in

Another study said: “Although neither side has […] published credible figures on
the extent of multiple spraying, a number of statements and several offhand estimates
given to me by DOD [Department of Defense] officials and others suggest that perhaps
20%, or one-have million hectares (1.2 million acres), would be a conservative figure to
use.
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order to stay aloft.53 This supersaturated small stretches with chemical defoliants.
Traditional aerial bombardment in the form of B-52 bombing also had an adverse effect
on the environment. The 500 and 750 pound bombs the US Air Force dropped were
known to leave massive craters as huge as 30 feet deep and 45 feet across – craters that
often stayed filled with water well into the dry season.54 It seems probable that when US
planes sprayed chemical defoliants near these huge craters, they created standing pools of
defoliants.55
Thus, it was the unwanted consequences of defoliation that most severely affected
the environment. Chemical defoliants were designed to destroy the environment. That
they did so is not only unsurprising, but to be expected. But the chemical defoliants used
in this military endeavor frequently had much further reaching consequences than initial
studies acknowledged. Single applications to mangrove forests killed a great many trees
and irrevocably damaged those ecosystems for at least decades. Second applications of
herbicides proved disastrous to the all other ecosystems. Moreover, fast-growing grasses
and bamboo clusters quickly filled in the places where sunlight reached the forest floor
after defoliation, significantly altering the environment. Chemical defoliants were
supposed to be a technological solution to the problem of an uncontrollable nature, but
even though they might have absolved some of the US military’s manpower needs during
the Vietnam War they have caused a great deal of work and problems since then.
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Figure 1. Areas of Defoliation in South Vietnam, Jan. 1965 - Feb. 1971.1
1

From Alvin Young, Series II, 00323, Maps of Defoliation and Crop Destruction
Missions, 10. Reprinted with permission from Alvin L. Young Collection on Agent
Orange, Special Collections of the National Agricultural Library.
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Figure 2. Areas of Crop Destruction in Vietnam, Jan. 1965 – Feb. 1971.2

2

From Alvin Young, Series II, 00323, Maps of Defoliation and Crop Destruction
Missions, 8. Reprinted with permission from Alvin L. Young Collection on Agent
Orange, Special Collections of the National Agricultural Library.
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Figure 3. Defoliated Mangrove Forests in the Ca Mau Peninsula.3
3

From Alvin Young, Series II, 00181, The Effects of Herbicides in South Vietnam, Part
A – Summary and Conclusions (1974), III-14. Reprinted with permission from Alvin L.
Young Collection on Agent Orange, Special Collections of the National Agricultural
Library.
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Figure 4. Cua Lon River and Mangrove Forests, January 1958, Before Defoliation.4

Figure 5. Cua Lon River and Mangrove Forests, May 1969, After Defoliation.5
4

From Alvin Young, Series II, 00181, The Effects of Herbicides in South Vietnam, Part
A – Summary and Conclusions (1974), IV-106. Reprinted with permission from Alvin L.
Young Collection on Agent Orange, Special Collections of the National Agricultural
Library.
5
Ibid.
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Figure 6. Ca Mau Peninsula and Mangrove Forests, Sprayed 1967, Photograph
Taken October 1971.6

6

From Alvin Young, Series II, 00181, The Effects of Herbicides in South Vietnam, Part
A – Summary and Conclusions (1974), IV-109. Reprinted with permission from Alvin L.
Young Collection on Agent Orange, Special Collections of the National Agricultural
Library.
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Figure 7. Two Photographs of the An-Lao River Valley, (Left) Before Defoliation,
October 28, 1965, (Right) After Ten Defoliation Missions, June 24, 1968.7
7

Nine more missions, all crop destruction, were flown over this area from late 1968 to
1969.
From Alvin Young, Series II, 00181, The Effects of Herbicides in South Vietnam,
Part A – Summary and Conclusions (1974), VII-39. Reprinted with permission from
Alvin L. Young Collection on Agent Orange, Special Collections of the National
Agricultural Library.
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Figure 8. Craters Created By B-52 Bombers, 20 Miles Northwest of Saigon.8

8

From Gordon H. Orians; E. W. Pfeiffer, “Ecological Effects of the War in Vietnam.”
Science, New Series, Vol. 168, No. 3931. (May 1, 1970), 552. Reprinted with permission
from AAAS.
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Figure 9. "Conservation May Go Over Big In America."9

9

From Kingsport News, Kingsport, TN, 1 September 1970, page 18. Reprinted with
permission of Kingsport News.
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Figure 10. Ranch Hand Unit Insignia.
In a startling example of the rhetoric in which human beings continually clothe
themselves in wartime ablutions: “Designed in 1962 by Captain Allen Kidd and
Lieutenant John Hodgin, the insignia symbolized various aspects of the RANCH HAND
organization. The red lettering on a yellow circle represented the close association of the
unit with the Republic of Vietnam, the national colors of which were red and yellow. The
brown stripe across a green field depicted a defoliation swath through a forest. The silver
calligraphy in the center of the stripe was the Chinese character for the word “purple,” the
code name for the first primary herbicide used by RANCH HAND in Vietnam, and the
color of the scarves worn by the unit members.”10
10

Paul Frederick Cecil, Herbicidal Warfare: The RANCH HAND Project in Vietnam.
(New York, NY: Praeger Publishers, 1986), vi.
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Chapter Three
Ambushing the Results:
Reexamining Chemical Defoliation’s
Military Benefits
A 1971 field manual on the “Tactical Employment of Herbicides” highlighted
five military benefits of herbicides. First, herbicides enhanced security, particularly by
“providing defensive fields of fire and reducing possible ambush sites.” Second,
herbicides improved military intelligence “by increasing vertical and horizontal visibility
in heavily forested or dense jungle areas. Defoliation also provides data for correcting
existing maps and for preparing new ones.” Third, defoliation reduced enemy resistance
by exposing their locations. Fourth, herbicides increased available combat troops and
reduced casualties, and fifth they facilitated the movement of military supplies.1
Chemical defoliants were both cheaper and more effective than their alternatives.2 In
theory, defoliation provided tactical and strategic advantages to US and ARVN forces
during the Vietnam War. In reality its benefits proved much more mixed.
Even years before troop escalation, US policymakers believed that “tactics,
techniques and conventional as well as special types of equipment [were] highly
1

