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EXECUTIVE OFFICE OF THE PRESIDENT
OFFICE OF SCIENCE AND TECHNOLOGY POLICY
WASHINGTON, D.C. 20506

REPORT TO THE WHITE HOUSE AGENT ORANGE WORKING GROUP

SCIENCE SUBPANEL ON EXPOSURE ASSESSMENT

by

MAJOR GENERAL JOHN E. MJRRAY, U.S. ARMY RETIRED
27 May 1986



EXECUTIVE OFFICE OF THE PRESIDENT
OFFICE OF SCIENCE AND TECHNOLOGY POLICY
WASHINGTON, D.C. 20508

May 27, 1986

Dr. Alvin Young, Chairman,

Sub-Panel on Exposure Assessment,

White House Agent Orange Working Group

Office of Science and Technology
Policy

Executive Office of the President

Washington, D.C. 20506

Dear Dr. Young:

On 16 February 1986, you requested that the
Secretary of Defense appoint an individual to conduct
a review of the U.S. Army and Joint Services Environmental
Support Group, and to assess the type and quality of these
records that exist from the Vietnam War era, to study the
effects of Agent Orange on humans, and any pertinent
observation. Attached is my report.

People don't read such reports. For the many who
don't, I hope, if given the opportunity, you will stress with
heavy Richter scale reverberation, that:

0 Vietnam was not designed as an epidemiological
laboratory. As a result, the data does not support
a scientific cause and effect relationship between
Agent Orange and Veterans' ailments alleged to it.

o The combat records vividly disclose the need for
recongsideration of the Executive Order that deprives
the military from the first use of herbicides and the
instant, ready, first use of riot control agents to
save lives of Americans in combat, and routing the
enenmy.

© The Department of Justice has denied the military
services from producing the records, the expert
interpretation of them, and full disclosure of the data
available for the benefit of the Veterans entitled to
individual awards from the chemical companies in a
settlement without fault, before trial.
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o Dropping the study does not mean dropping concern for
the Veterans' hurts, nor does it mean compensation that
will add to the Country's budgetary ills in order to
palliate those of the Veterans.

o The Veterans can be compensated by a salatia from
cutting out the current and projected costs of
interminably continuing the epidemioclogical study, or
its ill-advised options,.

Sincerely,

:%ohn E. !¢!lurr;hy,)J
SA (Ret)

Major General,
Attachment
Copy Furnished:

Secretary of Defense

Chairman Joint Chiefs of Staff
Chief of Staftf, U.S. Army

Chief of Naval Operations

Chief of Staff, U.5. Air Forces
Commandant, U.S. Marine Corps



Acknowledgements

So many people helped me in writing, researching and typing this report
that I would be remiss if I did not give them appropriate recognition.

Particular credit is due to Mr. Richard S. Christian (the Director of
the U.S. Army and Joint Services Environmental Support Group} and his senior
staff: Mr. Douglas L. Clark; CDR William R. Bates, USN; LtCol Paul A.
Chase, USAF; Major Maxie M. Tenberg, USA; Captain Leslie H. Reed Jr., USMC;
Mr. Donald C. Hakenson and Ms. Cleo D. Williamg, Without their assistance
in providing research materials and answering my endless questions, it would
have been impossible for me to complete this effort.

Ms. Judyth R. Brown and Mg, Linda F. Pope of the Support Staff whose

burdensome job was to type and retype my numerous drafts, have my special
thanks and appreciation.

ii



TABLE OF OONTENTS

VIETINAM WAR RECORDS AND AGENT ORANGE

CONTENTS

II.
I1I.
Iv.

ACRKNCWLE DGEMENTS
TABLE OF QONTENTS
FOREWORD

THE QUESTION
SUMMBRRY
BACKGROUND
DISCUSSION

A.
B.
CO
DC
E.
F.
G.
H.
I,
J.

A Crash Course In What Happened
The Record of Records

TLegal and Medical Implications
Environment

The Alleged Culprit
Experimentation

The Government's Approach

The Questions Are

The Best Evidence Rule

Exposure

1. Ranch Hand

2. Ranch Hand Aborts
3. Perimeter Sprays
4. Field Expedients
5. Crop Sprays

Reading The Record

1. Troops in Ranch Hand Vicinity
2, Aircraft Sorties

iii

PAGE

ii
iii~-vi
1-3

4

4-5
6-7

20-21
21

22-24
25



VIETNAM WAR RECORDS AND AGENT ORANGE

CONTENTS

L., The Marine Corps

M. The Navy

N. The Agent Orange Litigation

C. The New Contract For ESG Support
P. Media Slant = The Public Record
Q. Vocabulary Problems

R. The Weaknesses of The Pilot Study

V. PERSPECTIVES
VI. QONCLUSIONS
VIiI. RECOMMENDATIONS

ii. Appendix A. References

iii. Appendix B. AWOG Science Sub Panel
on Exposure Assessment
Members

iv. Appendix C. Abbreviations

Ve Appendix D. Attachments

#l. Young, LtCol Alvin L., USAF,

(Senior Policy Analyst for Life Sciences
Executive Office of the President),
letter to Dr. John F. Mazzuchi

(Principal Director, Professional Affairs
and Quality Assurance - Health Affairs -
Office of the Secretary of Defense),

16 January 1986.

#2., Cranston, Alan and Frank Murkowski
{(Chairman and Minority Leader,

Senate Camittee on Veterans Affairs),
Letter to the Honorable Otis R. Bowen
(Secretary of Health and Human Services),
10 January 1986.

iv

PAGE

26
27
28-30
31
31-32
33-34
35-39

40-47
48-51
52-53
54-55

56

57-58

59-60

61-64



VIETNAM WAR RECORDS AND AGENT ORANGE

CONTENTS PAGE
V. Appendix D. Attachments
#3. Cranston, Alan and Frank Murkowski 65-66

(Chairman and Minority Leader,

Senate Committee on Veterans Affairs),
Letter to President Ronald W. Reagan,
10 January 1986,

#4., Executive Order 11850, 67-73
Renunciation of Certain Uses in War of Chemical
Herbicides and Riot Control Agents, 8 April 1975,

with Statement By The President (Gerald R. Ford)

On The Geneva Protocol, 22 January 1975,

#5. Daily Staff Journal Or Duty Officer's Log 74
{Illustration Of}, 34 Sgdn, 4th Cav, 1 Feb 1968.

#6, Daily Staff Journal Or Duty Officer's log 75
{Illustration Of), HQ 1/18 INF, B May 1967.

#7. Daily Staff Journal Or Duty Officer's Log 76
(Illustration Of), Co A/52rd INF, 716th MP Bn,
25 November 1969,

#8. Tenberg, Captain Maxie M., USA, 77-79
Officer Efficiency Report, 7 July 1969
to 5 March 1970.

#9. Reed, Captain Leslie H., USMCR, 80~-86
"Query Re: What USMC Units in RVN

Prior to 1969 were Not Exposed to Agent Orange",

Report to M/Gen John E. Murray, USA (Ret),

3 April 1986.

#10. Donovan, BGen W,., USMC, 87-89
{Director, Judge Advocate Division)

Memorandum: Agent Orange Litigation,

To The Commandant of the Marine Corps,

3 October 1984.



VIETNAM WAR RECORDS AND AGENT ORANGE

CONTENTS

V. Appendix D. Attachments

#11. Maskin, Arvin (Trial Attorney, Torts Branch,
Civil Division DOJ)

Memorandum, Re: “Agent Orange"

Product Liability Litigation,

MDL, 381 to Lawrence B. Novey et. al.,,

22 May 1985,

$12, Sumary: Changes and Additional Requirements
to ESG from January 1983 to Present, 23 May 1986.

#13. Bricker, Jerome (Consultant Office

of the Secretary of Defense - Health Affairs)
Abstract Agent Orange Exposure

Probability Modeling for Vietnam Field Conditions,
9 May 1986.

#14, Testimony: Before the Subcommittee

On Oversight and Investigations of the Coammittee
On Veterans' Affairs, House of Representatives
Ninety-Seventh Congress, 15 September 1982.

vi. Apperdix E. Addendum

vi

PAGE

90

91-95

96

97-59

100



FOREWORD

For: Doctor Alvin N. Young, Senior Policy Analyst, Office of Science and
Technology, Fxecutive Office of the White House, Washington D.C., 20500.

I'd rather play around with Apocalypse than deal with epidemiologists.
‘At least the end-of-the-world comes to a conclusion. But that's tongue in
cheek and probably why, in this case, bureaucracy got a bum rap.

Senators Murkowski and Cranston are right, There is trouble in their
called for Presidential action to resolve conflicts within the Executive
Department. But the gut trouble is not, as alleged, between the Centers for
Disease Control (CDC) and the Department of the Army's Joint Services
Environmental Support Group (ESG). There were dog fights between CDC and
ESG, but they were what happens when a discipline clashes with another
over complex issues. Scientists talk in multisyllabic words., The military
uses four letter ones.

The (DC versus ESG imbroglio is a stalking horse. The real trouble -
if you can call it that - I thought at first was in the bevy of epidemiolo-
gists. But that was wrong. The trouble is with the data. ESG provides an
avalanche of data. But like any respectable avalanche it's hard to figure
out if it serves any purpose.

The epidemiologists, as the government has assembled them, are a
brilliant group of scientists devoted with the utmost care in coming to
conclusions in a science that trains them in stochastics, That is, experts
that deal in the possibility of random variables. And the Vietnam War pro-
vides such random and such variables, as to stun the best of these scien-
tists with the infinite potential for suffering from a main cause of
casualties in that war: booby traps.

After reading the Senatorial Letter to the President, I walked in on
the meeting involving ESG and CDC representatives expecting a hot exchange
of polemics. Nothing that interesting happened. Congeniality, obviously
rooted, prevailed. What 4id exist was the continued, stubborn insistence of
the Vietnam War to produce anything but frustration, and the War's refusal
to retroactively serve as a nice scientific showcase to produce findings
that have otherwise - - even under laboratory or more benign conditions - -
avoided scientists from drawing reasonable conclusions except for chloracne,
other than: "We don't know".



FOREWORD {OCONTINUED)

Engaging in the study of records that you have assigned me is a seren-
dipitous business. I cannot help but stumble on side effects, not within
the strict confines of the questions asked, but I would surely be remiss if
I ignored them. So discussion of an Executive Order and a Department of
Justice decision made in the all inclusive authority of the United States
are among the topics discussed.

Glancing through the Journals of combat units I came to a poignant
reminiscence. The Journals are smudged with the red dirt of Quan Loi. They
pass on a remembrance of that dirt. The choppers come in. Faces and hands
get a sand blast. Boils erupt on young faces. The medics say it's the red
dirt. Was there Agent Orange in that s0il? The records say yes.

This should headline the fact that if anyone says that the Agent
Orange issue is simple, the only thing simple about it is the person making
that statement., Even the dirt talks.

We are looking at a combination of causes that may have, or may not
combine, and may or may not do so in a long smoldering that may differ in
individuals with their genetics. More study options going on for perpetuity
may point toward the inheritance of defective genes that catalyze disease
only from herbicide dousing in the tropics. Just as genetic probes reveal
the inherited source of retinoblastoma. Children will be suing their
parents for both occurences - the herbicide and the genetic catalyst - since
the government in the first instance has the Sovereign Immunity cop-out. It
is only a step in litigation from that and a six-foot-ten inch giant blaming
inherited height for preventing him to fit into the cockpit of a U.S.
fighter plane and excluding him from performing his constitutional duty to
support the country with his best talents. From these vou have the midget
who applies the same principle, with counter suits by the parents who claim
they gave their sons the mutation opportunity to be an NFL linebacker or
another Willie Shoemaker. But Sovereign Immunity is right. If the Veterans
are permitted to sue the government for herbicide spray, then why not for
flying bullets?

If this sounds inane, it is not. A man trying to ocommit suicide by
throwing himself in front of a train recently, failed to do so, and has
recovered $650,000 for loss associated to the train driver's failure to meet
the plaintiff's desire to become extinct. The findings and theories of
modern science combining with the infinity of constitutional protection
actual and imagined by our litigious society, is verging on the threshold of
the ridiculous. Agent Orange is a transcendent topic since it approaches
tripping over that threshold into an abyss of nonsense.



FOREWARD (CONTINUED)

There is no answer to the herbicide~human risk question applied to
Vietnam with the ironically suspect limitations of the plentiful data and
the respect due each differing epidemiologist. There is no foreseeable
placing of responsibility for the woes or benefits we inherit from fathers
and mothers or time and place. Even a theologian resting his case on morals
in reviewing all aspects would reluctantly adopt the position of agnostic.
We are engaged in guesswork. In a fecundity of differences the epidemiolo-
gists are looking for grim statistics that aren't there.

In our present level of ignorance exposed by unanswered endless
questions, it is useless and wasteful to go further.

* %

Many thanks to you and your scientific ocolleagues and Director Richard
Christian and his staff of the Department of the Army's Joint Services

Environmental Support Group, for patient and professional orientatmn and
forthright help.

You all were like the troops that you made me fondly remember in
Vietnam. You had the same wondrous devotion, to what to them was, as I
think this effort is, painfully, to all of us, a Lost Cause.

CI-IN E. MURRA
Major General, USA



VIETNAM WAR RECORDS AND AGENT ORANGE

I. Question: What ig the type and quality of the records that exist from
the Vietnam War era to study the effects on humans of Agent Orange?

II. Summary:s Attempting to retroactively design a 10 year war -~ - in
itself controlled chaos ~ ~ into a scientific laboratory, is at first glance
futile., But it is not. Selectively and carefully extracting data reveals
reliable relationship between morbidity, infirmity and war as a pesthole,
after it is over. Post Traumatic Stress syndrome is an example. So is
chloracne from the dioxin contained in herbicide Orange. Whether dioxin
otherwise effects the salubrity of soldiers and their offspring is the
question.

Allegations of breakdown and conflict between the Department of Health
and Human Services' Centers for Disease Control and the Department of the
Army's Joint Services Envirornmental Support Group, are not evident.

The clearly beneficial first use of herbicides by the United States, as
a weapon of war, and protection of troops is fully supported by the Army,
Navy, Air Force and Marine Corps records.

Given an understanding of the variety, availability and reliability of
the military records in the Vietnam War, the ability to fill gaps in the
records, and the professional skill in which the records are reviewed, com-
puterized and mapped, the scientists engaged in this study were satisfied as
to what the records can produce for them. And just as important: the
limits of production.

A three month long Pilot Study of a cohort of seven battalions failed
in its theoretical promise. It did produce invaluable facts that helped to
clearly display the complexity of the problem, and to display the lack of
preciseness to solve the problem, Accordingly, the continuance of this
study is not recommended.

It is, of course, understood that eight (8) other studies which require
determinations of the likelihood of Agent Orange exposure conducted by the
Veterans Administration and for which the Joint Services Environmental
Support Group will provide exposure determinations and military record
abstractions will rigorously continue.



IX. Sumary {(Continued):

Extending this study on exposure assessment, to encompass at least
three more years of study and thus vastly enlarging the number of troops who
would be eligible as subjects, is an option. There are others. However, in
the absence of an exposure index, extension of the study appears
unwarranted.

It is up to the scientists, and beyond the scope of the Joint Services
Environmental Support Group representing all the Services, to make the
choice.

Specific Conclusions begin at page 48.

Specific Recommendations begin at page 52.




III. Background:

A,

On 16 February 1986 Dr. Alvin Young, Executive Office of the

President, sent a letter to the Secretary of Defense concerning the con-
tinuing struggle of the White House Agent Orange Working Group "over the
type and quality of records that exist from the Vietnam era." (Attachment 1

page 59)
B.

Law and Congressional concern over this issue is expressed below:

1. Public Law 96-151 (The Veterans Health Programs Extension and
Improvements Act of 1979) and PL 97-72 (The Veterans' Health Care,
Training and Small Business Loan Act of 1981) directed a health
hazard effect study on veterans from herbicide Orange with proto-
col approved by the Congressional Office of Technology Assessment
{OT3) .

2., The Centers for Disease Control (CDC) was assigned the study
in January 1983. A complex of Executive Department Agencies are
involved. The Army is the Executive Agent for the Department of
Defense (DOD). Accordingly, the Army's Environmental Support
Group (ESG) supplies the data sought by CDC. The President, as a
participant, is required (by PL 96-151} to ensure the scientific
validity of the study, and ensure it is conducted effectively and
with objectivity.

3. On 10 January 1986 the Chairman and Ranking Minority Members
of the Senate's Committee on Veteran's Affairs sent a letter to
the Secretary of Health and Human Services, which expressed blunt
concern over "The seriocus problem of deterioration of collabora-
tion 'between CDC and ESG'." Further, "a complete breakdown" in
the relationship was charged. (Attachment 2 page 61}.

4. Both Senators Murkowski and Cranston, Chairman and Minority
Leader, Committee on Veteran's Affairs, jointly signed a letter
to President Reagan on 10 January 1986 that reiterated the
President's responsibility under Section 307 (¢) of PL 96-151,
including:

"specific responsibility with respect to the Agent Orange
Study, to ensure that all appropriate ocoordination and ocon-
sultation is accomplished within the Executive Branch. We
also, therefore respectively request that you take the steps
necessary to resolve the persistent, very counter productive
conflicts within the Executive Branch ..." (Attachment 3

page 65).



B. Law and Congressional Concern (Continued):

5. To resclve the “counter productive conflicts" a small panel was
established in accordance with Attachment 1 page 59. As a small

slice of the broad concern, I was given the task of solely

reviewing "the type and quality of records that exist from the Vietnam
era.”

6. This then, is a limited contribution to a complex issue. The
approach is not that of a scientist, Rather, it is that of one who
had experience in both time and place, and with the Orange that is the
apple of discord.



Iv.

DISCUSSION

A,

A Crash Course In What Happened:

1. Chemicals that Kill plants and trees are known as
"herbicides". Herbicide is plant death. As with most aspects of
the study, things are not what they would seem. Agent Orange, for
instance, isn't orange, It took its name from the color of a two
or three inch band around the drum it came in. Does the killing
by Agent Orange extend beyond plants and trees to humans? There
are six volumes of studies on the subject, worldwide, beginning
with a German study in 1957. There are over 150 studies by U.S.
Government agencies relating to the effect of herbicides on humans
at a cost of $119 million and they suggest no toxicity to humans.
Except for chloracne, assessment of Agent Orange or its commercial
clone, in humans, discloses no comnection between it and illness,
blemish or inherited infirmity. Public Law 97-72 directs compen-
sation for chloracne (a skin rash) and PCT (a liver disorder).

2. The genesis of the U.S. Plant Warfare Program lies in the
historic battlefield use of chemical defoliation by the British
in a successful post WW II guerrilla war in Malaya. As it became
involved in the Vietnam War, the United States followed suit, in
1958-59.

3. Military Assistance Command Vietnam (MACV)'s chemical weapons
Plant Warfare Program had two purposes: defoliation and crop
destruction.

4, Denial of food to the enemy was a grand feature of the Program
designed to “"drive VC and their supporters out of their safe haven
at last."

5. Early testing proved promising. MACV then asked for instant
full scale launching of the killing of crops and the chemical
cropping of foliage.

6. President Kennedy's response was typical of the Vietnam War.
It was tentative and hesitant, a political practice that marked
American indecisiveness.



A.

A Crash Course In What Happened (Continued):

7. Further testing was permitted in 1962, and the program
increased gradually for 9 years, until 1970. Over 5.2 million
acres, more than 48% of South Vietnam's forests and 3.2% of its
cultivated land, was sprayed. This was about 15% of South
Vietnam's land. Almost 90% of the effort was to: defoliate along
lines of communication, clear ambush sites, open fields of fire,
expose tax collection points, facilitate aerial observation, and
protect base camps and high ground; compelling the enemy to go
underground and operate in the dark. The troop phrase "Charlie
owns the night” was the tacit appreciation of the opposite; that
the day, thanks to chemical clearing of the land, belonged to the
Grunts.

The Record of the Records:

1. BSame records don't die, but most of them do. Only about 2%
of all military records end up in the immortality of the National
Archives. The Vietnam War records, with a fair quantity left to
the enemy during the American exodus in April 1975, are, however,
on hold, Kept by the military services, they are in excellent to
poor condition.

2. Understandably, record keeping to meet an epidemiological
study in connection with herbicides was certainly not on the minds
of the men at war. As a result, not only the records but what
happened to the records is generally often sparse and like the
once defoliated plants and trees, are no longer in evidence.

3. In fact, so little interest was shown in all records that in
1968, at the height of U.S5. involvement when qualified Record
Managers were flown to examine and improve the record situation,
they were halted in Okinawa and denied entry into Vietnam.
Records Managers had nothing to do with fighting a war. That war,
the war of claims from fiscal ones from oontractors, to physical
ones from veterans, had a delayed action fuse.



B.

The Record of the Records (Continued):

4. Then a wicked tragedy came to the aid of Records Management.
A bloody example of how there is no evil without some good. But
paving for the good of Records Management at the price of war
atrocity, a massacre at My Lai, is a National embarrassment.

5. Investigation of the massacre exposed the weakness of Vietnam
War record keeping. From laxity and unconcern came sudden and
drastic accent on the opposite. MACV initiated "The Gospel of
Record Management”. This Gospel led t© quick improvement in May
1970, in the making, the retention and reliability of records,
including those that related to herbicide sprays. Central Records
Collection points were established and operated and most of the
war records departed with the troops by 29 January 1973, with 60
days additional time for departure granted the remaining records.
These records were staged, sorted and classified by units through
interim sites. The war records for the Army moved to an ultimate
repository outside Washington, D.C. via Hawaii.

6. These records began their advent of Agent Orange value in
1978 when public anxiety came to the fore and the Army’s Adjutant
General, involved in identification of Army personnel in atomic
blast tests foresaw the same development with Agent Orange.
Environmental issues the Army has learned won't go away and in the
next war, no doubt, epidemiologists will have their laboratory
records. Accordingly, with foresight, Army's Agent Orange Task
Force (AAQIF) became the precursor of the Army becoming the
Department of Defense's Executive Agent for the Joint Services
Environmental Support Group, typically referred to as the ESG,
The basic organization of the AROTF and its ESG design has not
materially changed except for its expansion with personnel and
other envirommental issues. Three study groups basically compose
the BESG Agent Orange epidemiological effort:

Group A researchers - exposed and non-exposed cohorts

Group B researchers - personnel data abstraction
Group C researchers - quality control

-10-



C.

Legal and Medical Implications:

1. Article 23 (a) of the IV Hague Convention bans the use of
poison or poison weapons.

2. Use of chemicals benign to humans was considered permissible
as early as World War II when the Army Judge Advocate General
opined that chemicals to destroy Japanese crops were within the
legitimate approval of International Law if "such chemicals do not
produce poisonous effects upon enemy personnel, either from direct
contact, or indirectly from ingestion of plants and vegetables
which have heen exposed thereto.” This decision was reflected in
the Army's Manual for Land Warfare, (FM 27-10 dtd 18 July 1956,

page 19, paragraph 41.)

3. The question of whether Herbicide Orange had toxic effects on
U.S. military personnel and by implication the indigenous popula-
tion has culpable consequence if resolved affirmatively by U.S.
scientists. Violation of the Hague Convention and corroboration
of allegations of the Socialist Democratic Vietnam Government's
claim of 1500 Vietnamese Killed and 1.5 million poisoned by her-
bicides, would then give weight beyond that of mere propaganda.

4, Soft-tissue sarcoma, liver ailments and birth defects have
been attributed to dioxin by various studies. The Hanoi Regime
claims that U.S. herbicides caused changes in chromosomes, malfor-
mations in offsprings and occular lesions. U.S. veterans have
attributed warts, varicose veins and schizophrenia. These long
range effects remain in controversy. (Attributed to herbicides is
almost every human ailment in God's no longer green acres.)

5. The legal and moral obligation to veterans follows, and so
perhaps does the legal obligation to the International Community
and the threat of a World Court trial. A finding of cause and
effect between Vietnam herbicides and toxic effect on humans could
put Uncle Sam in the dock.

-11=



C.

Legal and Medical Implications (Continued):

6. The widespread, and heavy civilian and commercial use of
Agent Orange and its equivalent would probably exonerate the U.S.
by the global company it kept. It has been used in large quantity
in Vietnam and around the world. However, (after two decades) it
is arguable that the hesitation and trepidation of the Kennedy
Administration over the use of herbicides now endorses an indic-
table offense. There is an implication that within the U.S.
Government there was forewarning.

7. Of oourse, if the evidence of the herbicide as toxic in humans
is moot, or without cause, then the case is foreclosed.

8. Executive Order 11850 of 8 April 1975 (Attachment 4 page 67)
vetoes first use of herbicides in war as National policy. This
edict was unfortunate. Neither soldiers, marines or sailors nor
their commanders were polied on the issue. The choice is killing
plants against preventing yourself or your men being killed.
Against this is the random possibility that there may be highly
dubious consequences if you continue to exist. The military, to a
man, will take the mow and take the present contribution to life
and limb against the chance of future hurt. It doesn't take
Shakespeare to tell the soldier, but perhaps it does the sta-
tesman: "“You take my life when you take the means by which I
live."” There is no question that the average soldier did not con-
sider herbicides as an occupational hazard, and if he did, it was
insignificant compared to other risk factors in Vietnam, incon-
sequential as anything else in the air just as the monsoon, except
that it was in the military inventory along with life preservers,
flak jackets, sand bags and barbed wire.

9. Executive Order 11850 prohibiting first use of herbicides has
in it another prohibition that if continued will hazard and cost
lives of American troops. The combat records are also clear on

thiS. '

10. These limitations on the first use of riot control agents {CS
Tear Gas) if followed in Vietnam may have prevented the Marine
Corps Major from using it in the final evacuation of the Embassy
in Saigon in the last days of America's presence. It also would
risk more than they did, among those valiant soldiers and Marines
known as "Tunnel Rats".



C.

D.

Legal and Medical Implications {(Continued):

11. Cambat Journal reports emphasize the merits and utility of CS
in battle. One Journal, for instance, relates an epic instance.
The VC were hidden. CS was used to "drive them out of their holes
so that the Air Force could kill them humanely — — with napalm”,

12. Combat Journals record the Lug-a-Jug operations where CS
spray was used ahead of the herbicide to douse the enemy and pro-
tect the helicopter spray crews from lethal ground fire.

13, Practical and sensible American life saving opportunities by
the use of CS, is not present in the Executive Order, it should be
reviewed to extend its use. It should be left to the field com—
mander at the troop level as a judgement call. The Sergeant
shouldn't have to pull the Executive Order out of one of his many
jungle fatigue pockets, and check the options to see if he has
one. And if he thinks he has ocne, obtain under fire the assurance
that he has the approval of the President of the United States, as
presently required.

Environment: If there was ever a land designed by Providence to

camouflage aggression it would be Vietnam, where triple canopy jungle,
high grass (elephant grass is understated as it grows twice the height
of elephants), non-deciduous trees, low burn propensity and ease of
tunneling prevails.,

13-



E. The Alleged Culprit: The corpus delicti, if it exists in her-
bicide spray, is microscopic. The average dioxin concentration in
Herbicide Orange is two parts per million. That is, a railroad box-
car loaded with "Orange" has dioxin content of one ounce. "Orange"
itself is a military color code, painted in a stripe around the barrel
it was shipped in, that in general conversation is used to distinguish
various herbicide mixtures such as Pink, Green, Purple, White, Blue
and Orange II. Orange accounted for about 90% of the usage. Blue
with arsenic and White with picloram did not have dioxin but made up
most of the other usage. While Blue and White were preferred to
perish grass, these herbicides clogged up the field expedient
sprayers.,

F. Experimentation: Experiments with dioxin in the laboratory to
determine comparable effects on man have not been made with satisfac-
tory humanoid candidates. Whether trace amounts of dioxin is good or
bad for human health, except for chloracne, is unknown.

G. The Government's Approach:

1. The government has chosen to take the epidemiological
approach. Epidemiology is a branch of medical science that deals
with the incidence, distribution and control of disease in a popu-
lation. It deals with the sum of the factors involving the pre-
sence or absence of a disease or pathology. Its base is
statistics.

2. Epidemiologists use "cohort", a term that may confuse military
men, since the primary sense of a cohort is one of the 10 divi-
sions of a Roman Legion, whereas to the scientist it is a group of
individuals having a statistical factor in common in a demographic
study. In this case, the young service member.

H. The Questions Are: Are the service member cohorts identifiable?
Is their contact with dioxin also identifiable? If the answers to
these questions are yes, what follows are other pivotal questions:

1 How good are the statistics?
2 Do the records show:
(a) Who the troops were?
(b) Where they were?

(c) Who were sprayed or near the spray?
(@) How often were they exposed?

14~



I.

The Best Evidence Rule:

1. The answers to the above questions from a legal viewpoint
rests on second-hand evidence. Federal Law, based on traditional
Common Law, routinely accepts exceptions to the Hearsay Rule that
usually prohibits second-hand evidence. Such exceptions include
evidence of written entries kept in the regular course of husi-
ness. The clergy has such business entries readily accepted by
the courts, such as those of marriages and baptisms. Railroads
have the readily accepted business evidence of entries in train
dispatches. The military profession has such readily accepted
entries kept in the regular course of their business, albeit that
business is war.

2. 'This business of war, involved as it is with imminent mor-
tality, would no doubt be accorded by the courts the same tradi-
tional trustworthiness for its records as that of a dying
declaration conveyed by a second party.
3. Thus the record acceptable by the ocourts is what has been
introduced here by the military and made available for scientific
scrutiny, Examples of this judicially recognized evidence are:

a. Daily Journals

b. Morning Reports

¢. Operational Reports - Lessons Learned {ORLLs)

d. Situation Reports (SITREPS)
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I.

The Best Evidence Rule (Continued):

4, These fundamental reports are the Matthew, Mark, Luke and John
of the Military Testament. As in the biblical testament, there
are other authorities who cross check the others, almost like the
U.S. Government's prized separation of powers. Each Infantry
Division in Vietnam had its separate chemical detachment that
reported and evaluated the evidence. The Alr Force in Vietnam had
a regular reporting and evaluating system of its herbicide
spraying operation coded Ranch Hand. Additionally, the U.S,
Embassy and the Military Assistance Command Vietnam, (MACV),
jointly approved each Ranch Hand spray.

5. Journals and Reliability:

a. The written Journals are almost as candid and insightful
as the oral comment of Army Lieutenants in combat. It is a
place where stark truth is an essential. Thus the Journals
are as close to raw, unedited reality as one can get. Truth
is virtually an addiction in a world in close proximity to
oblivion. The Journals thus deserve trustworthiness.

b. That transposition and transcription errors occurred, on
the part of combat men not trained as typists, is to be
expected. They happened. So did key punch errors. But
relating the erroneous report and crosschecking by others
detected and cancelled the errors.,

c. Gaps arise in the records of unit locations when grid
locations of companies are not given in the Daily Journal.
However, company morning reports and other records are usually
available to close the gap.

d., Location of troops at fixed places, suwh as fire bases,
where they are static within a protected perimeter and not
subject to Ranch Hand sprays, does not require the same analy-
tic review involving the possible confluence of two mobile
components; friendly aircraft and friendly troops. Time,
motion and place are different ingredients in the locations
puzzle when place is one of relative confinement.

e. BSee Attachment 5, page 74, for an illustration of a typi-
cal Journal and Attachment 6, page 75, for extraction from a
Journal to sense the variety of input, and Attachment 7, page
76, to see an example of a Journal that is clear to a layman.
See Appendix C, pages 57-58, for translation of acronyms and
abbreviations.
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1.

The Best Evidence Rule (Continued):

6.

Data Abstractions:

a. Scrutinizing the military records invariably led to what
may be termed the "Data Abstraction Procedures for the Agent
Orange Study".

b. Over 110,000 personnel files of veterans assigned to spe-
cific mits for two years (1967-68) and the daily field loca-
tion of these troops is required. This takes a painful
scrubbing for abstraction from Morning Reports to match names
against computer tapes and social security numbers and coor-
dination between four general agencies: The Environmental
Support Group; the Centers for Disease Control; The U.S. Army
Records Component Personnel and Administration Center (RCPAC):
and The National Archives Records Administration (NARA).

¢. It also required examination and extraction from eight
separate Department of Defense or Department of the Army
records as follows:

(1) DD Form 214 ~ Armed Forces of the United States
Report of Transfer or Discharge.

(2) DD Form 47 - Record of Induction.

(3) DD Form 4 - Enlistment Record ~ Armed Forces of the
United States

(4) DA Form 20 - Enlisted Qualification Record.

(5) Letter Order - Verification of duties, unit assign-
ment, location, etc.

{6) DA Form 41 - Record of Emergency Data.
(7) DD Form 398 - Statement of Personal History.

(8) DD Form 1300 ~ Report of Casualty.
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6.

Data Abstractions (Continued):

d. BAbstractors have to be trained, and replacements trained
in codes (The number 8 indicates a pertinent record is missing
from the veteran's file. Number 9 that the record is
available but is missing data. Number 1 is KIA - Killed in
Action. Number 2 is not KIA, etc.) Standard recording of
names is important. For instance, instructions included
caveats: "Do not enter last names that are doubled and
separated by a dash; only the first of the last names will be
entered. Example: Garcia-Lopez should be entered Garcia (The
first name listed is the father's last name and the second
name is the mother's maiden name)”.

e, BESG researchers themselves are assigned a two-digit code
number to assist in checking on the quality of their perfor-
mance. They have to carefully check and abstract 143 data
elements on each of their 110,000 files.

f. The researchers, before starting their abstractions, must
be trained in codes and also educated on U.S. Army Vietnam
(USARV) Station Ligt, List of Exposed Units, List of nonex-
posed Combat Service Support Units, and the MACV Strength

Report .

g. I found that the ESG abstraction training, procedures,
disciplined supervisors, and quality control of their fun-
damental record abstractions is an excellent model of the
careful performance of dull toil. BAll of which is awesomely
unrecognized by the job description raters of Civil Service
tasks. The pressure for enduring performance of a boring task
contributes to burnout and turnover of ESG personnel. These
low GS-rated personnel are in the data trenches. They are
well aware that wrong selections were made in the Ranch Hand
IT Health Study that set it back. They know that what they
produce may be explosive, and they are not about to produce a
data aud.

h. ESG has plenty of resources and the Army has accommodated
them with something in short supply: funds. ESG does not
exactly work in a cathedral of knowledge; its modest working
place is becoming a reference place that may rival the
"Britanicas”. The reference service provided by ESG abstrac-
tion of records is invaluable.
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JI

Exposure:

There were three major methods of herbicide exposure:

1.

Ranch Hand Spray: "Ranch Hand" was the code word for aerial

spray of herbicides and insecticides hy fixed wing aircraft of the
U.S. Air Force. This method of spraying was the least likely to
reach the ground where troops were located. Almost 94% of the
berbicide spray was deposited in the heights of the canopy jungle
and this coupled with evaporation allowed approximately 6% to
reach the ground.

2'

Ranch Hand Aborts and Dumps:

a. Although a rare occurence, aircraft were shot down,
crashed, or had mechanical failure that resulted in an aborted
mission. Abort missions happened as low as 150 feet and as
high as 7,500 feet, and each abort oould result in con-
tamination considerably more concentrated than the normal
mission. As an example, during the period 1 April 1966 to 31
March 1969, 9 abort missions were documented in the IIT Corps
ranging in altitude from 150 to 5500 feet.

b. Aborts occurred also when for one reason or another -~ say
engine failure - the Agent had to be dumped and the aircraft
returned to station. Altitudes of release are the most impor-
tant factor in calculating ground contamination, but addi-
tional factors such as speed, temperature and volume dumped,
contribute to the size and concentration of the area con-
taminated. Some Ranch Hand emergency dumps occured at low
level over populated military installations.

c. It would be possible to determine with a good degree of
accuracy who was on these bases when these events oocured.
Such events would undoubtably constitute an exposure "hit" for
those personnel on the base when the accident occured.
Because the scientists say that an individual needs multiple
"hits" in order to meet the criteria of being an "exposed"
study subject, these emergency dumps have limited value in
developing an "exposed” cchort. Therefore, developing
"exposed cohorts" from the personnel involved in such events
is not exclusively recommended by the epidemiologists.

d. There were, in fact, out of 6000 Ranch Hand flights 90
known aborts, 44 of which resulted in dumps.
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Exposure (Continued):

3. Perimeter Sprays: Potentially the most damaging areas were
not where the Infantryman patrolled and fought but rather back at
the fire bases, airfields, depots and fixed installations. Here
the perimeters were routinely sprayed by "decon trucks", low
flying heliocopter and Buffalo Turbine apparatus designed as neigh-
borhood foggers. Backpack sprayers were also used in abundance.
Closeness to the soil, rotorblade downdraft, less wind drift,
caused more penetration. Troops were particularly interested in
the spray as a matter of survival and not, as veterans, the oppo—
site - a toxic route to unintended or long distance iliness. They
saw the spray as life-enhancing, not as life debilitating. If any
place was religiously and abundantly sprayed with intensity and
effort, then it was here, at the fixed installations. Defoliation
was rather satisfying where it happens, near, within, and beyond
barbed wire. Sprayed areas exposed creeping sappers, helped in
establishing mine fields and offered open fields of fire. Roads
and river lines of communications were sprayed by this perimeter
type spray operation, as well as by Ranch Hand.

4. Field Expedients: The treasured value of herbicides to the
troops in contributing to their own survival and denial of cover
to the enemy led to novel field expedients for delivery and even
risk of court-martial, Often herbicide Orange was prohibited, for
which they were court-martialled. Soldier inventiveness included:

a. One field expedient spray system combined a 55 gallon drum
and the pressure unit from a flame thrower.

b. Another expedient was the use of an airplane engine
shipping container as a herbicide reservoir placed in a CH-47
helicopter with herbicide flowing from a boom out of the aft
cargo door, by gravity.

¢. Other expedients included conversion of chemical decon-
tamination equipment, insect foggers designed to kill
mosquitoes and flies; and backpack sprayers designed for
spraying tear gas in Viet Cong tumnels.
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4,

5.

Field Expedients (Continued):

d. There was no inventory kept, nor record of frequency of
use of these various devices contrived by GI ingenuity and

the urgencies of survival, but such was the worth of her-
bicides to the soldiers that when the order was issued to halt
the use of herbicide Orange, the order was nevertheless
violated, and punishment issued. It must have been hard not
to condone the action of a sergeant or officer who decided:
"The hell with the order, I'm protecting my men".

Crop Sprays:

a. One cannot recall one's experience, and read the record,
to recognize plainly that herbicides saved the lives of our
soldiers and marines. Herbicides harassed and exposed the
enemy and put him underground, not merely in tunnels but what
may have turned out to be graves. In Southeast Asia herbicide
was a cherished weapon of war. But also a two—edged sword.

It should not have been used for enemy crop destruction.

b. When you don't know for sure who the enemy is, and when
you do, and you want to convert the populace to your side,
it's rather stupid to take away food. The Hague Convention,
too, has something prohibitive to say about that. Herbicide
spray on enemy crops, where there are potential friends, ruins
that potentiality, and it becomes a stimulant to enemy propa-
ganda. The record is clear on this.



K.

Reading the Record:

1.

Troops_in Ranch Hand Vicinity: If there is one thing that CDC

and ESG agree on, it is that plenty of statistical evidence is
available.

a. What they haven't agreed on, is what is abstracted from
the evidence, and how it is read.

b. This puts the whole matter down to another critical
problem solving component: not only what's in the record,
but: who reads it.

c. What kind of talent do you need to read the record? The
answer is the type of man who wrote it. It is not unusual in
life and death situations in American society for relevant
writing to be unreadable. It certainly can't be read by the
uninitiated. Among soldiers under stress, the writing ranges
in interpretation difficulty: Certainly above palm reading,
something below the breaking of the Japanese code, but with
the pay-off that went in WW II, with the latter.

d. The New England Journal of Medicine says that 40% of the
doctors' handwriting on case histories are unreadable. It
takes the doctor himself to read his own product. It turns
out that the case history of what went on in 7 combat bat-
talions, engaged in life and death situations and unlike a
doctor’s case history, is often typewritten. And unlike medi-
cal case history, it is written in more than one document to
be cross checked. But the writing, nevertheless, to the
layman, may be mysterious. APC to a doctor is a headache
pill: to the military man it is an Armored Personnel Carrier.
The jargon and GI language of Vietnam, where Charlie wasn't
the name of a person, but a synonym for the entire Viet Cong,
where "prick" is a light weight radio and "piss tube" is a
mortar, and where the standard military abbreviations may have
their different meanings, requires precise translations by the
combat cognoscenti. Anyone, however intelligent, not par-
ticularly knowing in the sanskrit ways that are exclusively
curious to the Vietnam oombat milieu, conmpourds results that
are foolish, Combat literacy is a branch of arcane learning
preserved by the soldier's need for survival. (See
Attachments 5, 6, and 7, pages 74, 75 and 76 for examples.)
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1.