Alvin L. Young Collection on Agent Orange, Special Collections of the National
Agricultural Library (Alvin Young), Beltsville, Maryland, Series II, 00086 – Tactical
Employment of Herbicides (Dec 1971), 1-1.
2
Alvin Young, Series II, 00160, Herbicides in Support of Counterinsurgency Operations:
A Cost-Effectiveness Study (1972), 109.
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important to [the] struggle” in Vietnam.3 By late-1963 they continued, “conventional
forces, conventionally organized with conventional equipment can be successful against
insurgencies only at excessive cost in terms of time, men and money.”4 The United States
perceived a need for new tactics, weapons and technologies to win the Vietnam War.
In what historian James Gibson called “Technowar,” during the Vietnam War the
US military substituted technology and machines for manpower whenever possible.5 New
inventions such as helicopters and better weapons mechanized warfare in an unparalleled
way and reduced the number of troops needed to wage war. Chemical defoliants were
another manifestation of this, the US military’s desire to use technology rather than boots
on the ground. Herbicides, like other technoweapons, were intended to control an
industrially less advanced people. But defoliants remain unique among their technocounterparts because they attempted to control those people through an environment that,
because it was also very low-tech, was not respected for its complexity. In the past most
have analyzed defoliation as the resounding military success that the field manual
predicted.6 But in fact, when viewed outside of the “fog of war” its military effects were
far more ambiguous.
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As Chapter One described, herbicides used in crop destruction efforts often
hindered the US war effort. But at the time many believed the opposite. Some officers in
the field claimed that chemical crop destruction hurt Vietnamese Communist morale. In
one report more than 70% of polled Air Force and Marine officers answered,
“Considering both military and political effects,” crop destruction assisted RVN
objectives.7
Most early analyses claimed chemical defoliation helped the US war effort.
During early Vietnam tests in 1962, a technical team deemed defoliants “excellent” and
noted that around Bien Hoa Air Base, “The susceptibility of the sprayed areas to ambush
[had] been significantly reduced.”8 A 1963 evaluation of defoliation found improved
lines of communication and said, “Province officials, of all areas where defoliation has
been accomplished, report that since the areas were sprayed there have been fewer VC
initiated incidents.”9 Also, the report asserted that Vietnamese Communist forces avoided
defoliated areas, improving security in those regions.10 In 1966, a study on Vietnamese
Communist “Motivation and Morale” echoed much of the same sentiments. It found,
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“The Viet Cong appear to avoid defoliated areas from fear of detection from the air. The
interviews11 indicated that defoliation hampers VC operations.”12
Another 1966 evaluation of early chemical herbicide operations suggested,
“Perhaps the best indication of the effectiveness of herbicide operations are the VC’s own
reports of food shortages and the complaints they voice concerning chemical crop
destruction operations.”13 A December 1967 report by the Navy’s Scientific Advisory
Group reported, “Food shortages have degraded enemy capabilities. It is believed that
enemy food shortages will become more acute by continuation of these crop destruction
operations with further degradation of his combat potential.”14 The whole report painted
such a positive outlook that it seems questionable whether the writers found any
problems with defoliation at all. The evaluation claimed that a lack of food had caused
some Vietnamese Communists to pretend to be sick to avoid fighting, and that general
morale in fighting units had deteriorated. In contrast to previous statistical analyses it
concluded, “In certain instances, the VC [had] been forced to divert tactical units from
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combat missions to food procurement operations and food transportation tasks,” and that
“As a result of loss of popular support, VC morale [was] bad, and [was] still declining in
areas where crop destruction occurred.”15
This constant emphasis on declining Vietnamese Communist morale indicates a
significant problem with the report and its conclusions. About a month after the advisory
group released this commentary, Vietnamese Communist forces launched the Tet
Offensive on January 30, 1968. As part of a country wide coordinated effort, communist
NLF forces took over the US embassy in Saigon for a brief time and made similar
assaults against many other South Vietnamese urban centers. Though the Communists
suffered huge losses16 as GVN and US combined forces eventually repulsed each attack
in a tactical success, the Tet Offensive is generally regarded as a resounding strategic
victory for Vietnamese Communist forces.17 The attack became a psychological victory
for the Vietnamese Communists because they proved that their morale and resolve were
both high. Perhaps there was a shred of truth in the Scientific Advisory Group’s analysis
when it claimed that crop destruction caused Vietnamese Communists to “consider
themselves to be economically defeated in certain areas.”18 The Tet Offensive showed
they were not totally defeated.
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By 1968, the military conducted a full Herbicide Policy review and found
defoliation:
[I]nstrumental, and at times decisive, in overcoming the difficulty of locating the
enemy in heavily forested combat zones. […] Thus, both offensively and
defensively, defoliation has reduced the number of men and the equipment
required for combat missions, has protected war material, and most importantly,
has helped to save many Allied lives.19
It later continued that chemical defoliation allowed commanders to use more firepower
and less manpower, saving “an undeterminable but large number of American and Allied
lives.”20 An absolute faith in high-tech solutions continued.
A 1970 article in the US Air Force’s official professional journal Air University
Review claimed that, “Definite advantage accrued from the defoliation program,
particularly along the lines of communication in South Vietnam.”21 Other sources agreed.
One survey conducted after the Vietnam War asked Army personnel to rate defoliation’s
military effectiveness. Over 70% of responders said that when used on “wooded areas of
VC shelter, [defoliants reduced] friendly casualties from enemy ambush.”22 Also, 65%
reported that when “defoliants were used on enemy infiltration routes, enemy casualties
from unit weapons” increased.23 Military reviewers even found ways to make
defoliation’s creation of thousands of refugees seem positive. A late 1970 report on
whether using herbicides in limited warfare was justified posited, “The creation of
19
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refugees has some advantages because the refugees come under full control of the
government once they are placed in a refugee camp.”24 Though shocking, this statement
makes sense when placed within the context of a government willing to use hunger as a
weapon – something scientist J. B. Neilands compared even at the time to Nazi
destruction of agricultural land during World War II, deemed a “very serious war
crime.”25 Nonetheless, reviews continued to espouse chemical defoliation’s effectiveness.
The enemy has testified to the effectiveness of RANCH HAND operations. A
Viet Cong prisoner of war observed that after a base area had been sprayed the
camp would be moved. Each man would pick up his hammock and backpack and
walk about three hours to a new campsite. Another POW stated that the defoliated
areas hampered the VC in moving and stationing troops. These areas had to be
avoided for nearly a year before they could be reused.26
Scientists also championed defoliation’s military effectiveness. Though Gordon
Orians and E. W. Pfeiffer wrote in their May 1970 Science article, “the ecological
consequences of defoliation are severe,” their initial reaction was not nearly as negative.27
Originally Pfeiffer said:
[T]hat it was ‘completely unrealistic’ to expect military commanders to abstain
from defoliation actions. ‘There is no question about it,’ he said. ‘They save
American lives.’ On a 65-mile journey by armed boat from Saigon to the sea, he
said, ‘We scarcely saw a living plant.’ However, he added that had the vegetation
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not been destroyed, he and his companion would probably not have returned
alive.28
A Science magazine letter to the editor said, “When it comes right down to it, given a
choice between the life of a tree and the life of an American soldier, we must choose in
favor of the life of an American soldier….”29 Though hard statistical evidence rarely
existed, as such evidence would be almost impossible to quantify, many certainly
believed that defoliation improved the US war effort and kept US soldiers safer.
Nonetheless, it remains unclear how much defoliation actually benefited US
military operations. The distinction between beliefs rather than absolute facts is
paramount. Ronald H. Spector has noted that in Vietnam there were “radical and striking
differences between the subjective perceptions of the war by the American combatants
and the strategic picture of the war presented by the system analysts and intelligence
experts. This was particularly true of their perceptions of ‘winning’ or ‘making
progress.’”30 Finding definitive data to support chemical defoliation’s success or failure
proved impossible. The only way to evaluate herbicidal effectiveness essentially turned
into a war of words, and in this struggle the continuing belief in technology-oriented
solutions usually overwhelmed any opposition that might have existed.
The US military also used chemical defoliation to expose and close Vietnamese
Communist pathways and roads. (A 1961 study listed defoliation as the top priority to aid
28
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successful border control.31) Showing great resolve, communist workers carved these
routes, the famous Ho Chi Minh Trail, out of the mountains with only picks, shovels,
saws and occasional dynamite.32 Defoliation functioned in conjunction with heavy
bombing in an attempt to shut down the trails. However both failed, as the flow of people
and supplies actually increased throughout the war.33 Teenaged boys and girls made up a
significant portion of the 500,000 workers. They worked around severe hunger, disease,
and frequent bombing attacks, repairing the roads whenever they were damaged.34 As
former worker Vu Thi Ninh said, “Anytime bombs hit the trail, we had to rush out and
fill the craters immediately.”35
These efforts failed because multiple paths combined to form a trail network of
more than 10,000 miles long, mostly in a country roughly the size of New Mexico
(though the trails also went into Cambodia and Laos).36 These trails operated with an
immense 30,000-mile system of tunnels to create even more paths by which Vietnamese
Communists traveled and moved supplies.37 It is easy to see how shutting such a vast
system would have proved very difficult, and comments from the US side support this.
As Vietnam War medic John Green said,
31
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The ‘strategists’ had this idea that the enemy moved in neat little patterns, like a
highway grid or something. You eliminate the pattern and you shut the man off,
he can’t move anymore. But that, unfortunately, was nonsense. If they shut off
one of his trails, he just found another. It was his country, and he really knew how
to compensate.38
While defoliation may have successfully improved vertical visibility for US Air Forces, it
did not necessarily mean operational success. Even when high-tech solutions “worked,”
they still often failed.
Another instance where defoliation did not completely accomplish its tactical
aims occurred during “Operation Sherwood Forest.” In early 1965 the Boi Loi Woods,
located just 26 miles northwest of Saigon, constituted a primary Vietnamese Communist
stronghold.39 After defoliation and bombing runs, US forces tried to set the forest on fire
with a combination of diesel fuel, incendiary bombs, and napalm.40 Most military
analysts considered the operation a total failure. By the time the aerial assault began,
most of the Vietnamese Communist forces had withdrawn.41 Also, of the estimated 6,000
civilians in the Boi Loi Woods before the attack, only about one-third escaped the
destruction, even though US forces used typical “Psywar” precautions – leaflets and
loudspeakers – to urge them to leave.42
The intended mass fires never caught due to thunderstorms and the natural
vegetation’s high moisture content. Sherwood Forest did not militarily succeed, but
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instead only destroyed the environment and killed civilians.43 Ranch Hand Veteran Paul
Cecil Frederick defended defoliation when he wrote that all the Boi Loi Woods operation
proved, “was that permanent denial of an area to the enemy though chemical agents alone
was not possible.”44 Symptomatic of chemical defoliation operations as a whole, even
after US forces defoliated the Boi Loi Woods the greater mission failed. Even when
defoliants worked as intended to destroy forests, the US military did not necessarily gain
an advantage.
Some have also questioned whether defoliation actually improved ambush
conditions for US military forces. One veteran had this to say:
Let me tell you about that defoliation program. It didn’t work. No, I mean it. It
ain’t done a damn thing it was supposed to do. I’ll give ‘em there are a lot of dead
people out there because of it, but not theirs – ours. The whole idea was to prevent
ambushes, to clear the area. […] The trouble with the whole thing is that the VC
and NVA use guns in their ambushes instead of bows and arrows. Nobody
mentioned that. They don’t have to be sitting on top of you to pull off an ambush.
An AK-47 round is effective up to 1,500 meters and accurate up to 600. So we’ll
hit an area, like along a busy road, billions of gallons of the stuff, and pretty soon
there’s nothing except for some dead bushes for fifty or even 300 meters on both
sides of where the road or track used to be. So the gooks will start shooting at you
from 300 meters away instead of five, only now you’re the one that ain’t got no
place to hide. Ever try running 100 meters or 200? It takes time, and they’re firing
at you the whole way. And I mean the whole way.45
Though anecdotal, this account brings up a very important point. (Of course, this
same argument could be made about those who argued in favor of defoliants, that they
took anecdotal events and assumed that they were usual results.) Even if the United
States military felt it could use defoliation to secure its own major transport roads, it
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might have unintentionally worsened the risk and severity of ambushes. Vietnamese
Communists were more familiar with the terrain and landscape because they had been
fighting in the area for more than 20 years against the Japanese and French. Communist
soldiers had intimate knowledge of the battlefield and their weapons remained deadly
effective up to several hundred meters. Therefore, it seems plausible that defoliation
might have increased not just the possibility of ambushes, but also their ferocity.
Moreover, defoliation might not have improved defensive fields of fire by as
much as originally thought. Roger P. Fox, in his 1979 book Air Base Defense in the
Republic of Vietnam, asserted, “Herbicides for air base defense seldom if ever improved
the horizontal view at installations by the desired 40 to 60 percent.”46 Even more
damning, Fox claimed, “No defoliant method tried for air base defense purposes in South
Vietnam proved to be at once efficient, economical, and politically acceptable. […] For
the United States—as it had been for France—vegetation remained a major unresolved
problem.”47 At least this author believed that chemical defoliation was not an effective
way to improve base security—technology did not succeed in controlling the highly
complex environment.
Defoliation also endangered the lives of the airmen who flew Ranch Hand
missions. One Air University Review article pointed to that danger, “As hostile ground
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fire became more intense, the mission became extremely hazardous.”48 William
Buckingham, official Ranch Hand historian, called ground fire on aircraft a “serious