Troops in Ranch Hand Vicinity (Continued):

e. Therefore, to acquire an expert literate in reading the
combat records, requires someone who was there, who wrote the
types of records to be read, and may be even better than the
competent best. This is not to deprecate the Infantrymen or-
Armor files, but it is widely accepted that the best reader of
grid coordinates and determining where the Infantry were, lies
not in the Infantryman but his Artillerymen. For the
Artilleryman's job is to ocontrol that machinery of devastation
which threatens death to the enemy and preserves life for our
soldiers. And this is not simply a matter of raining explo-
sive annihilation on a fixed position, but walking it ahead of
the infantry, by a hundred yards. Maybe less. The artillery
unit commander's task is to make high-explosives user-
friendly.

f. It is not only the record, but who reads the record to
obtain the best professional product. The best qualified is
generally the Artilleryman. The best reader of Journals then,
for this study, is the best of the Artillery officers who
literally called the shots.

g. In evaluating the talent within the ESG to read the
record, I have found it to be the best. I have enclosed the
efficiency report of the Major, a combat Lieutenant in the
Artillery in Vietnam who was later rated by a Future
Lieutenant General, and future Inspector General of the Army,
who by happenstance is an officer I am privileged to know as a
contemporary. This future Inspector General as an Artillery
Camander was not, as now, given to overstatement. In making
out an Efficiency Report he'd rate Achilles on valor as
average. Using this acclamation of this future ESG officer
I'm sure it led to selection of his present assignment, for
the Major still literally breathes grid coordinates and he
fortunately holds the critical position of Chief, Scientific
Support Division ESG. (See Attachment 8 page 78).
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Troops in Ranch Hand Vicinity (Continued):

h. T have also reviewed the efficiency report records of
other ESG personnel, and discussed their work with them. With
no exception that”can be reasonably contested, I found along
with the ocompetence of other ESG personnel, a remarkable dili-
gence and experience in work that most people would consider
painful drudgery. It is a migraine factory. Accomplishment
can only be explained by dedication to headaching, and
inspirational and dogged leadership by an infantryman with
three tours in Vietnam that is the ESG Director. If I were to
characterize them all it would be that they do not work to
live; they live to work.

i. Whether the work of ESG on this study results in proof,
disproof, or puts uncertainty in concrete, that in itself
represents its value as a pioneering research mechanism. Its
other work on cancer causation in war and post combat syndrome
and its atmospheric nuclear test personnel review are equally
important. The Air Force's von Gierke discoveries on the
effects of vibration, gravity, shock and noise pollution are
areas for ESG exploration. This and more ailing effects of
battle and preparation for it, are what the military may
expect to exploit to its advantage for morale, for the
fulfillment of its moral obligations, its legal respon-
sibilities and for an understanding of what goes on in war.
Damage assessment and damage prevention is an ESG role.

j« I must also add that the high performance and dedicated
ESG record ferrets must also be attributed to the unusual
unaccustomed assemblage of scientists who because of their
profession do not hesitate to ask questions that are equiva-
lent in their professions of toxic shock, and challenge the
ESG personnel to high per formance.

k. I do not see the tensions between ESG and CDC as baleful,
balky or belligerent. It is rather an understandably joint
vexation between two separate disciplines, the military, and
the scientific; neither of which is famous for being compliant
- - and thankfully so.
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2. Aircraft Sorties: The exactitude of the Air Force Ranch Hand
spray targets was equally reliable as the infantry moving its
troops to jungle locations.

a. The C-123 Aircraft pilots and co-pilots plotted the
course, flew practice and familiarization flights, and deter-
mined on - and - off spray points. The average altitude for
the spray was, as a rule, 150 feet. The airspeed was 130
knots.

b. Cartographic coverage of South Vietnam before Ranch Hand
in 1962, was poor. Small scale maps were old and inaccurate.
At the request of Ranch Hand, the U.S. Air Force flew photo
missions and obtained files of large scale, accurate maps.
Mosaics were made of the target areas, furnished commanders
and Vietnamese officials on the ground, for selection of
targets and avoidance of damage to friendly agriculture (o
spraying of U.S. ground perscnnel). Coordinates were placed
on the selected targets,

¢. Equipped with VHF, HF and ADF and a TACAN unit, Ranch Hand
had state of the art sophisticated electronic navigation. The
lead aircraft always carried a navigator.

d. The Ranch Hand target officer flew on survey flights
before the spray, kept a dossier on each mission, and recorded
the event. 1In view of the selection, review, approval and
reconnaissance preliminaries of each flight, the careful
writing of each event in friendly, office atmosphere, the
records of sprays in the regular course of husiness are judi-
cially and scientifically reliable.

e. Ranch Hand also provides, along with helicopter data that

is absent from others methods., These data include: droplet
size, flow rates, gallons per acre and swath widths.
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L.

The Marine Corps:

1.

3.

A separate study made by a qualified Marine Corps researcher,
at my request, reveals that an accurate, definitive statement
as to which, if any, U.S. Marine Corps units were not exposed

to Agent Orange is not currently feasible, (Attachment 9 page
80)

5ix years ago the Department of the Navy expressed its vital
concern:

"with the health of its members and former members;
however, to embark on a study of all those [Marine} per-
sonnel possibly exposed to herbicide Orange, without first
establishing some basic criteria, would rnot be in the best
interest of the individual veteran, the Department of
Defense, or the American taxpayer".

(Attachment 9 page 86)

The Navy estimates it would take 8,000 - 10,000 manhours to
plot the coordinates of all Marine ground units which were in
Vietnam and delayed further action pending completion of the
Air Force's "Ranch Hand” study.

I have not been able to obtain any evidence of such a Navy
evaluation although the first Air FPorce Ranch Hand report was
released over two years ago. However, the Air Force Ranch

Hand Study is years from completion. The Navy is wise to
wait.



M, Navy:

1. To save time and take advantage of the high priced pro-
fessional talent that concentrated on the validity of the records,
I examined the Agent Orange litigation initiated as a class action
against the government and chemical companies for lethal injury
stemmning from Agent Orange.

2. In relation to this litigation it is revealed that:

‘... during 15 July -~ 15 August 1984, two Navy Officers
investigated the U.S. Navy role in herbicide cperations in
Vietnam. Research was conducted at the Naval Historical
Center , Washington Navy Yard, and the National Federal
Records Center, Suitland, Maryland. The two officers
reviewed 120,000 pages of records, from Commander Naval
Forces Vietnam (OOMMAVFORV) representing one-fifth of the
total amount of documents available..."

Research indicated there is no evidence U.S. Navy specifi-
cally utilized Agent Orange in Vietnam.
(Attachment 10 page 87)

3. It is known that the U.S. and South Vietnamese used herbicides

along river lines of communication, but without the availability
of a record, recollection has little relevance.
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N. The Agent Orange Litigation: There is no better way known to man
for the examination of records than adversary proceedings conducted
between well qualified trial lawyers before an experienced judge over
which the public and Congress are arocused and millions of dollars are
at stake. Such was the case of Agent Orange litigation.

1. In 1979, Vietnam Veterans filed suit in U.S. District Court,
Eastern District of New York against the manufacturers of Agent
Orange. The chemical manufacturers, in turn, filed a third party
complaint with the court alleging responsibility for damages lie
with the Government. 1In 1983 the court determined the suit was a
"class action" and trial was set for May 1984, By this time about
20,000 veterans had joined the lawsuit. There was an exhaustive
examination of the record during the give and take between attor-
neys, and the crystalizing judicial scrutiny.

2. Ultimately the third party complaint on behalf of veterans
was dismissed under the long-standing Feres doctrine; but the
court ruled independent claims of wives and children of veterans
were not barred by the sovereign immmity accorded under the
doctrine. Shortly before commencement of the trial, attorneys
representing the veterans reached a tentative settlement agreement
with the chemical companies. A $180 million settlement fund was
created and a distribution plan was approved by the judge in the
caseéd It is estimated 245,000 preliminary claim forms were sub-
mitted.

3. About 2,000 veterans opted not to hecome a part of the class
action lawsuit. Their separate lawsuits against the Agent Orange
manufacturers, or the Government, were dismissed in 1985,

4, It must be noted that several appeals challenging the cut-of-
court settlement remain unresolwved.

5. The records were stringently examined by the court and the
parties; however, the court records are mot a quality match with
those established by the ESG over a four year period. The court
records and those of the Special Masters do not have troop loca~
tion data.
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N. The Agent Orange Litigation (Continued):

6. When the distribution plan of the settlement fund goes for-
ward, veterans seeking a cash payment for a total long-term disa-
bility (as defined under the Social Security Act) and survivors of
deceased veterans applying for a cash payment will have to meet an
exposure test, A veteran who handled or applied Agent Orange will
meet the exposure requirement. For all others, information as to
their dates and locations of duty in or near Vietnam between 1961
and 1972 is to be matched against the Herbs Tape* to determine
whether the test is met. As of this writing, no valid exposure
criteria in terms of distance and days to be utilized by the
claims administrator has been developed.

7. The ESG is capable of furnishing substantial data concerning
troop locations in the RVUN and the oorresponding distance and days
to the spray missions. Experts are also available within ESG to
interpret the cryptic guandary of military records that so often
baffles the uninitiated who would strain at a gnat and swallow a
camel.

8. The Department of Justice (DOJ) has prohibited this help to
the veterans and is in effect taking money out of their pockets,
as studieg duplicated by ESG or their likes, which took ESG over
six years, will have to be repeated. The Justice Department in an
ambigious letter has declared the United States will not help
veterans to cobtain their maximum entitlements on a best evidence
basis. This is apparent from the following excerpt from a DOJ
letter to the Special Master to dispense entitlements to selected
veterans:

" It has been the United States' firm position that it would
not be appropriate for it to participate in the structure or
implementation of the settlement negotiated between the plain-
tiff's and the defendants. Nevertheless, the United States
has cooperated fully with the Court and with the parties in
providing information concerning every aspect of the defo-
liation program, including specifically, the issue of
exposure.”

(Attachment 11 page 90)

* This report documents some helicopter and Ranch Hand missions. It does
not include all the helicopter, ground spraying and incidents. Evidently
the drafter of the distribution plan was not aware of the Services Herbs
Tape prepared by ESG as distinguished from the Herbs Tapes prepared by the
National Academy of Science.



N.

The Agent Orange Litigation (Continued):

9. This is apparent stonewalling. If the United States "has
fully cooperated with the Court and with parties in providing
information concerning every aspect of the defoliation program”,
why doesn't it continue to do so? The record of denial in "it
would not be appropriate for it to participate in the structure or
implementation of the settlement”, is contradictory and incompre-
hensible

10. The implementation of the settlement is part of the court
procedure.

11. The ESG has literally spent millions and has the best
reliable data on calculating the risks of exposure of military
personnel in Vietnam. Attempting to duplicate the data and
talents of ESG to support the Court's decision ~ - if in fact it
can be done at all - - would take time and money from the overall
award that would certainly depreciate its value and add to the
pain of waiting, let alone contributing to what the law so
deplores: "Justice delayed is Justice denied."

12, The opening of the information and talents to assist in
enabling just and immediate awards by the United States through
making available the records and their expert reading by the
Army's ESG to the Court Appointed Special Master would gquicken the
process and add to the veterans' proceeds, otherwise subtracted by
the heavy cost of trying to duplicate the singular treasury of
information that ESG has on Agent Orange and those exposed, in
various degrees, to it.

13. On 22 May 1986, I had a meeting with two representatives of
the Department of Justice recommending that the door be opened for
full ESG support to the Special Master, that ESG would provide a
qualified attorney (a Marine Corps Captain) to act as liaison to
insure the U.S. Government legal interests are not imperiled but
that the best interests of the Veteran claiments would be insured.
Indications are that the Department of Justice will not oblige.
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0.

The New Contract for ESG Support:

1. A new ESG support contract was signed 8 May 1986 to be effec-
tive through the end of FY 1987. The contract involves reproduc-
tion of documents, computer Gata management, data abstraction from
records, key punching, data entry, tracking of units, personnel
data extraction, and preparation of data reports and products.

2. This contract should relieve the heavy manual drudgery, speed
up answers to the questions that flow from the epidemiologists,
and others, and manipulate the vast quanitity of valuable and
variable data being assembled.

3. The contract contributes to eight other ESG studies, including
the study on Military Women in Vietnam, and the contractor* has
capacity for immediate expansion. * *

Media Slant:

1. The Army is armor plated and somewhat blase' to headline cri-
ticism and taking its orders literally from the White House Agent
Orange Working Group, has dutifully restrained its media contact.
ESG has not made public statements. Some agencies, without
coordination, have opened their doors to the media, and aired
controversy, often misconstrued.

2. The various PR shops do not, nor should they, possess the
understanding of combat operations, its jargon, and its records.
Therefore, the media receiving information from other government
agencies are not privy to combat perplexities and fundamentals
regarding the use of Agent Orange in Vietnam.,

3. ESG quiet makes sense. The Army should not, in this
Gramm-Rudman~Hollings era, install a PR complex. The White House
has spokesmen that can provide this feature.

*  Opportunity Systems, INC, (OSI), Washington, D.C,

* * To add military perspective and experience it is strongly recommended
that Major Maxie M. Tenberyg, currently Chief of the Scientific Support
Division, be designated as Co~-Contracting Officer's Representative (OOR) for
the Opportunity Systems, INC, contract.
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P.

Media Slant (Continued):

4. The White House, through the Department of Health and Human
Services, can put an all inclusive gag on or coordinate the par-
ticipants in the various studies until the time has come to give
birth and announcement to decisions, thus avoiding abortive public
relations monstrosities. It is interesting to note that the media
is not to blame. To blame, is the government source. When the
source is accurate so is the media. Some of the articles have
been right on target. Excellent. Others have missed the mark or
boomeranged.
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Q. Vocabulary Problems:

1. Bpidemiologists and military men both speak English but they
use words in ways that are different and contrary to each other.
This may be a contributary reason for the radical changes the ESG
endured from January 83 to the present. Changes made in the
protocol for the Agent Orange Study by (DC, churned, reversed and
so shifted direction as to win a prize within government for mana-
gerial maladroitness. I understand, however, that this is par for
the scientific course. (It makes one grasp and have sympathy for
the problems of NASA.) (Attachment 12, page 91)

2, "Misclassification" looks like a polite name for a "goof". It
is not., It means to the epidemiologist merely “unknown". No pe-
jorative intent. Aspersions may unintentionally affront the Army
or the other Services by the use of that technical phrase, sc in
the final report of the group the word should not be used, and
care should be taken to define such words of art as "cohort™ and
"protocol". This may seem of small consequence but it can lead to
talking past one another and generating differences.

3. There is a certain three letter word that takes preeminence in
understanding the talk that goes on between ESG and the scien-
tists. That word is *hit"., A "hit" indicates time limits and
place boundaries considered in the selection of herbicide

exposed company sized units. The hit is against the company.

Only by inference does the record relate to the individual within

the company.

4., There are three kinds of hits classified by the scientists for
use in the Pilot Study. These are:

a. A company-sized unit within two kilometers of a spray
within three days,

b. Two kilameters of the spray within six days, and

c. One-half kilometer within one day.
5. These hits have only been discussed as applicable only to the
Pilot Study. No acceptable hit criteria has been decided on by
the scientists. In any event, despite the classification for the

Pilot Study, the scientists have not agreed on an acceptable expo-
sure index.
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Vocabulary Problems (Continued):

6. The selection and distinction of hits, as related to exposure,
is not the province of the ESG, It is strictly in the province of
the scientists, ESG furnishes the information required within the
hit definition.

7. Within these confined 3-hit classifications a number of
company-sized units show up where these units have ambush or other
elements, beyond the 2 or % kilometer limits. What to do with
these anomalous units? Or are they anomalous?

8. A suggested formula, but debated, is this: Determine the day
of hit; locate position of company-sized units at day of hit;
measure the distance between elements of the unit. If all ele-
ments of the units are within a radius of a one or two kilameter
center point consider the unit exposed to the spray. If all ele-
ments are not within the one or two Kilometer center point con-
sider the unit discounted for the sake of the study, for that one
day.



R.

The Weaknesses of the Pilot Study:

1. After three years, the Chairman of the Agent Orange Science
Panel directed a Pilot Study that was expected to reveal fundamen-
tal data leading to conclusive results. The hopes were high. I
was there to observe the euphoric beginning and sad end. After
three months of hyper but tediocus action ESG had its results.

They were awfully disappointed. As One researcher said, "If I was
not a grown man, I would cry."

2. The Pilot Study for this Congressionally mandated Agent Orange
Epidemiological Study was given to ESG due to the concerns
expressed by scientific agencies that evaluations thus far, had
not produced enough qualified heavily exposed personnel. ESG
filled the record gaps, within protocol tolerance, on seven combat
battalions (about 7,000 men) that operated in III Corps, South
Vietnam from 1 October 1966 to 31 March 1969. The data from this
Pilot Study on the matching of spray missions to dosed troops
indicated that the amount of exposure opportunities was con-
siderably less than expected. It is not surprising that the anec-
dotal information is greater than the recorded hits. However, it
must be pointed ocut that hit definition changes the number of
hits. The further out the scientists are willing to go the more
exposures you get. This gets back to the basic problem: What is
an exposure? It has not been formulated and remains a hard knot
of abstruseness.

3. Depending on the scientific evaluation and analysis, the
existing procedures for determining eligibility to qualify the
study subjects, as dosed, may require major changes in the
creation of an Exposure Index and one wonders if an Exposure Index
can ever be met,

4. Understanding the wide possibilities or restraints on "hit"
variety is crucial to understanding the debate going on as to
which nunber of "hits" to choose: one, two, or all three of them
to accept as a qualified exposure. And what distance from the
spray zone to accept: two kilameters or one-half or less?



R.

The Weaknesses of the Pilot Study {Continued):

5. As it turned ocut on a random day only half of the 7,000 troops
in the Pilot Study were clustered into the one "hit" area; the
rest of the troops were spead out over hell's-half acre and were
gimply in the realm of the unknown as to who was in the smaller
than company-size elements,

6. And as it turned out in the 1,000 days the average number of
hits was tiny. The tabulation of results only requires first
grade addition. The number of companies recorded as hit by her-
bicide was 24 out of 28. The total number of sprays was 948,
These were companies as potentially within the hit zone of the
most liberal criteria and possible dosage index. The criteria for
the Pilot and units were recommended by the scientists, That is 2
KM within 6 days. An average of 5.5 hits per company, (ranging
from zero to 19) out of a potential 1000 days is .005%. An
awfully low score. Not enough and too varied to qualify for
scientific worth.

7. Professor Benning, a statistical expert, ruefully and rhetori~
cally wrote in his book Some Theory of Sampling, "... what profi-
teth a statistician to design a beautiful sample when the
questionaire will not elicit the information desired ...?"

8. Why was this score so low? There are reasons. Military
discipline shows up well. The Air Force and the ground commanders
with protective eyes oversaw events in choppers, and concentrated
on avoiding spraying the troops. This was only a pilot study of
seven battalions. KXnown areas of heavy Agent Orange saturation
were not selected. The units were only matched against Agent
Orange and not the other herbicides. The criteria for hits also
limited their number.

9, Note that even if the Pilot Study revealed a high number of
subjects that took hits, and a satisfactory maximum time and
distance variance was selected by the scientists as an exposure
index, then what? The ESG would be required to seek cut every man
who qualified under the exposure index. This is not easy. Ranch
Hand sprays {the best data available) is 90% reliable. Troops who
were in the 10% unverified sprays could make a claim that could
not be verified from the records.

10. Then there are those troops who were under perimeter
(Non-Ranch Hand) sprays. Sprays by choppers, back-packs and
ersatz field expedients, are not reliably reported. The Navy and
Marine reports are sparse and also unreliable. Add all the
unverifiables and you have thousands of troops that are unsup-
ported by the records.
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R.

The Weaknesses of the Pilot Studv (Continued):

11. what is left is (1) What may be called the self made evi-
dence of proclaimed ills that may or may not be verified and (2)
Dioxin detection that is in body fat, that may or may not be a
result of Agent Orange exposure in Vietnam. Soame exposed do not
possess dioxin in their body; and those that do, may never have
been in Vietnam.

12, Top this with the fact that the presence of fat in what ever
degree is mot coincident with good or bad health. So what do you
have? You have Winston Churchill's conclusion on Russia: a
riddle within a puzzle with an enigma. And remember his secret
solution: self-interest.

13. It must be recognized that there are certain interests to
continue the study among the lawyers and consultants and the mone-
tary benefits that one way or another may come from it. This is
not for a moment to declare that honesty and dedication does not
prevail. Nor does skullduggery. But inside some skulls there are
both conscious, and some unconscious reasons for persisting, in
argument, litigation, vituperation and upsetment for its own sake.

14. The alternatives are:

a. Alternative one. Rest the case on the results of the
credible $29 million on-going Air Force Ranch Hand Study.

b. Alternative two. Add to Ranch Hand hits the aborts,
dumps, crashes and analyze the ground or helicopter sprays
around fire bases, other fixed installations, and lines of
land and river communication.

C. Alternative three. Expand the study to 300 battalions.

d. Alternative four. Adopt the Bricker Agent Orange
Exposure Probability Model for Vietnam field conditions
{Attachment 13 page 96)}. This model is based on the best
available test results which are applicable to the Vietnam
conbat operations situation., In certain cases lack of ade-
quate test information required extrapolation and assumptions
to be made.

=37 -



R.

The Weaknesses of the Pilot Study (Continued):

15. Concerning alternative one. The fact that Ranch Handers were
heavily exposed is an accepted fact, as their day-in-day-out duty
was to maintain and operate the spray aircraft. They offer a wide
span of age and education levels that can offer considerable range
to the study. They were combat stressed as 22 were killed in
action in the course of accomplishing their herbicide mission.
Whether the Ranch Hand population of 1257 offers the statistical
power to answer the larger issue of how Agent Orange in Vietnam
might have effected the health of the 2.4 million servicemen who
served there, must be a judgement made by trained scientists. It
is known though that credible epidemiological studies have been
accomplished with smaller study populations. The fact that the
Ranch Hand Study has been in progress for four years also adds to
its attractiveness as does "the firm belief” of the Air Force
health study "that the Ranch Hand population is the most herbicide
exposed military cohort to have served in the RVN" with "a mini-
mum, 1,000 times more exposure to herbicide Orange than would an
average man standing in an open field directly beneath a spraying
aircraft." The fact that the Ranch Hand Study is a Department of
Defense effort makes it suspect in the eyes of veterans who tend
to criticize it with a flood of anecdotal discontent and the media
that does the same. This general attitude may be augmented by the
argument that the Air Force was selected to complete the study as
their Ranch Hand II update discloses "that Ranch Hands are not
dying at unexpectedly high rates from specific causes."

16. Concerning alternative two. Expanding this Air Force Ranch
Hand Study will take sixteen more years, as it is a 20 year study
with 4 years completed.

17. As to alternative four. The Bricker study squarely confronts
the issue of an Exposure Index and is a mathematical methodology
for coming up with one. However, the epidemologists are not
secure with this alternative that rests on logical assumptions.
That is, when assumptions rise, confidence withers.

18. Concerning alternatives three and four. My estimate is that
- = conservatively - - count on at least three more years to
accomplish these options. Even then if the nmumber of hits could
be agreed upon, other rebukes would flower, with the best one
could hope for is a damning with faint praise.

19. As an indicator of where all the studies are but an exercise

in postponement, the scientists that established the Pilot Study
continue to disagree on what is a reliable "hit",
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R.

The Weaknesses of the Pilot Study (Continued):

20. Fat that reveals dioxin in a person has hitherto been expen-
sively obtained at a $10,000 per person operation. The degree of
dioxin in an individual's fat does not relate one way or another
to a person's health. It only reflects exposure and its amount.
CDC has apparently developed a relatively inexpensive lab tech-
nique to detect dioxin in the fat of blood serum. This serum fat
detection, can find positive-negative or unknown findings for ESG
in the data bank. But again, there is no indication that dioxin
in fat hurts humans, it only reveals degree of exposure.

21. In all this it must be emphasized that ESG has furnished all
that it can and all that it can furnish is what is available from
the records. The fact is: the data has been exhausted and it is
not good enough for the scientists, They are left swimming in a
sea of hypotheses: creating scenarios in the absence of data.

22. The decision to go ahead or stop is not within the Army's ESG
purview. It's decision time for the eight White House, Health and
Human Services, Centers for Disease Control, Environmental
Protection Agency, National Institute Occupational Safety and
Health, Naticnal Institute for Environmental Health, Veterans
Administration, and Office of the Secretary of Defense scientists.
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V.

Perspective:

A, Herbicide as a weapon of war can £ind no more prolific place on
earth to prove its merit, than in the abundant flora of Southeast Asia,
just as it can be of apparent uselessness in the frozen wastes of the
Antarctic.

B. While epidemiologists have not before the fact oonsidered such a
study in war, they probably could not have designed after the fact, a
more confounding place to do it.

1. However, the technology of warfare with helicopters as a command
ship overlooking the battlefield, offered for the first time to the
scientists accentuated assurance that the announced location of
small units is rather precise.

2. This overhead mobile command post monitoring whereabouts, could
and did assure the infantry were attacking or maneuvering where they
were supposed to be, and the artillery and tactical aircraft with their
blasting mechanisms were accommodating the right place.

3. Thus, in Vietnam, the U.S. Army and Marine Corps, had their
first war with communications and command observations by helicopter
that enabled the close monitoring of where the troops were. And if
they weren't where they should have been, they were quickly ordered
to go to their right jungle coordinate address.

4, The problem with the infantry going on the records was the
threat of a modern one. As with computers: GIGO -~ Garbage In
Garbage Out. The record of where the soldier went may not be as
accurate as where he actually went. That typewriter and transcrip-
tion errors occurred on their jobs or on the basis of poor
handwriting, is expected. Problems arise when grid locations of
companies are not mentioned in the Daily Journals. However, Morning
Reports and other records, read by military experts, are usually
available to resolve the gaps.

5. In short, the grid coordinate locations, shelled, bombed, fought
at or sprayed with herbicides in Vietnam, were getting close to
exactness. Perhaps not as to location of a house number in America,
but usually within the dimension of a football field.
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Perspective (Continued):

C. The difficulty has not been with differences between ESG and CDC.
It has been in the acceptance of the data that ESG can come up with;
and trying to find a scientific cause and effect relationship between
what that data says and whether it says enough to come to a conclusion
about veterans's illness, or those of their dependents as a result of
Herbicide Orange in Vietnam,

D. The scientists are doing their utmost with the data. They have
scrupulously been striving against data bankruptcy. But the data has
its limits and may finally thwart their obstinate and inguisitive
efforts. For instance, can the military produce an unexposed control
group? Can the military furnish the names of soldiers in an exposed
company with spread out elements? In precise time and place? In its
detailed components? Platoons? Squads? Machine gun elements? In
fact, it cannot furnish a soldier's whereabouts within the company,
when it is spread out for tactical reasons. This ocould mean two
bundred men over an area that can distance one man from another by
twenty kilometers. It is not usual but it happens. And the extent of
its happening is not known. Anecdotal remembrances bear no scien-
tific weight.

E. The Pilot Study revealed that half the daily location of troop
units would have to be discarded because the records do not ordinarily
go beyond individual identity below the company level, even though
these troops may have suffered hits. There is no agsurance they did -
-~ or did mot. My spontaneous reaction is that the ordinary Infantry
Campany cluster is enough to satisfy a judgement. Widespread
deviations are not enough to skew the data. But that is only a
layman's view.

F, There is a way around this occasional tactical spread of company
sized units and that is to exclude them from the study on such occa~-
sions. Such exclusion however, requires raising the study from 65 to
about 300 battalions, which can be done but will take 100% of ESG
effort for about three years.
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V. Perspective (Continued):

G. The scientists ardently want a solution but professional adherence
to the scientific method compels restraint. Bureaucracy may be flawed
for tensions that exist within the government ower the Agent Orange
issue, but I would put it more to an honest and best effort to attack
vagaries, obscurity and emotion, instill clarity, and avoid the pit-
falls and temptations of sentiment. We are still enslaved with war as
an exhange of explosives. There is thought now that computers that can
perform a billion computations in one second can be the Star Wars
neutralization of nuclear missiles. Granting this capability does not
erase the ultimate weapon, for we know not what it is. War is a black
art. We can project its worsening, as say, lying in the insidious
possibilities of climate control, where a country can be put in a deep
freeze or the age of Noah returns. The double helix gives thoughts of
genetic reconstruction, and so does herbicides, even though there is no
relationship between them and human lethality, they proffer a nefarious
opportunity: the thought of spray that will paralyze an army or a
populace. Spraying machines in war may in Vietnam have only been in
their infancy.

H. There is even some evidence -~ very slight -~ that the enemy may have
introduced chemicals in Vietnam that unlike Yellow Rain has its letha-
lity undetected. The beginnings of the data base and the statistical
analysis of sickness of soldiers to 25 years after exposure may place
ESG as a lever that lifts the 1lid of Pandora's box. But if we hide
these evils they may do us in. Iniquity is infinite.

I, After education by the epidemologists it is easy to envision the
modern battlefield among its other horrors, as a toxic wasteland, with
sounds, chemicals and stresses together, degrading a soldier's immunity
system, in a way that accounts for the veterans' claims that are solely
against Agent Orange. On the other hand, battlefield tensions may work
like the torture of weight lifting gaining a physical reaction that
strengthens the ability to contest further. 1In the ultimate struggle
for existence the battlefield may follow the Darwinian law and release
suppressed potentialities, psychic and otherwise that aids one in
confronting combat again and certainly lesser trials. I have witnessed
men who are, and know they are, of better steel as a result of the
Vietnam War and would not have missed it. Surviving war has its spe-~
cial unrivaled quiet satisfaction. For one very good reason. It is
beyond words to express.
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v.

Perspective (Continued):

J. There are bugs in the herbicide studies that are even evident to a
non-scientist. The Ranch Hand and other studies consider alcohol and
tobacco as causation of the same symptoms or promoters of the same ills
that are claimed for herbicides. But another drug prevalent in Vietnam
usage by the U,S. military and ignored by the Ranch Hand and other stu-
dies is marijuana. It is foolish to deny its existence as a drug of
choice. University of Illinois researchers find that the primciple
ingredient of marijuana "appears to weaken the immune system". Are the
Agent Orange accusations misdirected when the claims against it are
virtually identical for which marijuana is known or itself accused?
These include: reproductive and emotional problems, birth defects, and
a decline in motivation. Unfortunately, ESG exploration of drug use
finds these records are either non-existent or a mess. And coin-
cidently similar symptoms are now attributed to high tech culture cr,
as some call it, high tech slavery, in a contest as to where these
symptoms can be solely attributed. Silicon Valley contests with the
Ashau. This is not in anyway to suggest that Vietnam Veterans were
drug addicts. They were not. But that some indulged in pot, as they
did beer, is undeniable.

K. The ESG data banks and its manipulation, even with its limitations,
is equal in its inexhaustability to a challenge of indisputability from
the scientists, They bring up the questions of "bias";
"misclassification”; “dispersion of company elements"; "irrelevance of
levels of exposure"; "unacceptable cohorts"; "complexity of a defini-
tion of exposure™; "major design problems" (in the studies); "absence
of information levels"; "variability encountered among individuals";
"the cleanliness of spray operations"; "distinguishing base camp sun
bathers compared to infantrymen"; “the application rates"; "mowing
infantry vs. troops within perimeters"; "perimeter spraying as an
unheralded event"; "attire during a hit"; "spray drift, saturation and
evaporation"; "comparison of combat stressed to non-stressed troops";
"the probable absence of an unstressed control group"; "worse case vs.
realistic case': "a 1000+ difference"; "correlation of exposure oppor-—
tunity index and self-recall"; "the low magnitude of much exposure”;
"comparing spray tracks in a dispersed unit", ad infinitum. These are
all valid hut revolving door questions. They keep returning to the
same place of Nowhere. The quandary increases with the returning
questions and with the frequency of the haunting question: Can any
conclugion other than inconclusiveness be made at all?




V.

Perspective (Continued):

L. As a layman with military background, understanding the differences
between ESG and CDC is in the criterion set for the Pilot and future
study. So many subjects were rejected for study. For example, the
enlisted reservist, a volunteer for Vietnam, wounded in action, died, so
the Adjutant General's record states, in his mother's presence in Walter
Reed on 3 April 1969. He didn't die of his wounds, but due to a
"systemic infuction" (si¢)... "due to cerebral infection diffuse of
wounds received in action in Vietnam". This young 25th Division
infantryman is excluded from the Agent Orange study. He has plenty of
company. He was a Reservist, This smacks of discrimination. All
enlisted men over E~5 are banished from study. So are all officers and
S0 is any soldier who was in Vietnam but was put in this limbo of exclu-
sion because of previous assignment in Britain, France and a number of
other countries. Those troops that potentially had the most Orange
saturation were those who re-enlisted for a second or longer tour in
Vietnam, As a layman the miniaturization of the number of study sub-
jects escapes validity for me. There were 2.4 million military in the
Vietnam War. Why exclude any of them? Virtually all were subject to
the effects of Orange. Generals and Admirals, for instance, due to
their longer tours, and peripetatic ways, as a group, probably had more
exposure than any cohort,

M. It goes without saying, but I have to say it. To a military man and
as a layman in epidemiology the controlled studies of a select few, and
further reduction of that few in the study criteria, is a neutron bomb
that makes no sense., Everybody that went to Vietnam should have been
considered in the study, all the way to Flag rank. Despite what some
people may charge, even Sergeants and Generals are human. And as such,
subject to the universal sufferings that works anonymously in a
mysterious universe that plagues us all,

N. In view of the limitation of records, restriction of the criteria,
the unlimited expression of doubts, and the scientific inability because
of these doubts to arrive at conclusions the continuance of this Agent
Orange Study is an exercise in futility.
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0. We can't underwrite the vicissitudes of life, But we can have com-
passion. I spoke to General Jack Vessey, the recent Chairman of the
Joint Chiefs of Staff, on this subject. He emphasized the importance of
this and other veterans issues to the morale of the Armed Forces of the
United States. Soldiers, sailors, airmen and marines will not fight
with fervor if they are cynical or have doubt about the country's
willingness to support them and their families if they die or are
disabled as a result of performance of duty. If the conception is
wrong, it is still reality and even the possibly misconceived reality is
a morale deflator. Therefore, every effort must be made to insure that
if this is their misconception, let it be rectified, and if there is a
way to cease the apprehension of the servicemen that exists, albeit
without scientific or legal support, let it he done.

P. Solatium:

1. We are engaged in guesswork. In a fecundity of differences the
epidemiologists are looking for grim statistics that aren't there.

2. The Chemical Companies' settlement with veterans is a
suggestion for the government. There is also the reminder of the
principle of solatium: a legal compensation for loss or grievance
without admission of fault.

3. Solatium was a common military practice in Vietnam for the
benefit of Vietnam's citizenry. If we practice this for alien
people, why not our own? Using the same criteria for disbursements
to veterans established by the courts between the Chemical industry
and the Class Action instituted by the veterans, a doubling of mone-
tary satisfaction, small as it is, might occur.

4, We are engaged in a puzzling struggle that is destined to be
endlessly undecided; between what is anecdotally alleged and sta-
tistically denied. It is a no fault situation. Solatium well known
among Vietnam veterans, may be arqued as the best accomodation of
choice.



P. BSolatium (Continued):

5. Solatium therefore is a thought. A good one perhaps, as
conscience money augmented by the fact that this epidemiological
study on Agent Orange is not the only one around. The Veterans
Administration has eight other Agent Orange related studies in which
the ESG is a participant. They are:

Agent Orange Military

Exposure Record
Studies Determinations Abstractions
1. Vietnam Veterans Mortality 30,000 * 0
2. VA/AFIP Soft Tissue Sarcoma 4,000 0
3. VA/FPA Adipose Tissue 100 100
4. Vietnam Experience Twin 600 600
5. Patient Treatment File (PTF) 5,000 5,000
6. Agent Orange Registry (ACR) 5,000 5,000
7. Coatesville Testicular Functions 2,000 2,000
8. Women in RVN w/ Controls * % * %
Totals : 46,700 12,700

6. The probability of development of serum fat detection method by
CDC that discloses the absence, presence and degree of dioxin within
a subject supported by ESG records may quickly serve to authenticate
claims,

7. Thus solatium if granted it may be argued should await results

and even then if the results are all inconclusive - -~ an improbabi-
lity - ~ there is another factor.

* Total deaths of Vietnam Veterans since the War are greater than this.
It is startling to realize this amounts to more than two infantry divisions.

* * To be determined

=46~



P. Solatium (Continued):

8. If we owe it to soldiers for taking risks, Agent Orange - if it
is a risk (the evidence so far is that it is a minor risk) -
compared to all the others of blood and gore that is within war's
premise. The government does not hesitate to compensate to the
military and families for risks that result in injury, wounds,
crippling and death, with medical treatment, pensions, insurance and
burial and memorial rites. But what does it do when these plain
litmus tests are nebulous? Once the admittedly small solatium com-
pensation is granted and fault denied, it is nevertheless implied.
We cannot forget the wisdom of Santyana, "to be patted on the back
and given a sugar plum does not reconcile even a child to a past
injustice®”., To avoid sincere digbelief and resentment by veterans
with anecdotal claims that to them belies the absence of a scien—
tifically proven cause-and-effect-herbicide~to-harm relationship,
widespead orientation of veterans and their organization is impera-
tive. So is the continuance of the other studies that are in
progress. Sensible Veterans, and they are the vast majority, have
their justifiable pride: they are not interested in hand outs,

Q. Since the new lab test techniques for serum fat detection are not
yet proven but show promise, it may be wise to declare a moratorium on
awards until the test results are in., But with experience one has to be
skeptical. Delay will cause more veteran heartache, and doubts about
sincere concern of their government and the worst kind of exile: a
sentence of designed indifference. How can they stand this ostracism
from the Army, Navy, Air Porce and Marine Corps they were proud to
serve, and they served so well?



VI.

A.

Conclusions:

It is ooncluded that:
1. This Agent Orange Study be cancelled.

2. The data for support of a scientific herbicide cause and dele-
terious effect is not available.

3. There is no evidence of counter productive conflict between the
Centers for Disease Control and the Environmental Support Group.

4, Understandable differences do exist between the eight scien-
tists from the various agencies within the government.

5. The Pilot Study that was to assist the scientists in their
conclusions @id not develop encugh data to do so.

6. There are proposals to extend the study to conduct the research
and obtain what may possibly be sufficient data that will conser=-
vatively take about three years of work by ESG.

7. The Army's records reliably identify soldiers by name in
company sized units.,

8. The Army's records do not identify the names of soldiers that
may be dispersed within the company sized unit area of operations
elements. :

9. Half the company sized Army units in the seven battalion
{7,000 man) Pilot Study are dispersed so that no herbicide expo~
sure index, as presently conceived, can be considered.

10. The Air Force Ranch Hand operations are detailed, accurate and
90% reliable as to time and place of sprays.

11. ESG could participate in furnishing added data to an expanded
Air Force Ranch Hand Study.
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VI.

Conclusions (Continued):

12. The Navy records are clearly too sparse for scientific pur-
poses.

13. The Marine Corps field operations without further extensive
examination of records are lacking, and may on such examination,
continue to prove so.

14, The record of ron-Ranch Hand fixed installation spraying by
all military services and line of communication sprays are errati-
cally, haphazardly and inconsistently recorded and while sprays
were notably more dense and frequent, are not generally reliable.

15. Records do not reveal herbicide dissemination characteristics
such as droplet size, flow rates, gallons per acre, and swath
widths by field expedient devices, however, Herbicide dissemination
characteristics are available for Ranch Hand and certain helicopter
spray systems.

16. The Environmental Support Group abstraction of over 100,000
military personnel files with eight separate records in each file
and over 143 data elements to be coded is being reliably
accomplished.

17. A data base and talent exists within the Environmental Support
Group that could assist the Court and its appointed Special Master
in a Class Action Settlement with Chemical Companies in saving time
and money to be allocated veterans, their wives and children.

18. The United States Armed Forces should not prepare for war
without preparing for precise data concerning just where the troops
are and what happened to them,

19, The Army's Environmental Support Group is performing inva-
luable service in its ex post facto examination of records as the
Executive Agent to do so for the Department of Defense, and other
government agencies. (These current studies are listed in para
P5 on page 46.)
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VI. Conclusions (Continued):

20. The Environmental Support Group is of inestimable worth as the
nucleus of a pioneering and solitary research activity to comply with
Congressional mandates, Veterans' needs, litigation support,

soldiers identity, scientific and historical studies, manning a

Data Bank on War, and saliently offering guide to commanders by
rending raw unintelligable data into combinations that shed light.

21, Increasing awareness of the varieties of disaster and the epi-
demiological ways of learning and depriving their occurences makes
Record Management a valuable source of human survival and benefits
as well as solver of legal, fiscal, medical, historical and even
political arguments,

22. Each future U.S. battlefield should be endowed with a Records
Management franchise,

23. With the increasing awareness of man to a fragile environmen-
tal relationship, a problem solving, damage assessing and preven-
tion data base is an imperative feature of a modern battlefield,
bent as Americans, despite it being a slaughterhouse, of making
that bhattlefield as humane as possible, and as protective as
possible to its soldiers, sailors, marines and airmen.

24. Executive Order 11850 that vetoes first use of herbicides
and restricts use of riot control agents by the United States at
war puts American troops at risk of life and limb, provides cover
and undue attacking advantage to the enemy.

25. Use of herbicides to reduce production of food in enemy terri-
tory is ocounter productive.

26. Media publication of inept oomments as aspects of the issue by
unqualified spokesmen has misinformed the public and possibly the
Congress.

27. 1In the present absence of a proven or likely harm~herbicide
telationship, solatium is a government option. This recognizes
that there is no fault, but that there is agony and ills among the
veterans warranting compassion for hurts that have mystical causa-
tion.
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VI. Conclusions (Continued):

28. Realizing the wide felt need for budgetary restraint felt by
all citizenry, veterans included, in this Gramm-Rudman-Hollings
era, a solatium total may well be made up of the costs it would
take the government to continue on with this study or its possible
options that promise disappointment. (The trade-off induces no
apparent costs to the taxpayer.)

29, Resources, including funds for the research support mission of
the ESG are sufficient.
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VII.

Recwmendat ions:

It is recommended that:

1. The Agent Orange Study be cancelled. If it is not then:
a. The scientists on exposure assessment decide whether to
advise the govermment to stop the Agent Orange Study or continue
it by selecting one of the following make-work options:

(1) Requiring ESG to expand the Ranch Hand spray evaluation
to 300 battalions, or

{2) Expard the study to include fixed installation, line of
comunication and all other sprays, or

{3) Follow the "Bricker Probability Model" "“involving Exposure

Probability Methodology", or

{4) Rely solely on continuance of the Air Force's twenty-
year Ranch Hand, Agent Orange Study and its causes and effect
study of herbicides on Vietnam Veterans with possibility of
expansion to include sprays by other than Air Force aircraft.

2. The VA make a full court PR press to explain whatever decision is
made on the ending or continuation of the Agent Orange study.

3. Media relationships, conferences and public relations should he
carefully coordinated for factual releases and balanced view.

4. The Department of the Army as the Executive Agent of the military
services through its Environmental Support Group should be directed
to support and cooperate with the court appointed Special Masters in
the Agent Orange settlement in the entire release of the best
available evidence and expert interpretation concerning military per-—
sonnel exposure.

5. Executive Order 11850 should be reconsidered and herbicides and
riot control agents be readily used as a weapon of war.

6. Herbicides as a weapon should be solely used to expose the enemy
and not in enemy areas to dispose of crops.

7. In the event that the Government decides on the recommendation
that the Agent Orange Study be discontinued, a sclatium - as a solace
for suffering - should be provided to veterans in the nature of the
Chemical Companies' out of ocourt settlement.
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VIIi,

Recommendations (Continued):

8. The data collection for environmental, scientific, medical,
legal, moral, fiscal and historical and moral concerns he firmly
incorporated as Standard Operating Procedures for Records Management
of U.S., military operations.