problem.”49 This is because to be most effective, fixed wing defoliation missions had to
be flown at very slow speeds in straight predictable patterns. Flying too fast or erratically
would cause spray to not reach the target evenly or in doses too low to be effective. In
fact, the planes had to fly so slowly, that they flew just above the speed at which the
engines would stall out. As one Ranch Hand pilot said during a 1966 interview, “[Rand
Hand C-123s] operated at all times on the edge of the airplane’s performance
envelope.”50 It is no surprise then that the aircraft frequently found themselves the targets
of enemy fire.
But even though reports frequently pointed to the dangers suffered by Ranch
Hand pilots, it is unclear how dangerous these missions were when compared to other
aspects of the Vietnam War. For example in 1967, 297 ground to air bullet hits were
reported out of 622 individual sorties. One aircraft was lost.51 During Operation Ranch
Hand as a whole, less than 20 of the 1,247 total participants lost their lives, or around one
out of every 58.52 Though dangerous, as is any military activity during wartime, these
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numbers pale in comparison to general statistics from the Vietnam War. Overall, 2.7
million US soldiers during the Vietnam War and more than 58,000 died.53 Or,
approximately one out of every 46 soldiers perished. Ranch Hand missions were less
dangerous than the Vietnam War overall, but the tragic loss of life still begs the question
of whether these deaths came during a militarily futile effort. More to the point, perhaps
these pilots’ efforts actually increased the danger to their fellow soldiers on the ground.
Chemical defoliation operations during the Vietnam War may not have been as
effective as early test results reported. While defoliation may have provided some
benefits, it seems unlikely that herbicides accomplished everything that the 1971 field
manual suggested they could. In very simple terms, US and ARVN forces believed they
could turn a Vietnamese Communist military advantage, the natural environment, into an
advantage of their own through their technological superiority. As historian Bui Thi
Phuong-Lan has suggested, defoliation tried to change a highly complex environment that
was difficult to manage into something much more simple. “The attempt to control was
the same whether dealing with nature or society: it entailed a very reductive view.”54 In
essence, defoliation tried to over-simplify the natural order to process it more easily. At
times this tactic led to a distinct military advantage for US soldiers, while at other times it
may have created an advantage for Vietnamese Communist soldiers.
Often, evidence of defoliation’s supposed benefits came from soldiers and
commander’s observations that they felt safer. This naturally begs the question of
Cecil, Herbicidal Warfare, X, 179.
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whether defoliation produced results that made these evaluators safer, or whether their
increased sense of security came from a placebo affect. Paul Cecil Frederick wrote of a
frustration held by many Ranch Hand veterans, “born of the belief that the American
public has never realized that the program saved many lives. Beyond that is a bitterness
that their accomplishments have been transformed into something unclean and
indecent.”55 Whether chemical defoliation was indecent is a subjective ethical and
epistemological question. Objectively, defoliation’s military benefits are far from certain.
Chemically defoliating forests had very mixed results. Even if defoliation did not
improve visibility by as much as expected, it surely helped. Also while it may not have
shut down the Ho Chi Minh Trail, defoliation likely helped make open paths more
difficult to use. Nevertheless, that does not mean that defoliation runs necessarily
enhanced security, improved military intelligence, reduced enemy resistance or reduced
casualties in a significant way. Anecdotal evidence suggests that instead they might have
made ambushes worse. Defoliation missions were probably not as dangerous to Ranch
Hand pilots as many claimed. How dangerous they were to soldiers on the ground, both
Vietnamese and American, is unclear. Defoliation led to varied results with some benefits
but also some disadvantages.
These consequences characterize the story of US chemical defoliation operations
during the Vietnam War. They also an important part of defoliation’s military effects. As
a substitute for manpower, chemical defoliants were part of the United States increased
reliance on technology during the Vietnam War. US military planners thought that a
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strategy heavy in technology would be successful against a relatively technologically
deficient enemy. This strategy proved inconclusive and fraught with consequences.
However powerful the US military’s technology might have been, the Vietnamese
environment held a natural complexity that could not be easily managed and manipulated
for war purposes.
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Chapter Four
Whether Defoliants Saved Lives
Only to Take Them Later
In 1962, Secretary of Defense McNamara claimed in a memo to President
Kennedy, “The only possible drawback anticipated [from chemical defoliant use was] in
the psychological arena.”1 Policymakers expected no significant medical consequences
would come from dousing Vietnam’s forests with chemical herbicides—only negative
propaganda from communist forces. This would future administrations’ policy as well. A
Government of Vietnam (GVN) briefing in 1963 claimed that, in chemical defoliation
operations, “Herbicides used [were] similar to, and no more toxic than, weed-killers
which [were] widely used in US, USSR and elsewhere, and commercially available to
farmers throughout world. These herbicides harm neither human nor animals; neither do
they harm soil nor render water supplies unpotable.”2 A 1971 evaluation found Agent
Orange “low in toxicity to man, fish, and wildlife; but it will cause slight skin irritation
and minor inhalation effects.”3
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No matter what policymakers might have thought, US military chemical
defoliation operations during the Vietnam War did indeed have other problems. Previous
chapters considered defoliation’s political, environmental, and military effects. But, the
drawbacks most often attributed to chemical defoliants, especially Agent Orange, are
long-term human health problems. The US military attempted to exert control over the
environment and Vietnamese Communist forces through defoliation, but in doing so
exposed its own troops to deadly poisons.
It is unclear whether the US government knew what they were doing as they
dumped these deadly liquids on friend, enemy and nature alike. Some have claimed that
TCDD was not discovered as a contaminant of 2,4,5-T until 1970, and it was therefore
impossible for US planners to know what sort of effects the chemical would have on
humans.4 Others, such as Peter Schuck, an historian of defoliation’s legal consequences,
have claimed:
As early as 1952, army officials had been informed by Monsanto Chemical
Company, later a major manufacturer of Agent Orange, that 2,4,5-T was
contaminated by a toxic substance. In 1963 the army’s review of toxicity studies
on 2,4,5-T found some increased risk of chloracne […] and respiratory irritations;
this risk was heightened when the chemical was applied at high concentrations by
inexperienced personnel.5
Nonetheless, the true medical problems of chemical defoliation were mostly unexpected,
at least on the scale they occurred.
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A debate continues on these health effects even years later, as some studies
suggest that chemical defoliants and their horrible byproduct, TCDD, are likely
responsible for many health problems while others show otherwise. Medical studies have
yet to scientifically prove that the herbicides used for war purposes in Vietnam are,
without a doubt, responsible for the health problems US veterans and Vietnamese
veterans and civilians suffer. However, many still believe that the defoliants and TCDD
caused their maladies. Chemical defoliant exposure occurred on a much larger scale than
previously anticipated—so great that the US Department of Veterans Affairs (VA)
“makes a presumption of Agent Orange exposure for [all] Vietnam Veterans.”6 To fully
understand chemical defoliation, its medical consequences and the high level of veteran
and civilian exposure must be considered.
It is logical to expect that Ranch Hand pilots and workers were directly exposed
to chemical defoliants and their deadly byproduct. For example, they came into contact
with defoliants because the chemicals leaked out through hoses and other connections.7
But pilots were not the only US soldiers exposed to the toxic chemicals. Vietnam veteran
John Green, a medic in Vietnam, said this of his time in the field:
I didn’t really know what they were spraying […] I do remember walking through
defoliated zones. Everything was dead. […] Did we drink the water [in areas
where chemical were sprayed]? Of course we did. Where we were there was
6
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nothing else to drink. If we found a bomb crater full of water we just scooped it
out and drank it, no matter how brown or scummy it looked. Some of our food
was undoubtedly sprayed with Agent Orange. But how were we to know? The
army told us the stuff was harmless. And we were told it was supposed to be
saving our lives.8
Some veterans claim they were directly sprayed. One explained:
We would be dropped off at an ambush site and spend hours actually lying in the
stuff. It would be comin’ down on us. Whether they knew we were in there or not
I’ll never know. I spent a lot of time on my stomach in nam, and in and out of
water that would have contained the stuff either from direct spray or run-off.
You’d bathe in a bomb crater, so you’d be drinkin’ it, you’d be takin’ a bath in it,
you’d wash your clothes in it. You’d get the rice and sweet potatoes in the field
that had been sprayed with this stuff, but we didn’t know that. I also saw guys pile
empty barrels around their bunkers, and if the bunker took a hit, they would get
sprayed with whatever was left of the stuff inside those barrels.9
This soldier alleged not only indirect contact from food and water supplies, but also
direct contact from spray run-off, partially full barrels, and bomb craters.
As Chapter One explained, Ranch Hand commander Major Ralph Dresser said in
a 1966 interview, “It [defoliants] tastes like kerosene with chemical overtones – not good,
but hardly a deadly poison unless you drink it, which nobody is likely to do.”10 However,
these two testimonies from former veterans suggest that a great many US veterans did
ingest the chemicals, at least in some levels. Other direct contact occurred when soldiers
hand sprayed herbicides around US military bases in Vietnam to improve fields of fire.
Australian Vietnam veteran Bob Gibson reported that while spraying defoliants the
chemicals frequently blew back into his face, and then mingled with his sweat, going into
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his eyes, nose and mouth. This caused the mucous membranes in his nose to break down,
and Gibson suffered from frequent nosebleeds, a painful rash on his skin, and a
constantly upset stomach, all of which he attributed to the herbicides.11
Direct contact could be even less noticeable than these veterans experienced. The
Herbs Tape report said that spray drift from chemical defoliation missions could gone up
to 20 kilometers (12 miles), and that anyone in sprayed areas up to 30 days after spray
missions risked exposure.12 Thus, many men likely did not even know that they were in
the general vicinity of sprayings until they got there, and had no idea that they had been
exposed because of the elapsed time. Soldiers encountered defoliants unexpected ways.
For example, 57-foot long boats dubbed “zippo monitors,” or flame-thrower boats, used
fire to defoliate vegetation along riverbanks. Sometimes, soldiers burned chemically
defoliated areas, and unknowingly exposed themselves in this way.13
However, no matter how prolific the exposure of US soldiers might have been,
Vietnamese civilians were much more likely to have been sprayed. At least 3,181 hamlets
with 2.1 million Vietnamese civilians were directly sprayed with chemical defoliants.14
The population of another 1,430 hamlets sprayed is not known and cannot be accurately
estimated, so the number of sprayed villagers could be closer to 5 million.15 Sometimes
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people tried to cover themselves in plastic to avoid chemical spray, but to no avail.16
However spraying operations were not the only way Vietnamese civilians encountered
US chemicals.
An October 1967 report evaluated chemical crop destruction and found that one
way to “ameliorate” the anxiety of Vietnamese villagers would be to educate them not to
eat sprayed food or drink sprayed water and for the civilians to wash themselves off after
they had been sprayed.17 This shows real US concerns that not only were civilians and
their foodstuffs sprayed, but also they ate and drank sprayed food and water. Civilians
were more than topically exposed to chemical defoliants—they ingested them. But,
chemical consumption was not limited to villagers.
The 208-liter (55 gallon) drums in which these chemicals were stored proved very
difficult to clean, even after they had been emptied. After use, about 2 liters (½ gallon) of
“herbicide residue” remained in the barrels, and even after being rinsed three times 20%
of this residue remained.18 These barrels had great value to the local merchants in Saigon
and many other cities, and they commercially used these barrels to store many things,
including water.19 That a great many Vietnamese city-dwellers came into contact with
chemical defoliants seems a foregone conclusion.
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Another difference in American and Vietnamese exposure levels came from
cultural factors. Vietnamese civilians traditionally wore open sandals or went barefoot, in
contrast with US soldiers who wore boots. This likely led to higher exposure levels and
therefore greater contamination. Also, the typical tour of duty for a US soldier lasted only
one year, and they mainly consumed military-supplied food. In contrast Vietnamese
civilians and soldiers spent their entire lives in Vietnam and likely ate mostly local
food.20 The clean food US soldiers ate starkly contrasted the food eaten by Vietnamese
peoples, as a 1973 study found elevated levels of TCDD in fish and crustaceans.21 It
concluded, “These results suggest that TCDD may have accumulated to biologically
significant levels in food chains in some areas of South Vietnam exposed to herbicide
spraying.”22 Vietnamese people were poisoned not just from eating sprayed foods or
drinking contaminated water, but also from eating animals that had eaten sprayed foods
as TCDD bioaccumulated up through the food chain.
This naturally led to greater exposure among Vietnamese people.23 A study
conducted from 1984 to 1992 showed unexpectedly high TCDD levels in Vietnamese
civilians. People living in sprayed areas had, on average, TCDD levels in their bodies
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between four and twenty-five times higher than their counterparts who lived in unsprayed
areas. Sometimes contamination levels were more than 100 times higher.24 Part of this
TCDD contamination manifested itself in mother’s breast milk. Not only were these
women poisoned with TCDD, but also they passed that poison on to their children every
time they fed them. While Vietnamese civilians and veterans were far more exposed to
chemical defoliants during the Vietnam War, much more attention has been paid to US
military veterans in the way of scientific medical studies and legal action.
In 1978, a group of US veterans sued several chemical manufacturers, “blaming
them for various diseases and traumas that they and their families had allegedly suffered
because of exposure to Agent Orange.”25 Their case seemed to have little chance in court
because a 1950 decision, Feres v. United States, found the US government not liable for
veterans’ injuries “where the injuries arise out of or are in the course of activity incident
to service.”26 The veterans eventually won their case in 1984, and with it won a $180
million judgment. Instead of a direct payout, the money was put into a fund to accrue
interest until the problem of distribution could be settled.27 Due to the number of veterans
involved, each veteran received only a little over $1,000.