9. The job classifications of data abstraction personnel in ESG be
considered for wpgrading and burnout cure.
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A/A - Air Assault
A Cav -~ Armored Cavalry
ADF -~ Automatic Direction Finder
AR - Army Regulation
AWOG - Agent Orange Working Group
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o - Centers for Disease Control
CEN 65 - Radio Call Sign
M ~ Counter Mortar
DISOOM - Division Support Command
DRAGOON C =~ Radio Call Sign
EPA - Environmental Protection Agency
ESG - Enviromnmental Support Group
HHS -~ Health and Human Services
HHT - Headquarters and Headquarters Troop
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LNO - Liaison Officer
LRRP - Long Range Reconnaissance Patrol
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MACV

NIOSH

386888 E3FEGE

TSN

vC

APPENDIX C
Abbreviations (Continued)

Military Assistance Command, Vietnam
Milimeter

National Aeronautics and Space Administration
Night Defensive Position

National Institute for Environmental Health
National Institute Occupational Safety and Health
Office of the Secretary of Defense

Office of Technology Assessment

Porphyria Cutanea Tarda

Position

Prisoner of War

Round

Radic Call Sign

Radio Call Sign

Radio Call Sign

Sub Sector

"S" Unit Commander

Tactical Air Navigation

Tan Son Nhut

Veterans Administration

Viet Cong

Very High Frequency



EXECUTIVE OFFICE OF THE PRESIDENT
OFFICE OF SCIENCE AND TECHNOLOGY POLICY
WASHINGTON, D.C. 20506

January 16, 1986

Dear br. Mazzuchi:

The White House Agent Orange Working Group continues to
struggle in its attempt to resolve issues associated with the
use of military records for developing potential cohorts of
Army combal personnel exposed to Agent Orange during the
Vietnam Confilict.  The bepartment of Army's Fnvirommental
Support Group, under the direction of Mr, Richard Christian,
has evarnestly attempted to meet the exhaustive requirements

of record searches and evaluation reqguested by the Centers

for Discase Control (CC). CRC's Agent Orange Projects

Office is the Government unit tasked with conducting the
Congressionally mandated eplidemiologic study of ground troops
exposed to Agent Crange. To date, the results generated by

the kEnvironmental Support Group have not satisfied CDC investi-
gators. The issue is not over competency or dedication, but
rather it is over the type and guality of records that exist
from the Vietnam Era. The Environmental Support Group contends
that they have accessed all of the appropriate and available
records and that they have searched those records for the
requested data in a rigorous yet quality-assured method.

To resolve this impasse, I have proposed to the Chair of the
Agent Orange Working Group, that this office arrange for a
small panel of appropriately disciplined experts to critically
review the records, obtain the data, and evaluate CDC's use

of those data. It is anticipated that this group would provide
guidance necessary to either continue cohort selection or
terminate the study.

I would like your assistance in identifying and obtaining an
appropriate Department of Defense expert to join the proposed
panel. Specifically, the individual should be knowledgeable
of Army records, combat operations, troop locations and move-
ments and Agent Orange. Because of the urgency of this task,
I would like to assemble the panel of experts in Washington
on 19 ¥February 1986. I would anticipate that the panel will
hold & three-day session to receive briefings and examine

records and data.
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Please contact me at 395-3125 if you have any questions. 1
appreciate your assistance in resolution of this difficult but
critical issue.

Sincerely yours,

}\CL_E£§NMA:§

Alvin L. Young, Ph.D.
Senior Policy Analyst
for Life Sciences
Dr. John F. Mazzuchi
PAQA-0OSD-HA
Room 3D171
The Pentagon
Washington, D.C. 20301

c¢: YMr, Richar: Christian
Mr. Dixon Arnett, Chair AQOWG
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e e ANLCH States Senate

COMMITTEE ON VETERANS® AFFAIRS
WASHINGTON, DC 20810

Jaﬁuaty 10, 1986

Honorable Otis R. Bowen

Secretary of Health and Human Services
- 200 Independence Avenue, S.W.
I-Washington, D.C. 20201

Dear Mr. Secretar}:

We are writing about the conduct of the Agent Orange study
being carried out by the Centers for Disease Control (CDC) at the
request of the Veterans' Administration and Dr., James 0. Mason's
January 6th letter to us about the study.

This study, as you know, was mandated by Public Law 96-151,
the Veterans Health Programs Extension and Improvement Act of 1979.
Public Law 96-151 required that the study "shall be conducted in
accordance with a protocol approved by the Director of the Office
of Technology Assessment” and that the Director of OTA monitor and
submit periodic reports to the Congress on the monitoring of the
study. In Public Law 97-72, the Veterans' Health Care, Training,
and Small Business Loan Act of 1981, the scope of this study was
authorized to be expanded to include an evaluation of any long-term
adverse health effects from exposure to "other herbicides,
chemicals, medications, or environmental hazards or conditions" in
addition to Agent Orange, OTA'S responsibilities as required by
Public Law 96-151 have remained unchanged since enactment.

During the past several years we have received communications
from Dr. John A. Gibbons, Director of OTA, reporting on the
progress of both the Vietnam experience and the Agent Orange
studies. In July 1983, Dr. CGibbons informed us that OTA had
apptoved CDC's protocol for the Agent Orange study, including an
exposure assessment methodology, and in February 1984, he informed
us that OTA had approved a revised protocol for this study.
However, with reference to the Agent Orange study, Dr. Gibbons, in
April, September, and December 1985 letters, noted certain
continuing difficulties in devising and refining a method for
assessing exposure to Agent Orange, This same issue was raised
during several briefings on the progress of the studies that
members of the staff of both the House and Senate Veterans' Affairs
Committees attended. As recently as this past summer, CDC
indicated that difficulties in assessing exposure to Ageat Orange

had yet to be completely resolved, _
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Honorable 0Otis R. Bowen
January 10, 1986
Page 2

We are pleased at the smooth progress of the Vietnaw
experience study, and we certainly appreciate the efforts of CDC to
adhere to the constricted time schedule necessary to obtain timely
results from the Agent Orange study. However, Dr. Gibbons®
December 19 letter raises questions which must take precedence over
meeting time schedules.

We have two specific concerns based on Dr. Gibbons' letter.
First and most important, there is uncertainty about the design of
the study. Dr. Gibbons wrote, "In sum, the recent reports from CDC
outline an Agent Orange study of radically different design than
the one that was initially reviewed and approved by OTA [in
February 19841." 1In addition, he suggested that there was an
apparent lack of sufficient written information to enable OTA to
review the current design in order to fulfill its legislatively
mandated role, 1If the design is changed, the CDC should describe
and justify those changes in the form of a protocol submitted for
OTA review and approval.

The role of OTA was established by the Congress in order to
ensure that the study was designed, conducted, and documented in
ways that clearly met the standard of any scientific endeavor,
including peer review. OTA's approval of the study design under
Public Law 96-151 is pivotal. Without that approval, the study may
not be conducted. An equally critical aspect, though not
specifically mandated by law, is that the study be perceived to be
of the highest scientific caliber. We recognize ang respect the
competence and reputation of (DC, which assumed resgponsibility for
design and conduct many months after the study was mandated;
however, we believe that the role of OTA and its Apent Orange
Advisory Panel remains critical in carrying out the law and in
ensuring both the scientrific basis and the perception of the
validity of the Agent Orange study.

Our second concern is the serious problem of the deterioration
of collaboration between CNDC and the Army and Joint Services
Environmental Support Group (ESG). In this regard, we were quite
surprised by the statement in Dr., Mason's lecter that CDC knows of
"no managerial problem other than difference of opinion between CDC
and ESG about the best way to assure that the data are as accurate
and complete as possible.,” Committee staff and OTA staff who have
participated in meetings involving CDC and ESG have indicated to us
that there is a nearly complete breakdown in the relationship
between the two entities. We have no basis for believing that
these managerial difficulties have been resolved and urge that you
have your staff look further into this matter,.
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Honorable Otis R. Bowen
January 10, 1986
Page 3

Our concerns in this regard reflect both the significant
scientific and methodologica% problems involved in this study as
well as the problems that may arise in the working relationships
between agencles participating in the complex study. At a minimum,
clear and complete documentation of the design and a protocol for
its conduct are essential, Any Agent Orange study funded by the
Federal government must have the full confidence of OTA, the
scientific community, the Congress, and, most importantly,
veterans, In addition, full utilization should be made of existing
expertise in ESG to collect and abstract data for the study within
guidelines meeting the test of scientific quality control. Loss of
the expertise of the ESG would be a serious setback to both the
sclentific basis, and the public’s perception of the scientific
validity, of this study.

In view of the above, we are agreed on two points: First, the
law does not permit any new major phase of the study, including
interview or examination of study subjects, to be undertaken until
the basic statutory requirement of protocol approval by OTA is met,
Specifically, we expect the CDC to describe its intended design and
protocol for the Agent Orange study in sufficient detail to permit
a review by OTA. Part of the documentation for that approval
process should be an exposure index and a satisfactory resolution
of the management difficulties bhetween CDC and ESG. Any further
expenditure of funds for any purpose other than to prepare the
appropriate documentation for review would be unauthorized and
improper pending the results of that review, Therefore, any
interviews which have been scheduled should not be conducted until
OTA has approved a final version of the protocol.

In addition to this lemal basis for postponing further action,
we believe that it would be very unwise policy, given the
controversy about the scientific validity of the current study
design, especially as reflected by the views of the OTA Agent
Oranpe Advisory Panel (the only outside advisory body to have
commented on the design of the proposed Agent Orange study), to
expend any additional funds on this part of the study until OTA
approval of the protocol for it is obtained., We are also very
concerned about the implications of interviewing subjects for the
study only later to advise them that the study is not going
forward., It would be very easy tor such an action to be
misunderstood and to be scen as a refusal of the Government to po
forward based on concerns about the initial findings from the
interviews, not on a lack of scientific validity for the study.
Such a result would be particularly unfortunate and undesirable,
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Honorable Otis R. Bowen
January 10, 1986
Page &4

We look forward to receiving your responae at your earliest

opportunity and appreciaste your cooperation and assistance.

cQ;

Ala

bt

Cranston

Sincerely,

Ranking Minoricy Member

Honorable
Honorable
Honorable
Honorable
Honorable
Honorable
Honorable
Honorable
Honorahle
Honorable
Honorable
Honorable
Honorable

Ronald W, Reagan
Charles A. Bowsher
Lowell P. Weicker, Jr.
William Proxmire

Jake Garn

Patrick Leahy

G.V. (Sonny) Montgomery
John Paul Hammerschmidt
William H. Natther
Silvio 0. Conte

Edward P, Boland
William Green

Harry Walters

John A, Gibbons, Ph.D.
James O, Mason, M.D,
Captain Peter Flynn, USN, M.D.
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IR e Hnite] States Senate

COMMITTEE ON VETERANS' AFFAIRS
WASHINGTON, 0C 20510

January 10, 1986

Honorable Ronald W. Reagan
The White House
Washington, D.C. 20500

Dear Mr. President:

We are writing to call to your personal attention the
enclosed letter that we are today sendlng to Secretary of
Health and Human Services 0Otis R. Bowen.

In this letter, we express our concern about the conduct
of the Agent Orange Study which was mandated by Public Law 96-
151 and which the Centers for Disease Control (CDC) is
conducting at the request of the Veterans' Administration.
Pursuant to that law, the study is to be carried out only
pursuant to a protocol approved by the Director of the Office
of Technology Assessment (OTA). OTA Director Dr. John Gilbbons
in a December 1§, 1985, letter to us indicated that CDC has
changed the protoceol from the one whieh OTA approved in 1984
and determined that, because of these changes and because of
concerns that OTA's Agent Orange Adviscry Panel has about the
way in which determinations as to study participants' exposure
to Agent, Orange will be made, "no major new phase of the study
should be undertaken before the new design and exposure
assessment method are found acceptable [by OTA] and the
managerial problems resolved. ™

We concur in this assessment and agree that the law does
not permit any new major phase of the study, inecluding
interview or examination of study subjects, to be undertaken
until the basic statutory requirement of protocol approval by
OTA is met.

In this regard, section 307(e¢) of Public Law 96-151
charges the President with responsibilities for the purpose of
ensuring that studies of the Federal Government with respect
to adverse health -effects in humans of exposure to dioxina are
scientifically valid and conducted with efficiency and
objectivity. This Agent Orange study is clearly such a study,
and we believe that it is vital that such activity be carried
out with objectivity, effectiveness, and credibility, 1If the
study when completed is fraught with controversay as to its
scientific validity, it would be an ineffective study. Hence,

o #eh 3.



Honorable Ronald W, Reagan
January 10, 1986
Page 2

we respectfully request that, in fulfillment of your section
307(c) statutory responsibllity, you direct that Secretary
Bowen take steps to ensure that no further work on the Agent
Orange study go forward unless and until OTA has approved the
protocol,

Section 307(c) also charges the President with specific
responsibility with respect to this Agent QOrange study to
ensure that all appropriate coordination and consultation is
accomplished within the Executive Branch. We also, therefore,
respectfully request that you take the steps necessary to
resolve the persistent, very counterpreoductive conflicts
within the Executive Branch (described in the enclosed letter)
that are significantly impeding effective work toward carrying
out the study.

Thank you for your attention to this request.

Sincerely,
o
Alan Urdnston Frank H. Murkowski
Ranking Minority Member Chairman

Enclosure

cc: Honorable Charles A. Bowsher
Honorable Lowell P, Weicker, Jr.
Honorable William Proxmire
Honorable Jake Garn
Honorable Patrick Leahy
Honorable G.V. (Sonny) Montgomery
Honorable John Paul Hammerschmidt
Honorable William H. Natcher
Honorable Silvio 0. Conte
Honorable Edward P. Boland
Honorable William Green
Honorable Harry Walters
John A. Gibbons, Ph.D.
James 0. Mason, M,D.
Captain Peter Flynn, USN, M,D.
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UNITED STATES:

[April 8, 1975]

EXECUTIVE ORDLER 11850

Renunciation of Certain Uses in War of Cliemical Herbicides and Riot
Control Agents

The United Staies renounces, as a matter of national policy, first use
of herbicides in war except use, under regulations applicable to their
domcstic use, for control of vegetation within U.S. bases and installations
or around their immediate defensive perimeters, and first use of riot
control agents in war except in defensive military modes to save lives
such as:

{a) Use of riot control agents in riot control situations in arcas under
direct and distinet U.S, military centrol, to include controlling rioting
prisoners of war.

(b) Usc of riot control agents in situations in which civilians are used
to mask or screen attacks and civilian casualties can be reduced or
avoided,

(¢} Use of riot control agents in rescue missions in remotely isolated
areas, of downed aircrews and passengers, and escaping prisoners,

{d} Use of 1iot control agents in rear cchelon arcas outside the zone
of immediate combat to protect convoys from civil disturbances, terrorists
and paramilitary organizations.

I have determined that the provisions and procedures presciibed by
this Order are necessary to ensure proper implementation and observance
of such national policy.

NOW, THEREFORE, by virtue of the anthority vested in me as
President of the United States of Amcrica by the Constitution and
laws of the United States and as Commander-in-Chief of the Anned
Forceces of the United States, it is hereby ordered as follows:

Secmiox 1. The Sccretary of Defense shall take all necessary measures
to ensure that the use by the Avmed Forces of the United States of any
riot control agents and chemical herbicides in war is prohibited unless
such use has Presidential approval, in advance.

Sec. 2. The Sccretary of Defense shall preseribe the rules and regu-
lations he deems necessary to ensure that the national policy herein
announced shail be observed by the Armed Forces of the United States.

Tue Wirre House, ﬁt‘( ¢ E ‘l‘;ﬂfl’/
April8, 1975, ) |

EXECUTIVE ORDER ON THE RENUNCIATION OF CERTAIN USES
IN WAR OF CHEMICAL HERBICIDES AND RIOT CONTROL AGENTS*
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* {Reproduced from the U,S, Federal Regigter, Vol. 40, No. 70
(april 10, 1975}, p. 16187.
[The text of the 1925 Geneva Protocol for the Prohibition of the
Use in War of Asphyxiating, Poigonous or Other Gases, and of Bacter
logical Methods of Warfare appears at 14 Y.L.M, 49 (1975).
ment by the U.S. President, made at the signing of the instrument o=
ratification, appears at 14 I.L.M. 299 (1975).]
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UNITED STATES:

RATIFICATION OF THE 1925 GENEVA PROTOCOL FOR THE

PROHIBITION OF THE USE IN WAR OF ASPHYXIATING, POISONOUS OR OTHER
GASES, AND OF BACTERIOLOGICAL METHCODS OF WARFARE¥
{Ratified by the United States, January 22, 1975)

PRoTOCOL FOL THX PROIBITION OF THX Urs
IN Wik OF ASPHYNIATING, POISONGUS OR
OrHxr GASES, ANG OF BACTEMIOLOGICAL
METHODS OF WARFARE
The Undersigned Pienlpotentiories, in the

oanme of their respective Govertunents:

Whereas tho use in war of ssplipxiating,
polsonous or other gases, and of analogous
lignids, materials o devices, has besn Justly
condenined by tho general oplnion of the
civillaed world; and

Wherens the prohibition of such use has
beed declared kn Treatiea to which the ma«
Jority of Powers of the world are Parties; and

To the end that this prohiblilon sliall be
universally acsepted as & part of Interna-
tional Law, binding alike the consclence and
the practice of nations;

Declars:

That the High Coniracting Partlea, so far
a4 they are not alreads Parties 1o Treaties
probibiting such use, accept thia prohibiiion,
agres to extand this prohibition t6 the use,
of bacteriological meihiods of warfare and
agres t0 be bound a3 between themselves ac-
cordtng to the terms ©f this declaration.

The Hich Contracting Parties will exert
svery effort to induce Other Blates to accode
10 the present Protocol. Such sccesston wilt
be notified to the Governmant of the French
Republic, and by the latier to all gignsiory
sud sooeding FPowers, and will take efiect on
the date of the notification by the Govert-
ment of the French Republic,

The present Protocol, of which the French
apd English texts are both auihentic, shall
be ratifisd as soon a8 Possible. It shall besr
today's date.

The ratifications of the present Protocol
shiall be addressed (o the Government of the
Freach Republic, which will at oncs notify
the deposit of such ratification to each of
the signatory aud scceding Powers,

The instruments of ratification of and
actession to the present Protocol will remaln
depoaited In the archives of the CGovernment
of the French Republic,

‘The pressnt Protoeol will come Into force
for sach signatory Power as from the date of
aepozit of 1ts ratification, and, from that
moment. each Power wiil be bound as regards
othar Powers which have already depoaited
their ratifications.

In withess whereof the Plenipotontiaries
have signed the present Protoool,

Dons st Gensve 1o & single copy, this
seventeenth day of June. Ous Thousand Nins
Hundred and Twenty-Five,

For Germany: H. voN EcEazp?,

For the United States of Americs: Tuego-
DORE E, BURror;, and Huem B, GiasoN,

For Austris: E. Proticr.

For Baigium: Foavann P Iees.

For Drasll: CoNTaE-AMmaL A, C, pE Bovza x
su.t\":; and Aiazon EMTEVA0 LIrTio DR Cane

ALTO,

For the British Emplire: I declare that my
signature does not bind India or any British
Dominion which 18 & separate Member of the
League of Nations & does not separately sign
or ndhere ta the Protocol—-0KsLow,

For Canada: WatTER A, RIDDELL,

For the Irish Free Stale:

For India; P.Z, Cox.

For Bulgaria: D, Mrxorr,

For Chile: Lz Cacawna; and Ofnéeal de
Diviston,

For Chine:

For Colombls:

For Denmark: A, OLDENIURG.

For Ezyvpt: Anmen Ei, Kapery,

For Spain: ExiLia i ParLacios.

For Esthonia: J. LAIDONER.

For Abyssinia: GuiTaTeHoU; BraTs Hexour
HEROUY; And A. TASFAE.

For Finland: O, ENcrELL,

For Prance: J. Pavs-Howcoos.

For Greece: Vassnr Denppasis; and D,
VIACHOPOULOS,

For Hungery:

For Ttaly: DIrTRe CHIMIENTT, and ALEFERTO
D MARIWNIS-STZHNDANDO.

Por Japan: M. MaTSTDA.

For Latvia: CownNer HanTMANIA,

For Lithunnia: De, ZATNTUS.

For Luxembourg: Ch Q. VERMAINS.

For MNicaragus: A SOTTILE

For Norway: Chr, L. LaNGE.

For Fanama:

For the Netherlanda: W,

TaoosTWITK; and W, QUrsmd.,

For Fersia:

For Foland! GENERAL CASIMI SOSNKOW-
axr; ahd G, D, Monawskl,

For Portugal: A. M, DarrnotomEw Fre-
REmR4; and AMERICO Da COSTA LEME.

For Roumnania: Ad referendum—N, P, Cou-
pewE; and GEwinar T. DUMITRESCY.

For Salvador: J, Guatavo CGGUERRERD.

Por Siam: M. C. VIPULYA.

For Bweden; EBinar HERNINGE.

For Switzeriand: Sous réserve de ratifica-
tion: LoHKER; ahd Ep. MULLER.

For the Xingdom of the Berbs Croats and
Slovenes: J. DoUTCHITCH; OLNEXAL EALAFA
TOVITCR; and Carr, D. FREG. MARTASEVITCH.

For Czechoslovakis: De. VevExga FEapi-
NARD.

Yor Turkey: M, Tevrinr.

For Uruguar: Exnique E. Busro.

For Venezuela: C. Paina FInue,

States Parties to the Protocol for the Fro-
hibition of the Use in War of Asphysiating,
Poisonous or Giher Gases and of Bacterio-
{ogical Methods of Warfare, done at Geneva
June 17, 1925
States which have depoaited instriments

of ratification, eccession or continus to he
bound as the result of Succession agresments
concluded by them or by reason of notifica~
tions given by them to the Secretary-General
of the Unjited Nations:

Argentina—Miay 13, 1968

Australla-=Jan. 22, 1930

Ausiria—NMay ¢, 1998

Barbados 1o

Belglum—Dec, 4, 162812

Botiwnne b

Bulgaria—Mar, 7, 1934 ue

Burma, 1s».e

Cansda—MIay 6, 1930 v

Cevlon—Jan. 20, 1054

Chile—Jwly 2, 1938 W

Cnlua—aAug. 7, 1620

China, Dem People's Rep~—Aug. 9, 1052 1

Cuba—Juns 24, 1986

Crprus--pec. 12, 1600

Czechotlovakia--Aug. 16, 1084w

Denmark-—May B, 1930

Estonia—Aug, 28, 1931 W

Ethiopis~Sept, 18, 19358

Finland=-Juns 28, 1929

Frahce—Nay 9, 1026 v

Goumbia, The—%ov. 18, 1088

Dottt VAW

Qermany, Fed. Rep.—Apr. 25, 1929
Ghana--bay 3, 1987
Gresco—DNMay 32, 1631
G“F‘n‘ LLLE ]

Holr See—0ct, 18, 1088
Huugary—Oct, 11, 18562
Iceisnd—Nav. 2, 1967
India—Apr. 9, 1930 ud
Indotesis .9

Iran=—Jiuly 4, 1029
Irag—Sept, 8, 1931 1
Irelpnd—Aug. 18, 1930 1w
Iaracl=—Feb. 20, 1069 v
Italy--Apr. 3, 1928
Jamsics raed

Japan~hisy 21, 1970
Latvia=—~June 3, 1931
Lebanon—-Apr, 17, 1900
Lesotivy 15b.2

Liberla—Apr. 2, 1927
Lithuanis-~June 185, 1933
Luse¢mbourg—&ept. 1, 1938
Madagascar—Aug. 12, 1907
Malowi b

Dlalaysis hara

Maldive Islands—Jan 8, 1907
Maits wee

SUrItiug wee

healco—Nar, 15, 1932

Monnco=—=Jan. @, 1087

Monolla—Gec, 6, 1968

Hopal—>Mar 9, 1969

Netherlanas=-0ct, 31, 1930 14

New Zealond—Jan. 22, 10901

Niger-=Ape, 19, 1967

Nigeria—Qct, 18, 1968 b

Norwar—July 27, 1033

Poakldlan=~June 9, 1960

Paraguay—Jan. 14, 1569

Poland—Feh. 4, 1929

Portugal-—July 1, 1030 v

Ronanis—Aug, 231, 1339 1%

Rwanda=-June 25, 1964

Sierra Loone-—Mar. 20, 1967

Bingapore ne.e

Bouih Afpica~—Jan. 30, 1030 v

Spaln—Aug, 22, 1029 v

Bwazilang ks

Bweden—Apr, 23, 1930

Switzerland-=July 12, 1832

Syrisn Arah Rep~—Dec. 17, 198314

Tanzania—Apr, 22, 1963

Thallsnd—June 6, 1831

Trinidad and Tobego 12w, &

Tunisia—July 12, 1967

Turkey—Oct, 5, 1928

Vganda—2Mar 24, 1065

V.8.S.R.~Apr. 5, 192820

Tnlied Arah Rep.—Dec, 0, 1920

United Kingdom—Apr. 9, 18301, &

Venezuela—Fab, 8, 1929

Yugoslavia—Apr. 12, 1929 2

Zambia b =

s et 4 With Teservations to Protocol we
followa:

*pinding only as regerds relatlons with
other partiss

* to cosse to be binding in regard to any
snemy States whose armed forces or sllies do
not observe provisions

€10 ceasy to be binding #s regards use of
chemical agents with respsct to any enemy
State whose armed forees of sllies do not ob=
BOIVE Provigions

¢ dosa not constitute recognltion of or in-
volve treaty relations with Iarkel

T By vivtue of asreement wltlhh former par-

49

*[Reproduced from the U.S. Congressional Record, Vol. 120, No. 176

{(December 16, 1974}.

[The U.S. Senate gave its advice and consent to ratification subject

to the reservation on the following page on December 16, 1974.

The vote

was 90 in favor to none against, with 10 members not present and voting.
The statement by the President, made at the signing of the instrument of
ratification, appears at I.L.M. page 299.]
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UNITED STATES :

STATEMENT BY THE PRESIDENT ON THE GENEVA PROTOCOL*

[January 22, 1975]

Geneva Protocol of 1925

Statement by the President
January 22, 1975

I have signed today the instruments of ratification of
the Geneva Protocol of 1925 and the Biological Weapons
Convention, to which the Senate gave its advice and
consent on December 16, 1974,

With deep gratification, I announce the U.S. ratifica-
tion of the Protocol, thus completing a process which
began almost 50 years ago when the United States pro-
posed at Geneva a ban on the use in war of “asphyxiating,
poisonous or other gases,”

While the ratification of the Protocol has been delayed
for many years, the United States has long supported the
principles and objectives of the Geneva Protocol.

The Protocol was submitted to the Senate in 1926 and,
again, in 1970. Following extensive Congressional hear-
ings in 1971, during which differing views developed, the
executive branch underiook a thorough and comprehen-
sive review of the military, legal, and political issues relat-
ing to the Protocol. As a result, we have defined a new
policy to govern any {uture use in war of riot control
agents and chemical herbicides. While reaffirming the cur-
rent U.S. understanding of the scope of the Protocol as
not extending to riot control agents and chemical her-
bicides, I have decided that the United States shall
renounce as a matier of national policy:

(1} first use of herhicides in war except uve, under
regulations applicable to their domestic use, for
control of vegctation within (U8, bases and
installations or around their immediate defensive
perimeters,

{2) first use of riot control agents in war except in
defensive military modcs to save lives, such ag, use
of riot control agents in riot sitnations, to reduce
civilian casualties, for rescue missions, and to
prolect rear area convoys.

This policy is detailed in the Fxecutive order which I
will issue taday. The order also reaflirmis our policy estab-
lished in 1971 that any use in war of chemical herbicides
and riot control agents must be approved by me in
advance,

- L] - L] -

*Reproduced from Presidential Documents of January 27, 1975.

[The text of the 1925 Geneva Protocol for the Prohibition of the
Use in War of Asphyxiating, Poisonous or Other Gases, and of Bacterio~
logical Methods of Warfare appears at page 49,
vation appears at page S50.

of January 27,
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The United States reser-
The Executive Order mentioned in the last
paragraph of the President's statement had not been published as

1975.])
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TREATIES IN FORCE

RULES OF WARFARE (See
alse RED CROSS
CONVENTIONS; WAR
CRIMINALS)

Convention regarding the rights of neuirals
at sea. Jgned a0 Washington July 22, 1854
entered into force Qctober 3, 1854,

10 Siae. 1105 TS 300; 11 Bevans 1214,
States which are paruies:

Nicaragua'

Lnion of Soviet Socialist Reps.

United States

NOTES:

! Declaration of accession by Nicaragua
signed a1 Granada June 9, 1855 (7 Miller
139

Convention with respect 1o the laws and
customs ol war or lund, with annex of
regulations.! Signed a1 The Hague July 24,
1899; enered into force September 4, 1900;
for the United States Apnl 9. 1902,
32 Sia1. 1803; TS 403; 1 Bevans 247.
Seates which are parlies;

ATgenuna

Australia?

Austria®

Belgium?

Bolivia®

Brazil!

Bulgaria

Canada®

Chile

China* *

Colombia

Cuba?

Denmark?

Dominican Rep.?

Ecuador

El Salvador

France?

Germany?

Greece

Guatemala?

Haitit

Honduras

Hungany?

India?

[ran

Ireland®

Ttaly

Japant

Korea

Laos?

Luxembourg?

Mexico?

Netherlands?

New Zeaiand?

Nicaragua’

Norway?

Pakistant

Paznama?

Paraguay

Peru

FPhilippines?

Portugal*

Romania?

South Africa*

Spain

Sri Lankat

Sweden®

Switzerland?

Thailand-

‘Furkey

Uman of Sovier Socualist Reps?
Uwiied Ringdom?

United States?

Uruguay

Veneruela

Yugoslavia

NOTES:

t Replaced by convention of October 18,
1907 (36 Siwar. 2277 TS 539), as between
cenlracting panies 10 the later convention,
Secuons 11 and 11§ of the regulations are
supplemented by convention of August 12,
1949 (6 UST 3516; TIAS 3865). relative 1o
proteciion of civilians in tme of war, as
between comracting  parties  to both
canventions; chapter Il of the regulations is
complemented by convention of August 12,
1949 {6 UST 3316: TIAS 33G4), relative to
treatment of prisoners of war, as between
contracuing pariies 1o both conventions.

¥ Party to convention of October 18,
1907,

¥ Pre 1949 convention, applicable only to
Taiwan,

Convention for the exemption of haspital
ships, in time of war, from the payment of all
dues and taxes imposed for the benefit of the
state. Done at The Hague December 21,
1904; entered into force March 26, 1807.
35 St 1854; TS 459, | Bevans 430.
Swuates which are parties:

Austria

Belgium

China!

Cuba

Denmark

France

Germany?

Greece

Guatemala

Iran

Ttaly

Japan

Korea

Luxembourg

Mexico

Netherlands

Norway

Feru

Poland, including Free City of Danzig
Porwugal

Romania!

Spain

Sweden

Switzerland

Thailand

Turkey

Union of Soviet Socialist Reps.

United States

NOTES:

! Pre 1949 conveation, applicable only o
Taiwan.

T With reservation.

Convention relative 1o the opening of
hostilities. Signed at The Hague October 18,
1907: entered into force January 26, 1910,
36 Siai. 2259; TS 538; 1 Bevans 619.
States which are parties:

Australia

Austria

70

Belgium
Bolwia

Brazil
Canada .
Chipa!
Denmark

El Salvador
Ethiopia
Finland
France
Germany
Guatemala
Haiu
Rungary
India

Ireland
Japan

Laos

Liberia
Luxembourg
Mexico
Netherlands
New Zealand
Nicaragua
Norway
Pakistan
Panama
Philippines
Poland
Portugal
Romania
South Africa
Spain

Sn Lanka
Sweden
Switzerland
Thailand
Union of Soviet Socialist Reps,
United Kingdom
United States

NOTES:
! Pre 1949 convention, applicable only to
Taiwan.

Convention respecting the laws and customs
of war on land, with annex of regulaiions.!
Signed at The Hague Ociober 18, 1907,
entered into force January 26, 1910,

36 Swat. 2277. TS 530, 1 Bevans 631,
States which are parties:

Australia

Austria?

Belgium

Bolivia

Brazii

Canada

China?

Cuba

Denmark

Dominican Rep.

El Salvador

Ethiopia

Finland

France

Germany?

Guatemala

Haiti

Hungary?

India

Ireland

Japan?

Laos

Liberia

Luxembourg



TREATIES IN FORCE
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RULES OF WARFARE
(Cont’d)

Mexico

Netheriands

New Zealand

Nicaragua

Norway

Pakistan

g;'.}?m
ilippines

Poland

Poruwgal

Romania

South Alrica

8r Lanka

Sweden

Switzerland

Thailand

Union of Soviet Socialist Reps.?

United Kingdom

United States

NOTES:

! Sections 11 and I1I of the regulations are
supplemented by convention of August {2,
1949 (6 UST 3516; TIAS 3365), relative 1o

rotection of civilians in time of war, as
tween  contracting  parties 10 both
conventions; chapter IT of the reguiations is
complemented by convention of August 12,
1949 {6 UST 3316; TIAS 3364), relative to
treatment of prisoners of war, as between
comtracting parties to both convertions.

? With reservation.

3 Pre 1949 convention, applicable only to
Taiwan.

Convention respecting the rights and ducies
of neutral powers and persons in case of war
on land. Signed at The Hague Oclober 18,
1907; emered into force January 26, 1910,
36 Star. 2310 TS 540; | Bevans 654.
States which are parties:
Austria
Belgium
Bolivia
Brazil
China’
Cuba
Denmark
El Salvador
Ethiopia
Finland
France
Germany
Guatemala
Haiui
Hungary .
Japan
Laos
Liberia
Luxembourg
Mexico
Netherlands
Nicaragua
Norway
Panama
ilippines
Polatl:g
Portugal
Romania
Spain
Sweden
Switzertand
Thailand
Union of Soviet Socialist Reps.
United Staves
NOTES:
! Pre 1949 convention, applicable only to
Taiwan.

-

Convention relative to
automatic submarine contact mines, Signed
at The Hague October 18, 1907, entered into
force January 26, 1910
36 Stat. 2332; TS 541: 1 Bevans 669.
States which are parties:
Australia?

Austria

Belgium

Rrazil

Canada!

China?

Denmark

El Salvador

Ethiepia

Finland

France!

Germany!

Guatemala

Haiti

Hungary

India}

Ireland!

Japan

Laos!

Liberia

{ uxembourg

Mexico

Netherlands

New Zealand!

Nicaragua

Noerway

Pakistan!

Panama

Philippines

Romania

South Airical

Sri Lanka!

Switzerland

Thailand!

United Kingdom!
United States

NOTES:

! With reservation.

2 Pre 1949 convention. applicable only to
Taiwan.

Convenlion concerning bombardment by
naval forces in time of war. Signed at The
Hague Qctober [8, 1907, entered into force
January 26, 1910

36 Seat. 2351; TS 542; | Bevans 6B81.
States which are parties:

Australiat

Austria

Belgium

Bolivia

Brazid

Canadal

China’

Cuba

Denmark

El Salvador

Ethiopia

Fintand

France!

Germany!

Guatlemala

Hain

Hungary

Indial

lreland!

Japan’

faos!

Liberia

Luxembourg

71

the laying of.

Mexico
Netherlands
New Zealand!
Nicaragua
Norway

Pakistan!
Panama
Philippines
Poland

Portugal
Romania

South Africal
Spain

Sri Lanka!
Sweden
Switzerland
Thailand

Union of Soviet Socialist Reps.
United Kingdom'
United States

NOTES:

¢ With reservation.

t Pre 1949 convention, applicable only to
Taiwan.

Convention relative to certzin restrictions
with regard to 1he exercise of the right of
capture in naval war. Signed at The Hague
October 18, 1907; eniered into force January
26, 1919.

56 Stac. 2396; TS 544; | Bevans 7110,
States which are parties:

Australia

Ausina

Belgium

Brazil

Canada

Chana!

Denmark

El Salvadar

Ethiopia

Finland

France

Germany

Guatemala

Haiti

Hungary

India

Ireland

Japan

Laos

Liberia

Luxemnbourg

Mexico

Netherlands

New Zealand

Nicaragua

Norway

Pakistan

Panama

Philippines

Poland

Portugal

Romania

South Africa

Spain

Sti Lanka

Sweden

Switzerland

Thailand

United Kingdom

Unued Siates

NOTES:

! Pre 1843 convention, applicable onlv 10
Taiwan. '



LAWS AND CUSTOMS OF WAR ON LAND
(HAGUE, 1V)

Convention signed at The Hagus Oclober 18, 1907, with annex of
regulotions

Senate advice and consent to ratification March 10, 1908

Ratified by the President of the United States February 23, 1909

Procés-verbal of first deposit of ratifications (including that of the United
States) at The Hague dated November 27, 1909

Entered into force fanuary 26, 1910

Proclaimed by the President of the United States February 28, 1910

Sections Il and 11 of the regulations supplemented by convention of
August 12, 1949, relative to protection of civilians in Lime of war,
as between contracting parties to both conventions; chapter I1 of
the regulations complemented by conventions of July 27, 19292
and August 12, 1949 velative to treatment of prisoners of war, as
between contracting parties

36 Stat. 2277 ; Treaty Series 539

[TaanstatioN]

v

ConventioNn ResPecTinG THE Laws anp CustoMms oF War
on Lanp

His Majesty the German Emperor, King of Prussia; the President of the
United States of America; the President of the Argentine Republic; His
Majesty the Emperor of Austriz, King of Bohemia, etc., and Apostolic King
of Hungary; His Majesty the King of the Belgians; the President of the Re-
public of Bolivia; the President of the Republic of the United States of
Brazil; His Royal Highness the Prince of Bulgaria; the President of the Re-
public of Chile; the President of the Republic of Calombia; the Provisional
Governor of the Republic of Cuba; His Majesty the King of Denmark; the
President of the Dominican Republic; the President of the Republic of Ecua-
dor; the President of the French Republic; His Majesty the King of the
United Kingdom of Great Britain and Ireland and of the British Dominions

‘6 UST 3516; TIAS 3363,

*T8 8486, post, vol. 2,
46 UST 3316; TIAS 3364

63t
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ArTiCLE 23

T addition to the prohibitions provided F - special Conventions, it is
e, . forbidden:

(a) To employ poison or poisoned weapons;

{4) To kill or wound treacherously individuals belonging to the hostile
nation or army;

{¢) To kill or wound an enemy who, having laid down his arms, or
having no longer means of defence, has surrendered at discretion;

{d) To declare that no quarter will be given;

{¢) To employ arms, projectiles, or material calculated to cause un-
necessary suffering;

{f) To make improper use of a flag of truce, of the national flag, or of
the military insignia and uniform of the enemy, as well as the dis-
tinctive badges of the Geneva Convention;

(g) To destroy or scize the enemy’s property, unless such destruction or
scizure be imperatively demanded by the necessities of war;

(k) To declare abolished, suspended, or inadmissible in a Court of law
the rights and actions of the nationals of the hostile party.

A belligerent is likewise forbidden to compel the nationals of the hostile
party to take part in the operations of war directed against their own coun-
try, even i they were in the belligerent’s service before the commencement
of the war,

ArmicLe 24

Ruses of war and the employment of measures necessary for obtaining
information about the enemy and the country are considered permisible.

Armicrz 25
The attack or bombardment, by whatever meams, of towns, villages,
dwellings, or buildings which are undefended is prohibited.
ArTiCLE 26

The officer in command of an attacking force must, before commencing

a bombardment, except in cases of amault, do all in his power 1o wam the
authorities.

ArTICLE 27

In sicges and bombardments all necessary steps must be taken to spare,
as far as posible, buildings dedicated to religion, art, science, or charitable
purposes, historic monuments, hospitals, and places where the sick and
wounded are collected, pruwdedthcymnotbungmdatthcumcfor
military purposes.
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]

t5 do his * Thing ", he is now doing

his "Thing" behind bars and ar—ed zuards} J

C/S2 is deeply zrieved over the loss of

>t, “ashington and hooe that ke will

return to2 us at the earliest nossitle

date, T know T speak or the whole

comoany in wishing Pvf washineton the

¥

best of Iuck in doing his own "Bag”,

4 |} 2400 Journal closed,

TYREAD naAvE AND CRAQE QF OFFICEA OR OFMICtAL ON DUTY llGHA‘I’U.}_‘_

TIPIZCE Y SUITE, CPT, I7 AL /n,//:”*‘"/' |

rHC-Jap

o DA ,:ge‘;. ' 5 94 PREVIOUS EDITION OF THis FORM IS CBSOL KT L.
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f¢ *47¢" PP Tenverg porromeed his duties as Headquarters Battery Comvander.in an oute |
stinding menner, Though a young ond rclatively inexperienced officer, CPT Ternberg,
disnlayed & mature e~uanimity when dealing with the many complex problems which corl-
tiruelly confronted the small unit commander, * Hia pattery provided outetanding per-’
sonnel and ejuipment support during two Corps Alevel CPX'S and "three leclear Weapon
Training Inspecticns’, His competent leadership and managerial acumen were also apily
manifested during lis Annual General Inapection and the 4th US Army C'id,. Both ion=-

| specticns reccived excellent grades and high preise. from thé inspecticrs, CFT Tenberg
spent many hours improving his edueational status; he has completed nalf of the Fiels
Artillery Cureer Course by cofre3pondence, and gained eighteen credit hours teward

A WDORAEA Tl AN AL B TO EYALYATE THIA OFFICER #OR THE SOLLCWING ALASON:

Captain Tenberg has served as the Buttery Commander of Keadquarters Battery, st Bo,
-6th Artillery, since I assumed command of the 1st Armored Rivision Artillery on 1 July
1969. During this period he has performed his duties in sn-outstanding mammer, I .
caonsider -him to be the best Headquarters Battery commander in the Division Artiliery '
during the period for-which he is being rated. I fully concur with the remarke of the\
rating officer concerning the performance of duty and the acocomplishmants of Captain
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© 1st Armd Divy Port Hood, Texas T7fi5h5, Pourth US Arey .
Pariodt 7 Jul 9= 5 Nar 70

Part XI «° u'; Rater's Comments ~ his degree ut a looal civilian collega,

L)
L I highly necommend him for turther military sohooling and. roquest that
. ho be given the earliest oonaider for degree conpletion work,
'..:*,Ij B . »
Part XI -b- Comwnts (oomt) | N
Tenberg. This yowg officer 1s ambitious and has high standards.
.- He strives te improve himsql? professionally, Ke should attend the
. Haeld frtillery Offioers Advanced Cless at the sarliest oppertunity and
“nbo shonld be cenvidered for the degres completion program.in order that -
he may be qualified for a regular Army comsdssion, This officer has
great potential yalue to the service, and he should he promoted to the
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DEPARTMENT OF THE ARMY
US ARMY & JOINT SERVIGES ENVIRONMENTAL SUPPORT GROUP
1730 K STREET N.W. ROOM 210
WASHINGTON. DC 20006-3848

REFPLY TD

ATTEMTION OF April 3,1986

FROM: CAPTAIN L. H. REED JR. 493 62 3498/ 4402, USMC LNO,
U. S, Army & Joint Services Envirounmental Support
Group (ESCG)

T0: Major General J. E. Murray, U, S. Army, Retired;
Committee Member, Agent Orange, Science Panel
Subcommittee on Exposure Aagessment

SUBJ: QUERY RE: WHAT USMC UNITS IN RVN PRIOR TO 1969
WERE NOT EXPOSED TO AGENT ORANGE

REF: (a) Your conversation with DIR, ESG on 29 MAR 19686
(b) My conversation with DIR, ESG on 31 MAR 1986

ENCL: (1) 16 NOV 1979 GAO RPT & 16 JAN 1980 DON Comments Thereon

(2) 30 JUL 1980 RPT on Tracking of 2nd Bn, 9th Marines

(3) 23 ocT 1980 0ASD (HA) MEMO & RPT on Tracking of 3rd Bn,
st Marines

(4) Extract of 2t SEP 1984 RPT To Agent Orange Litigation
Support Project '

(5) List of Major Marine Headquarters in RVN 1965 - 1971

(6) List of Computer Matching of USMC Units in RVN Conducted
Through ESG

(7) List of Unita to be Tracked for VA Soft Tisaue Sarcoma Study

(8) Rough List of Units to be Tracked for VA Mortality Study

(9) Copies of extracts of HAHS-1, MWHC-1, 680601 - 681130
Command Chronologies

1. As requested by references (s) and (b), the following information
is submitted.

2. Fnclosures(!) through (4) summarize the research of Command
Chronologies of Marine Corps units in the Republic of Vietnam (RVN)
conducted by agencies other than the Environmentasl Support Group
{(FSC). "These reaearch efforts centered on locating references to the
uae of defolienta, or extraction of the concerned unit's Yoscation for
conputer matching, a2r both. A listing of the major U. S. Marine
Corps units which served in the RVN, from March 1965 to June 1971 is
contained in enclosure (5).

3. As of this date, tracking of Marine Corps units in the RVN and
comparisona of the units’ locations to the Services Herbs and Pench
Hand tmpes conducted by FSG has been in support of studies conducted
by the Veterans Adminiatration or the Center for Disease Control. A
small number of the units previously tracked resulted from
Congressional intereat on behalf of a-constituent, « from requests by
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ataete commigasiona, euch as the New Jersey Agent Orange Commiesion.
Thue, the tracking and computer matching completed has primarily been
for the particular Marine Corps unit to which a study cohort was
attached; and only for the period the study subject served with that
unit in the RVN. The list of these units and the dates for which
computer matching was conducted is provided in enclosure (6).

4. The Marine Corps unite of the study subjects involved in the VA
Soft Tissue Sarcome Study are listed in enclosure (7). The locations
of these units ere currently being extracted during the periods of
time indicated.

5. Enclosure (8) represents & "rough" listing of the units to be
studied in conjunction with the VA Mortality Study. The computer
printout of the inclusive dates for which those units are te be
repearched is several hundred pages. The completion date established
for this study is September 1986,

6., An accurete, definitive stetement ag to which, if any, U. 8.
Marine Corps unite were not exposed to Agent Orange during the subject
pericod iz not currently feasible for the following ressons:

a) The locations of all Marine Corps units in the
RVYN during the subject period have not been
extracted and compared to the Services Herba
and Ranch Hand tapes;

b) A1l monthly Commaend Chronologies submitted by
the Marine Corpe units in the RVN during this
period have not been researched for possible
references to the use of defoliants by the particular
unit;

¢) Other factors which may require weighing before &
blanket assessment of non-exposure concerning a
perticular unit can be made. See, for example,
MACV, Lessons Learned No. T4; Accidentsl Herbicide
Damage, in particular those portions dealing with
damage to plant life from volatilization of fumes and
spillage of residual herbicides noted in the DalNang
area as early as QOctober t1968; and

d) A contract for, among other things, the man houre

required to complete the task described in persgraph
(5} sbove remmins in a negoatiation phese.
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7. Further, at this stage of the continuing research, the
generaligetion that support-type units which remained fixed in
built-up aress were not exposed is not advisable. At least two
exceptions to such a generaslization come to mind relating to the
ressona cited in subparagraphs (&) and (b) above. First, the fixed
location of Headquarters & Service Company, III Marine Amphibious
Force during the period 660301 to 670301, when compared to the Ranch
Hand Agent Orange tape revealed 89 days of exposure - from 660301 to
660528 uaing 8 km/ 90 deys exposure proximity criteria - to a
fixed-wing Agent Orange apray mission. Also, regarding subparagraph
(b) avove, enclosure (9) reflects personnel of Headquarters and
Headquarters Squadron One, Marine Wing Headquartere Group One, DaNang,
RVH, applied an unknown defoliant from an unknown source to its
perimeter defensive wire during November 1968,

Very respectfully,

- a4 Red .

L. H. Reed Jr.
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DEPARTMENT OF THE NAVY
OFFICE OF THE SECRETARY
WASHINGTON, D. €. 20380
Ser 093/200584

11 AN 180

MEMORANDUM FOR THE ASSISTANT SECRETARY OF DEFENSE (MRA&L)

Subj: GAD Report "U.S. .Ground Troops in South Vietnam Were
in Aress Sprayed With Herdbicide Orange,” OSD Case #5335

Ref: (a) 03D memo to ASD (MRALL) of 29 Nov 79
Encl: (1) Department of the Navy comments

As requested by reference (a), Department of the Navy
comments on the subject report are forwarded as enclosure (1).

Everett Pyatt
« Princlpal Deputy

Asslstant Secretary of the Navy
{Logistics) '

Blind Copy to:

PDASN (L)

CMC (FD

NAVINSGEN

AUDGENAV ~
OPA

OLA (LA~5S)

BUMED (CODE 12C)

NAVMATCOM (MAT-01C)
NAVCOMPT {(NCB-4, NCB-1}
NAVAUDSVC NE, SE REGIONS
NAVAUDSVC WESTERN, CAPITAL REGIONS
SECNAV ADMIN (047643)

CMR (437772)

OP-093 (1216-79)

oP-00138

OP-101E
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GAO REPORT ™U.S. GROUND TROOPS IN
SOUTH VIETNAM WERE IN AREAS SPRAYED WITH
HERBICIDE ORANGE"

QSD CASE #5335

SUMMARY OF GAO FINDINGS AND RECOMMENDATIONS

GAD reviewed Marine Corps battalion reports for the 1 Corps section
of South Vietnan from 1366 - 1969 and compared ground troop locations
with herbicide orange spraying missions. GAC concluded that & large
nusber  of marines in the 1 Corps sectlion of Vietnam were in, or close
to, areas sprayed with herbicide orange. Therefore, DOD's contention
that ground troops did not enter sprayed areas unt{l 8 to 6 weeks
sfterward is inaccuraste. The chances that ground troops were exposed
to herdblclde orange are higher than DOD previously acknowledged. GAQO
could not document from available records whether ground troops were
actually exposed or, if so, to what degree. Also, long term effects of
TCDD exposure on human health remain largely unknown.

GAD recommends that the Congress direct DOD, VA, HEW, or the
Environmentsl Protection Agency to determine whether a study {3 needed
on the health effects of herbicide orange on ground troops identified
in their analysis,

DEPARTMENT OF THE NAVY COMMENTS

It is the poaition of the Department of the Navy that the undertaking
of a study of all ground troops posaibly exposed to herbicide orange
in South Vietnam would not be beneficial at this time,

The value of such » study, from a scientific point of view, would be
marginal until some basic guestions concerning herbicide orange are
answered, The fdentification of a causative relationship to exposure
and a determination of what constitutes exposure are essential to the
conduct of any large scale study., The proposed Air Foroe study of
"Ranch Hand® personnel 2hould answer some of these basic questions.
The resolution of the issues concerning herbicide orsnge exposure can
bes;. be effected through the support of that or siwilar research
projects.

85

SWCIOSURE 1) TC CNO LTR SER 0937200584 cL
| | e i e ——

I T P L b AR el



The Department of the Nivy {s vitally concerned with the health of
its menbers and former members; however, to embark on a study of all
those personnel possibly exposed to herbicide orange, without first
establishing some basic criteria, would not be in the best interest
of the individual veteran, the Department of Defense, or the American
taxpayer,

The level of effort required to identify all Marines possibly exposed to
herbicide orange in Vietnam would be extreme. As noted in Appendix IV
of the report, GAO used only 276 monthly reports out of s total of 976
on Marine infantry battalions., However, the auditors did not exmmine
the chronologies submitted by separate {;att.ulions and saparate
companies. Some of these units were just as likely to have been exposed
to hpent Crange as were the infantry battalions. This would add
opproximately 50 more units to be checked monthly for four years, or
2,400 amdditional reports. To compile an accurate list of units
potentinlly exposed, all these records would have to be compared with
Alr Force records of where spraying took place. It {s estimsted that it
would take 8,000-10,000 manhours to plot the coordinates of all the
Marine ground units which were in Vietnam. Considering the magnitude of
auch @& project, the Historical Division of Headquarters Marine Corps
could not possibly accomplish this with its present staff and
facilities. If the units are i{dentified, the process of identifying
individual Marines who were assigned to these units would also be an
extremely time consuming task. The identification of last known address
for many of these Marines would be of Questionable utility.

Onoe the results of the "Ranch Hand" study are svailable, it will be
posaible to determine the appropriateness and feasibility of examining
other populations who served in Vietnam and may have been exposed to
herbicide orange.
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MEMORANDUM FOR THE COMMANDANT OF THE MARINE CORPS 03 OCT 1984
From: Director, Judge Advocate Division
Subj: AGENT ORANGE LITIGATION

1. This memorandum preovides information concerning the current status of the
Agent Orange litigation and the review of military records by the Agent
Orange Litigation Support Project.

2. The litigation involves numerous suits by veterans against the chemical
companies that manufactured Agent Orange. The United States is not the defen-
dant in the case, but 1s the subject of a third party complaint filed by the
chemical companies seeking to place the responsibility for damages with

the government.

a. On December 29, 1980, the U.S. District Court (E.D.N.Y.) granted
the United States' motion to dismiss the third party complaints filed on
behalf of the veterans's suits in accordance with the rules of Feres v,
United States, 340 U.S. 135 (1950) and Stencel Aero Engineering Corp. v.
United States, 431 U.5. 666 (1977).

b. In Feres, the Supreme Court held the United States immune from
liability to servicemen for injuries sustained incident to military service.
This doctrine was reaffirmed in the Stencel decision which held that the
United States could not be sued to repay damages paid by a third party to
a serviceman injured in the course of military service.

c. On February 16, 1984, however, the Court ruled that "independent"
claims. of wives and children (e.g. miscarriages/birth defects) were not
subject to immunity accorded by the Feres/Stencel doctrines. The government's
appeal of this decision to the U.S8, Court of Appeals for the 2nd Circuit
was denled on September 21, 1984. The much-publicised settlement for § 180
million reached between the chemical companies and the large number of
veterans was recently approved by District Judge Weinstein. (The judge
appointed a Special Master to determine the mechanism to bhe used to dis-
tribute the funds among the veterans.)

3, On August 31, 1984, The United States opposed the chemical companies's
motion for summary judgment - against remaining suits. The companies had
moved for a summary judgment on the grounds of the government contract
defense. Basically, the chemical companies argued that they are immune
from suit because thelr manufacture of Agent Orange was pursuant to govern-
ment contracts in strict compliance with specification supplied by the
government, Recently, the United States moved to dismiss all third party
actions against the government.

4, During 15 July-15 August 1984, two Navy officers investigated the U.S.
Navy role in herbicide operations in Vietnam. Research was conducted at
the Naval Historical Center, Washington Navy Yard, and the National Federal
Records Center, Suitland, Maryland. The two officers reviewed over 120,000
pages of records from Commander Naval Forces, Vietnam (COMNAVFORV) repre-
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Subj: AGENT ORANGE LITIGATION

senting one-fifth of the total amount of documents available., COMNAVFORV
as a subordinate command of COMUSMACV, utilized the procedures contained

in MACV Directive 5325-1, governing the operational employment of herbicides,
and did request herbicide missions. However, the research indicates there
is no evidence the U.S. Navy specifically requested or utilized Agent
Orange in Vietnam. Herbicides were not in U.S. Navy Supply System. The
Navy did investigate the feasibility of delivering defoliants from water-
borme craft. The Naval Ship Research and Development Laboratory, Annapolis,
experimented with a high velocity water jet system (Project DOUCHE) at the
Aberdeen Proving Grounds. Plans to test the system in Vietnam were can-
celled in 1970 due to cessation of herbicide use.

5. During 23 July~-24 August 1984, a significant number of records at the
Marine Corps Historical Center, Washington Navy Yard, were reviewed by a
team led by Mr. W. T. Anderson (Major USMCR) of my staff, who is the Marine
Corps Trial Consultant to the Agent Orange Litigation Support Project.

The primary purpose of this review was to determine the extent of the
Marine Corps defoliation cperations in Vietnam. Secondly, this review
sought to identify relevant documents that support one of the United States'
arguments concerning the use of herbicides (f.e., their positive impact

on combat operations). Thirdly, this research hoped to identify additional
records held elsewhere that might contain relevant and material documents.
Following this review, Mr, Anderson prepared a comprehensive report outlining
the scope of the research done at the Historical Center.

a, In this report, he addresses the 215 documents that were considered
relevant to an issue in the litigation. The documents uncovered clearly
established that the use of herbicides in I Corps was an Integral part of
combat operations.

b. In addition, there is a substantial amount of evidence indicating
some Marines in Vietnam were exposed to other substances which might have
been toxic.

c. More significantly, the command chronologies of the 3d Marine
Division reveal a heliborne defoliation operation instituted in June 1969
by the NBC section of the Division G-3. Beginning in July, flight operations
continued until October when the Division began its final preparations to
leave Vietnam,

d. Six former members of the NBC section who subsequently retired
were interviewed, One was Brigadier General J. E. Hopkins, USMC (Ret)
who served as the Division G-3 (Training) and Officer in Charge of the
NBC section in July 1969. He could not recall any information about such
operations. The other retired Marines detail defoliation missions flown
in northern I Corps around combat/fire support bases in support of Marine
Corps and ARVN units,

e. The July 1969 records of Marine Medium Helicopter Squadron 161
(MMM~161) contain the only references to such operations by Marine aviation
units.
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Subj: AGENT ORANGE LITIGATION

6. Mr, Anderson's report identifies other records that may contain
information of interest to the litigation. Specifically, the report high-
lights the need to examine additional records of 1IT MAF held at the Federal
Records Center, Suitland Maryland. In addition, the report recommends
that the records of the XXIV Corps also be reviewed. Created in 1968 by
MACV, XXIV Corps had operational control of the 34 Marine Division, as
you will recall, Further, several U.8. Army units operated in the I Corps
Tactical Zone. Accordingly, the report recommends that the records of the
lst Brigade/5th Infantry Division (Mech), lst Air Cavalry Division, and the
101st Airborne Division be examined,

7. Currently, a team from the Agent Orange Litigation Support Project is
reviewing documents of III MAF and XXIV Corps at Suitland. Other teams
are reviewing MACV records and documents from the various U.S. Army activ-
ities that were concerned with the use of Agent Orange. We anticipate
that portion of the project will continue for the next six months.

signed

W. DONOVAN
BGEN USMC

(retyped for reproduction)
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rhis responds to your letter dated May 10, 1985 which seaks

‘gj discussions with knowledgeables government personnel concerning the

methodology for oatlmatlng individual veterans'’ exposure to Agent
Orafge. . . . . .

You may not be aware that, ddring tha course of this
litfgation, Mr, Richard Christian of the Army and Joint Services

Environmental Support Group, gave detajled testimony concerning
the complex process of tracking the movement of particular units

in vietnam and estimating thei{r exposure to Agent Orange. Indeeqd,
much of the discovery of the United States related vo the {ssue

of calculating exposure. Also, the House and Senate Veterans
Affairs Committees have conducted extensive hearings on this

very subject.
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23 May 1986

Changes and Additional Reguirements to RESG
From January 1983 to Present

1. In January 198% the Veterans Administration transferred the
resgponsibility of the Agent Orange Epidemiological Study to the
Centers for Disease Control located in Atlanta, Georgia. :

2. In February 1983 the Environmental Support Group assisted CDC with
military input concerning the development of the original protocol for
the Agent Qrange Study. The proposed criteria for the study subject
eligibility for the Agent Orange Study was draftees and single term
enlistees, rank E-1 to E-5 with only one tour of duty in Vietnam. The
proposed procedures and criteria for battalion selection consisted of
choosing & random sample of 50 battalions {250 Companies) from all
combat battalions with acceptable records stationed in III Corps,
South Vietnam during 1967 and 1968. Initially it was proposed to
abstract selected company locations on one randomly selected day of
the week for each of the 104 weeks in 1967 and 1968. Thus, by
matching the 250 Companies 104 day locations against the Ranch Hand
and Services Herbs Tapes & ranking scheme could be developed with
regpect to each units herbicide encounters. At thet point the men
would be identified and selected for the "likely exposed” cohort from
companies at the top of the list and men for the "likely not exposed”
cohory from those at the bottorn of the list. Battalion level Daily
Journals would@ be the initial docunent researched with Brigade and
Division level records supplemented when feagible.

%. Upon the Scientific review and analysis of the originael protecol
the following changes were recommended. ESG would be required to
track a battalion for emch day during 1967 and 1968. If & battalion
has more than 30 continuous gaps or days of absent records for the
period 1967-1968, the unit will be considered unsuitable for inclusgion
in the study.

4. Originally the Personnel File Data Abstraction process required
the extraction of 26 date elements for each qualified study subject.
The CDC Data Cellection Form for the Vietnam Experience Study required
ESG to abstract 75 data elements for each qualified study subject.

5. 0n 16 November 1983 ESG provided CDC with a listing of 122 Combat
Battslions that operated in I1I Corps, Vietnam during 1967 and 1968.
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6. On 18 November 198% (CDC tasked the ESG to abstract and qualify
1,400 study subjects a month for twelve months to eventually arrive at
16,800 qualified study subjects for the Vietnam Experience Study.

7. On 10 February 1984 Dr. Lee Annest developed the procedures for
abstracting data in a standardized way onto the KAYPRO IT personal
computer. Dr. Annest requested that ESG researchers extract all
coordinates and location {including checkpoints and village locations
without grid coordinates in addition to indications of battalion
movement without grid coordinates). This resulted in another change
and 50% more work for ESG.

8. On 14 June 1984 CDC requested three additional data items be
abstracted from the military personnel records for the Vietnam
Experience Study.

9. On 15 June 1984 CDC determined that the KAYPRO II personal
computer was incompatible with their mainframe in Atlanta and
developed a data entry sheet for manual tracking. ESG was required
to identify the record the grid coordinate was abstracted, the
location codes for Vietnam Villages, Fire Support Bases and Landing
Zones., The researcher was required to document all OPCON's and all
record keeping decisions.

10. On 2 July 1984 CDC requested the ESG to identify uniis whose
mission would most likely to (1) not include or minimally include
travel to or through exposed regions and (2) perform tasks that would
not include contact with herbicides.

1t. Also on 2 July 1984 CDC requested from ESG a copy of the Army
General Intelligence Test. This reguest was made because CDC wanted
to re-administer this test to participants in the Agent Orange Study
and Vietnam Experience Study.

12, On 24 July 1984 CDC informed ESG that contracts had been awarded
without consulting ESG about new timetables for the Agent Orange and
Vietnam Experience Stuaies.

13. On 26 July 1984 ESG sent a document to CDC with 15 points to be
addressed in a meeting to be held 27 July 1984 with Dr. Peter Layde,
CDC. No correspondence wasg received from CDC referencing ESG
concerns,

14. On 26 July 1984 CDC informed ESG that Mr. John Drescher, Ms.
Susan Ernst and/or Mr. Robert Starling would perform blind quality
control on the personnel data abstraction information and battalion
tracking data. Mr. Drescher had been assigned t¢ our organization in
February 1983 till approximately March 198%5.
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15, On 29 August 1984 CDC informed ESG thet a team of CDC analyst
would visit BSG concerning quality control functions with the
battalion tracking dsta. Mr. Drescher would be making major
contributions to the guality control effort.

16. ©On 10 September 1984 CDC provided ESG a delivery schedule for the
Agent Qrange and Vietnam Experience Studies. This schedule called for
the Vietnam Experience Study to be completed by March 1985 (12
aub—groups) and 50 battalions to be completed by January 1986. This
schedule had 75 battalions to be abstracted by December 1986. At thias
time ESG was only required to track 50 battalions.

17. On 19 September 1984 CDC requested ESG to abatract the veterans
full middie name onto the identifier label of the Vietnam Experience
abstraction from.

18, 0n 20 September 1984 ESG requested from CDC computer print outs
on the data ESG had provided for the Vietnam Experience and Agent
Qrange Studies. This reguest was made to insure that the dats being
provided CDC was of the finest quality.

19, On 23 October 1985 CDC expanded the number of sub-groups
necesgsary for the Vietnam Experience Study to 14 sub~-groups. This was
an additional 2,800 study subjects to qualify.

20. On 31 Qctober 1984 ESG reguested CDC's criteria beyond the six
items 3G was reviewing to determine qualiflcatlonsfdlsquallflcatlon
for the Vietnam Experience Study.

2%. On 9 November 1984 ESG received from CDC z Memorandum of
Understanding (MOU). This MOU requested ESG to perform 15 sub-groups
for the Vietnam Experience Study. It also requested that ESG review
and abstract grid coordinates from Battalion and Brigade Daily
Journals. This was a major change in workload and the protocol. CIC
was now requiring 65 combat battalions with possible Agent Orange
exposure to be tracked for the Agent Qrange Study. The MOU also
outlined procedures that would require ESG to track units, extract
nemes from Morning Reports, and abstract information from military
personnel files at the same time.

22, (n 26 November 1984 ESG agreed to add two additional categories
for disqualification/qualification criterias for the Vietnam Experience
Study.

25. On 12 December 1984 CDC requested ESG to order the appropriate

documentation for two battalions to evaluate using combat unit
personnel for the not exposed cohort.
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24. 0On 28 December 1984 CDC requested ESG to forward Casualty Reports
for all qualified deceased study subjects.

25. (On January 1985 ESG received the second MOU from CDC. There were
numerous changes to delivery schedules from the 9 November 1984 MOU.

26. On 1 March 1985 ESG was informed by CDC that they are concerned
about the ability of the Pentagon computer +t0 handle the matching
capability of computer requirements for the Agent Orange Study.

27. On 20 March 1985 CDC informed ESG that they were very concerned
about the identification of new data at the {{th hour, meaning Morning
Reports. This statement was made concerning the use of NMeraning
Reports for tracking Companies, BE3G informed CDC on the use of
Morning Reports as a tracking tool on 2 December 1983. Morning
Reports were mentioned in the original protocol also.

28. On 29 March 1985 CDC informed ESG to start inserting grid
coordinates for location codes and additional records keeping codes
for the Battalion Tracking process.

29. ESG received 2 guality control report from CDC dated 27 March
1985. This report was written by individuals with no military
experience and no background in tracking combat infantry units. This
report was submitted to higher authority without validation from ESG
concerning its’ accuracy. It turned out that CDC recorded enemy
locations and military targets. {See Item 32). U.S. Troop locations
were what was needed.

30. EBSG received an MOU from CDC requiring ESG sign the MOU by 1
April 1985. ESG could not agree on the content or time tahles of the
MOU .

31. 0On 2% July 1985 ESG explained to CDC the difference between
combat service support units and U.S. Army combat units,

%2. On 10 September {985 ESG prepared & detailed analysis on ¢DC
Quality Control Report dated 1 July 1985. ESG analyst found numercus
discrepancies in the (DC re-shstraction process. {(Preview Item 29)

3%. 0On 2 Qectober 198% CDC provided ESG information on their
interpretation of Morning Reporis Base Camp bata. CDC's feeling was
that the base camp location given in the morning reports is not a
company base camp location, but a headquarters for the company's
battalion, brigade, or division.
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34. On 25 October 1985 BESG provided comments on CDC's draft report to
0TA. There were major disagreements with CDC's recommendation about
the use of military terminology and military records.

35. BSG received CDC's complete draft on CDBC Interim Report Number 2
to OTA. No changes had been made from ESG's previous recommendations,

36. On 12 November 1985 a meeting was held at ESG to discuss methods
of locating combat infantry battaliona., However, after the meeting
ESG received & letter from CDC dated 15 November 1985 that was totally
opposite ¢n what actually was discussed at the mseting. We have
provided {three separate reports on what was discussed at that
particular umeeting.,

37. On 18 November 1985 Dr, Robert J. Lipnick provided detailed
instructions on the battalion tracking methodology that he received
from ¢DC.

38. On {9 November 1985 ESG received a copy of CDC's Interim Report
Number 2 dated 18 November 1985. The information contained in this
report was completely different from the draft that ESG received 30
Getober 1985.

39. 0On 22 November 1985 BSG asked CDC to identify the grid ccordinate
point or points that were originally recorded in error that were 100
kilometers away from Company B's location. BSG has not received a
response to this request.

40. 0On 25 NHovember 1985 ESG reported on a Science Panel Meeting on 20
November 1985. There were many critical points that were discussed at
that meeting.

41, 0On 4 December 1985 ESG provided detailed comments concerning
CDC's Interim Report Number 2 to OTA. There were major disagreements
between ESG and CDC.

42. On 19 December 1985 OTA reported to the Committee on Veterans
Affairs United States Senate that, "In sum, the recent reports from
CDC outline an Agent QOrange study of radically different design than
the one that was initially reviewed and approved by OTA". This
resulted in the stopping of all work pertaining to the Agent QOrange
Study.

4%3. On 27 December 1985 CDC provided additional changes in the
selection criteria for the Agent Orange Study.

Supporting documentation is available for review at ESG.
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Agent Orange Exposure Probability Modeling
for Vietnam PField Conditions

9 May 1986

This paper describes the various mechanical delivery systems
used to disseminate herbicidee in Vietnam. The systema described
include fixed wing high capacity cargo aircraft type syetems, -
emergency dump of large quantities of herbicides from these (-123
alrcraft, several types of helicopter herbicide delivery aystens,
and various types of ground equipment utilized to spray herbicides
around fire bases, base camps and along lines of communication. Each
of thepe herbicide delivery symtems are described and then reviewed
from the aspects of operational conditions and environmental
conditions which combined with each system’'s characteristics affect
-the deposition and concentration per square meter of herbicide Orange
and the TCDD residual contamipation.

Based on the operational and environmental considerations
affecting each type of herbicide delivery mode, and the very limited
number of documented field testing on only a few of the systems, an
expoeure methodology was developed for the disseminated herbicide
‘Orange and its contaminate TCDD. The proposed methodology is based on
“the expagted residual concentration of TCDD in grams per square meter
¢of msoil surface and grassea with respect to given distances from the
source of spraying and times from the day of spraying to up to a year
after the spray delivery date,

Certain assumptions had to be made in order to provide
concentration calculations primarily because of the lack of adequate
test data on most of the systems. These assumptions, and the rational
for them, are provided in the text before their use in calculations.
The TCDPD half-lifes used in the calculations are two hours on leaves,
six days on grasaes, and one year on the soil surface. In all tables
the final expected TCDD residual concentratione are provided,

To more easily relate the concentrations of TCDD existing under
various distances from the spray source and periods of time (days
" through one year), a Unitary Exposure Value (UEV) of 5.04 x 10°gms
of TCDD per square meter of soll surface was selected. The UEV was
then divided into all of the remaining TCDD concentrations expected
from the many different apray systems at specified distances and times
post spraying to provide a final weighted potential exposure index for
all of the imown dissemination systems.

It is suggested that this proposed exposure probability
methodology may be effectively utiliged to relate various veteran's

fleld exposures to herbicide Orange in the epidemiology study of
Vietnam veterans exposed to Agent Orange to be accomplished by the
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=5 The Chair izea Nr. Daschle.
My, DASCHLE. k you, Mr. Chairman, ] will try to be brief.
e At you have essentially stopped work completely oal
selecting subjects for the pilot study; is that correct?
Mr. CuristiaN. That is correct, Mr. Daschle. We began work offi-,
cially on pilot study on 1 July, and ceased operations on 15

Jua.
r. Dascurx. Why did you stop?

Mr. CHrisTIAN. On instructions of the Science Panel and the Vet-
erans’ Administration. They advised us that there were serious
problems with our method of selecting cohorts,

Mr. Dascrrz. The VA told you to stop?

Mr. CHR1sTIAN. Yeu, sir.

Mr. DascHiz. Do you agree with the basie on which they have

M yct:'u o ?l personally do not.

r. RISTIAN,

Mr. Dascuie. That is all 1 needed to know,

How many meetinge have you had with the VA over the course
of your work on the exposure index?

l{‘lr, CHRiBTIAN. Since the middle of December of last year, we
have held approximately 23 meetings

Mr Dascuie Twenty-nine meetings?

Mr. Chuwismian. Twenty-nine meetings with the various agencies
in gonnectiun with the issues of cohort selection and mortality
Atudies.

Mr. Daschie How many heve you had since the VA has decided
that additional criteria war necessary?

Mr Cunrtamian We have had approximately five meetings since
then

Mr. Dascrie. Five meetingy since then”

Mr. Curusrian. That is right

Mr. Dascrrk. What have they told you” What addivonal criteria
could possibly be necomary beyond what we have already had”
What have they uosted of you”

Mr. Cuniemian. They have indicated to us that we must select co-
horts of troops that were esrving in the same raphical area
and the same latitudes in South Vietnam. They-?-oud matched
troops, and this sort of design, which is extremely difficult for us to

Baacniz
. That is what 1 would assume, too.

Assuming thet you had not the work you began on July
1 with to melecting the su e for the pilot study, when

ocompleted r task?
My, m-nm 1 would h’l?o delivered the 1,800 names on 81 De-
cember of this year.

Mr. Cunurnian. Yes, air.

b

Mr. Dasciniz began work within 7 days, when
would expletAm g.l:o completed if we just mm?itod it?
Mr .ltwﬂdhkommtpwoximahlySmonthswdo

liver the names after we started.

Mr. DascHig. It would take 6 months?
Mr. CamisTian, Yes, sir.
w.Dm}?LlMﬁhbm:‘durm“‘u&h;,lr.
Chairman. Here have a ready ‘acdler-
al Gmmnt#hpﬁ“m%dﬂhn request-
ed of them and in & very prompt and efficient manner, and they
are now being told to not only stop, but completely delay this proc-
egp,
I commend you for your work. { just hope that we can gi
the wherewithal to continue this w{thout t:'l:o kind of bure’ﬁﬂi.iﬁ'é
and bumbling delzys that have gone on in the VA for all too long.
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Thank you, Mr. Chairman.

Mr. Monroomexry. Thank you, Mr. Daschle.

wm%drmammﬁ WQri:lnl;awthonnm'Ad-
ministration panel right after panel, then we can bring up
these points which heve come out. The Chair has been informed .
that there probably will be a number of 1-minute speeches. We will |
make this vote, and we will come right back and go right in ses-
sion. | would like to wrap up this panel if we could. |

Mr. Chairman and members of the committee, 1 would like to
make p few extemporaneous remarks and then present the short-

"ened vervion of the opening statement. :

Mr. Montoomery. Your statement will appear in the record, !
without objection.! |

Dr. Custis. Thank you, air.

“TU has beent said that the mills of the gods grind slowly and they

ever so small. It is my observation, not only this morning but !
or the past several years, that we have a good many gods in this
act. | want to essure you that we share your impatience and your
frustration.

But 1 categorically deny that the Veterans' Administration, col-
lectively or individually, has ever purposefully tried te delay the
epidemiologic study or ﬁ other effort that would seek to find the
solution to a very difficult problem. In fact, we would have to be
masochisis to set ourselves up for the chastisement we would re-
ceive for such a deliberate effort in delay.

I have in front of me, Mr. Chairman, a chronologic accounting of
where the time went. The only categorical attempt to delay that ]
recognize in the chronology began in May of 1930 when we were
taken to court in the attempt to obtain a restraining action. That
delay lasted for 10 months Once the S,mgram got underwa &in,
the efforts 1o obtain » protocol, with repented referral {mﬁ to
UCLA for modifications of the protocol, represented a conscientious
effort to make sure that the specifics were valid Each time we did
80, it was done with the advice and recommendations of al! the
vested interests involved, OTA, the Science Panel, and the Agent
Orange Working Gmg.'

It is certainly true, Mr Daschle, that there are many cooks and
one stove. [ can only assure you now thut, in my opinion, we have
finally reached a point in time where [ believe—and | am sure my
colleagues apree with me-—that we can materiaily step up the pace
of !.his effort,
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APPENDIX E
Addendum

After reporting my conclusions and recommendations in my last meeting
with the sub-panel of the Agent Orange Working Group, in the mountains of
references on the subject, I ran across a reference almost four years old;
that proves my observations are not at all original. The script tirelessly
repeats itself.

Attached is a pertinent extract of Hearings in “Federal Agent Orange
Activities and the Vet Center Program", before the Subcommittee in Qversight
and Investigations of the Committee on Veterans Affairs, House of
Representatives.

The text involves questions by Representative Thomas A, Daschle of
South Dakota to Mr. Richard Christian, Director ESG and is followed by a
rebuttal from the statement by Dr. Donald L. Custis, Chief Medical Director,
VA., to the Chairman and the Committee as a whole.

In essence the question, the answers and the statement with little
updating could duplicate today. (Attachment 14 page 97)

As Dr. Custis said, "There are many cooks on one stove."” And as the
wise man in the street says, "History repeats itself”.

Quotation of the Day

“We would desperotely Hke to
piease the veterans, and at the smne
time we. find it very
make « scsentiﬂcqlty meardngfu!
study or else we've wasted all our
time and money, and that does a dis-
service to everyone.”’ — Dr. Gari Kel-
ler of National Institute of Evniron-
mental Health on Agent Oremge
study. [Al:8.) % : :

* The New York Times, Monday, May 19, 1986 excerpt from article "Study of
Effects of Agent Orange On Veterans Is Stalled in Dispute" pp.Al, pp. Al9,
B.ll
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Abstract

Agent Orange Exposure Probability Modeling
for Vietnam Field Conditions

This paper describes the various mechanical delivery systems
used to disseminate herbicides in Vietnam., The systems described
include fixed wing high capacity cargo aircraft type systems,
emergency dump of large quantities of herbicides from these C-123
aircraft, several types of helicopter herbicide delivery systems,
and various types of ground equipment utilized to spray herbidices
around fire bases, base camps and along lines of communication. Each
of these herbicide delivery systems are described and then reviewed
from the aspects of operational conditions and environmental
conditions which combined with each system's characteristics affect
the deposition and concentration per square meter of herbicide Orange
and the TCDD residual contamination.

Based on the operational and environmental considerations
affecting each type of herbiclde delivery mode, and the very limited
number of documented field testing on only a few of the systems, an
exposure methodology was developed for the disseminated herbicide
Orange and its contaminate TCDD. The proposed methodology is based on
the expected residual concentration of TCDD in grams per square meter
of s0il surface and grasses with respect to given distances from the
source of spraying and times from the day of spraying to up to a year
after the spray delivery date.

Certain assumptions had to be made in order to provide
concentration caleulatons primarily because of the lack of adequate
test data on most of the systems. These assumptions, and the rational
for them, are provided in the text before their use in caleulations.
The TCDD half-lifes used in the calculations are two hours on leaves,
six days on grasses, and one year on the soil surface. In all tables
the final expected TCDD residual concentrations are provide.

To more easily relate the concentrations of TCDD existing under
various distance from the spray source and periods of time (days
through one vear), a Unitary Exposure Value (UEV) of 5.04 X 10*8 gms
of TCDD per square meter of soil surface was selected. The UEV was
then divided Into all of the remainig TCDD concentratons expected
from the many different spray systems at specified distance and times
post spraying to provide a final weighted potential exposure index for
all of the known dissemination systems.

It is suggested that this proposed exposure probability
methodology may be effectively utilized to relate various veteran's
field exposure to herbicide Orange in the epidemiology study of
Vietnam veterans exposed to Agent Orange to be accomplished by the
Centers for Dlsease Control.



Agent Orange Exposure Probability
Modeling for Vietnam Field Conditions

I. Classes of Exposure Situations

A. Ranch Hand Spray Missions

These were U.S. Air Force spray missions using UC-123, Fairchild
"Provider" twin engine high wing carge alrcraft outfitted with 1000 gallon
A/AU5Y~-1 herbicide spray tanks feeding the herbicide mixture to three spray
booms mounted externally on the wings and the back of the fuselage. The
aircraft were used to spray herbicides Orange, Blue, and White over forested
and crop-growing areas of Vietnam., Herbicide missions usually varied from
one to six alrcraft disseminating the herbicide at an altitude of approxima-
tely 150 feet at an airspeed of 130-140 knots. The herbicide swath path
width, based on flight grid testing, was 260 + 20 feet for one aircraft.

The spray path length to exhaust the 1000 gallon tank was 14 kilometers or
8.96 statute miles. The herbicide was pumped out of the spray booms by a
28hp. pump which produced a pressure of 60 psi giving a flow rate of 280
gallons/minute. This produced a coverage of 3 gallons of herbicide per
acre. In the event of engine failure, the herbicide could be released
through a manually controlled 10 inch diameter dump valve in the hottom of
the tank. A filled tank (970 gals) could thus be dumped in 30 to 60
seconds.

1. Operational Conditions Affecting Herbicide Deposition and Dioxin
Decay

a. ‘The A/845Y-1 tank could not be filled to full capacity and
operate effectively, hence the spray tank was usually filled to 970 gallons
of herhicide,

b. Herbicide released at an altitude of about 150 fleet at a speed
of 130 knots from the C-123's experienced an evaporation of approximately
13% before impacting on the upper jungle canopy. Hence, 970 gallons less
13% evaporation and dispersion gives 843.9 gallons on the canopy.

c. Of the 87% of the remaining herbicide impacting on a triple-layer
Jungle canopy, tests indicated that 814 of the herbicide was deposited on
the top of the upper foliage. On an average, about 21% of the total spray
penetrated the very top canopy and about 6% of the total penetrated to
ground level. Percentage penetration remained relatively constant for drop
densities greater than about 100 per square inch. Spray drops having mass
median diameters (MMD's) of 400 to 500 miecrons would approximately equal 100
drops per square inch. The A/AU5Y-1 spray booms produced droplets primarily
in the size of 367 MD's. However, the percent spray penetration through
forest canopies was inversely related to canopy density,
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d. Evaluation tests of the C-123/A/AU45Y-1 Spray System found that
in mass distribution studies (following aerial dissemination) 87% of the
herbicide Orange intercepted by collecting devices had a mass median
diameter between 100 and 500 microns.

e. Herbicide was disseminated at the rate of 3 gallons per acre.
Because dense jungle areas contained as much as 300 tons of vegetation per
acre the three gallons was the minimmn efffective volume to produce
defoliation.

f. In the case of aborted missions which required emergency dump
valve use, the alrcraft altitude varied from just clearing the runway at
© take-off to 5 to 6 thousand feet of altitude. Several dumps occured between
2000 and 3,500 feet. One dump caused damage to trees and crops in a one
kilometer area, another covered an area one kilometer wide by two to three
kilometers long. The distance covered with the dump valve open should be
approximately 1.12 miles in a straight flight path at cruising speed of the
aircraft hence the observed length of 2 to 3 kilometers for severe foliage
damage appears reasonable. However, since hydrostatic pressure above the
dump valve progressively decreased as the herbicide in the tank cleared the
aireraft, a "trail-off" in herbicide ground concentration would be expected.