24

Schecter et. al, “Agent Orange and the Vietnamese,” 517.
Non-sprayed areas had TCDD in them because dioxins are ubiquitous in modern
societies:
“Dioxins [such as TCDD] originate from many sources. These include municipal
waste or toxic waste incineration, paper and pulp bleaching using chlorine, chlorinated
phenols used as fungicides, wood preservatives and pesticides, feed stocks used in
chemical production, herbicides, and polychlorinated biphenyl transformer fires.”
Schecter et. al, “Agent Orange and the Vietnamese,” 520.
25
Schuck, Agent Orange on Trial, 3.
26
Schuck, Agent Orange On Trial, 59.
27
Schuck, Agent Orange On Trial, 206-229.
88

US soldiers have also received mixed support from the VA. Since the VA
assumes contact with chemical defoliants for all Vietnam veterans, the scope of chemical
health effect studies has been significantly increased, making them more difficult to
conduct. Also while the VA has a webpage devoted to helping defoliant-afflicted
veterans, a closer reading shows that help is more than just a click away.28 Though
veterans can set up a health examination as part of the “Agent Orange Registry” (and as
of 2003, more than 315,000 Vietnam veterans had), the VA makes little claims as to what
help that examination will actually provide.29 The VA claims that the examination can
“help veterans get prompt treatment for their illnesses,” but is sure to point out that they
will provide no help for diseases which the National Academy of Sciences “has
determined that there is ‘limited/suggestive’ evidence of no association between
occurrence of the disease and exposure to a herbicide agent,” which include some of the
more severe problems with which chemical defoliant exposure has been alleged.30 The
VA recognizes as “associated with (but not necessarily caused by)” defoliant exposure;
chloracne (a skin disorder), type 2 diabetes, several cancers (non-Hodgkin’s lymphoma,
soft tissue sarcoma, Hodgkin’s disease, prostate cancer, and several respiratory cancers),
as well as spina bifida in Vietnam veterans’ children. For example, cleft palate, a birth
defect clinically proven in rodents exposed to chemical defoliants, is not one of the
28
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conditions the VA recognizes (even though it is often seen in more frequently in children
of Vietnam veterans31). The VA takes this information from the National Institute of
Medicine.
In 2002, the Institute of Medicine of the National Academies sought to determine
whether there was any association between defoliants and increased risk of diseases and
cancers among US soldiers who served in the Republic of Vietnam during the Vietnam
War.32 As for cancers and leukemia, their studies found that a causal association between
chemical defoliants and the various diseases was “in general, biologically plausible […
but] differences in route, dose, duration, and timing of exposure complicate any more
definitive conclusions.”33 In simpler terms, the uncertainties of exposure more than 30
years previously meant the committee could find no statistical evidence to support the
claim that either of the most common defoliants, 2,4,D or 2,4,5-T, was carcinogenic. In
fact, the study also had the same conclusions for other effects of Agent Orange on
Vietnam War veterans, including reproductive and developmental effects,
neurobehavioral disorders, and other health effects (including chloracne, diabetes, etc.).34
Therefore, while biological evidence shows that the two chemical ingredients in Agent
Orange, 2,4-D and 2,4,5-T, could have a variety of adverse health effects, there is not
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enough statistical evidence to definitively link any negative health effects of Vietnam
War veterans to chemical exposure.
The committee chose its language very deliberately. Since it found no statistical
evidence to link Agent Orange to Vietnam veteran health problems, it was not forced to
pass any sort of definitive judgment on the most important of their questions, “Did
chemical defoliants have negative health effects on veterans of the Vietnam War.” As
noted in the study’s final conclusions, such studies cannot continue for much longer due
to the aging subject population, as the risk for such diseases rises naturally with age.35
Therefore, there may never be any definitive answer. This study absolves the VA from
claims that chemical defoliants have had appreciable negative medical effects, but even
though there is no correlation in a statistical analysis it would be unwise to ignore a wide
body of other evidence.36 Moreover, it would be unwise to discount that Vietnamese
civilians and soldiers spent a great deal more time exposed to chemical defoliants and
TCDD. Because TCDD slowly accumulates in human bodies (especially fatty tissues and
the liver), Vietnamese people naturally would suffer any medical complications from that
exposure much more than US soldiers with a yearlong average tour of duty.
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The Institute of Medicine’s 2004 study remains one of the few comprehensive
examinations of chemical defoliation’s medical effects. For obvious reasons, scientific
studies of direct TCDD exposure in humans have been much more difficult to conduct
than those on rodents, for example. However, those studies on TCDD contact in mice and
rats show it to be highly toxic and to cause birth defects.37 In mice, the chemical 2,4,5-T
(which contains the deadly byproduct TCDD, a dioxin), if it does not cause fetal death,
frequently causes birth defects (such as a highly increased rate of cleft palate) and
sometimes produced an increase in liver size.38 The chemical generated the same results
in rats, but also caused hemorrhaging in the gastrointestinal tracts of their fetuses.39 In all
cases, the percentages of fetuses born with problems increased as dosage increased. As
one study said, though TCDD had not been “convincingly” shown to cause birth defects
in humans, “Prudence dictates that women who are pregnant should avoid exposure to
such chemicals as much as possible.”40
The Environmental Protection Agency (EPA) has classified 2,4-D as harmful to
humans. It claims that the chemical is an irritant of the gastrointestinal tract and skin, and
also affects the central nervous system, “with symptoms including stiffness of arms and
legs, incoordination, lethargy, anorexia, stupor, and coma.”41 The EPA does not make
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similar information publicly available on their website for the chemical 2,4,5-T, but
aforementioned studies clearly show it to be toxic to some mammals and therefore it
seems highly likely that at some level the chemical is also toxic to humans.42 Whether or
not humans were directly exposed to enough 2,4,5-T to cause serious problems remains a
contested subject.
Also, it seems that large-scale direct contact is not the only way TCDD can have a
detrimental effect. Studies on monkeys have shown that TCDD poisoning is cumulative.
Repeated intakes of small quantities of dioxins, even those that are only a small
percentage of LD50 (the amount of a toxin it takes to kill half of the subjects), can cause
serious poisoning over time.43 Thus, even eating food with very low levels of TCDD or
being in areas with only slightly elevated toxicity levels could build up over time. This
would clearly be much more of a problem with Vietnamese people than US soldiers.
According to visitors to the main Saigon maternity hospital, hundreds of thousands of
Vietnamese people were exposed to chemical defoliants during Ranch Hand’s operational
decade.44 Their exposure could have lasted for more than a decade.
However, most scientific studies have focused on US veterans and eschewed
Vietnamese exposure.45 This is mainly due to two factors. The first is that there has not
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been enough money to conduct serious experiments in Vietnam. The second problem has
been Vietnam’s climate, and when compounded with a lack of funds has created issues
with accurate sampling. As former Vietnamese Communist doctor Dr. Le Cao Dai
answered when asked if he could get a piece of liver from someone who had died to test
for TCDD:
I told him that was impossible. It would take two months to get it back, and even
if you had some solution to preserve it in you couldn’t count on every porter to
take proper care of it as it moved from post to post. It would almost certainly get
lost or damaged.46
Though Vietnamese people constitute the majority of those exposed to defoliants and
TCDD, and also were in contact with the chemicals for a much longer time, Vietnamese
affliction remains comparatively unstudied.
The health effects of chemical defoliation remain uncertain. It seems very
plausible that one consequence of herbicide use during the Vietnam War is that it caused
a bevy of health problems to anyone exposed at significant levels (or at low levels for a
long period of time). The National Institute of Medicine has found no statistical evidence
concretely linking defoliants to these health problems, but a mass of other evidence might
to point to the contrary. As with other facets of chemical defoliants, hard statistical
evidence is at odds with significant anecdotal evidence. To consider one more important
than the other would be a mistake.
George Chamlin once wrote a Science magazine letter-to-the-editor stating that
chemical defoliants convincingly saved the lives of US soldiers, and that “When it comes
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right down to it, given a choice between the life of a tree and the life of an American
soldier, we must choose in favor of the life of an American soldier….”47 In an instance of
great irony however, it seems that chemical defoliants might not have saved lives, but
instead possibly took them later, or at least decreased their quality of life significantly.
Some evidence suggests that veterans died later from terrible diseases as opposed to
immediately from a gunshot wound that defoliation might have spared them (if
defoliation did indeed spare them from that). On the other hand, scientific studies cannot
prove that defoliation is the root cause of those maladies afflicting veteran and civilian
alike. US chemical use during the Vietnam War profoundly affected many involved in a
great many unanticipated ways. As Dr. Le Cao Dai said:
But even the anecdotal evidence is striking. Ten years after the war the chief of
staff of the army, a three-star general named Cao Vinh Thang, died of liver
cancer. During the war he and three other men had to go on a mission through a
valley that was very heavily damaged by chemicals. It turned out that two of the
other men also died of cancer. The only survivor went to war leaving behind a
healthy, intelligent daughter. After the war his wife gave birth to a deformed
daughter with cerebral palsy. She is twenty-seven now and her mother and father
have to take care of her.48
The effects of chemical defoliation did not end during the Vietnam War, but continued to
affect families in both Vietnam and the United States long after that conflict had ended.
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Conclusion
Failures Through Unanticipated Outcomes
On the southeast side of Tucson, Arizona, the Aerospace Maintenance and
Regeneration Center—known to those who work there as “The Boneyard”—houses
hundreds of mothballed US Air Force aircraft. At the center, a chain link fence holds a
sign that reads, “AUTHORIZED PERSONNEL ONLY,” and this is where many of the
C-123 planes used in Operation Ranch Hand likely have found their final resting place.
The fence separates these planes from the rest of the Boneyard’s denizens because the
toxins they carried decades earlier are still dangerous. The sign referring to “authorized
personnel” in reality should say, “Only Air Force specialists wearing hazmat suits
because it is too dangerous for anyone else to come near these agents of death.”1
Ranch Hand veteran Paul Frederick Cecil wrote, “The use of herbicides in
Vietnam was not intended as a complete answer to the problems of jungle warfare.”2
Cecil missed the point, as the US military intended defoliants to make a great difference.
Yet along with any expected results, many seemingly unexpected consequences also
materialized. Chemical defoliants like Agent Orange, sprayed during Operation Ranch
Hand from 1961-71, became part of the US military’s mechanism to control nature for a
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military advantage. But defoliants wracked the Vietnamese environment with problems
during Ranch Hand’s operational decade and continue to do so now. It is the way their
use caused those problems that proved so incredibly striking.
Defoliation failed to completely accomplish its intended aims in improving the
United States’ war-making capabilities. During the Vietnam War the US military proved
over-reliant on technology and advanced weaponry as it substituted these and an
abundance of money for manpower. The United States attempted a high-tech solution of
chemical defoliants for the decidedly low-tech problem of trees and vegetation. But this
substitution not only failed in a broader sense, as technological superiority did not
translate into increased battlefield victories, but also in specific cases, such as chemical
defoliation. While Vietnamese Communist forces suffered a great deal more than their
better equipped and funded US and GVN counterparts, the United States still did not
achieve its true objective of winning the Vietnam War. Defoliation followed the same
storyline—even though Vietnam’s natural setting and the Vietnamese people interacting
with that environment were severely harmed by chemical defoliants the US military did
not accrue the military advantage it expected from this chemical use.
Chapter One examined how the US military’s use of chemical defoliants for war
purposes affected the United States’ political relationships. Policymakers expected some
criticism for their approval of defoliants, but it never materialized in any serious way.
More significantly, chemical defoliation functioned as an unwanted chemical diplomacy
and hurt Vietnamese civilians more than anticipated. In this way defoliation affected the
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US campaign to win the “hearts and minds” of Vietnamese people, damaging the US war
effort.
Chapter Two considered the ecological impact of chemical defoliant use. Beyond
the obvious defoliation that occurred, forests suffered a great deal more destruction than
anticipated. After defoliation, quick growing grasses and bamboo often benefited from
the new sunlight and supplanted the old trees. After a second defoliation this problem
was worse, and a second spray usually had a much more severe impact on the forest than
a single spray ever could. Mangrove forests suffered disproportionately and have taken
decades to begin their recuperation with long-term consequences for their surrounding
ecosystems.
Chapter Three showed that defoliation’s military benefits might not have been as
pronounced as some espoused. While Paul Frederick Cecil insisted defoliants had real
benefits, some evidence suggests that the unforeseen occurrences associated with
defoliation proved harmful.3 Defoliation had mixed military benefits, and while it helped
sometimes, at other times it was either ineffective or even made some ambushes worse.
Again, it was the complex, unexpected results that proved most troubling with chemical
defoliation.
Chapter Four discussed many health problems associated with US chemical
defoliation. While US administrations consistently have held that the chemical herbicides
were “weed killers” and not toxic to humans, this could very well be false. Scientific
studies have only proved an association, and not causation, between the many human
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cancers, birth defects, and other ailments linked to chemical herbicides and their
byproduct TCDD. But many studies showed, without a doubt, that the defoliants cause
those problems in other mammals and a preponderance of anecdotes make it very
plausible that they would do the same in humans. Chemical defoliation’s true medical
costs are contested and unknown.
Chemical defoliants and their products are still a problem affecting the world
today. On July 10, 1976 an explosion in a factory near Milan, Italy released a great deal
of TCDD into the surrounding area, prompting a small health crisis there.4 In Vietnam,
the Vietnam War era chemical defoliant use is still affecting the Vietnamese environment
and people in significant ways. A Vancouver-based research group studied dioxin
contamination levels of Da Nang in 2007, and “found contamination to be 300 to 400
times higher than what is considered acceptable.”5 They said, "If this was in Canada or
the United States, the area would be cordoned off…. There would be immediate studies
and a cleanup of the site."6
In a way, TCDD itself functions as an effective metaphor for the way chemical
defoliation worked in Vietnam. TCDD is a byproduct that occurs when temperatures
during the production process of these chemicals are not stringently controlled. It is not
4
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the active ingredient and its presence has little to do with defoliating and killing plant
matter – the intended consequence of chemical herbicides. Just as chemical defoliation
operations had incredible consequences, TCDD manifested itself as the most significant
complication associated with chemical herbicides themselves.
Chemical defoliation of Vietnamese forests during the Vietnam War had terrible
effects, not just on the Vietnamese environment, but also on Vietnamese and US veterans
and civilians. In this way, defoliation and the destruction it caused linked all natural and
human actors involved in the conflict—the chemicals and their byproduct TCDD harmed
without regards to nationality or species. Early controversy over defoliant use centered on
“the question of whether common plant-regulating agricultural compounds even fell
within the body of proscribed materials associated with chemical warfare.”7 But as time
passed, this question became less important because the use of chemical defoliants in war
seems to cause so many problems as to circumscribe their use altogether. Defoliants
affected the various actors involved so pervasively that to call their use a failure seems
inaccurate; defoliation did not just fail, it became the enemy.
Gabriel Kolko wrote in his seminal text on the Vietnam War, “The United States’
failure to recognize the limits of its economic power and its relation to its military and
diplomatic policy was surely not unique in the mid-1960s and remains a fundamental
issue troubling American imperialism.”8 His comments could be applied to United States’
use of chemical defoliants during that conflict. The United States overestimated its own
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military and technological supremacy. In the end, the wide gap of technological
sophistication between the US military and Vietnamese Communist soldiers amounted to
a notable component of the war, but not the deciding factor. The US military’s
technological arrogance affected not only the US war effort, but also both countries
involved in that brutal conflict. This is not true merely of defoliation use, but also the
Vietnam War as a whole. Henry Kissinger agreed when he explained the US military’s
problems in Vietnam:
[Except for R]are and conspicuous exceptions.., our modern generals have
preferred to wear down the enemy through the weight of materiel rather than bold
stroke, through superior resources rather than superior maneuvers. In this
reflected the biases of a nonmilitary, technologically oriented society. But wars of
attrition cannot be won against an enemy who refuses to fight except on his own
terms. The Vietnamese terrain, the nature of guerilla warfare, the existence of
sanctuaries all combined to make it impossible for [US General] Westmoreland to
wear down his adversary as he sought. Instead, the North Vietnamese hiding in
the population and able to choose their moment for attack wore us down.9
The United States’ use of chemical defoliants during the Vietnam War can
provide a lesson. The United States did not respect its Vietnamese opponents, but more
significantly it did not respect the Vietnamese environment. There are rarely easy and
perfect solutions in life, and in warfare such solutions are even fewer. Trees and
vegetation constituted a very low-tech difficulty for the US military, and whether the use
of highly technological solutions stemmed from arrogance or a blind technocratic faith is
unclear. But nonetheless defoliation did not function exactly as planned to give the
United States a military advantage and instead produced very mixed results. As Vietnam
War era Army veteran Bob Gibbon said, “One of the reasons I got out of the service was
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because people were more interested in doing instead of understanding. We wanted to
understand tactics, but not their consequences.”10 In hindsight, that chemical defoliation
would have unexpected effects seems unsurprising. But as US forces again wage wars,
the story of chemical defoliants will hopefully help future decision makers to make better
choices for themselves, the environment and those who come after them.
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A Note On Sources
Wartime use of chemicals dates back millennia. During their siege of Plataea in
428 B.C.E., the Spartans burned wood soaked with pitch to produce noxious fumes. Such
use of chemicals for war purposes was not uncommon. Direct chemical warfare gradually
declined though, and by 1899 had mostly fallen out of favor or been redefined. The
Hague convention of that year (ratified by 27 nations) banned the use of “asphyxiating