2. Envirormental Conditions Affecting Herbicide Deposition and Dioxin
Decay

a. Herbicide spray deposition was most effective under inversion
conditions, Hence, Ranch Hand missions were usually flown in the early
morning hours to take advantage of favorable weather conditions. The
misgions were cancelled if the ground temperature in the target area
exceeded 85 degrees or if the surface winds were greater than eight to ten
knots. Higher temperature (»85') could generate thermal updrafts which
could cause the spray to rise and be less effective. High winds ( 2 10knts)
could widen the sprayed area and cause reduced herbiclde damage to nontarget
areaz (e.g. garden plots, rubber trees).

b. Some few missions were flown just at sundown, providing wind and
temperature on target were within acceptable parameters.

c., Experimental night missions using flares from an aircraft above
(C-U7) to provide illumination were tried but were soon abandoned because of
the low altitude night flying hazards and shadow effects.
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d. Wwhenever possible, if target conditions permitted, the early
morning flights would come in with the rising sun directly behind them to
make it more difficult for ground troops to shoot into the sun. Similarly,
sundown missions came in from the west with the sun at their backs if
possible,

e. Defoliation was most effective during the most rapid growing
season which was in the wetter periods of the year. Defoliation was much
less effective during the dry season. Therefore, the floor of the jungle
under herbicide missions was usually very damp and the ambient humidity was
high.

f. In the case of unfavorable cross-wind (to the flight line)} con-
ditions at a velocity of 9 knots, it is possible to have lateral dispersion
of herbicide fram the spray path even at a release altitude of 150 feet.
Flight tests were conducted on the completely open (no foliage) test grids
at Eglin Air Force Base, using operational aircraft/tank systems with pro-
duction herbicides. Spray droplets of Orange 100-microns *in diameter
require 2 minutes to fall a distance of 150 feet., With a 9 knot crosswind
the 100-micron drop of Orange will be laterally displaced 1594 feet (.4%km).
A 300-micron drop will be shifted 183 feet from the line of delivery.
However, at Bglin the droplets of less than 100-microns in size constituted
only 1.88 mean percent of the recovered herbicide. One hundred to five
hundred micron droplets constituted 76.24 mean percent. The percent of
total mass of the herbicide disseminated in 100 micron or less droplets was
0.79%. In a worst case situation a very small (0.01%) percentage of
droplets of 50-microns MMD could have a lateral drift of 6,597 feet (2.01lkm}
in a 9mph crosswind from the flight line. The disposition from droplets
less than S0-microns in size would be negligible, amounting to 0,0012
gallon/acre for a six aircraft (5820 gallons sprayed) mission.

g. Foliage within the triple canopy retained approximately 793.3
gallons of herbicide Orange for each Ranch Hand sorte (Para I.A.l.c.).
Since the Orange mixture was oily and essentially non-soluble in water it is
postulated that the oily nature of the herbicide assisted penetrating the
waxey leaf surface coatings. This enhanced absorption and transport of the
herbicide into the tissues of the leaves. This is apparently the case as
when rains occurred within an hour after spraying the trees were later
effectively defoliated and apparently the residual oily herbicide was not
rapidly washed off by the rain. It is also reported that the 2,4,5-T also
served as a good hydrogen donor for the photolytic destruction of TCDD to
the less toxic tri and dichlorodioxins. Warm temperatures that are not

*Smaller than 100-micron droplets (width of human hair) cannot be seen with
the unaided human eye.



e

excessive and high humidity as found in the jungles of Vietnam actually may
have enhanced Orange absorption into the leaves. Once the Orange containing
the TCDD had entered the leaf tissue the sunlight could still penetrate the
surface, and continue the dechlorination of the TCDD until the dessication
and browning of the leaf structure takes place about a week after initial
application. An extremely small amount of TCDD would remain after a weeks
exposure to sunlight with a half-life of 2 hours under such circumstances.

h. Orange effects on jungle canopies (mixed woody vegetation)
resulted in a browning and discoloration of the foliage within a period of
one to two weeks. Subsequent leaf drop occurred over a period of cne to two
months, Under tropical conditions, maximum defoliation occurred two to
three months after the spray application. Defoliation in tropical forests
persisted for four to twelve months or more. Hence, the herbicide Orange con-
taining the TCDD fraction would have been retained in the attached leaves in
the upper forest canopy areas for at least one or more months thus pre-~
venting immediate dioxin contamination on the floor of the jungle forest,
Entrapment of the herbicide Orange and dioxin in these still attached leaves
provided an extended period of at least 30 days for photolytic decay of the
TCDD to less toxic dioxins,

i. Environmental factors acting in the case of an emergency
herbicide dump are many and varied. A lapse rate *and winds could signifi-
cantly affect the dissemination pattern of such a large volume release of
the herbicide. Unfortunately no published test results conducted over a
test grid of an intentional emergency dump have been found. Because of the
uncontrolled nature of the release through the 10 inch dump valve there was
no control of droplet size, a wide stream of herbicide would enter the
130-150 knot airstream and be sheared into a broad spectrum of droplet
sizes. Depending on the wind conditions at the location of the abort, and
the height of release, droplets less than 100 MMD could be carried
considerable distances. However, on the positive side, prolonged droplet
travel time in the air before impacting foliage or earth would provide more
time for vaporization together with an extended time for photolytic decom-
position of the TCDD in the droplets. The probability for such decay, of
course, would be best for early morning abort dumps with clear weather
conditions. Herbicide dumps above 5000 feet probably resulted in very
little or no agent reaching the ground, because of evaporation and great
dilution and dispersion of the surviving droplets.

*Lapse rate: The rate of decrease of atmospheric temperature with increase
of elevation vertically above a given location.
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B. Perimeter Spraving of Fire Bases and Base Canps.

The primary purpose of this type of defoliation was to deny enemy
troops the use of jungle growth for cover when approaching our defensive
enclaves. These defensive fire zones extending out from fire base perime-
ters could vary from one hundred to three hundred yards depending on the
surrounding terrain and undergrowth conditions. This "no man's land" had
limited access routes and often contained mutiple hazards to infiltrating
troops such as fixed land mines, concertina wire, claymore mines, and fire
barrels with explosive charges. Hence, in certain defensive networks it was
unsafe to defoliate by the use of ground vehicles or on foot because of the
land mines and trip wire mines. Because of the luxuriant growth of the
grasses and other tropical foliage, perimeter defoliation had to be
accomplished on a fairly regular basis~every five to six weeks-lest the
clear fields necessary for raking fire and early detection of intruders
would be quickly overgrown by weeds and grasses. Herbicide Blue (Cacodylic
Acid) was considered by many as the defoliant of choice because of its rapi-
dity of action and consequent quick killing within a few days of application
with maximum defoliation within two weeks or so. Blue contained a pen-
tavalent organic arsenic and was mixed in the field with water. However,
many times Blue was not available in the supply channels so Herbicide Orange
and White were substituted and routinely used for perimeter spraying.
Unfortunately the Brmy field records of perimeter spraying operations do not
always list the exact herbicide used, even though they do describe the rest
of the operation in excellent detail. Approximately 600,000 gallons of Blue
was used around perimeters of bases between 1965 and 1971. It has been
estimated that only two percent of Herbicide Orange {about 233,000 gallons)
was used for base perimeters, cache sites, waterways and communication
lines. This value may be low since the Ranch Hand values for gallons
sprayed may have been excessive since the tanks (1000 gal) could not be
filled to capacity (shy as much as 50 gals/tank). Approximately one percent
of all of the Herbicide White shipped to Vietnam was estimated as being used
for perimeter defoliation. This amounted to about 56,300 gallons of White.
White was the least desirable herbicide to use for perimeter clearing and
defoliation as its action was very slow-several months for complete action—
and very gradual.,

Perimeter spraying was accomplished by the use of several types of
delivery modes ranging from helicopters carrying 400 gallon tanks to an
individual soldier using a 2% gallon garden type back-pack hand sprayer.
Each of these application techniques will be discussed from the aspects of
their particular operational and environmental conditions and factors.

1. Helicopters.
Helicopters spray dispensers consisted of several types. The
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first to be used for defoliation applications was the Navy developed HIDAL
system which was originally designed to spray insecticides. The HIDAL
apparatus consisted of a 200 gallon cylindrical fiberglas tank placed
inside the H-19 or H-34 helicopter cabin, an electrically driven pump
cabable of delivering 25 gal/min and two spray booms 25 feet long that
extended out and back from the fuselage in a delta design. Each boom was
equipped with 21 spraying teejet nozzles capable of delivering 0.6 gal/min
of water at 40 psi pump pressure. As far as can be determined only six
units were kept operational for herbicide spraying.

System reliability of the HIDAL system was a reoccurring problem under
field conditions. The unit spraying Purple (contained 2,4,5-T) could pro-
duce sprays with a MD of 365 microns in swath widths of 150 ft. wide with
deposits of 1.5 gal/acre when flown inwind at 55 knots at an altitude of 100
feet.

The value of defoliation in denying cover to the Vietcong around fire
base perimeters quickly became apparent and as a result a number of jury-
rigged spray devices for use in helicopters were assembled and used by our
troops in the field. One such field expedient spray system consisted of a
55-gal drum, a pressure unit from a portable flame thrower, connection
hoses, and a length of pipe with drilled holes as a spray boom. The unit
could be installed easily in a UH-1B or UH~ID heliocopter without modifica-
tion of the aircraft. The spray boom was tied to the rear skid struts. The
unit worked fairly well and was recommended for interim field use. Another
field improvised system consisted of two 55-gal drums welded together end-
to-end; a frame was affixed to the bottom for tie-down; large (6 to 8 inch)
open tubes were fastened to the top on each end of the tank and were angled
out of the helicopter doors inte the airstream and served as ram orifices to
complement gravity flow of the chemical through the spray boom tied to the
skids of the helicopter. Another unit utilized a 400-gal engine shipping
container in a large CH-47 helicopter with a long boom fastened to the cuter
edge of the aft cargo door; flow of the herbicide was by gravity feed.

Late in 1967 another vegetation-control spray system was added with the
purchase of eight UH-1B/D Agrinautics spray systems. These initial units
were extensively tested in Vietnam in 1968 and then 21 more units were
ordered after successful testing. This Agrinautics system was self-
contained and was suitable for use in the UH-1B and UH-1D Army helicopters
and the US Navy UH-1E and Air Force UH-1F helicopters., The unit could be
installed or removed from the helicopter in a matter of minutes as it was
"tied down" to installed cargo shackles. The spray system was orginally
designed to spray insecticides and six units were initially used by medical
troops in Vietnam in 1966 to spray for insect control. The unit was
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modified to disseminate herbicides and was designated as the Model 3090-2.
The system employs a six bladed windmill pump drive, spray booms with
nozzles, a tank and support structure, and a mechanically operated valve
control. The epoxy tank holds 200 gallons. The windmill pump has
adjustable blade angles from 10 to 90 degrees. The spray boom is a little
over 32 feet with nozzle locations every 4 inches. The tank can hold 195
gallons. Contractor tests showed that at an airspeed of 50 knots at 50 feet
attitude, Orange was deposited in a 100 foot swath at a rate of 2.5
gal/acre. The MDD of the spray approximated 300 microns. Users in Vietnam,
however, had problems in achieving flow rates of both Orange and Blue which
were adequate to provide defoliation in one pass.

a. Operational Condition Affecting Herbicide Deposition and Dioxin Decay

(1) Information is sorely lacking concerning herbicide dissemina-
tion characteristics such as droplet size, flow rates, deposition
(gals/acre) rates and swath widths produced by the jury-rigged field-
assembled spray systems used in the Huey helicopters., These systems were
non-standard and efficiencies in the dissemination of herbicides must have
varied considerably. Certain units which depended on gravity or gravity and
ram air feed of the herbicide would have progressively decreasing flow rates
as the fluid level decreased. Those pressurized by pumps of scme sort or
other no doubt produced more uniform spray volumes over the prescribed
flight path.

(2) The HIDAL system did undergo spray test calibration trials in
1962. The spray system was tested at attitudes of 50, 75, and 100 feet.
Solutions tested were: (1) Purple (50% n-butyle 2,4-D, 30% n-butyl 2,4,5-T,
and 20% iso-butyl 2,4,5-T). (2) A nix of 2 parts fuel oil and 1 part
Purple, and (3) fuel oil ($2 diesel). All three solutions were sprayed at
the same rate, namely 24 gallons per minute., The pump pressures were as
follows in psi: (1) Purple-34, (2) mix-32, and (3) fuel 0il-3l. The test
flight speed was set at 50 knots (57.5 mph) forward wvelocity. The calibra-
tion test program involved 40 flights over the test grid area. One
important aspect of the program which was not realistic under field con-
ditions was the requirement that all calibration flights be flown into the
prevailing wind. Droplet sizes produced in MMD (microns) for the test
solutions were as follows: (1) Purple-348, (2) mix-265 to 273, and (3) fuel
0il-235 to 265. The following calibration data for the HIDAL system for
herbicide Purple was achieved:
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Table I
Total Swath Width Approximate Gallons
Spray No. of Swath Per Acre Rates (ft).
Altitude (ft). Flights (ft.) 0.5GPA 1.0 GPA 1.5.GPA
100 5 Max 880 320 160 120
Min 440 160 20 0
X 588 248 108 44
75 5 Max 1020%* 440 280 140
Min 440 220 100 20
X 724 304 160 80
50 4 Max 500 240 140 120
50 4 Max 500 240 140 120
Min 320 220 120 20
X 415 225 135 85

*It is interesting to note from the above table that a wider swath width was
chtained at 75 feet altitude than at the higher altitude of 100 feet. This
consistently appeared in the 5 trials in both cases as the mean is also
wider at 75 feet altitude. This probably results from the donut shaped vor-
tex from the rotors coupled with ground effects at 75 feet which are not as
pronounced at 100 feet.,

Perhaps of greater interest are the findings with respect to the com-
parison of swath widths for the purple calibration trials and the percent of
mass of herbicide in each swath. Only the 0.5 gallon/acre deposition are
shown because these encompass the widest swath widths. The differences in
mass of herbicide from 100 percent would thus be expected to have been depo-
sited outside the swath width reported or carried off in a small { 100
micron) droplet cloud. In the following table each of the 14 Purple flight
tests are shown:
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Table II
0.5 Gal/Acre Rate

Test Altitude Total Width

Date (Feet) Swath (ft) {Feet) $ Mass of Herbicide
18 Jul 62 100 440 260 91.1

19 Jul 62 100 660 320 77.5

19 Jul 62 100 880 280 85.0

19 Jul 62 100 520 220 93.3

19 Jul 62 100 440 160 84.9

18 Jul 62 75 1020%* 440 93.9

19 Jul 62 75 520 280 98.6

19 Jul 62 75 540 220 84.6

19 Jul 62 75 660 320 91.1

19 Jul 62 75 880 260 85.0

19 Jul 62 50 420 240 97.1

19 Jul 62 50 420 220 89.9

19 Jul 62 50 320 220 96.1

19 Jul 62 50 500 220 87.1

*In this test the percent recovery of agent equation produced a total reco-
very of 126.7% of actual gallons of herbicide dispensed. Because of this
finding the % Mass of herbicide reported within a swath width of 440 feet at
93.9% may be too high, the value may be closer to 89%.
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(3) In the Agrinautics system manufacture tests were limited. At
maximum pitch setting of the windmill pump (produces maximum pressure)
flying at 50 knots at an altitude of 50 feet, Orange was deposited in a
100~feet swath at a rate of 2.5 gal/acre. The MMD of the spray was expected
to be approximately 300 microns.

(4) The fire bases normally had free fire zones around all sides of
their perimeters, hence perimeter spraying by helicopters had to be
accomplished regardless of the wind direction at the time of flight so long
as the wind velcocity did not exceed 20 knots. Thus a perimeter spraying
flight around the circumference perimeter would pass through a sector in
which the wind was blowing directly from the spray path across the fire
base.,

{5) Perimeter spraying by helicopters was rarely done at altitudes
higher than 100 feet and flights were undertaken only between dawn to dusk
hours. No spraying was undertaken in the rain.

(6) Helicopter spray tank loading at the fire bases and base camps
was strictly under field conditions involving transfer of herbicide Orange
from the 55 gallon shipping drums by hand and machine powered pumps with
transfer to spray tanks by either hoses or by pouring. Spillage was common
as was gross contamination in the loading area. The hoses and their connec-
tions often leaked under pressure and contaminated the spraying helicopter
cabin and external surfaces of the aircraft. Orange was removed by diesel
oil or other organic solvents. The solubility of Orange (as used in
Vietnam) was 580 parts per billion S0 it was essentially insoluble in water.

b. Environmental Conditions Affecting Herbicide Deposition and Dioxin
Decay

(1) One consistent environmental condition that prevails in
helicopter spraying of perimeters is the fact that these protective clear
fire zones were cleared initially by mechanical means such as Rome plowing
or manual cutting and burning of the jungle undergrowth and trees. Thus
spraying was made over areas which lacked any high cover vegetation, con-
sequently the major concentration of the herbicide reached the ground level
foliage without entrapment at higher levels.
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(2) Similarly, the fire hases and base camps because of the
concentration of personnel, equipment and supplies were cleared of trees and
brush, Therefore, aerosol clouds of herbicides could freely pass owver the
firebases without impaction on elevated foliage. The cloud could easily
settle out on populated areas, military equipment, supplies and into
bunkers. The cloud of aerosol could freely penetrate into most of the
buildings, tents, and underground protective shelters. Residual herbicide
within these structures would in many cases be protected from rapid photoly-
tic decay of TCDD and could be picked up on the uniforms and skin of
personnel within these bunkers and tents because of settling of the aerosal
droplets and impingement on fabrics.

2. Ground Spray Delivery Systems

Engineering development of a specific delivery system for the
dissemination of herbicide was never completed and tested before the use of
herbicides was drasticaly restricted. Various dissemination devices
designed originally to disseminate insecticides or for use in chemical agent
decontamination were employed as field expedients for local destruction of
vegetation by herbicides. The four major types used in Vietnam are
described in the following paragraphs. MNone of these units were ever grid
tested for droplet size or dispersion patterns or were they calibrated as to
swath width or optimm gallons/acre delivery.

a. Ground Based Sprayer Systems
(1) Buffalo Turbine

The Buffalo Turbine was conmercially available from agricultural
supply sources and it is capable of spraying either dry or liquid chemicals.
The turbine can be trailer mounted or mounted directly on a light truck or
jeep. One trailer-mounted unit used a 100-gallon stainless steel tank with
internal agitator, a delivery pump, turbine fan, and an air—cooled engine.
In operation, the turbine fan produced a high-volume, high-velocity
airstream which is projected through a somewhat restricted orifice (ducted
fan). Using an available fishtail nozzle, the machine produced an air blast
of a velocity up to 150 mph at 10,000 cubic feet/min volume. The herbicide
is injected into the high velocity airstream and is "shot" at the foliage.
The herbicide is very finely atomized as this unit was originally designed
as an insecticide fogger for mosquito and fly control. Drift of the her—
bicide could be a serious problem. The Buffalo Turbine was chiefly used for
roadside spraying and on base perimeters. No count has been found as to how
many units were in operation in Vietnam.
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{2) Mity-Mite Back Pack Sprayer

This hack pack sprayer was originally shipped to Vietnam as a
device which oould be used to force riot control agents (powdered CS)
throughout Vietcong tunnel complexes, The device developed by the Buffalo
Turbine Co. operated on the same principle as the larger unit described
above. The unit weighted about 22 1lbs. and consisted of a Homelite gasoline
engine, blower assembly, supply tank, discharge equipment, and pack frame.
The tank held 3.5 gallons. The unit will spray one gallon in a minute into
an airstream of 185 mph and 450 cubic feet per minute volume. The unit was
used for limited size areas to control plant growth. No information has
been located on the MMD of herbicide droplets produced by this sprayer.
From the velocity of flow it would be assumed that they would be likely to
produce a fine mist or fog spray. These droplets would probably have a MMD
around 100 microns or less.

{3) Power-Driven Decontaminating Apparatus {(PDDA)

These rather massive self-contained units were designed to spray
decontaminating agents (hypochlorite solutions) for the elimination of toxic
chemical agent contamination from vehicles, field equipment and suited
personnel. As was the case with the other ground spray systems, this
apparatus was not designed or specially modified to spray herbicides. It
was pressed into use for herbicides because it was needed to help dissemi-
nate herbicides around firebase perimeters. The unit comes mounted on a
6 X 6 heavy Army truck. Several different versions of these decontaminating
units were in use in Vietam. The tankage capacities might be 200, 400 or
600 gallons. The larger models had power take—off-driven pumps capable of
delivering the herbicide liquids at the rate of 35 to 60 gal/min at pump
pressures up to 800 lbs/square inch. The delivery of the herbicide was
through two hoses, with adjustable nozzles located at the rear of the unit,
In the decontamination role, fan nozzles were utilized to provide a wider
sheet of fluid delivered for wash down of vehicles, these nozzles produced a
finer spray than an ordinary adjustable fire fighting nozzle. From f£ilm
footage made in Vietnam of PDDA herbicide spraying, the fire hose nozzles
were used because they were capable of projecting the herbicide for a much
wider lateral distance from the truck. To increase this range as much as
possible the hose operater would sometimes ride atop the big holding tank to
get as high as possible. With these high pressure hoses it was estimated
from the films that the stream would go about forty feet laterally from the
side of the truck.
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{4) Back~Pack Garden Sorayer

Limited use was also made of the common pump pressurized 2% gallon
home garden sprayer for weed control and defoliation in very limited areas.
The units were essentially the same as those sold here in local hardware or
garden supply stores. The spray pressure was low and the spray projection
controlled by the screw-on nozzle was not over 15 feet in a steady stream.
The spray operator was probably the most likely exposed from loading the
tank and in doing the spraying. Use of these units is very poorly docu-
mented as it was considered s0 unimportant. Since the spraying from these
units was so very close to the ground, downwind travel of any fine droplets
woutld be minimal, probably less than 100 feet. There would be, however,
some risidual contamination on the sprayed foliage.

b. Operational Conditions Affecting Herbicide Deposition and Dioxin
Decay for Ground Based Sprayers

(1) It should be noted that none of these ground based systems
discussed above were designed or redesigned for optimum spraying of her-
bicides such as in the case of the Ranch Hand spray booms and nozzles. On
the contrary, two delivery systems were first developed to spray insec-
ticides at very fine droplet sizes. The other high volume unit, the PDDA,
was developed to provide a wash down of equipment by a chemical agent decon-
taminating solution. Therfore, the distribution of the droplets size
spectrum could have been much broader with a higher concentration of the
herbicide being found in the smaller ( 100 micron) size droplets. Hence,
downwind drift could have been extensive because of the lower settling rate
of the smaller droplets coupled with the ground effect bounce.

(2) Spraying by ground units was often done by non-chemically
trained ordinary infantry personnel given the job as extra duty. Little
supervision was given concerning how spraying was to be accomplished,
Vietnam film footage shows PDDA trucks moving slowly along the perimeter
line of the firebase literally hosing down vegetation with a heavy fire hose
stream of herbicide. As the operator swept the hose back and forth side
spray and droplet breakup could be seen as the hose was pointed crosswise of
the wind. The hose operators usually wore T-shirts and fatigue pants. No
head covering, no masks or gloves were worn. The PDDA units, because of
their hose range and high pressure, were capable of projecting the herbicide
safey into perimeter mine fields and along the sides of roads for a con-
siderable distance with one pass of the truck using both delivery hoses.
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(3) Sprayer operations by ground units were undertaken during
daylight hours because of the need to see if coverage was adequate.
Regrowth of wegetation to a height which could offer concealment to crawling
troops was the major determinant as to how often the perimeters should be
resprayed. The respray cycle turned out to be about every five weeks.
Depending upon availability in supply channels different herbicides could be
used for each respraying cycle. In some cases dried herbicide treated vege-
tation was resprayed by PDDA's using diesel oil and then ignited to produce
a scorched earth effect. This may have created a further airborne dioxin
hazard, carried up by the combustion gases.

¢. Environmental Conditions Affecting Deposition and Dioxin Decay for
Ground Baged Sprayers

(1) Lapse rate or inversion conditions were immaterial to the
soldiers assigned to accomplish perimeter or road spraying. So were wind
conditions unless the spray could not be delivered effectively on the vege-
tation. Drift towards our forces was not considered to be important unless
friendly Vietnamese garden plots were close bw.

(2) Because the perimeter cleared areas had to be always kept free
of vegetation, spraying was routinely done during the dry season when dusty
conditions were present. These conditions could therefore enhance con-
tamination by secondary aerosal effects of residual TCDD containing dust.

II. Proposed Agent Orange Exposure Indexes

A. Ranch Hand Spray Missions

Herbicide droplets when released from an aircraft in flight may drift
laterally form the ground track of the aircraft. The factors which affect
this spray drift include the following:

(1) Droplet size.

(2) Specific gravity of the herbicide.

(3) Evaporation rate.

{4) Height of release above the terrain.

(5) Horizontal air movement.

(6) Vertical air movement

(7) Temperature.

(8) Humidity.

(9) Aerodynamic forces caused by the aircraft.
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Of these factors, droplet size, height of release, and air movement
(vertical and lateral)} are the most important factors in this complex
interaction.

As gtated earlier (I.A.2.£.) a 100 micron droplet of Orange was carried
in a 9 knot cross wind a lateral distance of 1594 feet from the aircraft
flight track. These 100 micron or smaller droplets constituted 1.88 mean
percent of the disseminated herbicide load. It has heen calculated that
droplets ranging from 50 to 70 microns constitute only 0.09% of the her-
bicide volume; however, these droplets (50 microns) would travel 6,597
feet (2.0lkm) laterally in a 9 knot crosswind. One single aircraft (C-123)
dispensing Orange in a 9 knot crosswind would produce a rate of deposition
for these 50 to 70 micron droplets of 0.0002 gal/acre at a lateral distance
of 2km. The time to fall from 150 ft. release altitude for 50 and 70 micron
droplets would be 8.33 minutes and 4.17 minutes respectively.

If field troops were within a downwind distance of two kilometers from a
six aircraft Rand Hand spray mission within approximately 9 minutes of the
flight these personnel could be possibly exposed to a herbicide con-
centration of 0.032 gal/acre/single sorte or 0.192 gal/acre for a six
aircraft mission.

After dissemination, the abowve described quantities of Orange are depo—
sited on leaves, grass or directly ontc the surface of the soil. Since the
major preponderance of Ranch Hand missions took place shortly afte dawn, the
TCDD contained in Orange would be subjected to photolytic decay by sunlight.
The photodechlorination of TCDD at positon 8 to produce 2,3,7-tri CDD in
sunlight in the presence of a hydrogen donor (2,4,5~T is a good donor)
decreases the toxicity by 10,000 times. This detoxification reaction is
reported to proceed three times faster at 30°C. {mean annual daytime
temperature of Saigon) than at 23°C. Under sunlight conditions TCDD con-
tained in herbicide has been found to have a half-life of 2 hours on leaves.
Because of less light reaching grasses the half-life here has been found to
be as long as 6 days, while in two types of soil the half-life was estimated
at about one year.

Therefore, by sundown of the day of a dawn spray mission the remaining
dioxin on leaves would be 3.125% of the concentration deposited at 0800
hours. Approximately 90% of the dioxin on grasses would have persisted and
almost all of the dixoin on the soil would remain. By the end of the second
day after spraying only .049% of the dioxin on leaves would remain, a little
over 80% would persist on the grasses and again almost all of the dioxin
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would still be on the soil. At the end of the sixth day post-spraying the
dioxin in the grasses would be 50% of the initial ooncentration, and that in
the soil at about 98% of initial concentration.

In order to be able to estimate residual dioxin contamination in these
downwind areas up to 2 kilometers from the spray line it is necessary to
make a reasonable assumption as to what fraction of the drifting herbicide
was deposited on the leaves of trees, grasses, and directly on the surface
of the soil. Impaction studies on a triple canopy jungle by Ranch Hand
spray missions found that 81% of the herbicide was deposited on the foliage
layers. To compensate for less dense canopies in the downwind draft area
we might assume that 60% of these small drifting droplets impacted and were
retained on the leaves. Then 30% would be deposited on grasses with the
Ilast 10% falling to the surface of the soil. This same relationship of 60%
impaction on the leaves of trees would alse probably occur on areas
receiving a second repeat spraying by Ranch Hand aircraft where the highest
layer of the triple canopy forest had already been defoliated four to six
weeks earlier. In the case of a third spraying of the same area by Ranch
Hand aircraft after defoliation of the top and secondary layers, the deposi-
tion rates then would more likely be 40% impaction on the lower level tree
leaves, 40% on the grasses and lower thickets in the forest and 20%
impacting on the surface of the soil., These concentrations of residual
contamination would have to be added into the final calculation of exposure

opportunity.

To relate potential individual exposures under various herbicide disse-
mination situationg, (e.g. Ranch Hand vs. abort dumps vs. ground spraving)
it is necessary to develop a common residual concentration of existing TCDD
with respect to given distances from the source of spraying and specified
periods of time at these distances from the spray source. The final expo-
sure probabilities presented in this paper will be based on this rationale.

To establish such a basis in the case of Ranch Hand spray delivery
systems we need to calculate the maximum amount of TCDD which could be depo~
sited on each square meter of surface area underneath the aircraft swath
path. Therefore based on a swath width of 280 feet (85.344 m) times the
distance sprayed per 970 gallon tank of 14 km we derive an area of 1,194,760
m¥, This area divided into 970 gallons gives a concentration of .0008118
gal/m*. There were 10.7 1lbs of herbicide esters (containing TCDD as a con-
taminant) in each gallon of Orange. Therefore, .0008118 gal/m# times
4853.4384 gms of herbicide esters/gal equals 3.94 gms/m* of herbicide ester.
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And since the weighted mean concentration for all Orange sprayed in Vietnam
was 1.98 ppm for TCDD the expected initial contamination of TCDD/m AQirectly
in the swath path area would be 3.94 gm/m® of herbicide esters times
.00000198 (concentration of TCDD) or .000007801 gm/m2 (7.80 micrograms/m?%)
of TCDD. Under a triple layer canopy only about 6% of this TCDD con-
centration 14 penetrate to ground level where troops might be, hence 6%
of 7.8 X 10°%/sq meter would be 4.681 X 10~Tgms/sq. meter.

Table III below presents the immediate concentrations of TCDD found at
distances of one and two kilometers from a single Ranch Hand aircraft spray
track with a 9 mph cross~wind to the spray path.
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Table III
(1) @ (3) (4) (5)
Distance Droplet size Conc. of Orange Amount of Concen-
from spray track range (1 aircraft) at herbicide tration of
(km) (microns) col. 1 distance esters
deposited TCDD
(gal/acre) (gms/m ) (gms/m )
1 70-100 .032 .0384 7.603 x 10”°
2 50-70 .0002 .0002398  4.749 x 107"

If the spray mission consisted of six aircraft instead of one , the
values in columns (3),(4), and (5) would be multiplied by six for an
approximation of the downwind concentrations of Orange, herbicide esters,
and TCDD at 1 and 2 kilometers, respectively.

The concentrations of TCDD shown in Column (5) of Table III are the maximum
amounts that could be present per square meter with no photodechlorination time
allowances. In other words, the TCDD released at the moment of spraying
from the C-123.

The amounts of TCDD present per square meter in Table III are not differen-—
tiated by the surface on which it impacted. The impaction surfaces are important
because the photodechlorination half-life values for TCDD vary appreciably as
discussed earlier. Table IV below presents the estimated amount of TCDD depo-
sited on leaves, grasses, and =0il per square meter of area at distances of 1 and
2 kilometers from the spray path with a 9 mph crosswind., The TCDD values do not
account for any photolytic decay having taken place. Decay factors for TCDD will
be included later in Table V.

Table IV
(1) (2) (3)
Impingement Percent of amount of TCDD deposited (gm/m2)
Surface Orange Deposited on Col (1) surfaces at distances
on surface of:
1 km 2 km
Leaves 60 4.5618 x 10 2.8494 x 1000
Grasses 30 2,2809 x 107 1.4247 x 10

Soil 10 .7603 x 1078 4749 x 1019
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The quantities of TCDD (gm/m*) which remain on the three types of
surfaces after a series of days post-deposition decay have taken place at
two distances from the spray path are shown in Table V.

Table V

(1) (2) {3)

TCDD Half-Life Distance

(4)
Amount of TCDD (gms/m") remaining
on Col(l) surfaces after elapsed time
(days) as shown for each distance from

on Col (1) from spray spray line
Impingement surfaces line (a) (b) {c)
Surface (time) (km) End day 1 End day 2 End day 6
Leaves 2 hrs. 1 1.426 x 10:|1 2.235 x 10'_'.:‘3 0.0
2 8.904 ¥ 10 1.396 x 10 ~0.0
Grasses 6 days 1 2,087 x 10"_?,0 1.893 x 10"_3,0 1.1405 x 10:“
2 1.3036 x 10 1.1825 x 10 '~ 7.1235 x 10
Soil (surface) 1 yr. 1 7.603 x 10':]" 7.603 x 1°:TI 7.565 x 10/
2 4.749 x 10 4.749 x 10 4.725 x 10

Columns {4) {a),(b), and(c) of Table V can now give us the total

residual concentrations of dioxin at the
at 3 progressive time intervals.

two distances from the spray track
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These values are for comparison purposes presented in Table VI following:
Table VI

{(3)
Amount of TCDD (gms/m#%)

{1) remaining on surfaces
Lateral Distance (2) after indicated days of
from spray tract Impingement elapsed time since spray
(3 mph wind) in km. Surface mission
End Day 1 End Day 2 Erd Day 6
1.0 Leaves 1.426 x 1@_3 2.235 x 10“'; ~0 g
Grasses 2.087 x 10_. 1.893 x 107 1.1405 x qu
Soil 7.603 x 10 7.603 x 10~ 7,565 x 10~
Total (TCDD): 2.9899 x 10-8  2.656 x 10-8 1.897 x 105
2.0 Leaves 8.904 x 10700 1,396 x 108 ~o0
Grasses 1.3036 x 10 i 1.1825 x 10 7.1235 x 10 "
Soil 4.729 x 10" 4.794 x 1070 4.725 x 10

Total (TCDD) 1.868 x 10 —1° 1.663 x 10 ~1° 1,185 x 10—®

The above final values are derived from one C-123 spray mission releasing
970 gallons of Orange over a distance of 14 km. The final values should be
multiplied by the number of C-123's taking part in the mission.
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B. Massive Herbicide Orange Abort Dumps

The Ranch Hand Herbicide Dump Letter Reports indicate that dumps
took place at altitudes as low as 150 feet and as high as 7,500 feet. In
some cases herbicide damage area maps are also included with the reports to
further establish the region affected on the ground with the agent. To
determine the number of release altitudes upon which calculations need to be
made for lateral herbicide dispersion from the aircraft and hence the ground
fallout, a survey was made of the Services Herbs Tape to enumerate all her-
bicide dumps from 1 April 1966 through 31 March 1969. This allowed for a
six months look-back beyond the time window of the Agent Orange Study
{1 Oct 66 - 31 Mar 69) to include residual dioxin contamination for six
months prior to the survey period for earlier herbicide dumps in the III
Corps area.
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Tehle VIT
Release Wird
Releage Altibde Direction Speed Temp Gallors Coordinates Rarerks
Date Time  Speed Koig) (Fect) Degrees)  (Kots) {(F) Daped  Fram ™ m st
620111 (740 140 150 Var 5 B 90 XSI0580  XIS3060 2 on target
670301 (900 135 156 Calm Calm 72 A0 X1575365 -
60711 0618 160 300 220 6 L) 500 XI9901.36 - orr nrwey at Bien Hna
6724 105 160 150 Calm Calm il ok XE365808 - orer target
680106 1015 160 3,500 50 8 Uk 970 YS015912 - oxr Dorg Mai River
680426 (700 160 4,500 20 10 Uk 90 XT790150
681107 1105 160 4,200 40 5 82 970 YI215380 YIOB0230  sorayed at mex pressure
681107 1120 160 5,500 40 10 2 90 YIOL107A) — ¥1540630
690325 0735 160 3,500 0 Uk Uk 9”0 Yi980020 srayed ad then dmped
Crach
661031 Maming Uk Grand Uk Thi Uhk 1000 X163749
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The third listed herbicide Orange dump (670711) started right after
take—off at the end of the main runway of Bien Hoa when a C-123 lost one
engine and started dumping at very low altitude. This is a well documented
dump which released 500 gallons over the confines of the air base before the
aircraft circled around and made an emergency landing still discharging
Orange. The remaining eight dumps are less well documented and in two cases
it appears that the herbicide may have been jetisoned by means of the spray
system for part or all of the release rather than through the 10 inch dump
valve.

Altitudes of release are most important in any calculations concerning
herbicide ground contamination area and downwind herbicide spread patterns.
Excluding the dump at less than three hundred feet over Bien Hoa which is
well documented we have 5 primary altitudes (150, 3,500, 4,200, 4,500 and
5,500 £t} to incorporate in the calculations. Certain assumptions have to
be made concerning the ground track distance covered by the aircraft from
the moment that the dump valve is opened to the end of the release of all
of the herbicide. In over-water flight tests at Eglin AF Base a series of 8
dump tests were accomplished filling the tank with 950 gallons of water and
the dumping time for three-fourths of the fill was determined. The average
time required was 35.5 seconds with a maximm deviation of + 2.7 seconds.
When orange was used instead of water the dump time was 1 second longer in
static testing. Therefore about 712 gallons of Orange would be released in
36.5 + 2.7 seconds. To exhaust the entire load of herbicide would probably
take another 12 to 15 seconds, hence the final dump time for a full load of
Orange on the high side would be about 54 seconds. An aircraft flying at
160 knots would cover 2.4 nantical air miles or 4,444.8 meters in 54
seconds. One dump test at Eglin included methylene blue dye in the water
fill to determine aircraft contamination during the dump and photos were
taken of the aircraft while dumping. The dye test showed heavy con-
tamination of the lower fuselage and on up to the horizontal stabilizer.
Photo coverage showed a vertical "rooster tailing" around and behind the
aircraft fuselage. The engine propeller vortex probably added to this
"rooster tailing”.



24—

Since the release distance to dump the load was 4,444.8 meters and 970
gallons was the load, then 0.2182 gallons would be released per meter tra-
veled at a constant rate of release. Without specific information many
assumptions will have to be made on an educated guess basis predicated only
on the observed field effects of a single aircraft dumped load.

Another possibility for a slightly more accurate dump area ooverage pre-
diction could be obtained by reviewing abort dumps which caused significant
crop and tree damage over friendly occupied areas. In these cases ground
surveys would have been undertaken to establish the boundaries of herbicide
damage to review claims from local farmers for payment of crop damages. In
one recorded case the damage area was approximately one square kilometer.

In another, the area was one kilometer wide and between two and three kilo—
meters long. This area of significant crop damage would indicate a deposit
rate of approximately one gallon/acre or more. Some slight damage might
also occur to susceptible crops at a deposit rate of 1/2 gallon per acre.

Further detailed research on the herbicide dumps which caused these two
instances of described damaged crop areas in friendly locations failed to
establish the altitude of the aircraft at the time of dump, its heading, and
the wind velocity and direction. Without these data no reascnable calcula-
tions can made with respect to these or other abort dump situations.

Unfortunately herbicide Orange is considered as non-volatile by physical
chemists because it has a vapor pressure of less than 1 mm of mercury at
35°C. The normal-butyl ester of 2,4-D is approximately equal to No. 2
diesel fuel in volatility, requiring a temperature of 147°C for vapor
pressure to equal 1 mm of mercury. Therefore, smaller droplets less than
20 micrans in diamwber will ot evaparate significantly as they travel
dowwind from a higher altitide soort dmp. They will, however, disperse
aﬂdﬂuhemﬂaec}aﬂasﬂnm:dve]o:ityhueasasaﬂuﬂerlqsem
ditions rather then irversion or neutral weather states, No eveporation
will therefire be fachored into aw of the followirg caloulatias for drift
o provide a worst case sitation.
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To develop cur perspective on the potential drift, rate of fall, and number of droplets per
scquare inch of surface, at a rate of one gallon/acre the following table from World Agricultural
Aviation is presented.

Table IX

Droplet No. of Droplets/sq. Time required Drift distance droplet
Diameter Type of in. at 1 gal/acre of to fall 10 £t. will travel in falling
Microns Droplet spray in still air 10 ft. in a 3-mph breeze

0.5 Brownian to many to count 6,750 minutes 388 miles

5.0 Fog 9,000,000 66 minutes 15,800 ft.

20.0 Wet fog 144,000 230 seconds 1,109 ft.

50.0 9,200 40 seconds 178 ft.
100.0* Mist 1,164 11 seconds 48 ft.

150 342 8.5 seconds 25 ft.

200 144 5.4 seconds 15 ft.

500 Light rain 9 1.6 seconds 7 £t.

1000 Mcderate rain 1 1.1 secords 5 ft.

* (diameter of human hair)

As stated earlier, in the nine abort dumps under consideration as a hazard, we have five dunp
altitudes to consider. These were: 150, 3500, 4200, 4500 and 5,500 feet.
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Using the data for droplet size and time to fall rates we can roughly
calculate the lateral drift for various diameter droplets at a series of
windspeeds released from the five release altitudes mentioned above. These
approximate values are provided in Table X followings:

Table X
Droplet Release Lateral Drift (in feet) from Release Point
Size Altitude at Wind Speeds shown below:
(Microns) (feet) 5 mph 8 mph 10 mph 15 mph
50 150 3,665 5,864 7,330 10,995
3,550 85,517 136,827 171,033 256,550
4,200 102,620 164,192 205,240 307,860
4,500 109,950 175,920 219,900 329,850
5,500 134,383 215,013 268,766 403,150
100 150 896 1,435 1,793 2,690
3,500 20,922 33,474 41,843 62,765
4,200 25,106 40,170 50,213 75,320
4,500 26,900 43,040 53,800 80,700
5,000 32,876 52,602 65,753 98,630
200 150 228 365 457 685
3,500 5,327 8,523 10,653 15,980
4,200 6,393 10,229 12,786 19,180
4,500 6,850 10,960 13,700 20,550
5,000 8,372 13,394 16,743 25,115
500 150 35 56 70 105
3,500 817 1,306 1,633 2,450
4,200 980 1,568 1,764 2,940
4,500 1,050 1,680 2,100 3,150
5,500 1,283 2,053 2,566 3,850

The above figures may be somewhat conservative as by using a calculation
method employed by Fort Detrick scientists the downwind travel for 50 micron
droplets released at 150 feet in an 8 mph wind would be 6,666 feet and in a
10 mph wind the distance would be 8530 feet while the values in Table X were
5,864 and 7,330 feet, respectively.



=] -

While the potential hypothesized drift distances in the preceeding table
are very long for releases above 150 feet, so also are the times for the
droplets to fall to the ground level. The droplets may remain airborne for
extended periods far above ground troops and hence would pose no con-
tamination hazard until the droplets reach earth or foliage far downwind
from the release altitude. Table XI gives the droplet fall times for
various size droplets released at the altitudes we are concerned within the
nine abort dumps.

Table XI
Release Time to £all in minutes for
Altitude following size droplets
feet 50 Microns 100 Microns 200 Microns 500 Microns

150 8.33 2.05 0.52 0.08

3,500 194,44 47.94 12.02 1.93

4,200 233.33 57.53 14.43 2.32

4,500 250.00 61.64 15.46 2.48

5,500 305.55 75.34 18.90 3.04

Rate of Fall 18 73 291 1,812

(feet/min)

From Table XI droplets above 200 microns have a relatively rapid fallout
time not exceeding 20 minutes., It is a different matter with droplets of
100 microns or smaller falling from altitudes of 3,500 to 5,500 feet. One
hundred micron size droplets will take one hour and fifteen minutes to reach
ground level. At the extreme, 50 micron droplets take about five hours to
reach ground level from 5,500 feet. During this time the TCDD contained in
the droplet will be acted upon by the ultraviolet rays and the 50 micron
droplet concentration of TCDD will have decreased to less than 25% of the
release concentration. The 100 micron droplets will have lost about 25% of
their initial TCDD concentration by time of impact on the ground or grass.

Earlier in this paper it was estimated that during the dump the aircraft
flew a distance of 4,444.8 meters and 0.2182 gallon was released for each
meter traveled. On a time basis the delivery rate of herbicide through the
10" dump valve figures out to be 17.963 gallons per second. The per minute
delivery rate would thus be 1077.77 gallons. As far as can determined from
our literature searches no tests have ever heen conducted at such a massive
release rate at any recorded altitude to determine lateral or downwind
travel from a line source release aircraft.
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The nearest comparable flight tests to an abort situation may be found
in Fort Detrick Special Report 232 dated June 1955. The agent used in these
trials was isoprapyl 2,4-dichlorophenoxyacetate.

The equipment consisted of two US Navy Aero 14A Spray Tanks mounted on the
wings of a U.S., Navy F3D~1 jet aircraft. Each tank held 90 gallons of agent
which could be released at a rate of 100 gallons per minmute. The agent is
released through a fairly large single orifice at the rear end of the thin
bomb shaped wing tank. The release nozzle diameter is about 3 inches. We
still have a disparity in the release amount of one-tenth of the amount
released through the 10" dump valve per minute and an orifice size of about
one—third the size of Ranch Hand dump valve (3" vs 10"). The release speed
for these tests was 180 knots which would be 20 to 30 knots higher than the
Ranch Hand cperational speed. Nevertheless these flight tests can give us a
basis for a fair estimation of the droplet sizes produced from a larger size
release opening at a fairly comparable speed. Table XII provides the
droplet sizes produced at two different flight speeds and the relative per-
centages of droplet sizes collected on sampling plates as provided in Report
$232:

Table XTX
Airspeed Flow Rate Mass diameter, microns
(Knots) {gpm/tank) 25% 50% (MMD)* 75%
180 100 202 273 355
360 135 141 175 231

*Magss median diameter. Of the total mass of droplets collected, 50% is
comprised of droplets less than this size.



~20—

As may be observed from Table XII a doubling of the aircraft speed produced
only a 36% decrease in MMD droplet diameter. Hence a reduction in speed of
17% below 180 knots would not produce MMD droplets significantly larger than
273 microns. Table XII also shows us the 25% and 75% droplet size ranges.
In the case of the 180 knot speed, 25% of the mass of droplets were smaller
than 202 microns in diameter and another 25% of the mass of droplet were
between 202 and 273 microns in diameter. Further, another 25% of the mass
of droplets were at least 274 microns in diameter but less than 355 microns
in diameter. The final remaining 25% of the mass of droplets had a diameter
exceeding 355 microns in diameter.

Report #232 concludes that crosswind missions flown at altitudes of 1500
feet produced an average effective swath of 17,425 feet at a deposit rate of
0.05 lb/acre in contrast to an average of 7,190 feet obtained at an altitude
of 700 feet. The report estimated that a single combined flow rate of 200
gallons per minute at an airspeed of 360 knots can effecting cover 19.35
square miles with herbicide per sortie.

The above concentrations are based on a flow rate of 200 gallons per
minute while the Ranch Hand abort dump rate was 1077.77 gallons per minute
or 5.4 times larger. Multiplying this factor by the deposit rate achieved
in these tests (0.05 lb/acre) produces a new expected concentration of 0.269
lbs of herbicide per acre, or 0.0302 gms/square meter. If the herbicide
used in these tests had been Vietnam Orange rather than a form of 2,4-D we
would have achieved a TCDD concentration of 5,9796 X 10 gms/square meter.

In the absence of any more explicit abort dump data than the information
discussed above the best approximation of each abort appears now to be an
individualized calculation for each of eight aborts which took place during
the time window of concern for the study. These calculations will require
as a minimum the following information:

(a) BAircraft speed, {(b) Aircraft heading, {¢) Altitude of release,

(d) Distance traveled during the dump operation, (e) Wind direction
during release of agent, (£) Wind speed during release, (g) Amount of her-
bicide dumped, (h) Type of terrain under aircraft, and (i) Foliage and
vegitation found in the contaminated zone.

With these items of information, the next step is to determine the
apparent wind vector bearing and apparent wind velocity (if other than 90° to
the flight path) to establish a basis for the herbicide fall-out area. Then
based on the Aero 14A spray trials which gave us approximate mass diameter
distributions of droplets in microns (Table XII) we can assign proportional
droplet mass size ranges. Thus from these trials let us assume that 25% of
the mass of the herbicide dump consisted of droplets less than 200 microns
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in diameter, another 25% were between 200 and 273 microns in size (300
microns will be used in the calculation). A third 25% of the mass of
droplets ranged between 274 and 355 microns ( 400 microns will be used in
the calculation). The last 25% fraction was larger than 355 microns (500
microns will be used in the calculation). Slightly larger calculation
values will be used because of the slower speed of the C123's and the much
larger per second release volume which would tend to produce larger droplet
sizes.

Next each 25% segment of the dumped herbicide will be calculated as to
how far it will travel from the altitude of the dump as affected by the
direction and velocity of the wind. The touchdown point of the cloud from
the release line will be calculated and the width of the droplet sector will
be determined for that 25% mass droplet sector. The time of float of the
cloud from the time of release from the aircraft to the droplet impact with
the ground will be approximated by calculations in order to reduce the TCDD
concentration as a result of dechlorination of the TCDD while in flight to
ground impact. A half-life of 2 hours will be used. Finally, the remaining
TCDD concentration in each of the roughly rectangular droplet fallout zones
will be calculated. To determined the width of these zones it is necessary
to establish the outer limit of the fallout zone where a minimum con-
centration of herbicide would exist, Because of the extremely small mass
concentrations of droplets having a diameter of 100 microns or less, this
droplet fallout line will be used to establish the extreme outer herbicide
concentration. Next, the fallout starting line for deposition of 200
micron droplets will be calculated. The area bounded within the outer limit
line (100 microns) and this line for 200 micron droplets will be calculated
and 25% of the mass of herbicide will assummed to be contained in this zonal
area. This is not absolutely correct as some small percent mass of her-
bicide will travel further downwind in droplets smaller than 100 microns,
however, at this extreme range very little residual TCDD would exist because
of the long travel time, very low settling rates, and extended time periods
for photodechlorination of the TCDD while airborne. Subsequent droplet
fallout lines will be calculated for the 300, 400, and 500 micron size
droplets and the size of these areas will be determined and 25% of the her-
bicide mass value will be assigned to each zone. Detailed one over 50,000
scale maps will be used to determine the foliage and vegetation found within
these contaminated zones. This information will then be used to determine
the destribution of herbicide which impacts on the leaves of trees, on the
grasses, and on the soil surface for later decay calculations of the TCDD.
First, the residual TCDD impacting per each square meter of area {on trees,
grasses, and ground) will be calculated for each of the four droplet size
segment areas as of the day of the abort. Then, the residual TCDD con-
centrations present at any number of days post—abort may be determined.
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A sample calculation will be undertaken on the dump which occurred on
6 January 1968 at an altitude of 3,500 feet over the Dong Nai River. The
wind was recorded at 8 mph at 50° at 1015 hours. The aircraft dumped a full
load of 970 gallons on a heading of 140°., The area for several miles on
both sides of the river consisted of grasslands and marshes. The dump
flight path was estimated at 4,500 meters.

To establish the outermost boundary of the hazard zone, Table X is used
to find the lateral travel distance for 100 micron droplets released at
3,500 feet altitude into an 8 mph wind which is 33,474 feet or 10,202.875
meters. Next, we determine the distance which the 200 micron droplets will
travel before impacting the surface foliage from Table X. This distance is
8,523 feet or 2,597.81 meters. Thus this outermost zone has a width of
{10202.875-2,597.81) 7,605.06 meters and a lenth of 4,500 meters (the abort
dump line) giving an area of 34,222,770 square meters.

The time to fall for 200 micron droplets from 3500 feet is about 12-13
minutes. At 12-13 minutes exposure to light dechlorination approximately
95% of the initial TCDD would impact on the foliage or the concentration
would decrease to 1.9 X 10™® from 2.0 X 10™®. The total mass of herbicide
dunped from the tank would be 4,707,835.52 grams. Twenty-five percent of
the load in the 200 micron or less size range would be 1,176,958.88 grams
dispersed over an area of 34,222,770 square meters in the outermost zone of
contamination., This gives a concentration of Orange of 0.03439 grams per

e meter for this zone. The TCDD concentration would then be approxi-
mately 6.534 X 107° gms/sq. meter.
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The area of impact of this concentration was grassland and marsh hence about 70% of the
herbicide would be expected to impact on grasses with the remaining 309 reaching the soil.
The TCDD decay rate effects for this fallout zone at one, two, six, twelve days and one month
are shown below in Table XTIA,

Table XIIA - Zone §4

Remaining TCDD concentration

on surfaces as indicated

after following periods subsequent
to initial impact on the surface
(gms/sq. meter)

Surface Half-Life 1 day 2 days 6 days 12 days 1 month

Grasses 6 days 4.574 X 10, : 3.796 X 101‘5 2.287 X 10:3 1.144 X 10": 1.487 X 10"2
Soil 1 year 1.957 X 107 1.957 X 10 1.918 X 10, 1.918 X 10, 1.78L X 1073
Total 6.532 X 10® 5,753 X 10" 2,205 X 10-® 3,062 X 10> 1.930 X 10"

To establish the next zone of contamination for 300 micron to 200 micron droplets we
calculate to determine how far 300 micron droplets will travel from the abort line. From
an altitude of 3,500 feet the downwind distance would be 3,795.56 feet. Therefore, the width
of this zone would be (8,523 ~ 3,795.56) 4727.44 feet or 1440.92 meters with a length
again of 4,500 meters. The area of this third zone (300 to 200 micron sizes) is
6,484,156.7 square meters.

The time to fall for 300 micron droplets from 3,500 feet is about 6 minutes. At a 6
minute exposure to light dechlorination approximately 98% of the initial TCDD would impact
on the foliage or the concentration of TCDD would decrease to 1.96 X 107" . Twenty-five
percent of the herbicide load in the 300 to 200 micron range would be 1,176,958.88 grams
dispersed over an area of 6,484,156.7 square meters. This gives a concentration of Orange of
0.1815 grams per square meter for this zone. The initial TCDD concentration would then be
3.557 X 107 gms/sq. meter.
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The area of this zone of contamination was also grassland and marsh, hence again 70% of the
herbicide would be expected to impact on grasses with the remaining 30% reaching the soil. The
TCDD decay rate effects for this fallout zone at one, two, six, twelve days and one month are
shawn below in Table XIII.

Table XIII - Zone #3,

Remaining TCDD concentrations on surfaces as
indicated after following periods subsequent to
initial impact on the surface.

(gms/sq. meter)

Surface Half-Life 1 day | 2 days 6 days 12 days 1 month
Grasses 6 days 2.490 X 10”7 2.067 X 107  1.245 x 167  6.225 x 1% 7.781 X 167
Soil 1 years 1.067 X 10 1.062 X 10 1.056 X 107 1.046 X 107 1.024 X 107

=7

Total 3.557 X 167 3.129 X 10 7 -7

2.301 X 107  1.668 X 10/  1.102 X 10

To establish the second zone of contamination for 400 to 300 micron droplets we calculate
to determine how far the 400 micron droplets will travel from the abort line. From an altitude
of 3,500 feet the downwind distance would be 2115.55 feet or 644.82 meters. Therefore, the
width of this second zone would be (3,795.56-2115.55) 1680.01 feet or 512.07 meters with an
overall length of 4,500 meters. The areca of this second zone (400 to 300 micron sizes) is
2,304,301,72 square meters,

The time to fall for 400 micron droplets from 3500 feet is about 3 minutes. At a 3 minute
exposure to light dechlorination approximately 99% of the initial TCDD would impact on the
foliage, the initial TCDD concentration would decrease to 1.98 X 107, Twenty-five percent of
the herbicide load in the 400-300 micron size range would be 1,176,958.88 grams dispersed over
an area of 2,304,301.72 square meters. This gives a ooncentration of Orange, of 0.5108 grams
per square meter., This initial TCOD concentration would then be 1.011 X lO“gInS/Square meter.
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The area of this second zone was alsco grassland and marsh, hence again 70% of the her—
bicide would be expected to impact on grasses with the remaining 30% reaching the soil.
The TCDD decay rate effects for this fallout zone at one, two, six, twelve and one month
are shown below in Table XIV.

Table XIV-Zone $2

Remaining TCDD concentrations on surfaces as
indicated after following periods subsequent to
initial impact on the surface.

(gms/sq. meter)

Surface  Half-Life 1 day 2 days 6 days 12 days 1 month

Grases 6 days 7.079 X 1077 5.876 X 10 ' 3.540 X 10"  1.770 x 167 2.212 ¥ 10~®
Soil 1 year 3.033 x 16|  3.018 X 107 3.0170 X 10 2.972 X 16!  2.912 X 167"
Total 1.011 X 107  8.894 X 1077 6.558 x 1077  4.742 X 10°7  3.133 X 1077

To establish the first zone of contamination for 500 to 400 micron droplets we refer
to Table X and find that 500 micron droplets released at 3,500 feet will travel 1,306 feet
or 398.07 meters from the abort release line.

Therefore, the width of this first zone (nearest the dump line of flight) would be (2115.55 -~
1,306 ft.) 809.55 feet or 246.75 meters with an overall length of 4,500 meters. The area of this
first zone (500 to 400 micron sizes) is 1,110,375 square meters.

The time to fall for 500 micron droplets from 3,500 feet is 1.93 minutes. At a 2 minute
exposure to sunlight dechlorination approximately 99 5% of the 'I!C:DD would survive. The initial
TCDD concentration on impact with the foliage would be 1.99 X 106, Also 25% of the herbicide
load in the 500-400 micron size range would be 1,176,958.88 grams dlSpensed over an area of
1,110,375 square meters. This gives a concentration of Orange of 1.060 grams per square meter.
The initial TCDD concentration would then be 2.109 X 10~®grams per square meter.
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The area of this first zone was also grasses and marshland, hence again 70% of the herbicide would be
expected to impact on the grasses with 30% reaching the soil. The TCDD decay rate effects for this first
faliout zone for the previcusly used time intervals are shown below in Table XV.

Table XV-Zone #1

Remaining TCDD concentrations on surfaces as indicated
after following periods subsequent to initial impact on the surface.
(gms/sq. meter)

Surface Half-Life 1 day 2 days 6 days 12 days 1 month

Grasses 6 days 1.476 X 10°° 1.225 X 167 7.380 X 167 3.690 X 10 4613 %10 "
Soil 1 year 6.327 X 10| 6.295 x 107 6.264 X 1077 6.20 X 1071 6.074 X 107
Total 2.1087 % 16°° 1.855 x 10°¢ 1.364 x 107 9.800 x 16”7 6.535 X 10"7
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It should be noted that as a result of the wind velocity of § mph in this example, the herbicide would not be
likely to impact in any amount directly under the herbicide dump track. The starting point for the first zone of
contamination would be approximately 1,300 feet to the Southwest of the flight path release line. The four
progressively less contaminated zones extend out to a distance of 33,474 feet or 10.2 kilometers with a lateral
length of 4.5 kilometers. These four zone are portrayed in Table XVI following.

Table XVI-Summary Average TCDD

Distances from Concentration (gms/sq.meter)
flight line dump path at following periods of time from
{meters) area initial abort.
Zone (square
Bumber Fram To meters) 1 day 2 days 6 days 12 days 1 month
- —— -6 - -

1 398.07 644.8 1,110,375 2.11 X 10 e 1.86 X 10 b 1.36 X 10 9.89 X 107 6.54 X 10 T
2 644.8 1,156.9 2,304,302 1.01 X 10"’ 8.80 X 16!  6.56 X 167 4.74 X 16'1 3.13 X 167
3 1,156.9 2,597.8 6,484,157 3.56 x 1077 3.13 X 107  2.30 X 107 1.67 x 107 1.10 x 107
4 2,597.8 10,202.8 34,222,770 6.53 X 10'8 5.75 X 1578 4.21 X 10"8 3.06 X 10 g 1.93 X 10"8

Earlier in Section II.A. we determined that about 4,681 X 10-1 gms/sq. meter of TCDD would penetrate to the

forest floor from a single Ranch Hand aircraft spraying 970 gallons Orange over a distance of 14 km at an altitude

of 150 ft. The EPA states that a lifetime low risk TCDD exposure level would be 1 to 10 picograms*/kg of body
weight/day for a lifetime exposure. To establish a maximum short term (one year) exposure base using these EPA
criteria let us use a concentration of 10 X 10~'* gms. of TCDD times 70 by (average weight of, a man) times 72 years

for the average life span of a man which gives an adjusted exposure hazard level of (10 X 107%)% 70 X 72) = 5.04 X 10”
gms/sq.meter. Dividing the 4.681 X 10°7 gms/m%* of TCDD which penetrated to the ground level under a Ranch Hand spray
track by 5.04 X 108 we fi_l:g that the available TCDD is 9.29 times this minimum exposure concentration. This TCDD
concentration of 5.04 X 107 gms/meter®# will be considered as a value of 1 in future calculated weighted exposure values.

g

%] pico gram = 1 X 107/% grams.
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As an example of how these values would be developed to provide an exposure probability ranking let us substi-~
tute these values in a revised Table XVI as shown below in Table XVII.

Table XVII
Distances from Multiples or Fractions of minimun hazardous TCDD
flight line dump concentration value at following periocds of time from initial
path (meters) abort.
Zone
Number From To 1 day 2 days 6 days 12 days 1 month
1 398.07 644.8 41.86 36.90 26.98 19.62 12,97
2 644.8 1.156.9 20.04 17.64 13.02 9.40 6.21
3 1,156.9 2,597.8 7.06 6.21 4.56 3.31 2,18
4 2,597.8 10,202.8 1.30 1.14 0.84 0.61 0.38

As may be seen from the above table a soldier going through an area down wind from this dump line at a distance
between 10.2 and 2.6 kilameters of the dump track on the second day after the abort would be exposed to 1.14 times
the minimm TCDD exposure hazard level described earlier. Those soldiers passing between 398.07 and 644.8 meters
of the dump line on the day of this abort could be exposed to a ground contamination of TCED which was 42 times the
minimmm exposure hazard level described earlier.
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On page 2 of Appendix D of the September 1985, EPA/600/8-84/014F report
titled "Health Assessment Document for Polychlorinated Dibenzo-p-Dioxins"
gives the Acceptable Daily Intake (ADI) of TCDD to be 7 X lO'_s"milligram/kg/
day. Converting this microgram value to grams we have 7 X 10 gms/kg/day.
Since the ADPI is presented on the basis of per kilogram of body weight it
needs to be multiplied by the average weight (70 kg) of an adult male which
gives us a value of 4.9 X 1071 gms/adult male/day as an Acceptable Daily
Intake. The unitary exposure value of 5.04 X 10'3gms/sq meter described
earlier, also derived from EPA values is found to be 10,2857 times higher
than the ADI value for an adult male of 4.9 X 1077 gms/day. Therefore, the
values presented in Table XII above are conservative especially for any
extended periods of exposure in these reported zones.

II. C. Exposure Indexes for Perimeter Spraying of Fire Bages and Base Camps.

Fortunately both the Ranch Hand HERBS Tape and the Services Herbs Tapes
distinguish between helicopter perimeter sprays and ground vehicle sprays of
base camps, fire bases, and lines of communications (primarily roadsides).
We then can develop two sets of off-target and downwind fallout zones
appropriate for helicopter missions and then another set for ground based
vehicle spraying devices. The helicopter spraying as per information
discussed earlier will provide a larger expected contaminhation zone in and
around the fire bases.

1. Development of Helicopter Exposure Indexes.

In the following discussion and tables no consideration will be
given for herbicide entrapment on trees or jungle canopies as the fire bases
and base camps were void of these. Impaction will be considered to be on
grasses or soil. The release concentrations will be based on an application
rate of 3 gallons per acre. In some documented cases 5 gallons per acre
were used. In such instances table values may be multiplied by 1.6667,
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From field chservations few helicopter perimeter spraying missions were
ever over an altitude of 100 feet. The pilots quickly learned that this
altitude gave the widest coverage per pass and did not expose the helicopter
to long range small arms fire. Using a 75 foot altitude for helicopter
spraying, the next step is to convert Table I information on the HIDAL spray
tests from gallon/acre of herbicide to grams/sq.meter of herbicide (3
values) and establish the concentration zones as determined by field plates
and other samplers. This information is presented in Table XVIII following:

Table XVIII - HIDAL Spray Trials

Swath Width, Approximate
grams/sq.meter rates (meters)

Total Swath
Swath {meter) 0.5997 1.1993 1.7990
Maximum 310.9 134.1 85.3 42.7
X 220.7 92.7 48.8 25.9
Minimum 134.1 67.1 30.5 6.1

Although the helicopter was disseminating at a rate of 24 gallons/minute
at a flight speed of 50 miles per hour which should be producing a con-
centration of 3 gallons/acre we find that the extreme right hand column in
Table XIII above is equated to a rate of 1.5 gallons/acre (1.799
gms/sq.meter) . Also, reportedly all of these flighte in the test series
were straight line and into the prevailing wind. Therefore, lateral or
crosswind dispersion would be very minimal and a best case maximum deposi-
tion on the ground with minimum swath width was tailored into these tests.
These test data serve as starting minimal swath width condition but do not
approach the operational conditions taking place around fire base and base
camps. Under field conditions the helicopters flew a generally curved
flight path, sometimes flying into the wind, then crosswind, and perhaps
then downwind.

For modeling purposes for the exposure index, let us assume a MD of 300
microns (Purple size in test was 348 microns MMD)} and this value is the 50%
point for droplet size range.
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The 300 micron MMD will be used since the Agrinautics system tests pro-
duced this size MMD and it is believed that the field constructed spray
systems would produce a smaller MMD droplet size. Also, in field opera-
tions, many more field constructed and agrinautics systems units were
available than the HIDAL systems which were more difficult to keep opera-
tional. To select the quantities of herbicide which ocould drift downwind
from a helicopter spraying at a 300 micron MMD we can use a table prepared
at Fort Detrick based on a study by Coutts and Yates which produced typical
spectra for spraying systems using D6/46 hollow cone nozzles at 40 psi
releasing the liquid into an alrstream having a velocity of 100 mph.

The modified Fort Detrick constructed table is provided in Table XIX
following:

Table XIX
Droplet size Cumulative Percent of Volume {or Mass)

{microns} 300 microns 350 microns 450 microns

50 0.05 0.01 0.01

70 0.4 0.1 0.02
100 2.0 0.8 0.2
200 20.0 10.0 7.0
300 58.0 35.0 20.0
400 80.0 66.0 40.0
500 98.0 80.0 60.0
580 _ 98.0 80.0
700 98.0

From the values presented under the 300 micron column we see that 2% of
the herbicide mass will be in droplets of 100 microns or less in diameter.
Then 18% of the mass of herbicide will be in the droplet diameter range be-
tween 200 microns down to 100 microns in diameter. While in the size range
between 200 microns to 300 microns the mass distribution is 38%., Between
sizes of 300 microns to 400 microns the mass distribution is 22¢. In the
size range from 400 to 500 microns the mass distribution is 18%. Droplets
larger than 500 microns only amount to 2%. For calculations in the
following tables those droplets smaller than 100 microns (2% of total mass)
and those droplets larger than 500 microns (also only 2% of total mass) will
not be calculated. The 2% mass remaining of droplets over 500 microns will
be added to the 400 to S00 micron zone mass so that zone would now account
for 20% of the total mass of herbicide disseminated.

Further detailed research of each of the HIDAL flight tests reveals that
Flight #8, line B conducted on 20 July 1962 was flown at 100 feet altitude
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tude on a heading of 135°* and althouwgh the ground wind was calm, at an
altitude of 75 feet the wind resultant vector was 45°, hence the conditions
were truely crosswind rather than inwind as was the intention of the test.
The wind velocity was 3 miles per hour at 75 feet, and 2.6 miles per hour at
the release altitude. In this test the spray impact was offset 20,0 feet
from the helicopter flight line. At 20 feet downwind a concentration built
up in almost a step function to 0.9 gallon per acre. Then at a downwind
distance of 125 feet the concentration peaked at 1.1 gallon per acre. The
concentration of herbicide gradually decreased to 0.2 gallon per acre out to
a distance of 460 feet. Still progressively smaller concentrations were
found out to a distance of 880 feet.

Becatise of the extreme turbulence produced by the downwash of the heli-
copter rotor blades, the starting point and distribution of the cloud of
herbicide is rather ill defined. To relate the above described 3 mile per
hour crosswind test results to a non-crosswind helicopter spray mission,
Flight #7, line A,
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on a heading of 135* and although the ground wind was calm, at an

altitude of 75 feet the wind resultant vector was 45*, hence the conditions
were truely crosswingd rather than inwind as was the intention of the test.
The wind velocity was 3 miles per hour at 75 feet, and 2.6 miles per hour at
the releagse altitude. In this test the spray impact was offset 20.0 feet
from the helicopter flight line. At 20 feet downwind a concentration built
up in almost a step function to 0.9 gallon per acre. Then at a downwind
distance of 125 feet the concentration peaked at 1.1 gallon per acre. The
concentration of herbicide gradually decreased to 0.2 gallon per acre out to
a distance of 460 feet. Still progressively smaller concentrations were
fond out to a distance of 880 feet.

Because of the extreme turbulence produced by the downwash of the heli-
copter rotor blades, the starting point and distribution of the cloud of
herbicide is rather ill defined. To relate the above described 3 mile per
hour crosswind test results to a non—crosswind helicopter spray mission,
Flight #7, line A, conducted on 19 July 1962 was selected. This was almost
directly into the wind, and was conducted at the same altitude. The sampler
plates showed a true bimodal distribution of herbicide with almost mirror
image distributions of herbicide on both lateral sides of the flight path of
the helioopter. Directly under the helicopter flight line the concentration
was 0.9 gal/acre. At a lateal distance of 40 feet from the helicopter the
peak concentration of 1.5 gal/acre was achieved. This peak concentration
existed for another 20 feet laterally. At a side distance of 60 feet on
both sides of the helicopter the herbicide concentration began to decrease
rapidly. At 100 feet to the side, the concentration had decreased to 0.8
gal/acre, at 150 feet it was down to 0.1 gal/acre, and at 200 feet the con-
centration was estimated to be 0.0l or less gal/acre.

In order to better visualize the effects of a 90* crosswind to the heli-
copter flight path when compared to an in—wind mission at the same altitude
the data is presented as to concentration of herbicide deposited at various
lateral distances from the aircraft's flight path in Table XX following. It
should be mentioned that in the case of the directly in-wind flight the
distribution is almost the same on both sides of the flight line while in
the crosswind example all of the herbicide is distributed towards the down-
wind side, hence as expected the concentrations of herbicide persist for a
longer downwind distance from the path of the aircraft. No other crosswind
tests at any higher than 3 mph were found in any of the helicopter test
reports, Hence projections will have to be made for the higher crosswind
velocities of 5 and 10 mph based on the data presented in Table XX.



Table XV

Distance from In wind condition 3mph crosswind (90*)
Flight line in concentration of Herbicide concentration of Herbicide
feet meters {gal/acre) (gal/acre)

0 0 0.9 0

20 6.1 1.2 0.9

50 15.2 1.5 0.9
100 30.4 0.8 0.9
150 45.7 0.1 0.8
200 61.0 0.01 0.8
300 91.4 0 0.6
400 122.0 0 0.4
500 152.4 0 0.1
600 183.0 0 0.1
700 213 0 0.07
800 244 0 0.01
900 274 0 0
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Because of the significantly greater distances of travel at higher wind velocities with the same initial
concentrations from the helicopter the concentrations will decrease appreciably at the new zonal distances. To
do this calculation the concentration in gals/acre was converted to gals/sq. ft. Gals/sq. ft. was multiplied by the
distance in feet from the aircraft flight path to the limit of that concentration zone as recorded in the 3 mph.
crosswind experimental findings. This total concentration of herbicide at the 3 mph distance was divided by the
projected zonal distances for 5 mph and 10 mph crosswind situations. The results are in gallons/sq.ft. The
gallons/sq.ft. are then multiplied by 10.7 lbs herbicide/gallon to produce pounds of herbicide per square foot.

These values are then converted to gms/sg/ft. and finally the amount in gms/sq.ft of herbicide is multiplied by 2 X
10 g of T(DD/g of herbicide to produce the concentration of TCDD/sq.ft. expected to be present at these zonal
distance from the helicopter flight line. Grams/sg.foot are then coverted to grams/sq. meter for consistancy with
earlier tables. Table XXII presents these values for crosswind velocities of 3, 5, and 10 mph in relation to
distance from the flight path.

Table XXII-Helicopter Herbicide Coverage

Crosswind Wind Speed of:

3 MPH 5 MPH 10 MPH

Distance from Initial TCDD Distance from Initial TCDD Distances from Initial TCDD
flight line Concentration flight line concentration flight line concentration
(ft) (m) {gms/sq. meter) (ft) (m) (gms/sq_meter) (ft) (m) {agms/sq meter)
140 ] 42.67 2,16 X 10-t 173.5}52.88 1.7 X 10_-2 256.7 78.24 1.18 X 10-.?
2001 60.96 1.92 ¥ 10"1 256,51 78.18 1.49 X II.(]_.l 423.3 129,023 9.04 X 10-1
400 § 121.92 9.59 X 10-1 556.5}169.62 §6.91 X 10_1 1023 311.81}f 3.7 X 15_:8
600§ 182,88 § 2.40 X II.O"8 840. }256.03 J1l.71 X 10-3 1590 484.63 | 9.05 X 10
800§ 243.84 2.40 X 107 1090 §332.23 [1.76 X 10 2090 637.03} 9.18 X 10
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If we divide the TCDD concentration (gms/sq.meter) presented in Table XXII by the Unitary Exposure Value of
5.04 X 10 gms/sq.meter of TCDD, as selected earlier, we have the values shown in Table XXIII.

Table XXIII

Crosswind Wind Speed of:

3 MPH 5 MPH 10 MPH
Distance from UEV Distance from UEV Distance from UEv
flight line miltiple flight line miltiple flight line miltiple
(ft) {m) or fraction (£t} {m) or fraction (ft) (m) or fraction
140 42.67 42.86 173.5 52.88 34.72 256.7 78.24 23.41
200 80.96 38.10 256.5 78.18 29.56 423.3 129.02 17.94
400 121.92 19.03 556.5 169.62 13.71 1023 311.81 7.44
800 182.88 4,76 840 256.03 3.39 1520  484.63 1.80
800 243.84 0.48 i090 332.23 0.35 2090 637.03 0.18

One helicopter spray condition still needs to be calculated which is a spray mission accomplished in either a
no lateral wind or inwind flight situation. Returning to Table XXI we will pick out the values in Column (1) and
add one additional distance where the highest concentration was recorded. From these values we will determine the
expected initial TCDD concentration in gms/sq meter at various distances on both sides of the flight path. Then
the UEV multiples or fraction will be indicated next to the TCDD concentration for that zone in the following
Table XXIV.



Distance from

flight line
(ft) (m)

0 0

60 18.29
100 30.48
120 36.58
150 45,72
200 60.96

Tables XXTIT and XXIV provide estimated initial TCDD concentrations at the time of spraying.
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Table XXIV-Helicopter spraying, no wind condition

Herbicide
concentration
(gal/acre

9
1.5
.8
.4
.1
0L

Herbicide
concentration

{(gms/sq. meter)

TCDD
Concentration
(no decay) in
(gms/sq. meter)

1.079
1.799
0.959
0.480
0.120
0.0112

2.1587 X 10"

3.5979 X 107
1.9189 X 10’.”
9.5040 X 107
2.3986 X 10,
2.3986 X 10

Unitary Exposure
Value multiple or
fraction

42.83

71.39

38.09

19.04

4.76
.48

Because of the very

limited release altitude and downwind drift distance evidenced in these helicopter missions the airborne photodech-
lorination of TCDD would be insignificant at an estimated minimm half-life of 2 hours in the airborne droplet form.
The airborne decay factor will therefore not be calculated. However, we must again consider impaction of the
herbicide with grasses and directly onto the surface of the soil and calculate the photolytic decay rates of the TCDD

on these surfaces after a progressive number of days subsequent to the helicopter spray mission.
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It will be assumed that 70% of the herbicide impacts on grasses and
weeds while the remaining 30% of the Orange would reach the soil surface. A
half-life of six days will be assumed for herbicide deposited on the grasses
and a half-life of one year will be used for the herbicide on the soil. The
time pericds past the spray mission day will be 3 days, 6 days, 30 days and
one year. Table XXV will present these calculations for various distances
in meters from the helicopter flight line under calm wind conditions. It
should be noted that these distances for concentration levels of TCDD extend
equal distances on both sides of the flight path of the helicopter. Table
XXVI presents the calculations downwind from the helicopter £light path with
a 90° crosswind of 5 mph., These concentrations in this case are only to be
found on the downwind side of the flight path. This is the reason why some
concentrations appear higher at a given distance than in the calm condition.



Distance from
flight line (both sides)
{meters)

0

18.29

30.48

36.58

45.72

60.96
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Table XXV

Helicopter Spray-No wind condition

Surfaces

Grasses

Soil

Total

Grasses

Soil

Total

Grasses
Soil

Total

Grasses
Soil

Total

Grasses
Soil

Total

Grasses
Soil

Total

3 days 6 davs

1.13 X 1o:$ 7.56 X 1077
6.48 X 10 6.41 X 107
1.78 x 10°°  1.40 x 107°
1.89 x 107 1.26 x 107"
1.07 X 10 1.06 X 10~
2.96 x 10  2.32 x 107
1.01 X 107°  6.72 x 2077
5.73 x 1001 5.70 X 107
1.58 X 107°  1.24 x 10"6
5.04 X 1077 3.36 X 10-:
2.86 X 1077 2.85 X 10°
7.90 X 107 6.21 X 10°'
1.26 x 1077 .40 x 10
7.16 X 10 7.12 X 10
1.98 x 1057 1.55 x 1077
1.26 X 10:: 8.40 X 10"?,
7.16 X 10 7.12 X 10~
1.98 x 108  1.55 x 10~%

30 days 1l year
4.91 X 10".: ~0 4
6.22 X 1077 3.24 x 10
6.71 X 1077 3.24 X 1077
8.19 ¥ 1078 ~0 o
1.04 X 10 5.40 X 10~
1.12 X 10°  5.40 x 167
4.37 X 10‘_'.? ~0 o
5.53 X 10 2.88 X 10
5.97 X 107 2.88 X 1077
2,18 X 10"_? ~0 o
2.76 X 107 1.44 X 10
2.98 X 107 1.44 X 107
5.46 X 10"2 ~0 e
6.91 X 107  3.60 X 10
7.45 X 10"8 3.60 X 10-3
5.46 X 107§ 0 _q
6.91 X 10 3.60 X 10
7.46 X 1077 3.60 X 1677



Distance downwind
from flight line
{lmeters)

52.88

78.18

169.62

256.03

332.23
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Table XXVI

Helicopter Spray-5 MPH 90°* Crosswind

Surfaces

Grasses
Soil

Grasses
Soil

Total

Grasses
Soil

Total

Grasses
Soil

Total

Grasses
Soil

Total

3 days 6 days

9.19 X 107 6.13 X 107
5.22 x 1077 5.20 X 10
1.44 X 10"" 1.13 x 10°%
7.82 X 1077 5.22 X 107
4.45 X 1077 2.43 X 10"
1.23 X 107 9.65 x 107
3.63 X 107 2.42 X 10'::!,
2.06 X 1077 2.05 X 10
5.60 X 107 4.47 X 1077
8.98 x 108 5.99 x 10
5.10 x 10°%  5.08 X 10
1.41x 107 1.11x107
9.24 X 10:;? 6.16 X 10‘1
5.25 x 107  5.23 X 10~
1.45 x 10°%  1.14 x 10~8

30 davs 1 year

3.8 x 0% 0
5.04 X 1077 2.63 X 10”
5.44 X 107 2.63 X 1077
3.40 x 1073 ~O g
4,07 X 10~7  2.24 X 10
4.41 x 107 2.24 x 1077
157 X108 A0 g
1.99 X 10 1.04 X 10
2.15 X 1007 1.04 X 1077
3.98 X 10': o g
4.92x10°% 2.57x10
5.31 X 10 2.57 x 10°
4.00 X 1070 0 4
5.07 X 10°7  2.64 X 10
5.47 x 1071  2.64 x 1077
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For purposes of comparison of Ranch Hand spraying, Ranch Hand abort dumps, and helicopter
spraying under calm wind and 5 MPH 90°* crosswind conditions, Table XXVII provides the Unitary
Exposure Value muiltiples or fractions for the TCDD concentrations developed under Tables XXV
and XX{VIY.

Table XXVII

Helicopter Spray-Unitary Exposure Values

Distance from Unitary Exposure Values
flight line Wind in multiples or fractions
(meters) Conditions 3 days 6 days 30 days 1 vear
Calm
0 35.32 27.78 13.31 6.43
18.29 58.73 46.03 22.22 10.71
30.48 31.35 24,60 11.85 5.71
36.58 15.67 12.32 5.91 2.86
45,72 3.93 3.08 1.48 0.71
60.92 0.39 0.31 0.15 0.07
5 MPH Crosswind
52.88 28.57 22.42 10.79 5.22
78.18 24.40 19.15 8.75 4,44
169.62 11.29 8.87 4,27 2.06
256.03 2.80 2,20 1.05 0.51
323.23 - 0.28 0.23 0.11 0.05



=51 -

2. Develomwent of Ground Spraying Equipment Exposure Indexes.

Test reports on herbicide spraying using ground spraying devices is
woefully lacking with respect to the equipment used in Vietnam. Many dif-
ferent techniques and equipments were used for perimeter applications of the
three major herbicides. From available records it does appear that strong
efforts were made to achieve at least a 3 gallons/acre dissemination rate
and just for safety and assurance of complete defoliation (really total
killing) of the critical perimeter zone grasses they would apply up to 5
gallons/acre. In most cases the perimeter spraying reports do not give the
type of ground spraying equipment utilized, the flow rate, or the number of
passes of spraying equipment ower a given perimeter area to achieve the
desired herbicide coverage per acre. There is obviously a necesity to
develop a typical and conservative spray coverage exposure methodology which
will provide for the most likely downwind drift from a high volume and effi-
cent spraying device such as the PDDA mounted on a 6 X 6 truck as described
earlier. Our calculations will be based on the percent mass distributions
of various size droplets as provided in Table XIX, Because the spray
opperators often rode on the top of the tanks on the trucks and arched the
spray high for the widest possible coverage over perimeter mine fields, a
height of 30 feet will be used for the lateral dispersion source line. The
herbicide delivery rate will be set at a compromise value of 4 gallons of
Orange per acre. Spraying was done at anytime during daylight hours and as
long as an effective coverage could be made. A wind of greater than 5 mph
would present problems in spray application so the lateral wind speed will
be set at the outer limit of 5 mph. One hundred percent of the herbicide
will be accounted for in the downwind fallout zones.

Five fallout zones for contamination will be presented originating
at the spraying source and continuing cut to the point where the 70 micron
droplets will impact with the ground. Since the time of day that the
spraying was completed is rarely given in the records, no photolytic dech-
lorination of the TCDD will be calculated for the day of spraying. The same
distribution of impaction as used in the helicopter spraying will be used,
namely 70% on grasses and brush and 30% impacting directly on the soil sur-
face. Persisting concentrations of TCDD will again be presented for the
first day (laydown concentration), 3 days, 6 days, 1 month, and 1 year post
spray date. Unitary Exposure Values will be provide for each of these TCDD
concentrations to provide a comparison basis for other types of herbicide
applications such as Ranch Hand missions and abort dumps.
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Table XXVIII. provides the downwind zones of fallout contamination and the concentrations of
herbicide and TCDD to be expected on the day of the ground spray application.

Table XXVIII
Herbicide Initial

Zones of Fallout Width of concentration TCDD UEV
starting at spray Zone in 2 concentration fraction
line meters gal/acre gms /m™ gms /m =% fraction
1 ( 500 microns) 7 to 11.3 .08 .0959 1.919 X 10"“l 3.81

2 (300 to 400 microns) 11.3 to 20.3 .88 1.0554 2.111 X 10"& 41,87

3 (200 to 300 microns) 20.3 to 46 1.52 1.8229 3.646 X 104' 72.34

4 (100 to 200 microns) 46 to 179 .72 .8635 1.727 X 10'6 34.27

5 (70 to 100 microns) 179 to 367 .08 0959 1,919 X 10‘7 3.81

Table XXIX provides the residual concentrations of TCDD remaining on the grasses and on the soil
at periods of time from the date of spraying up to one vear later. Final exposure calculations for
any fire base or base camp should consider the cumulative residual dosage present as a result of
repeated spraying of the perimeters up to a year before the troops under survey entered or lived on
the fire base or base camp.



Fallout

Zone #

and width
(meters)

(7 - 11.3)

2.
{(11.3 ~ 20.3)

3.
{20.3 - 46)

(46 - 179

5.
(179 - 367)

Surfaces

in zone

grasses
soil

Total
grasses
soil
Total
grasses
soil
Total

grasses
s0il

grasses
soil
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Table XXIX

3 days
1.0L X 1077
5.73 X 10

1.58 X 1077

1.1 X 10_'_'.:’
6.30 X 10
b

1.74 X 10

1.91 X 10—6

1.09 X 10°°
3.0 X 10""

9.07 X 1077
5.16 x 107

1.42 X 10"‘"

1.01 X 10“"'is
5.73 X 107

1.58 x 1077

TCDD Concentration
(gms/sqg.m)} after following
times from day of spraying
6 days

6.72

5.70

1.24

7.39

1.37

1.28
1.08

X 10
X 10

X 10

X 10

X 10-6

-8
-3

a

x 10 %

6.27 1

~b

X 10

X 10~

2.36

6.04
5.13

X 10°

1.12

6.72
5.70

1.24

X 10~

b

=7

X 10

T

-6

X 10

X 10

X 10

x 10°%

<7

4.37

5.53

5.97

4.80

6.56

8.29

1.13
3.93

5.63

4.37

5.97

1 month

-9

X 10

X 10
X 10~

X 10

-8
8

3

X 10'7

6.08

=1

X 10

-3

X 10
X 10

1.05

-6

x 10%

X 10
X 10

4.97

-8
-1

x 1077

x 1077

X 10

5.53

-8

~8

X 10

1 year
NO _s
2.88 X 10

2.88 x 10~%

w0 1
3.17 X 10

3.17 X 1077

~r Q)
5.47 X 101

5.47 X 1077

~0 57
2.53 X 10

2.59 X 10"'7

0 _
2.88 X 10s

2.88 X 10°2
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Table XXX will now provide the Unitary Exposure Values for each of the five fallout zones for
the initial day of ground spraying and then for subsequent periods of time up to one year from the
day of spraying.