and deleterious gases” delivered by projectile weapons.1 However, this did not stop
modern chemical weapon use from beginning in earnest in the 20th century. According to
historian Ed Russell, what set “the twentieth century apart from earlier epochs was the
scale on which people could annihilate human and natural enemies” with war chemicals.2
Some studies of this new epoch in war chemicals are worth noting, as this thesis is, in a
way, part of their legacy.
Spanning a lifetime is Alvin Young’s career studying Agent Orange and its use
during the Vietnam War. Young, with advanced degrees in crop physiology,
biochemistry, and agronomy, spent twenty-one years in the US Air Force and then
became a special advisor to the US Department of Agriculture among other employs.3 Dr.
Young collected information on chemical herbicide use throughout his entire and donated
his thirty-year collection to the Department of Agriculture. A Significant amount of the
1
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information contained in this thesis comes from the documents and articles he collected
during his career. Several monographs added to the understanding gained from Young’s
collection.
Ed Russell’s book War and Nature chronicles this early modern use of chemicals
for war purposes. Before WWI, Germany held distinction as the world’s most important
chemical producer. The First World War changed that. Revived from near bankruptcy,
the US chemical industry produced chemical weapons and rose to prominence in the
world market. During WWI war gases killed around 90,000 people, and injured another
1,300,000.4 After that war, the 1925 Geneva protocols banned chemicals with the express
purpose of killing or injuring, but that did not prevent chemicals from being used in other
facets of war. However, the historical memory of this gas use did not last forever, as
WWI veterans and those from that time slowly aged and died off. The United States
sprayed copious DDT in the Pacific theater of World War II to kill mosquitoes and
therefore protect its troops from malaria. In fact, after the war many pesticides were
marketed as if they were war heroes.5 Thus, when Time magazine compared the atomic
bomb and DDT in its August 27th, 1945 issue it had a legitimate point – the United States
effectively used chemicals during WWII to help it win the war, even if those chemicals
did not assume the form of anti-personnel war gases.6
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For a many in the United States, Rachel Carson’s seminal 1962 text Silent Spring
marked the first time potential problems with chemical use truly entered their
consciousness. Former US Vice-President Al Gore said the work “was a shaft of light
that for the first time illuminated what is arguably the most important issue of our era.”7
In a strange coincidence, Carson’s work appeared around the same time that RVN and
US militaries conducted their first chemical defoliation tests in Vietnam. With her book,
Carson attempted to show her readers the unintended consequences that often
accompanied pesticide use. Carson called chemicals “elixirs of death” that fall
“indiscriminately from the skies” to destroy the “earth’s green mantle” and exact a
terrible “human price.”8 Perhaps most importantly, Carson warned her readers that
perhaps chemicals are not the miracle workers and “war heroes” that they previously
appeared to be. She showed that insecticides and herbicides could do more than just kill
unwanted insects and vegetation, but also affect other insects and plants, along with
animals, birds, and humans. Her call for action did not immediately stick into the public
consciousness. Instead, it was under this climate of budding awareness about chemicals
and their myriad effects that Operation Ranch Hand found its genesis, with almost no
immediate public outcry. That public outcry would certainly come.
Beginning as a series of The New Yorker magazine articles that would later
become a book, Thomas Whiteside’s 1970 Defoliation brought the issue to the public.9
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Whiteside began with a critical look at defoliant use in Vietnam and ended with a series
of documents and White House press releases that allowed his readers to come to their
own conclusions about herbicidal use. Defoliation was only the tip of the iceberg, as
scholarship on defoliation in Southeast Asia continued.
Before the Vietnam War even ended notable scholars outside the military were
studying chemical defoliation and its effects. Well-known scientists J. B. Neilands,
Gordon H. Orians, E. W. Pfeiffer, Alje Vennema, and Arthur H. Westing collaborated in
1972 to write Harvest of Death. Their third chapter traced herbicidal developments and
chronicled the chemicals and their effects from a scientific perspective, with a brief
history of herbicide use. It concluded with an analysis of the international legality of
herbicide use in warfare, but its main focus was the development and use of herbicides in
Vietnam.10 Most importantly, the authors undertook the work explicitly to avoid any
charges of silent complicity during the Vietnam War. They wrote specifically that, “Only
by this [writing this book] can we of the American scientific community escape the
charge: ‘Guilty by the crime silence.’”11
After Harvest of Death came William A Buckingham, Jr.’s 1982 work Operation
Ranch Hand.12 Though studied many times, this remains the chief work on US chemical
herbicide operations during the Vietnam War. It is the Air Force’s official history of
Ranch Hand, and that shows in the work’s attention to detail. Buckingham shied away
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from flashy anecdotes, but instead focused on giving exquisite detail to the reader.
Buckingham, as an official historian, enjoyed access to documents that the average
researcher would not and will never be able to use – documents still classified or heavily
censored before release to the public. Of course, along with that blessing invariably came
the curse of increased censorship – and it is not sure how much of Buckingham’s original
drafts the censors removed. Thus, even though historian Clayton Koppes said that the
book “must be used with caution because of the restrictions imposed by the security
review process and the author’s use of [classified] evidence,” it remains the preeminent
scholarly study of chemical defoliation during the Vietnam War.13
However, Buckingham’s work focuses on the military and political aspects of
defoliation with only a cursory look at some of the many other issues associated with it.
A work that attempts to fill in some of the human story involved is Fred A. Wilcox’s
1983 Waiting for an Army to Die.14 Wilcox’s work can lapse into polemics, but it is based
on a wonderful breadth of oral history research. This alone makes it a valuable asset to
any researcher interested in the human effects of defoliation. It paints a powerful portrait
of how some US servicemen and their families were affected by the medical effects of
the defoliation chemicals.
Further filling in the body of literature on chemical defoliation during the
Vietnam War is Paul Frederick Cecil’s 1986 Herbicidal Warfare: The Ranch Hand
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Project in Vietnam.15 Like Buckingham, Cecil also provides a top down policy view of
Ranch Hand, but he also gives a perspective on the operation that is frequently from the
perspective of Ranch Hand pilots. In his preface, Cecil, himself a veteran of Operation
Ranch Hand, states that underlying his memories of Ranch Hand service “is a sense of
frustration, born of the belief that the American public has never realized that the
program saved many lives.”16 Hence, from the outset Cecil makes his perspective clear of
Operation Ranch Hand’s necessity to the US war effort in Vietnam, and his work follows
this stance fairly closely.
Therefore, Cecil’s Herbicidal Warfare is a great deal like Buckingham’s
Operation Ranch Hand. Both works are certainly secondary sources on the whole, but
can and should at times also be read as primary sources instead. Buckingham’s privy
access to many unclassified sources means that at times his information sometimes
cannot be independently verified. It also means that his work contains information that
cannot be found elsewhere but is nonetheless vital to understanding the entire story of
chemical defoliant use. Cecil’s work also contains a great deal of information that he
obtained through his own experiences as a pilot and not through his analysis of primary
archival sources. This perspective can at times lose a bit of credibility though a Ranch
Hand tinted-lens. However, it frequently provides information that cannot be found in a
source that did not have a heavy pilot’s influence. Both books give information that must
be treated as primary information, and analyzed as such.
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The most recent work studying the effects of chemical defoliation is Bui Thi
Phuong-Lan’s 2003 dissertation “When the Forest Became the Enemy and the Legacy of
American Herbicidal Warfare in Vietnam.” As an environmental history, the work makes
significant strides towards tying together many of the disparate aspects of Operation
Ranch Hand and its effects. Specifically, Bui showed that the environment must be
considered as a natural actor in this historical narrative. Bui rightly evaluated the existing
literature by saying that previous works had not considered the relationships different
actors formed with the natural environment and therefore failed appreciate the
connections and perceptions formed and shaped by defoliation.17 Bui’s dissertation went
a long way towards filling in some of the historical gaps that naturally existed in previous
works written somewhat closely after Operation Ranch Handed ended.
Bui’s dissertation well integrates the environment into the Ranch Hand. However,
the work did not always present a thorough examination of how the different actors
interacted with the environment and with each other through the environment. The US
military policy of defoliation linked its war effort (and therefore its people) to the natural
environment and people of Vietnam, both civilian and military. The effects that resulted
from this specific interaction are crucial to understanding the story as a whole. No work
previous work has sufficiently shown how defoliation tied human and natural actors to
each other and the environment with these effects. Defoliation cannot be understood
without a reflection on its effects, yet previous works have not fully examined this aspect.
That, therefore, is what this thesis adds to the existing body of literature and hopefully
17
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what it adds to the understanding of how chemical defoliation during wartime affects
everyone, and everything, involved.
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