Table XXX

Unitary Exposure Values for
Ground Spraying

UEV multiple or fractions

Fallout Zone# Day of for periods after spraying

and width (meters) Spraying 3 days 6 days 1 month 1 vear
1.

(7-11.3) 3.81 3.13 2.46 1.18 0.57
2.

{11.3-20.3) 41.87 34.52 27.18 13.02 6.29
3.

{20.3-46) 72.34 59.52 46.83 22.42 10.85
4'

{46-179) 34.27 28.17 22.22 11.17 5.14
5.

{179-367) 3.81 3.13 2.46 1.18 0.57
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D. Finally, in Table XXXI a ?ries of comparisons based on the common dencminator of the

Unitary Exposure Value (5.04 X 107

g/m* of TCOD) will be presented for a six Aircraft Ranch Hand

mission, a Ranch Hand abort at 3500 ft., a crosswind (5 mph) helicopter mission, and a PDDA ground
spray mission in a 5 mpb crosswind.

6 aircraft mission

Ranch Hand
Distance Days past

(Km) Spray UEV
1.0 1st 3.56
1.0 24 3.16
1.0 6th 2.26
2.0 1st 0.02
2.0 2d 0.019
2.0 6th 0.014

Table XXXI
UEV* Comparison Summary

3500' attitude

S mph Crosswind

5 mph Crosswind

Ranch RHand Abort Helicopter Spray Ground Spray
Distance Days Past Distance Days Past Distance Days Past
{¥m) Spray UEV {Km) Spray EV {Km) Spray UEV

1 1st 20.04§ .17 1st 13.71}§ .046 1st 72.34
1 2d 17.64 § .25 1st 3.39}1 .18 st 34.27
1 6th 13.02 F .33 1st 0.35¢§ .37 1st 3.81
1 12th 9.04§ .17 3rd 11.29 ) .046 3rd 59.52
1 30th 6.21§ .25 3rd 2.80f .18 3rd 28.17
2.5 lst 7.06¢ .33 3rxd 0.28§ .37 3rd 3.13
2.5 24 6.21§ .17 6th - 8.87§ .046 6th 46.83
2.5 6th 4,561 .25 6th 2.201 .18 6th 22.22
2,5 12th 3.31§ .33 6th 0.23} .37 6th 2,46
2.5 30th 2.18 1§ .17 30th 4.27} .046 30th 22.42
10.0 1st . 1.30) .25 30th 1.05§ .18 30th 11.17
10.0 24 1,14} .33 30th 0.11§ .37 30th 1.18
10.0 6th 841 .17 lyr 2.06§ .046 Lyr 10.85
10.0 12th H1F .25 1yr 511 .18 lyr 5.14
10.0 30th © L3814 .33 1yr 051 .37 lyr 0.57

*The TCDD concentration per square meter may be obtained by multiplying the UEV by 5.04 X 10 .
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It is proposed that, based on the above table XXXI., the Unitary
Exposure Values may be used as a weighted time and distance exposure
opportunity index for the Agent Orange Epidemiology Study to be accomplished
by CDC,

A major portion of the data contained in this report was derived from
the USAF OFHL Technical Report 78-92, "The Toxicology, Envirommental Fate,
and Human Risk of Herbicide Orange and Its Associated Dioxin" prepared by
Dr. Alvin L. Young et al, dated October 1978. Other information was
obtained from numerous technical reports and papers prepared by the
Department of the Army at Fort Detrick, Maryland, U.S. Air Force test
reports and various referenced EPA documents.

Particular appreciation is expressed to the Director, Mr. Richard
Christian and his very able staff of the U.S. Army and Joint Service
Environmental Support Group for excellent data development, critiques, and

typing support.

JEROME G. BRICKER, Ph.D.
OASD(HA) Consultant



DEPARTMENT OF THE ARMY
US ARMY & JOINT SERVICES ENVIRONMENTAL SUPPORT GROUP
1730 K STREET N.W. ROOM 210
WASHINGTON, DC 20006-3868

REPLY TO
ATTENTION OF

DAAG-ESG April 18, 1986

MEMORANDUM FOR THE CHAIRMAN, AGENT ORANGE WHITE HOUSE SCIENCE SUBPANEL ON
EXPOSURE ASSESSMENT

SUBJECT: Assessment of Perimeter Applications

This report responds to your request at the 10 April 1986 meeting and
addresses the points raised in the OSTP memo of 11 April 1986,

- Military Assistance Command Vietnam Regulation 525-1 at Tab A out-
lines the precise channels for approval of herbicide applications, MACV
had the responsibility for planning, monitoring and spraying herbicides in
South Vietnam. The regulation prescribed the reports to be maintained.

- Tab B is a document from the 25th Infantry Division Chemical Section
collection which reflects perimeter sprays, sprays along lines of communi-
cation, river banks, crop destruction missions and the use of chemicals
other than Agent Orange. Also included in this report is the type of
defoliation mission.

= Tab C summarizes the information contained in the Ranch Hand and
Services Herbs Tapes on Agent Orange perimeter sprays only.

-~ Tab D is a diagram of a Main Base Camp. Positions of the bunkers,
chain link fence, barbed wire, and clear zones ranging from 200 to 300
vards show the areas requiring defoliation to maintain fields of fire, As
noted, unit locations and hootches that house troops when not in the field
are also shown at locations ranging from areas close to the inside perime-
ter to the center of mass, Some base camps have chain link fences cover-
ing 26 miles, The sizes of main base camps vary with the terrain and
mission., Fire Support Bases, while much smaller would vary depending on
the terrain and mission, protected essentially the same as Main Base
Camps,

- Tab E is a listing of Main Base Camps, Fire Support Bases, Landing
Zones and village names with a grid coordinate location that was extracted
from records of the 9th Infantry Division which operated throughout III
Corps in Vietnam.



- Tab F is a listing of Main Base Camps, Fire Support Bases, Landing
Zones and village names with a grid coordinate location that was extracted
from records of the 4th Infantry Division which operated throughout TI
Corps in Vietnam,

Original signed by General Murray
on April 18, 1986

JOHN E. MURRAY,
Major General, USA, Retired

Encleosures

Tab A - MACV Regulation 525-1

Tab B = 25th Infantry Division Chemical Section Herbicide Report
Tab C = Agent Orange Perimeter Spray Chart

Tab D = Diagram of a Main Base Camp

Tab E - 9th Infantry Division listing of Base Camps

Tab F 4th Infantry Division listing of Base Camps



DEPARTMENT OF THE ARMY
US ARMY & JOINT SERVICES ENVIRONMENTAL SUPPORT GROULP
1730 K STREET N.W. ROOM 210
WASHINGTON. DC 20006-3868

. L)
NEpLY TOD
APTENTION OF

DAAG~ESG April 18, 1986

MEMORANDUM FOR THE CHAIRMAN, AGENT ORANGE WHITE HOUSE SCIENCE SUBPANEL ON
EXPOSURE ASSESSMENT

SUBJECT: Assessment of Perimeter Applications

This report responde to your request at the 10 April 1986 meeting and
addresses the points raised in the OSIP wemo of 11 April 1986.

-~ Military Assistance Coumand Vietnawm Regulation 525-1 at Tab A out-
lines the precise chanunels for approval of herbicide applications, MACV
had the responsibility for planning, monitoring and spraying herbicides in
South Vietnam, The regulation prescribed the reports to be maintained,

= Tab B 18 a document from the 25th Infantry Divigion Chemical Section
collection which reflects perimeter sprays, sprays along lines of communi-
. cation, river banke, crop destruction wmissions and the use of chemicals
-, . -other then Agent Orange. Also.included in this. report is the type of |
"defoliation mission, = o
~ Tab C supmarizes the information contained in the Ranch Hand and
‘S8ervices Herbs Tapes on Agent Orange perimeter sprays only.

= Tab D 1s a diagram of a Main Base Camp., Positions of the bunkers,
chain link fence, barbed wire, and clear zones ranging from 200 to 300
yarde show the areas requiring defoliation to maintain fields of fire. As
noted, unit locations and hootches that house troops when not in the field
are aleo shown at locations ranging from areas close to the inside perime-
ter to the center of mass., Some base camps have chain link fences cover~
ing 26 miles. The sizes of main base camps vary with the terrain and °
miseion., Fire Support Bases, while much smaller would vary depending on
the terrain and mission, protected essentially the same as Main Base
Camps.

~ Tab E ia a listing of Main Base Camps, Fire Support Bases, Landing
Zones and village names with a grid coordinate location that was extracted
from records of the 9th Infantry Division which operated throughout II1
Corps in Vietnam.



= Tab F is a listing:o0f Main Base Camps, Fire Support Bases, Landing
Zones and village names with a grid coordinate location that was extracted
from records of thé& 4t Infantry Division which operated throughout II

Corps in Vietnam,

%

JOHN E. MURRAY,
Major General, USA, Retired

Enclosures

Tab A = MACV Regulation 525«1

Tab B ~ 25th Infantry Division Chemical Section Herbicide Report
Tab C -~ Agent Orange Perimeter Spray Chart

Tab D - Diagram of a Main Base Camp

Tab E = 9th Infantry Division listing of Base Camps

Tab F = 4th Infantry Division listing of Base Camps
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HEADQUARTERS
UNITED STATES MILITARY ASSISTANCE COMMAND, VIETNAM
APO San Francisco 96222

o

CLESSIFIED BY: —

SUBJECT TO GENZRAL DECLASSIFICATION 12 August 1969
SCHTDULE OF EXSCUTIVE ORDER 11652. | (MACJ3)
DECLASSIFY: 31 DECENDER <2 ¢

MILITARY OPERATIONS

DIRECTIVE
NUMBER 525-1

HERBICIDE OPERATIONS {U) |

1. {(U) PURPOSE, This directive prescribes policies, responasibilities, and
procedures governing the operational employment of herbicides within this comr -nd,
The intent of this directive is to insure that the herbicide program in the Republic

of Vietnam (RVN) is conducted in accordance with the provisions of the Report on

the Herbicide Policy Review, American Embassy, Saigon, 28 August 1968.

2. (U) APPLICABILITY. This directive is applicable to all MACYV staff agencies
and subordinate cormmands. : '

3. {(C) GENERAL,

a. The use of herbicides for defoliation and crop destruction is primarily a
Government of Vietnam (GVN} operation that is supported by the US Govern-
ment, The GVN responsibilities are discharged through the JGS 202
Committee.

b. Subject to policy guidance established by the US Defense and State Depart-
ments, COMUSMACY and the US Ambasasador are empowered jointly to
authorize US support of GVN requests for herbicide operations.

c. COMUSMACYV exercises cormnmand supervision, coordination, liaison, and
d. A épecia.l interdepartmental US committee, identified as the 203 Comumittee,
has been established to expedite coordination of requests for herbicide

\ operations. The Chief, Chemical Operations Division, ACofS, J-3, MACYV,
_ p P
{(MACJ3-09), is the chairman. This committee has representation from:

(1) ACofS, J-3, MACV.

Schedule -
{(2) ACofs, J-2, MACYV. Declasiified on_3) Dec 7§
' GROUP 4 ]
(3} ACoid, CORDY, inalV, © 1 UOWHLIALZD AT o YEAR WDTEDVALS !
. ‘ DECLASSIFIED AFTER 12 YEARS j

R R i T e o o L LR L IREL WP R T e Py e e I T N T R

¥*This directives supersedes MACVY Directive 525-1(C), 22 November 1967.

T

v control of all US Armed Forces support of herbicide operations in the RVN. )
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Subject to General Declassificat.onq
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LR Y J

(4) USAID.

_(5) JUSPAO.

{6) American Embassy.

(U) DEFINITIONS.

a.

bt

C.

fl

j.

a.

Herbicide Operations. The application of chemical compounds to deny the
enemy concealment or sourcea of food.

Defoliation. The use of herbicides to cause trees and plants to Jose theiy
leaves in order to improve observation. .

Crop Destruction. The application of herbicides to plants to destroy their
food value. : :

Deforested Area. An area where the vegetation has been physically removed,
e.g., a Rome-plowed area.

Surface-Based Spray. Any means of dispensing herbicide from equipment
operated on the ground or water. This includes the use of hand and power
apray equipment. i

Agent ORANGE. An oil-based herbicide which is a systemic defoliant
effective against broadleaf vegetation, achieving maximum effect in four
to six weeks, with a duration of approximately twelve months,

Agent WHITE. A water-based herbicide which is a systemic defoliant
effective against broadleaf vegetation, achieving maximum effect in six
to eight weeks, with a duration of approximately twelve months.

Agent BLUE. A water-based herbicide which is a nonsystemic dessicant

used primarily against grasses, taking effect in 24 to 48 hours and killing
the leaves in two to four dayas.

Soil Sterilant. A chemical compound applied to the soil which retards plact
growth for extended periods.

Area of Low Population. For operational pﬁrpocac, this iz consaidered to
be an area of less than eight inhabitantas per square kilometer.

- {C) POLICIES,

The use of US assets for defoliation by fixed-wing aircraft and all ¥rop
destruction operations must be approved by COMUSMACY and the US

Ambassader, Any azea that has heen app=oved for enray by fizad-wing
aircraft may be sprayed by helicopter instead, provided that the ACofS,

CONFEDENTHAL
UNCLASSIFTED



C.

d.

f.

UNCLASSIFIED
CONFFBENTIAL

MACYV Dir 525-1

J-3, MACY, Chemical Operations Division, is notxﬁed in advance, s0 as

to preclude duplication of effort,

4

In congonance with the desires of the GVN, herbicide operations will be

limited to areas of low population.

burden-on the enemy,

Prior to selecting targets for crop destruction, consideration will be given

- Crop destruction will be limited to low population areas under VC control
where food 18 scarce and where denial of the food will create an operational

to Ithé alternative of securing and recovering the crops for GVN use.

The execution pericd for defeliation projects will not be more than six

months while crop destruction projects will be approved for not more than
twelve months, Extension by six-month increments can be authorized when

operational considerations prevent completion during the authorized time.

Requests for extensions will be supported by updated documentation responsive

‘to the areas of interesgt outlined in the checklists at Annexes A and B,

Approval authority for the use of US agaets to accomplish GVN requesdts
for defoliation by helicopter in support of local base defense and on known

small enemy ambush sites along L.OC, or for the maintenance of deforested

areas, is delegated to corps senior advisors.

Corps senior advisors are delegated authority to approve the use of US
assets to support defoliation requests for surface-based spray, except

where crop damage may be expected (see paragraph 9b, below).
authority may be further delegated.

This

Special care will be taken in plannirg and executing operations to prevent
herbicide damage to rubbe trees. . no-spray zone of two kilometers

for helicopters and five kilometers for fixed-wing delivery will be maintained

around active rubber plantations.

Herbicide operations within five kilometers of international borde rs will

be governed by the rules of engagement.

Soil sterilants will not be used in herbicide operations as defined in para-

graph 4a, above,

Herbicide damage claims are handled by the RVNAF Political Wa¥Ffare
Department as a sub-category under general war damage claimas.
are handled at province level with payment on a solatium hagsis.

UNCLASSIFIED

Claims
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6. (U) RESPONSIBILITIES. The following respongibilities are assigned for the
planning and implementation of herbicide operations.

o

The ACofS, J-3, MACV, will:

(1)

(@)

(3)

(4)
(5}

(6)

(7)

(8)

Exercise joint staff supervision for herbicide operations,

Review all herbicide projects for which approval authority has not
been delegated to determine their appropriateneu feasibility, and
conformity with established policies.

.Assure that progects are coordinated among all members of the 203

Cornrnittee. -
Coordinate all target planning, priorities, and operationl'.

Make appropriate recommendations to COMUSMACYV,

Maintain mission control over the 12th Special bperations Squadron
{12th SOS).

Provide quantitative herbicide requirementa to 7th Air Force DMSF,
as required, but at least once each figcal year.

Prepare reports as required,

The ACofS, J-2, MACY, will:

)

{2)

(3)

Provide the ACofS, J-3, MACV, and CDR, Tth Air Force information
on potential t_argets to include threat of ground fire,

Review the JGS intelligen~e annex to each project request for complete~
neas and accuracy.

Ct_)llect, evaluate, and disseminate information relative to the effective-
ness of herbicide operations,

The ACofS, CORDS, MACYV, will review the JGS civil affairs plans for
completeness and adequacy.

CDR, Tth Air Force, will:

(1)

(2)

Advise the ACofS, J-3, MACY, on the operational aspects of fixed-
wing herbicide delivery as required.

Plan, coordinate, and execute the UC-12:3 aciivery of herbicides
on approved targets.

UNCLASSIFIED
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{3) Provide the ACofS, J-3, MACV, Chemical Operations Division, by
telephone each day, a summairy of the herbicide operations conducted
during the day (see paragraph 1la, below).

{4) Furnish the ACofS, J-3, MACYV, Chemical Operations Division, a
copy of the 12th SOS Daily Air Activity Report (DAAR) each Monday
covering the preceding week's herbicide operations (see paragraph
11b, below). -

e, Corps senior advisors will:

{1) Exercise US approva.l authority for GVN requests for US support of
surface-based defoliation.

{2} Exercis'é US approval authority of GVN requests for US assets to ac-
. complish helicopter defoliation in support of local base defense, ma:~-
. tenance of deforested areas, and the uncovering of known small ambush
~sites along lines of communication (see paragraph llc, below),

(3) Establish procedures for expeditious processing within the corps
tactical zone, and forwarding to HQJ, MACYV, when required, the
US position un each GVN request (see paragraph 7, below, for pro-
cedures).

(4) Provide a monthly list of target priorities to this headquarters, ATTN:
ACoiS, J-3, Chemical Operations Division (see paragraph 11d, below}.

(5) Monitor the GVN herbicide claims program.

(6} Provide the ACofS, J-3, MACV, with periodic evaluation of fixed-wing
defoliation and all crop destruction projects (see paragraphs 1le and 11f,
below).

(7) Establish procedures to provide artillery pre-strike a;;d!or ground
sweeps when warranted by ground fire threat, and coordinate artillery/
ground sweeps with appropriate ARVN and FWF commanders.

7. (U} PROCEDURES TQ OBTAIN APPROVAL FOR DEFOLIATION BY FIXED WING
AIRCRAFT AND FOR ALL CROP DESTRUCTION

a. To obtain approval of a request, the following documentation must be
provided to HQ, MACYV:

{1} A request from the Chief, JGS/RVNAF, that the project be approved,
This request, which is originated by GVN officials, must include a
pledge of indexnnification for accidental damage to friendly crops.
Alsc required are a list of desired targets, an intelligence annex,

a PSYOPS plan, and a civil affairs plan where applicable,
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(2) A recommendation for approval from the corps senior advisor. Pro-
cedures should be established to insure that this recommendation is
forwarded to HQ, MACYV, concurrently with, but separate from, the
GVN request. The corps senior advisor will; ’

{(a) Insure that the impact on the following areas is considered at all °

levels:

"1 Pacification opetations.

2  Community development,
3 Agriculture.

4 Economics. -

5 . Political s.ffai_rs.

é. “Refugees.

7 PSYOPs, .

(b) Obtain from the ARVN specific commitments and assurance that
PSYOPS plans will be implemented before recommending approval
of the project.

{c) Include in the recommendation a brief narrative of the major
advantages and possible disadvantages of undertaking the proposed
herbicide operation; documentation responsive to the areas of
interest outlined in the project request checklists at Annexes A and
B; statements reflecting the position of the province senior advisor,
the regional DEPCORDS, and a statement that the impact on the
areas listed in paragraph 7a(2)(a), above, wasa considered. Also
to be included are an evaluation of whether the project is in con-
sonance with the desire to restrict herbicide operations in populated
areas (paragraph 5b, above) and recommendations for approval

" or disapproval will be specified in detail, '

(d) Submit the recommendation to this headquarters, ATTN: MACJ3-09,
within 45 days of the date of the basic request by the province
-chief.

{e) Insure that province advisory staffs retain translated copies of

all documents submitted by the province chief. -

6
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The JGS request for support from MACYV and the US position will be evaluated

' and staffed by the ACofS, J-3, MACV, Chemical Opera.tions Division,

This will normally entail the following.

(1) 'An aerial reconnaissance of the proposed targets and surrounding
areas; observing in particular the topography, vegetation, population,
and agriculture.

(2¥ Obtaining clarification ;:)r modiﬁbations from the JGS 202 Committee
if the proposed operation is consgidered inappropriate because of policy,
logistical, technical, or operational limit§tions.

(3) Preparation of the proposed MACYV reply to the Vietnamese request

and cdordination of the proposed reply with the following agencies
(203 Committee members):

(a) ACofS, J-3, MACY, Psychological Operations Division.
(b) ACofS, J-2, MACV, -
{c) ACofS, CORDS, MACYV,
(d) USAID,
{e) JUSPAO.
{f} American Embassy,
After final approval by the Ambassador and COMUSMACYV, the reply
to the Vietnamese request is conveyed by a letter from the Chief of Staff,

MACY, to the Chief of the Joint General Staff, Republic of Vietnam Armed
Forces.

.The ACofS, J-3, MACY, Chemical Operations Division, action officer will
‘attend the final coordination meeting conducted for an approved project,

This meeting ig convened by the JGS and held at the province capital.

Upon receipt of the JGS Operations Order for an approved project, the

. ACofS, j-3, MACV, Chemical Operations Division, will prepare a request

for CDR, 7th Air Force to proceed with the authorized herbicide operations
and will furnigh the necessary information to CDR, T7th Air Force for the
preparation of operations and support plans.

The following operational procedures will be adhered to:

7

UNCLASSIFIED



MACY Dl 525-1 " UNCLASSIFIED

{1} Approximately 48 hours prior to each mission, final approval for
" spraying the target will be obtained by CDR, 7th Air Force from
the province chief and all ground commanders having a responaibility
in the target area. This will be accomplished through the "traildust"
warning order, an electrically transmitted, operational message ini-
tiated by CDR, 7th Air Force and addressed to all interested field
commanders and HQ, MACV, ;and 7th Air Force staff sections.

(2) Fixed-wing operations will not be conducted when ground temperatures
are greater than 85° Fahren.heit or wind speead is in excess of 10 mph.

(3) All fixed-wing herbicide operations will be conducted under the control
of a forward air controller, :

~ {4) Personnel of the ACofS, J-3, MACYV, Chemical Operations Division,

' will partlcipate regularly and frequently in aerial spray missions to
acquire and maintain knowledge of operational techniques and tactics,
provide technical and ope rational assistance, and insure.that herbicide
operations are in conformance with established policies, procedures,
and constraints.

{5) Other operational restrictions that mdy be needed will be furnished
separately for each target ddring coordination of individual projects.

8. (U) PROCEDURES FOR REQUESTING HELICOPTER DEFQOLIATION. The
following requirements will be observed by US corps senior advisors in approving
and executing GVN requests for US support of defoliation by helicopter in support

of local base defense, maintenance of deforested areas, and on known smail ambush
sites along lines of communication, :

a. Each defoliation project must be approved by the province chief concerned,
to include execution of a pledge for indemnification of claims for damage
to friendly crops outside the target area.

b. Operations will not be conducted when ground temperatures are greater
than 85° Fahrenheit or wind speed is in excess of 10 mph.

c. Each approved defoliation plan will contain a.dequate civil affairs (where
.appropriate) a.nd psychological ope rations annexes.,

9. (U) PROCEDURES FOR SURFACE BASED-SPRAY. When requests for the use
of surface-based methods for defoliation are received by US corps senior advisors
from ARVN corps, they will be evaluated under the following guidelines;

a. Defoliation operations will normally only be undertaken in areas of Tow
population where terrain and vegetation favor the use of herbicides as
opposed ¢o handcutting, burning, cr rezchanice! clearing.

UNCLASSIFIED
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b. - Defoliation operations will not normally be undertaken when it is apparent
that damage will occur to crops. However, high priority projects may
be undertaken when the military advantage is very clear, Such projects
will be forwarded to HQ, MACYV, for approval by COMUSMACY and the US
Ambassador, Defoliation will not be undertaken in populated areas until
adequate measures have been taken to warn the friendly population and to .
provide for compensation and relief in the event of damage.

10, (U) HERBICIDE OPERATIONS IN SUPPORT OF US AND FREE WORLD MILITARY

ASSISTANCE FORCES, All requests by US and Free World Military Assistance

Forces (FWMAF) for herbicide operations will be processed in accordance with
"this directive and instructions of the force commander/senior advisor within the

ARVN CTZ.

11. {(U) REPORTS,

a. Daily Air Activity Report (DAAR) (RCS: MACJ3-74).

(1) Reporting agency: 7th Air Force,

(2) A telephone report to HQ, MACV, ACofS, J-3, MACYV, Chemical
Operations Division, due each day upon completion of the day's herbi-
cide missions.

(3) The following information will be reported for each mission scheduled:

{a)
{b)
(c)
(d)
(e)
()
&)

Project and target scheduled,

Type misgsion - crop or defoliation.

Number of sorties scheduled and number productive.
Reasons for sorties lost.

Hits sustained by spray aircrait.

Amount and ty"pe of agent aprayed.

Agent load point,

b. 12th SOS Daily Air Activity Report (DAAR) (RCS: MACJ3-75).

-

(1} Reporting agency: Tth Air Force.

(2) A written report sent to this sieadquarters, ATTN: MACTI3-09. The
report, in one copy, is due on Monday of each week for the preceding
calendar week.

UNCLASSIFIED
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(3) The report will contain as a minimum the following information by
misgsion?

{(a) Date.
B (b} Base of origin,
(¢} Number of sorties scheduled and number productive,
(d) Project and target number.
{e) UTM coordinates of the actual spray run,
(f} Agent - gallons and type.
(g) Hit.s sustained by ap::ay aircraft.
(h) Reasons why q;::hedu led sorties vere not productive (when applicable).
.c. Helicopter Spra.y Opergtibns ﬁeport (RCS: MACJ3-%6).
(1.)- Reporting agency: Corps senior US ad'visors.

{2) A written report to this headquarters, ATTN: MACJ3-09, due on the
10th of each month covering activities for the preceding month,

(3) Reports will contain the following information, in the format shown,
for each area sprayed by hclicopter:
AGENT
COORDINATES HECTARES DESCRIPTION DATE AMQUNT & TYPE HITS

(4) Explanation of data to be listed under column headings is as follows:

(a) Coordinates, Six digit coordinates that describe the boundary
of the area defoliated.

(b} Hectares. Number of hectares sprayed.

(¢} Description. Type of area; for example, En base area, friendly
LOC, crops. '

{d) Date, Date area w.as sprayed.
{e) Agent Amount & Type. Amount in gallons and herbicide used.

S

{f} Hits. Number of hits sustained by the helicopter from enemy fire,

UNCLASSIFIED
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{5) The report will also include a statement of any adverse resulits

(6)

from helicopter spray operations. Examples of adverse results are
damage to crops or trees which may cause claims, refugees, or
other occurrences which might reflect unfavorably on the prograrn.
Comments should refer to specific areas sprayed. If there are no
adverse results expected, the report should so state.

Reports must arrive at this headquarters in two copies. Nepative reports
are required, This headquarters will make distribution to JGS, J-3,
Chemical Branch. '

Monthiy Herbicide Operations Priorities (RCS: MACJ3-77).

()

Reporting agency: Corps senior advisors.

(2} A writtenbre;‘:o:"t to this headquarters, ATTN: MACJT3-09, due on the

15th of each month covering priorities for the following month. The
report will contain the priority for engaging herbicide targets with
UC-123 aircraft within the corps tactical zone during the month,

‘Required information is project number, target number, and relative

priority within the CTZ for each target the corps senior advisor
desires to designate as a priority target.

Defoliation Precject Evaluation Report (RCS: MACJI3-78),

(1}
(2)

Reporting agency: Corps senior advisors.

A written report to this headquarters, ATTN: MACJI3-09. Reports
will be rendered on all fixed-wing defoliation projects as follows:

(a) Projects will be evaluated within three months of inception and
at three-month intervals thereafter until completion.

{b) Reports will be submitted within 30 days after the end of the reporting
period. : '

{c) ‘The report will cover the elements of evaluation outlined ir Annex C.

Crop Destruction Evaluation Report (RCS: MACJT3-79).

(1) Reporting agé.ncy: Corps senior advisor.

{2} A written report to this headquarters, ATTN: MACJ3-09. Report will

be rendered on all crop projects aa follows:
{a) A seﬁ:i*aﬁnnu.-ﬁ repsy® {1 May aad ! November) will be submiftted

for each province where crop destruction operations were conducted
 within that six-month period.
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(b) Evaluations will be submitted within 30 days after the end of the
reporting period.

{c} Reports will cover the elements of evaluation outlined in Annex I

12, (U) INTERPRETATION. This document is not subject to local interpretation.
If clarification is required it should be requested from this headquarters,

13. (U) REFERENCE, Report onthe Herbicide Policy Review, American Embassy,
Sajgon, 28 August 1968, '

FOR THE COMMANDER :

ELIAS C. TOWNSEND
Major General, USA
Chief of Staff

LOUIS J. PROST
Colonel, USA
Adjutant General -

Annexes

A, Defoliation Checklist

B. Crop Destruction Checklist

C. Post Project Evaluation - Defoliation
D. Post Project Evaluation - Crop Destruction

DISTRIBUTION: )
I-A, I-C, Ii-B, iV-B, V-5, VI-C, ViI-B
Plua:
25 . MACJI3-09
1 - MACCO-RCO
C 300 - MACAG-AP

12

UNCLASSIHIED



"

R C o UNCLASSIFE O

MACYV Dir 525.1

POST PROJECT EVALUATION - DEFOLIATION (U)
(RCS: MACJ3-78)

(C) The report submitted by the PSA will contain the following.

1, Dates defoliation missions were flown and type of aircraft used

2. Brief restatement of military justification of project, including description
of enemy use of target area.

3, Extent of defoliation of single, double, and triple canopy jungle, bushes,

grasses, and other cover. - Use the following scale to indicate vertical and horizontal
_(where applicable) visibility of enemy facilities, L.OC, and personnel: I - slightly

increased visibility; II - moderately increased visibility; III - markedly increased
visibility.

4. Observed changes in the utilization and location of enemy facilities and LOC as
well as the movement of enemy personnel.

5.

Descnption of targeting or operational errors to include exceptions to established
meteorological standards during spray operations.

6. SOLATIUM REQUESTS,

a. Number and description of requlests submitted to provincial authorities
as an alleged consequence of the project.

b.

Evaluation of responsiveness of provincial officials to claima generated
by the herbicide project.

7. CIVIL AFFAIRS PLANS,
the herbicide project.

SIFICATION
mR 11652.

Evaluation of population dislocation resulting from
Comments should not he confined to registered refugees al

8. PSYOPS SUPPORT PLANS,

1R

CEMB

IVE ORD
b

258
\E‘. B -
a. Numher and sample of leaflets a.nd other printed media used in support }i&l I
" of the project. ol c; .
- o _ aooN
b, - Number of loudspeaker plane sorties flown. el i" e
. [N i e
' n e
¢. Description of other PSYOPS support activities carried out, {é sEi :
A
d. Description of local attitudes toward the project or toward defoliation @«
operations in general.
Annex C “
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e. Existence and extent of local enemy propaganda a;ctivitieu directed against
the project or the program as a whole.

9. OVERALL EVALUATION. Assessment of the results of the project in terms
of its military, economic, and political/psychological impact.

suwrotmec UNCLASSIFIED
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CROP DESTRUCTION CHECKLIST (U)

- (C) The US project recommendation will include the following !
1. GENERAL.

a2, The objective and the military worth of the proposed herbicide crop destruction
operation.

b. Degree of urgency of the proposed project.

c. DEPCORDS and PSA position on the proposed project. In the case of non-
concurrences, reasons 'will lge atated. '

d. Statement that provincial CORDS and regional CORDS specialists have tak-n
part and had an opportunity to express their views during the approval process.

2. TARGET DESCRIPTION. |

a., UTM grid coordinates (six digit).

b. Overlay or map showing recommended project. \ ::
c. Type of crop in the target area and its‘ growing season. 1 Q
d. Estimate of the numbel.: of hectares of enemy crops in the target. 'l a
3, ENEMY SITUATION. f 3
a. Disposition (e.g., strength, location, activity). _ S
b. Location of major VC/NVA base areas, . ) g
¢. Antiaircraft capability. :
4. 'RESOURCES DENIAL ASPECTS. __; ;

DECLASSLEY:,

a. The characteristics and vulnerabilities of VC/NVA food production efforts
in the area. _ -

(1) The extent to which the enemy in the area is reliant on local productio'n
for food requirements,

P

{2) Alternative sources of food for VC/NVA in the area,

Annex B

| ; GROUP 4
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" (3) Distance from the target area to the nearest commercial center or
major agricultural area.

o

(4} Any evidence that enemy units currently are suffering food shortages.

b. Me_:asu;res, besides herbicide crop destruction, that are being taken to
control food in the area.

c. Efforts being made to eliminate the enemy's logistice infrastructure in
the area.

:l Location, if any, of effective GVN resources control checkpoints between
commercial sources of food and the target area.

5. PSYOPS ASPECTS,

a. The population density in the area.

b. Special characteristics of the population in the area {e.g., ethnic, religious,
vocational, political, degree of literacy).

c. Plans, if any, for psychological operations to be conducted in advance
of the crop destruction miseion.

d. The predicted psychological impact within the area of operation,
e. PSYOPS media to be used.
f. Thematic conteni of the media.

g. An evaluation of past performance of PSYOPS on other herbicide projecta
in the province, .

6. CIViL AFFAIRS ASPECTS.

a. An evaluation of whether the execution of the project will create prublema
or conflict with RD programas in the area.

b. An evaluation of the support plan prepared by prOVince- officials if a refugee
problem is expected,

c. Number of refugees that could be produced by this operation.

d. Adequacy of provincial facilities to handle generated refugees.

e, Determination of whether funds are available to satiafy damages which might
be included under the claims program.

Page 2 of Annex B
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(C) The US f)roject recommendation will include the following:

!. GENERAL.

MACY Dir 525-}

a. _The objective and the military 1_.v'orth of the proposed defoliation operation.
b. -Degree of urgency of the proposed project.
c. bEPCORDS and PSA position on the proposed project. In the case of
nonconcurrences, reasons will be stated.
a4 |

Statement that provincial CORDS and. regional CORDS specialists have

taken part and had an opportunity to express their views during the approval

process.

2. TARGET DESCRIPTION.

B 1N

UTM grid coordinates (six digit).

Overlay or map showing recommended project.

leaf, canopy, species, height).

3. ENEMY SITUATION,

a. Disposition (e.g., strength, location, activity).

b. Nature and pattern of LOC.
¢. Location of base camps.

d. Antiajircraft capability.

4, SENSITIVE AREAS. Location of active rubber plantations,

orchards, and
cultivated areas located in the vicinity of the target.

Description of vegetation located in the target area (e.g., grasses, broad-

1 !

775

R 11652.

AL DECLASSIFICATION

YRCUTIVE ORDE
31 DECEMBER /

GENER

‘ITTY

B}

CLASSIFIED BY:
© g~ EDULE OF E

. S$UBJECT TO

In the case of cultivated areas, .
when the harvest period occurs, '

5. PSYOPS ASPECTS.

a, Who and how many inhabitants are located in and near the target area.

b, The predicted psychological impact within the area of operation.

c. PSYOPS media to be used.

GROUP 4

45 DOWNGRADED AT 3 YEAR INTERVALS
Annex A N'i i‘?NSBIF[F[l DECLASSIFIED AFTER 12 YEARS

CONFIDENTHAL

Subject to General Declassification Schedule
Declassified on 31 December 1975.
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d. Thematic content of the media.
e. " Additional support required. ‘

f. Provisions for operations directed toward population living ia the area
contiguous to the target, .

g. An qvaluai;ion of past performance of PSYOPS on other herbicide projects
in the province. :

h. Procedures established to notify the psychological operations personnel
to execute the PSYOPS plan before the misgion is initiated.

6. CIVIL AFFAIRS ASPECTS,

a. An evaluation of whether the execution of the projeét will ¢reate problemasa
or conflict with RD programs in the area.

b. Number of refugees that could be produced by the operation which this project
supports, '

c. Adequacy.of provincial facilities to handle generated refugees.

d. . Ewvaluation of the refugee support plan prepared by the province officials
if a refugee problem is expected,

e, Determination of whether procedu.res and funds are available to satisfy
damages which might be included under the claims program.

. ) e
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1964
1965
1966
1967
1968
1969
1970

TOTALS

YEAR
1965
1966
1967
1968
1969
1970

TOTALS

- AGENT ORANGE "PERIMETER" SPRAY MISSIONS

I CORPS

12
30
40
82

I CORPS

45

11

56

+

SERVICES HERBS MISSIONS

I1 CORPS ITI CORPS
0 0
0 1
0 0
9 0
3 3
0 30
16 0
28 34

RANCH HAND MISSIONS

11 “CORPS 111 CORPS
0 0
0 0
0 0
112 1
85 18
56 1
253 20

1V CORPS |

i8

60

56

144

TOTAL

113
151

70

334



COMBINED TOTALS "BOTH TAPES" BY YEAR

YEAR

YEAR | I CORPS II CORPS | III CORPS | IV CORPS |  TOTAL
1964 : 0 o { 0 ! 0 , 0
1965 ! 0 | 0 : 1 || 0 ’ ]
1966 l' 0 0 0 } 0 f 0
1967 ‘ 0 l' ’ 9 = 0 II 0 ’ 9
1968 ’ 12 i 115 l' 4 f 0 ' ll 131
1969 : 75 : 85" : 48 : 3 l' 211
1970 : 51 : 72 i 1 : 2 I' 126
TOTALS } 138 = 281 ]' 54 l' 5 l' 478

.
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3 13:45 1986

location

qL

- QL

QL.
aL
QL
QL
QL

1332
134&
1367
1374
1379
1380
1737

alabama =
alfa

alice
alpha

alpha

alpha
amazon

an
an
an
an
an

khe

khe

my

nhon
nhut tan

angel’s wing

ann
ann

ap
ap
ap
ap
ap
ap

anh vinh
binh long
labouye
loc binh
lac thanh

“truong

appie
april
arkansas
arsenal

artillery hiltl

b

ba vria
baldy
bhao loc
bao trai
bao trat
barbara
bastogne
bastagne
bau loc
bearcat
bearcat
bearcat
hearcat
bearcat
bearcat
bearcat
earcat
searcat
warcat
garcat

cp listing Page 1

grid

BR72941%9
BRBB5586

BR932739

BR916838

BRB79898

BRB72913
BR932759

A8944503

X5281569
XS135602
XS1661089
X$188111
YS610703
Y$397627
BR468468
BR469468
XS88595 1
CRO&5373
X8665674
XT250030
XS6467842
XT448375
XS460180
WS860540
BP3402070
EP350080
XU740140
XG760670
YT280100
XT614261
WS910400
YDSB7073
€Q135526
XT980320
XS300410
PT134443

-ZTA8B700

AT527043
XT545348
X5117598
YDOH19AF3
YD&22092
YT2984625
Y51208902
¥YS1200890
Y51560990
YS1460990
YS1709%5@
¥YS5170999
YT120000
¥YT15@002@
YT151@09
YT15658000

YT160080

rpt_unit_uic

1004035
1004035
1086035
1006035
1006035
1006035
1004835
1008500
1008500
1008600
1003379
1003379
1003509
1803529
1006299
1006299
1006938
1206035
1008500
1003598
1023509
1003509
1028600
1908620
10865689
1006587
1006039
1028400
1008600
1023509
1006600
1006029
1006039
1003375
1003578
1006039
1003578
1803375
1003509
1208600
1006029
1006029
10835846
1008600
1008600
1008600
bR
1008600
1008500
1008620
1208600
1208500
10084600
1008600

record

N
NUWHWEHWW

N
WRN

M N

NN :
ANV A RN NN AN AN AR A RN AN AN

N

kY

U A RN S AN R AR SR AR NN RN AR SN

R BN R B b B R b RN

[ W NI AN

=

acc# date
627052 1@/31 /67
827@52 10/31/67
827a32 18/31/67
B27Q52 1B/31/67
927@52 10/31/67
827952 18/31/747
827@32 18/31/67
391511 @2/at/68 .
387514 @b6/16/7867
3894693 11719767
831137 B3/26/47
631137 Q3/246/767
391695 12/1&6/6%5
389518 R5/21/66
875012 Q4/30/70
8463461 A7/31/469
331860 R3/28/467
829387 @7/31/67
394187 @5/Q7/68
5143463 Q4/29/70
391696 B2/24/66
3214696 R3/21/7646
583258 D1/31/46%
303258 @B1/31/69
859530 Dz2/28/6%
859530 Pe/28/6%
878477 @7/31/79
503258 P1/31/6%
321511 D4/30/s68
321696 P1/08/466
391511 Q4s3Q/68
880293 @7/31/7@
841998 D2/01/47
384050 B5/25/67
3921164 Qz2/01/68
8329739 12/09/67
389875 12/13/467
389874 @1/17/468
321696 Qz/08/66
3894693 117197867
B8&517 Q4/,30/71
322044 QA4/30/48
387631 Q?/11/67
39451 4 —Q7/30/68
3924511 Q7/31/48
392633 @4s30/68
3F4511 B /307468
392633 P4/30/468
394511 R7/30/408
394511 P7/30/68
394311 @7/30/68
3894692 0t /30/468
392633 Q4/30/468
394511

B7/30/68

remarl

bdge
bdge
bdge
bdge

‘bdge

bdge
bdge
fsb
1z
1z
1=z
1z
1=z
1z
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bearcat

ben
ben
ben
ben
ben
ban
ben
ben
ben
ben
ben
ben
ben
ben
ben
ben

cat
het
het
luc
luc
luc
luc
luc
luc
luc
luc
tre
tre
tre
tre
tre

betty

bien
bien
binh
binh
binh
binh
binh
binh
binh
binh
binh
binh
binh
binh
binh
hinh
binh
binh
binh
binh
birm
birm
birm
birm

binh
hoa
chanbh
duc
phuoc
phuoc
phuoc
phuec
phuoc
phuoc
phuac
phuoc
phusc
phuocg
son
son
sON
s0n
30N
son
ingham
ingham
ingham
ingham

blackhorse
blaster

blue
blue
blue
blue

Bo la

bong son
bong son
- bong son
bravo

bridge 1

bridge 1-58
bridge 1-58

cp listing Page

YTi17020Q
XT740330
YBRB70254
YBB871253
XS&17739
X8&617759
XS5618754
X8630759
X85630760
X5630750
XS&618748
X5620750
XRB2O700
YS500300
XS510320
X5470350
X8510320
XT487388
ZB@81172
YTAB&145
XS5720790
X8478450
X8609532
XS56@9553
X86@%553
X8609553
XS5610550

' X54610550

X8610550
XS41D550
XS4610351

X541555@

B5594927
BSH@1922
PS&01922
YTZ211932
YS210930
YS212930
YD7@3102
YD7Q4102
YD7@25 100
YD705103
Y5445972
XTR45895
PO919337
BO919337
XTS523359
YT153281
X 820320
BRB&4GEZ
PRB&69IS 4
PRB46944
XT278102
BS742802
BRI®4 485
PRYQ4 LTS

1008400
1806938
1006299
1006299
1008400
1008500
1008500
10084600
1008500
1008500
10085020
10084020
1203379
1003578
1908400
10084600
1008500
10283509
1006299
1083375
1028600
1003578
1808400

19084600

1008400
1008400
1008600
10284602

1208500

100684600
1008500
10084600
1006039
1204039
1086037
1206072
1008400
10084600
1005029
10086029
1306029
10@Q4&029
1006022
1206939
1203376
10033746
1803509
1203529
1003375
1003400
1026035
189046035
103509
130460839
12060235
1005035

[N

ICRr R R RN AN N AR NS AN AR R AR AN AN AN AN ANN

394511
871412
842383
832308
511070
514461
314461
389810
392633
394511
394187
503258
505535
392116
395142
5014469
501449
391696
849209
392472
394511
505950
514461
588091
511070
514461
394511
394511
395142
593256
514461
394187
394870
394870
S@4731
839091
394511

394511

880293
392046
3920846
392046
827930
878477
389519
309519 ™
391696
3914964
387538
389517
827952
824496
391699
884864
824496
825387

@7/30/48
18/31/6%9
Qb&/14/68
01/31/48
B4/,28/70
07/31/70
Bo/25/70
A1/31/68
R4/30/68

A7/30/468 -

83/07/68
B1/31/69
R7/10/69
Q2/01/48
19/31/68
@1L/31/69
12/01/68
P2/21/646
1Q/31/68
21/30/408
Q7/30/468
07/31/69
D&/ 26/70
18731769
Q4718770
@5/8z2/70
Q7/30/&8
R@7/31/68
1@/31/68
@1/31/4&9
@5/@02/7@

- @5/06/68

@7/06/68
@7/31/48
04/30/69
Q4/30/68
@7/38/48
@7/31/68
@7/31/70
B4/30/68
B4/30/68
Q4/30/468
180/31/67
@7/31/70
10/30/466
10/31/66
Dz/21/66
RE/12/66

' P9/13/67

@1/23/66
1@/31/67
Q4/30/67
12/31/65
08/02/70
P4/30/&7
@7/31/67

aQry
rnwy

bdge
bdge
bdge



Apr 3

bridge
bridge
bridge
br idge
bridge
bridge
bridge
bridge
bridge
bridge
bridge
bridge
bridge
bridge
bridge
bridge
bridge
brown

brown

brown

bu dop
bu dop
bu pran
buell

bunard
ca mau
calhoun

13:45 1986 cp listing Page 3

1-67
1-47
1-86
100
12
12
14
14
146

2

2z

38

4

40

8

B

@3

g

can giouc
can giouc
can giouc

¢an gio

can tho
can tho

cao lan
carolyn
carolyn
castle

cat lai
cat lai

catholiec church

center
chamber
chamber

uc

h

lain
lain

chanh luuw

charlie
charlie
‘che tay

yen

chi lang

chien trapeang

cho ky

e Inks

cho ky son

chu lai
chu lai
chu lai
chu lai
chu lai

BRY14838
BR?1&838
B59@4135
BS684458

" WRE30950
' WRO3D950

WRBO5%87

- WRBR5987
WSB13815

Ws9@21129
BG737520
ZAB77310
YAR75291

ZAB57317

WRP41791
WRF417%1
BS&33011¢
YUR71374
Y5225804
X8@944612
YU?70290
Xue?s5292
YU480560

. XT222564
 YT290870

Va958900
XT125349
XS8207.10
XS820710
XSB825717
X5870710
WS830100
WS830100
WS700550
XT260760
XT277788
Y5140980
XS954895
X5958895
BQ953415
BTO52253
X§554983
X5555984
XTBZ0320
XT312021
XU629308
XS46565 1
WSA30630
VS950480
XS60E616
X56B6616
RTSZ7116
BTS28095
BTS4 1064
BTS41064
BT541064
-——

1206035
1006035
1006035
1006039
1006035
1006035
1006035
1006035
1006035
10046035

1006039

1006020
1206020
10046820

"+ 1006835

1005035
12056339
1086939
19068400
10084620
1003375
1906939
1203376
12@6939
1003375
10083379
1203375
100846020
12284600
1008420
10284620
1028500
100846020
10034627
1006937
12046939
12046092
1028400
1208500
1906039
1006039
1008600
1208400
1903375
1@8035@9
1003507
1008400
10035607
1008400
182060@
1808600
1203300
120338Q
1003380
10033680
120338@

NN
RN R N R AN A NN N AN AN AR AR AN AR AN AN N AN AR AR AR AR A

ki M

[ N

By R = by

G G G G G NP MR N GGG

AR GG Ry PG Gl

824496 Q4/30@/867
825387 Q7731747
825387 @7/31767
884845 10/31/70
B&8B322 01/31/70
872318 B4/30/70
 B&B322 @1/31/70
872318 0@2/15/7@
872318 R4/30/70
872318 04/30/70
85848645 PB/02/70
832359 12/@3/67
831872 05/@8/67
848758 @1/31/68"
8468322 @1/31/70
B7z2318 Q4/30/70
884845 A/ 16470
878477 Q7/31/70
3894692 D1/11/68
389493 11/19/67
386514 D2/20/67
878477 D7/31/70
504954 Qa/28/469
878477 B7/31/70
. Aiae33 A3/108/70
515990 09/12/70
393383 R3/81/66
394511 @7/31/68
53258 @1/31/69
511@7@ D2/28/70
394511 @7/3@/58
395142 10/31/768
S@e3258 Qr/31/69
848357 10/31/48
878477 @7/31/70
878477 07/31/7@
839071 R4/30/68
394187 @5/06/68
324187 @5/@7/68
BZ4b2b D1/31/67
5108465 Q4/30/7@
514461 Q7/a1/7a
514461 @5/@5/7@
387538 RI/13/467
3914695 12/31/65
lges1se @5/20/466
514461 Q6/25/70
848357 10/31/68
503258 B1/31/6%
5110708 R4/B9/70
522078 B4/@9/70
389942 21/31/68
384515 B4/3A/67
3846515 QD4/30/67
3847735 P7/31/67
389942 @1/31/48

bdge
bdge
bdge
bdge
bdge
bdye
bdge
bdge
bdge
bdge
, bdge -
bdge
bdge
bdge
bdge
bdge
bdge
fsb
fsb
1z

fsh
fob
1z

—

fsb
fsb
camp

1=z
fsh
fsb
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chu lai
chu lai’
chu lai
chu lai
chu lai
“chu lai
chu lai
chu lai
chu lai
chua lai
chu lai
chu lai
chu lai
chu lai
chu lai
chu lai
chu lai
chu lai
chu lai
chu lai
chu lai
chu lai
chu lai
chu lai
chu lai
chu lai

co may tauseway

colorado
connell
cora
cougar
crystal
crystal
crystal
cu chi
cudgel
cung son
cung son
cutlass
da nang
dak pek
dak pek
dalk seang
dak seang
dal: to
dak to
dak to
dan

darn
Gad L reEng
dau tieng
dau tieng
delores
delta

di an
dialahn

cp listing Page 4

BT53410564
BT541044
BT541064
BT541265

BTS41065

BTS547057
BT547057
BT547@57
BT547037
BTS547057
BT572035
BTS720325
BT5720@35
BTS72035
BT572116
BTS572116
BT372116
BT572116
BT575033
BT752@35
BT522043
BT53110@5
BT531103
BT534045
BTS38027
BT534034
Y8370540
XU424120
ARB33567
XS1146570
YT735000
BER895659
BREB?5659
BRB?5659
XT781132
X5085520
BOQBOBA4AZZ
EQBOB42Z
¥YsS107872
BTOZ207350
YB952682
YBI344684
YA?1@910
YRB743746
ZAR15215
Zk@12219
14007215
XT160307
XTags7s8
XT4L20472
YT49@470
XT495470
X5123584
XT328078
XT917179

-CQH31194

1003380
1003380
1003380
1203380
1003360
1003380
1203380
1003360
1003380
1003360
1003380
1003360
1003360
1003380
1003380
1003380
1203380
1003380
1003380
1203380
1006037
1006039
1006037
1006037
1006039
1006039
1006892
1006939

1006299
‘1008400

1008400
1086035
1006835
1086035
12006932
1008400
10033745
1004037

1903589

1006039
1903589
1006299
1006299
1806299
1006299
1006299
1006299
1003509
1908400
1ARIITH
1006029
1003509
1008400
1003507
1006937
1006039

NN

k3 '
RMEWWWUWWUWEWWHWRWUWEWERNRN GGG W GGG GG GG LG G G G Gl G G G Gl G Gd Gl Gl G L LG

[

N
AR AR NENENEREN

391569
394461
395964
3944461
395944
384515
386735
389942

391569

3959464

- 386735

389942
391569
395964
391549
391569
374461
395964
386735
394461
394870
510845
BB4865
832978
394870
504731
832525
878477
824759
389693
389815
824496
824496
825357
386892
389693
389519
841990
391696 -
507519
512293
842383
824744
849209
B24744
835758

855547 _

391656
514461
393383
824498
391696
3895693
391455
386892
841998

04/30/68 -

©7/31/68
10/31/6%
@7/31/68
10/31/68
Q4/30/67
Q7/31/67
@1/31/68
Q4/30/68
10/31/68
07/31/67
@1/31/68
04/30/ 68
10/31/68
92/08/48
04/30/68
07/31/68
10/31/468
97/31/67
@7/31/68
@7/31/68
04/18/70
10/24/70
11/01/67
07/06/68
04/23/6%
11/26/67
@7/31/70
03/18/467
11/19/67
01/30/68
04/30/67
04/30/67
@7/31/867
@7/31/67
11/17/67
10/30/b66
P5/15/67
04/1@/66
10/31/69
04/12/70
D6/16/68
P1/31/67
28/14/68
10/17/67
04/30/68
B4/30/6%9
03/02/6b
@5/18/70
A3/N1/66

Qa/30/67
@2/21/6646
11/19/67
12/31/65
@7/31/767
@5/15/467

Rt i e

fsb
ary
1z
fab
af
1z

il

fsb

iz
sfc

sfc

af
bc
fsb

fsb

1z
1=z
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dien bien
dien binh
dizzy
dizzy

don duong
dong bo
dong cat
dong hoa
dong tam
dong tam
dong tam
dong tam
dong tam
dong tam
dong tam
dong tam .
dong tam
dong tam
dong tam
dong tam
dong tam
dong xoat
doomsday 1
doomsday 11
dorrie
dottie
dragon mountain
duc co
duc hoa
duc pho
duc pho
duc pho
duc pho
duc pho
duc pho
duc pho
duc pho
duc pho
duncan
eagle
elle
english
ernie
esso

f

falcon
fat city
february
flora
florida
franik
french
franch

g

geiger
gettysburg

cp listing Page S

ZB@86176
ZBO92179
WE990550
WS990550
BP395122
CPOO0450
BS734543
XT947038
XS400400
XS5410420
X5410430
X5410430
XS410430
X5410430
XS410430
X5423442
XS840430
XT470440
X5410430
X5410440
X5415440
YT@79757
XT770910
XU7208160
YU991851
BS626857
AR780348
YAB40Z53
X5590950
BS812362
PS812302
BS5812382
BS812382
25812382
R5812382
PSB845370
RS805382
PS907308
XT134385
YDB13166
X5150603

BRB78978 -

XTZ00386
COB70739
XT970200
XT943238
BPT426089
XT633308
XS137595
XS99355 1
XT485194
X5890620
XS8P6614
XT930570
XD745442
X¥S931;8878

1206299
1206299
1008600
10084600
1086589
1003370
1006039
1004168
123578
1228600
12084600
10084600
10086020
1208400
10084500
1008400
1008400
1226092
12085600
12084620
10084600
1005148
1006739
1024339
1286700
1006039
10046299

1006299
1023509

1003380
1003388
1e03z280
1203380
1903380
1203380
1003380
1006037
1006039
1203375
1006029
10084600
1903400
1023375
1803376
18@3375
1203509
1206039
1803509

10084600

1028600
1003509
1208600
1028420
1003375
iea3zi2
10085600

NRM

WHWWHWNNLW W

M

u(AhJN(Jh}NLJOJN(ALJLlurOLlutdblulALJLlU(JLJNCJLJU(JbJU

bW P

N
L\

832308
049209
203258
203258
BS59530
3153989
394870
833317
392114
394511
322633
394511
324511
395142
303258
i8%9810
S@B737
848942
392633
289810
389610
831877
878477
878477
8465219
394870
824744
B24744
391676
386513
384735
182942
371569
394461
3959464
388735
58555

510865

1393383
880293 .

23894653
389517
323383
387534
386050
dP16%6

5108485

3916946

. 39493

391511
391696
392633
394187
384050
509008
514461

@1/31/68°

18/31/48
DA1/31/6%
A1/31/469
@4/01/6%
18/31/70
R7/31/48
R1/31/48
02/81/48
@07/30/48

Q4/30/468 -

@7/30/68
@7/31/68
10/31/48
01/31/69
D1/31/768
18/31/68
18/31/68
02/18/568
01/31/68
01/31/68
01/31/468
©7/31/70
@7/31/70
10/31/49
@5/01/68
P1/31/47
01/31/67
@3/18/46
P4/30/67
07/31/67
@1/31/68
R4/30/68
07/31/68
10/31 /68
@7/31/47
06/D7/69
04/30/70
03/81/66
07/31/70
11/19/67
R4/29/66
03/@1/66
28/10/67
06/12/67
P1/14/66
04/30/70
01/14/66
11719767
02/01/48
A3/02/66
24/30/68
25/07/68
R6/12767
@1/19/70
@5/05/70@

e

fab

fsb

fort
fort
1=z
fsb
fzb
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-

gettysburg

ghua kom
gia dang
gia ray
Qia ray
giale
gold
goldie
golf

good view
grand sommet

green
green
green

grey

guadalcanal

gunner 1
ha thanh
ha thanh
hal

ham tan
hammer
hammer

hammerstone

hammond
hammond
fRammond
hammond
hammond
Hammond
happy
happy
helen
helen
henry
henry
hill Z8
thill 430
kill 823
hill 94
hilltop
ho nai
holloway

hong kil dong

Jacksan
jamie
Jjane
Jgarrett
Agerri
Jjohn
John
Julie
July
kala
kan bring
katum

cp listing Page &

XS358878

VS960450
YD417353
YTA20100
YT630130
YDB25135

BQ755352

RS4&BB657
XT423182
BPSQ7075
BP9B%450
YS200835
BQ923345
YT147287
YS200930
RS863377
XT970200
BS3%0700
BS3IP3704
XT510220
15015827
Y8267872
YS103764
XUSO0930
BRBBO353
ER882538
BR8H2536
RR882538
BRBBE533
BRBBOS553
RP3I0Q820
BP4QD6502
YUBDS&31
X5533389
YD6BLDS3
XU460390
BT257234
Ca=s8221
YBB53188
PR978B440
XU349093
YTO70130
AR793464
CQ245375
XT425168
XT492715
XT202341
XT418125
XUFERT2Y
XS&656832
XThba1115
Y$111831
XTbS51268
YC987089
7AD39288

T X TI3QF05

10084620
1008400
1006014
1003578
1006930
1006027

1003376

10046@37
1083509
1006589
1003374
1005400
1223376
10@3509
10908400
1224037
1003375
10034605
1006039
1093375
1006029
128602
1023375
1006939
1206035
1003644
10038646

10035646
1006235

1006035
1003376
1P@337&
1204700
1202509
1086029
1006739
1005039
1006039
1006279
1003400
1203500
1203509
1003400
12033746
1008&20
1208600
1003509
1008460Q
104627329
1203589
1083589
12085600
1280352%
1003605
1006299
1006939

S14461
S@3258
848445
392116
871412
392046
389519
505555
391496
878227
395756
389492
389519
3916986
392633
841998
384050
511540
510865
393383
827930
3895692
393383
iB78477
B24496
511069
511049
511069
825387
824494
515989
515989
B65219
3914694
392046
878477
832978
841998
832308 -
389517.
S14461
392636
5056030
387534
S14461
S14461
3915656
S14461
878477
391696
391696
S14461
3716%4
513857
B24744
B78477

0S5/26/70
D1/31 /69
18/31/68
0z2/B1/468
10731769
Q4/30/68
10/31/46
@7/31/769
Bl/B4/6b
G4/30/7@
" 10/13/48
B1/11/68
10/31 /646
Q2/12/66
Q4/30/68
05/15/67
Q46/12/67
03/09/70
0z/10/70
02/21/66
18731767
P1/11/68
P1/28/4b6
07/31/70
D4/30/67
Vzs12/70
Q2/19/78
Qz/28/70
B7/31/867
D4/30/67
08/17/70@
09/29/70
10/31/6%9
B3/18/64
D4/30/68
VS /30/70
11/01767
PS/15/67
12706767
Q3/23/64
05/22/70
01/31/68
B7/13/6%9
R8/31/467
R4/30/70
05/04/70
R3/Q2/66
05/30/70
07/31/7@
‘0z/26/66
03/02/66
@7/31/70
Q1714766
B7/12/7@
@L/31/67
@7/31/70

pass
mtn
fshb

fsb

fsb
fsb
hill
hill
hill
hill
fsb

camp

fsb
fsb
1z
fsb
fsb
lz
1z
fsb
1z

bdge
af



s
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keaton
keaton
key

key

khaki

khe sanh
king

king xang
king xang
klaw '
klaw

klaw I1I

kon ha'rong
kon hoi ring

kon hojao
kontum
koantum
kontum
koantum
kontum
kord

krek

ky ha

ky ha

la bonte
1a ha

lai khe
lambert
lambert
lane

lane
lightning
litts
littsy
litts
long binh
long binh
long binh
“long binh
long binh
long binh

long thanh
long thanh

luduwig
luong hoa
1z 1

1z 106

1z 12

1z
1=
1z
mace

mace

machete
machete

m & N

post
post
post
post
post

X5&6353757
X54630760
XS510310

XS510310 .

X8560270
X0850318
X5364947

X5630850

X84306%0
XS600250
XS6400290
XS600270
IBl4&149
ZB11114&65
ZBRB&3225
AR778900
AR7B2888
ZAZ230875
ZA787899
2R7828%94
X5410340
Xupioaio
BT532114
BTS53311@
BRB8AGA2ZY
B5&684477
XT772381
XS3204%0
X8320490
BR?4B2b66
BRP482466
XTS542328
BERIQE734
BR9087024
BRIRS704
YT@75042
YTRS51047
YTRS4D4Z
YTR&LLD5 2
YTRL7354
YTo&67058
YS120920
¥5138%918
XS5420740
X5570880
X5458740
XT97@0343
YTO824725
185464764
X5478748
XS487765
YT108995
YT&27122
XS@4654613
XSL6E504620

——m 650620

1986 cp listing Page 7

1228400

1008400
100684600
1208600
10084600
1006029
1203509
1006938

1006938

100684600
1208500
10084600
1006299
1006299
1006299
1006299
12306299
10046299
1086299
10@6299
1028600
1806937
1003380
1203380
1906835
105237
1083375
10284600
10084500
12033680
1003380
1203509
1006035
1206035
10846035
1006092
10860%@
1986090
1006070
1004070
1206091
1208402
1008400
10285600
1083375
1003507
10835092
1223509
1203567
1203529
1003509
1203509
18046938
1008420
lovss0
1008600

22

ISAN TN
NN A AR A AR AR XE AR AR AR ARAR AR AR A

B NG G Gl G Gl L G G G G G G

£ kY b2

[AREEN) '
RN N B L) GG G GGl G

314461
514461
584325 -
506325
583258
886517
371696
871412
875543
5046325
506325
5032348
855547
Bb63441
B24744
B24744

832308

680430
895547
842383
503258
878477
386515
391569
B24496
504731
392472
394511
394511
389522
386515
389518
82446
B24496
825387
839@9t
07854
907854
Q7854
S@7854
907854
392633
389692
503258

389523 _

A9 16946
39169646

391694 .

321694
3914696
391696
391696
BBz42b
3894693
394811
394511

27/31/70
AL/ 01 /70

B&/25/74649

07/15/69
01/31/69
02/01/71
03/18/66
10/31/69
04/30/70
04/18/69
@7/15/69
01/31/6%9
B4/30/69
©7/31/6%9
10/27/67
10/17/67
B1/31/68
04/30/68
04/30/69
05/@1/48
@1/31/69
®7/31/79
04/30/67
02/03/68
B4/30/67
Q3/01/69
02/29/68
27/30/68
@7/31/68
@1/31/67
B4/30/67
05/16/66
04/30/67
©4/30/67
®7/31/67
B4/30/68
10/31/71
10/31/71

" 18/31/71

18/31/71
18/31/71
Q4/30/48
Q1/19/&8
B1/31/76%9
12/720/66
@4/18/656
B:2/87/66
B3/09/ 66
B4/18/66
Q4/18/ 64
R4/18/88
@3/11/48
Q7/09/70
11/17/67
@7/30/&8
B7/31/68

fab
tab
fsb
fsb
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mang giang pass

march
martin cox
martin cox
martin cox
martin-cox
"martin cox
max

mayy

may

mike

mike

mo duc

mo duc

mo duc

mo duc

mo duc

moc hoa
moonbeam
moore
moore
moore

. moore
moore

my le

my phou tay
my phou tay
myron

n

Nn. dakota
nail

nails

nan

nashua

nha be

nha be

nha be

nha be

nha be

nha be
nhon trach
ninhk hoa
ninh hoa
ninh hoa
north

nui dep
nui dep
nui hon sgc
orange
Parker

Parrot’s beak
pParrot’s beak

phan rang
phan rang
Fhan rang
phan thiet

BRR220522
XT&44283
YS170990
YS1709902
¥S$170990
YS170990
YT1400080
BS57483473
XT148309
XT&25288
XS52197¢9
XT4@7179
BR8719542
BS733544
B574@525
BS740525
B5742522
X5230%10
BQ788483
XS260500
X8260500

X8260500

XS260500
X82560500
XS7536467
X5200600
XS2004600
YUR469434
XT582450
XU489033
YSz8283s
YS275804
X5309945
XT?91326
XS912820
X8571082@
Xs?10820
X59146822
X5916823
XSYz0210
¥S139817
BP997842
BP97842
BEP997843
XT462038
BS7064610
ES713407
V5903225
YT44510%
ASZE0510
XT040070
XT200050
ENB12788

BEN721616

BN741751

2168470

cp listing Page 8

10046299
1223509
1008400
1208400
12085020
1008500
1028600
12046035
1903599
1023509
1203509
1003509
10246039
1006039
1006039
120603%
10346039
1003507
1083376
1208500
1208400
1008420
1008400
1008400
1006939
1208400
12084600
1204939
1003375
10046939
1008400
1008400
1203509
1005168
100846002
10068400

1008400

10084002
10084020
1208400
1206092
1203380
1823380
1203380
1023509
12005039
1006039
1903379
12273509
10084600
1083578
1023598
102046589
12856589
1204589
1003578

[ B R N ki NN
k. NNUI‘JNNUUI\JNUNNNM

ry
J

N
ra

Th

b

R
N R ©

-

]

M

tJ

WU LR WL W W Wy

B24744
3914696
389810
392633
392633
500939
389810
307519
3914696
391696
391694
3714696
394872
3@5555
50585

387519
831880
848357
389519
395142
394511
395142
383256
306325

386892

394511
394511
878477
386050
B78477
389810
389492
39214696
833317
322633
394511
394511
394187
394187

394511

839091
389522
3846515
389522
3914695
831880
394870
315990

391698

392633
513334
514343
852514
878227
878227
389879

01/31767
8128/64
@1/31/68
B2/10/68
@3/31/68
10/31/68
B1/31/68
10/31/6%
03/02/64

B1/08/686 .

03/14/66
01/04/66
@7/31/68
B7/31/6%9
06/07 /69
183/31/49
06/01/67
1@2/31 /689
10/30/64
B7/15/68
R7/30/48
10/31/68
Q1731769
05/25/69
@7/31/67
@7/30/48
@7/31/468
07/31/7@
B5/09/67
07/31/7@
@1/31/48
@1/11/48
@3/14/46
12/08/47
04/30/48
07/30/68
@7/31/68
@4/07/48
05/06/68
'07/30/68
Q4/30/88
@1/30/67
@3/25/87
@1/31/67
B4/30/ 66
— DL/ /67
@7/31/68
Q8/04/70
B2/22/64
@4/30/68
05/02/70
@4/29/7Q
@1/31/649
@4/30/70
R4/30/70
12/01/67

pass
1z

camp
camp
camp
camp
camp

fsb
fsb
fab
fsb
fab

fab
fsb
fsb
fsb
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phu cat BR2&426 1006035 3 824496 04/11/47
phu cat BRIZb424 124035 3 825387 @7/31/67
phu cat BRYZ0480 1203402 3 ‘3B9S17  @1/17/66
phu cat north BR915458 10035646 3 511069 02/12/70
phu cat north BR?154%8 1003646 3 511069 D2/1%9/70
phu cat pass BRRE31887 1205035 3 827052 10/31/47
phu cat tng ctr BRS@5485 1005035 3 823387 B7/31/787
phu hiep €Q2403680 1203376 3 3687534 28/10/67
phu hiep €Q240380 10033754 3 387534 0QB/14/67
phu hiep CQ2oP1362 1003589 3 388975 10/19/67
phu lac 2DR43022 1006029 3 880293 07/31/7@.
phu loc 20027024 1206025 3 886517 04/30/71
phu loi XTB&11546 1203375 3 IT2478 02/29/48
phu 1y BRRB8S584 10046035 3 827052 10/31/67
phu tai BR999245 1006299 3 883472 10/31/70
phu tai CRO@8185 10D6299 3 875012 04/30/70
phu tai CROVB185 10056299 3 879426 @7/31/70
phuoc vink XT2560495 1023375 3 392472 @z/29/6B
plei kly AQE 70990 1206299 3 824751 07731766
pliers ¥8341871 1009500 22 3B949Z 01/11/68
pony ERBOVBZ? 1006035 3 B24496 @4/30/67
pony RRBOO829 1096035 3 B2449&  Q4/38/67
pony BRBOBB29 1096035 3 8253087 Q7/31/567
pratt YT627122 12046938 3 8824264 Q7/09/78
prek klek XT268878 1006939 3 878477 @7/31/70
puma YS895990 1208500 22 389815 B1/20/68
ali~4Qz BS7714561 10046039 3 5@5555 06/22/69
aqli~403 RS7346533 - 100603% 3 505555 0&6/27/69
ql i-404 BS728554 1004039 3 508555 @7/31/69
ali-494 BS7285586 1006239 3 507519 10/31/6%9
qli-405 BS707617 1006039 3 305555 @7/31/6%
qli-4@& BS7064618 1206039 3 504731 02/23/769
qli-406 BS7@46618 1004039 3 505555 ©07/31/69
qli-408 PS695635 10046039 3 S@5%59 Q&/21/69
qli-409 BS6B2646 1206039 3 504731 R4/21/76%9
qli-40% BS6P 1644 10246039 3 505555 R7/31/6%
Qli-410 R5685458 1006039 3 505555 D7/04/76%9
Qli-410 BS685659 1006039 3 504731 D2/24/&9
qli-411 PS&74778 1206039 3 SQ4731 02/2376%
Qli~-412 BS660697 10046039 3 504731, Q4/30/6%9
ali-414 BS&42745 1006039 3. 505555 2 @7/31/6%
gqli~415% PS638657 10B6039 3 505559 @7/31 /469
qli~416 BE624865 1206039 3 504731 R4/ 28769
Qli-417 BS60904 1006037 3 505555 07/31/69
qli-418 BSH96921 12046239 3 585555 B7/31/749
qli-418 BS596927 10046039 3 504731 04/30/69
quang hgal PS445728 10046039 3 SR55%% — B7/31/69
- quang ngai BS&44Z2747 10046039 3 507519 12/31/69
quang ngai BR&42747 1006039 T 910050 B1/31/70
Quanyg tgal PEO4LTES 1006039 g 394870 O7/31/68
quang ngai BS640720 1003605 12 511640 Q4/01/70
qui nhon CRO7tZ214 1006299 3 B&5719 12/31/69
rac soi WS140000 1203586 3 508754 @1/13/7Q
rac soi WS140000 1003586 3 -« 3QB7%4 01/14/70
rach kien XS74066% 1908400 22 394187 D5/07/68
rach kien ~—d XG740690 1008600 22 394511 07/30/68
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rach kien
rach kien
rach kien
rach kien
rach kien:
red

red

red

red

red

red

rick .
rock island east
ross

ross

ross

rufe

rufe

sabre
scarlet
scoatch
scott
screwdriver
seminole |
seminole

sh see preah
shakey
silver
sisson
smoke

smoke

smoke

sSnupl

s0c trang
20Ng mMao
song nha be
song rtha be
song nha be
s0Ng saigon
s0ong saigon
south

spike

taan canh
tak

tak

tam binh
tam ky

tam ky

tam ky

tam ky

tam ky

tam ky

tam ky

tam ki

tam quan
tamn an

XS740690
X574069@
XS740690
X57444698
X8744698
BQB1@337
BQB10337
XT011585
XT532358
YT143303
YTB896419
XT540228
YUQ30440

BTA27342

BT@28342
BToz25346
XTF50610
AT?S52611
XUS7@340
XTOZ9544
XT4B5042
Y8352947
¥YS223834
Xr275028
XTZ75028
YUR4Q4TB
YU21@517
BQI58348
XUas56283
X57897469
XS7897469
X§790778
XUu498399
XRR&B620
BN2BZ450
X8920760
XS920750
X5240800
X7810080
XT810@80

XT457030

Y5@82795
ZP@59221
X5120870
XS5120870
X5999105
BTz22@233
BT2F2229

LRT 293229

BRTZ96232
BT307203
BT325215
BT325215
BT42608%
RS720101

=X 540465Q

cp listing Page 1@

10084600
1208400
12285600
1228600
100840@
1903376
1003376
1003507

12a352%-

1283509
1003599
1003375
1006939
10046837
1806039
1006039
1203375
12@3375
1206939
1023509
1003589
1003375
12084500
10084600
1208400
1206539
1028600
1003376

1006939

1008400
1008400
12084600
1806732
ieossaa
10246587
1024936
1804938

1306738 -

1006938
1006938
1003509
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Abstract

Agent Orange Exposure Probability Modeling
for Yietnam Field Condlitions

Thia paper describes the various mechanical delivery systems
used to diseseminate herbicides in Vietnam. The systema described
include fixed wing high capacity cargo aircraft type systems,
emorgency dunp of large guantities of herbicides from these C-123
aireraft, several types of helicopter herbicide delivery systexs,
and various typea of ground equipsent utilized to asprsy herbicides
around fire basea, base cemps and along lines of communication. Each
of these herbicide delivery systems are described and then reviewed
from the mspects of operational conditions and environmental
conditions which combined with each aystem’'s characteristica affect
the deposition and concentration per square meter of herbicide Orange
and the TCDD residual contamination.

Based on the operational and environmental considerations
affecting each type of herbicide delivery mode, and the very limited
number of documented field teating on only a few of the syatemsa, an
exposure methodology was developed for the disseminated herbicide
Orange and ite contaminate TCDD. The proposed methodology ie based on
the expected residual concentration of TCDD in grams per equare meter
of soll surface and grasaea with respect to given distances from the
source of spraying and times from the deay of spraying to up to a year
after the spray delivery date,

Certain assumptions had to be made in order to provide
concentration calculations primarily because of the lack of adequate
test data on moat of the systems. These assumpijons, and the rational -
for.them, are provided in. the text before their use in caloulations.
The TCDD half-)ifes: used . in the-csloulations are two hours on.leaves,
six days on grasses, and oné year on the soil surface. In all tables
the final expcotcd TCDD residual concentrations are provided.

O I D !mmnmﬂx- melate ke -conoeitivations of mnmuuun& uhder <7 v 0

various distances from the spray source and periods of time days
through one yesr), a Unitary Exposure Value ?:EV) of 5.04 x 1§
of TCDD per square meter of e0il surface was aelected. The UEV wan

~ then divided inte all of the remaining TCDD concenirationa expected
from the many different spray aystems at specified distances and times
post.aprayipg to provide s 1:wighted potential upodum Mu Toy:
111 of the known diuntl.muon syetemes. '

It is nuggentad that this proposed exposure probability
methodology may be effectively utilised to relats various veteraz's: - B
. field exposures .to herblcide Orange in the epideminlogy atudy of" e o
- Vietnam veterans ‘expossd to.Agent Orange to be accomplished by the -
Ceriters for Dissase Control,




. Agent. Orange Exposure Probability
Modeling for Vietnam Fleld Conditions

‘I. Classes of Exposure Situations
A. Ranch Hand Spray Missions

These were U.3. Alr Foroe apray aissions using UC-123, Fairchild
"Provider® twin engine high wing cargo airoraft cutfitted with 1000 gallon
A/A5Y=-1 herbioide spray tanks feeding the herbicide mixture to three spray
booms mounted extarmally on the wings and the back of the fuselage. The
aircraft were used to spray herbicides Orange, Blue, and White over forested
and crop-growing areas of Vietnam. Herbicide missions usually varied from
one to six airoraft disseminating the herbicide at an altitude of approxima-
tely 150 feet at an airspeed of 130-140 knots. The herbiclde swath path
width, based on flight grid testing, was 260 + 20 feet for one aircraft.

The spray path length to exhaust the 1000 gallon tank was 1% kilometers or
8.96 statute miles. The herbicide was pumped out of the spray booms by a
28np. pump which produced a pressure of 60 psi giving a flow rate of 280
gallons/minute. This produced a coverage of 3 gallons of herbicide per
acre., In the event of engine failure, the herbicide could be released
through a manually controlled 10 inch diameter dump valve in the bottom of
the tank. A filled tank (970 gals) could thus be dumped in 30 to 60
seconds,

1. QOperational Conditions Affecting Herbicide Deposition and Dioxin
Decay

a. The A/A45Y-1 tank could mot be filled to full eapacity and
operate effectively, hence the spray tank was usually filled to 970 gallons
Of her'bicld’.

_ b. Herbicide released at an altitude of about 150 feet at a speed
- of 130 kmots from the C-123's experienced an evaporation of approximtely
13X before fmpacting on the upper jungle canopy. Hence, 970 gallons J.cu
13% evaporation and dispersion gives: 843.9:gallons on the cafopy. v

.- e, Of the 878 of the mini herbjoide impacting on.a. l;rtnlo-),w
" - Jungle“santpy., mm‘i‘émw uut"'a of thi herbicid%u deposited
the top of the upper foliags. On an average, about 21% of the total spny
penetrated the very top canopy and about 6§ of the total penetrated to
ground level, Percentage penetration remained relatively constant for drop
- densities greater than about 100 per square inch. Spray drops having mass
wedian diameters (MD's) of 400 to 500 microns would approximstely equal 100
. drops per square inch. - The A/ANSY-1 spray booms produced dropleta pﬂ-rny
in the size of 367 MD's. However, the peroent spray mtmtion through
forest canoples was fnversely related to cnmpy density, - :




-

d. Evaluation tests of the C~123/A/AUSY-1 Spray System found that
in mass distribution studies (following aerial dissemination) 87$ of the
herbicide Orange interocepted by colleoting devices had a mass median
diamster between 100 and SO0 miacrons.

e. Herdicide was disseminated at the rate of 3 gallons per acre.
Because dense jingle areas contained as much as 300 tons of vegetation per
;gxt:eli;heithree gallons was the minimmn efffective volume to produce

oliation.

f. In the case of aborted missions which required emergency dump
valve use, the aircraft altitude varied from just clearing the runway at
take-off to 5 to 6 thousand feet of altitude. Several dumps occured between
2000 and 3,500 feet. One dump caused damage to trees and crops in a one
kKilometer area, another covered an area one kilometer wide by two to three
kilometers long. The distance covered with the dump valve open should be
approximately 1.12 miles in a strafght flight path at crulsing speed of the
aircraft hence the observed length of 2 to 3 kilometers for severe foliage
damage appears reasonable. However, since hydrostatic pressure above the
dump valve progressively decreased as the herbicide in the tank cleared the
alrcraft, a "trail-of " in herbiclde ground concentration would be expected.

2. Environmental Conditions Affecting Herbicide Deposition and Dioxin
Decay

a. Herdiolde spray deposition was most effective under inversion
conditions. Hence, Ranch Hand missi{ons were usually flown in the early
‘morning hours to take advantage of favorable weather conditions, 'l'he
missions were cancelled if'}he: ground temperature in the: ;target. ares
exceeded 85 degrees or if the surface winds were greater than eigit ‘to'ten
knots, Higher temperature (>85°) could generate thermal updrafts whioh
could cause the spray to rise and be less offective. High winds (D 10imts)
could widen the aprayed area and cause reduced harbicide damage to nonurcot

N ks RS (8.8, - ‘garden. prota,. rubber $rees), . ... s L, SRy g e ey e e pa e

b. Some few missions were flown just at sundown, providing utnd and
temperature on target were within acceptable parameters,

n

c. E:xperimental night missfons using flares from an aircraft sbove
(C-87) to provide 1llumination were tried hut were soon abandoned because, or
the low altitude nlght. nylns hazarda and shedovw effecta.




llcna bicide
g l'pr Orangé mistufe o!l and ossmt.lamym-aa‘mbld' T water 1t-1%
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d. Whenever possible, if target conditions permitted, the early
morming flights would come in with the rising sun directly behind them to
make it more diffioult for ground troops to shoot into the sun. Similarly,
sundown missions came in from the west with the sun at their baocks if

possible.

e. Defoliation was most effective during the most rapid growing
season which was in the wetter periods of the year. Defoliation waa muoh
less effective during the dry season. Therefore, the floor of the jungle
under herbicide missions was usually very damp and the amblent humidity was

high.

ff. In the case of unfavorable cross-wind (to the flight line) con-
ditiona at a velocity of 9 knots, it is possible to have lateral dispersion
of herbicide from the spray path even at a release altitude of 150 feet,
Flight tests were conducted on the completely open (no foliage) test gridas
at Eglin Air Force Base, using operational alrcraft/tank systems with pro-
duction herbicidea. Spray droplets of Orange 100-microns ®in diameter
require 2 minutes to fall a distance of 150 feet. With a 9 knot crosswind
the 100-micron drop of Orange will be laterally displaced 1594 feet (.49%km).
A 300-micron drop will be shifted 183 feet from the line of delivery.
However, at Eglin the droplets of leas than 100-microns in size constituted
only 1.88 mean percent of the recovered herbicide. One hundred to five
hundred micron droplets constituted 76.24 mean peroent., The percent of
total mass of the herbicide disseminated in 100 miaron or leas droplets was
0.79%. In a worst case situstion a very small (0.01%) percentage of
droplets of S50.microns MDD could have & lateral drift of 6,597 feet (2.01im)
in a 9mph croaswind from the flight line. The disposition from droplets
less than S0-microns tn sizé would be negligible, amounting to 0.0012
gauon/m for a alx aimﬂ: ‘(5820 gallma apmnd) niasion. '

g Folim uit.hln t.he triple Canopy retalned approximately 793.
Ch moh Hand m (m I.At‘*cl)

post.ulated that the oily mt.um or the herbicide assisted penetrating the
waxey leaf surface coatings. This enhanced absorption and transport of the
herbicide into the tissues of the leaves., This is apparently the case as
when raina occurred within an hour after spraying t.he trees were later
effectively defoliated and apparently the residual oil herbiclde was not

rapidly washed off by the rein. It is also reported that the 2,8,5-T also-

served as a good hydrogen donor for t.mphotolyuqdeamumofmto
the leas toxic tri and dichloredioxins, Uam tquperatum that are not.

'&naller than 1Mcmn dmplats (uidth of hmn !‘nir'} mmot be sonn with --
_t.ha maided hunan eye ) .

0
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excessive and high humidity as found {n the jungles of Vietnsm sotually may
have enhanced Orange absorption into the leaves, Once the Orange oontaining
the TCDD had entered the leaf tissue the aunlight could still psnetrate the
surface, and oontinus the dechlorination of the TCDD until the dessiocation
and browning of the leaf struoture takes place about a week after initial
application. An extremely small amount of TCDD would remain after a weeks
expasure to sunlight with a half-life of 2 hours under such oiroumstances.

h. Orange effects on jungle canoples (mixed woody vegetation)
resulted {n a browning and discoloration of the foli{age within a period of
one to tWo weeks. Subsequent leaf drop occurred over a period of one to two
months., Under tropical conditions, maximun defoliation occurred two to
three months after the spray application., Defoliation in tropical forests
persisted for four to twelve months or more. Hence, the herbicide Orange con-
taining the TCDD fraction would have been retained in the attached leavea i{n
the upper forest canopy areas for at least one or more months thus pre-
venting immediate dioxin contamination on the floor of the jungle forest,
Entrapment of the herbicide Orange and dioxin in these still attached leaves
provided an extended period of at least 30 days for photolytlc decay of the
TCDD to less toxic dioxins,

i. Environmental factors acting in the case of an emergency
herblcide dump are many and varied. -A lapse rate ®and winds could signifi-
—-oantly affect the dissemination pattern of such a large volume release of
the herbicide. Unfortunately no published test results conducted over a
test grid of an intentional esergency dump have been found.. m of the
uncontrolled naturw. of the release through the 10-{iish dulp valve thln
no control of droplet:size;, & Wlde stream of herbdioide would

130-150 tnot airstresm and be sheared {nto a broad spectrum a'oplot

alzes, Depmdlng on the wind conditions at the location of the abort, and

. the height of release, droplets less than 100 MD oould be oarvied .-
middm f stadiues . “Hélever' o *the- positive-side,: mlmmt oot emted

travel time in tbe air before impacting foliage or earth would provide wore
time for vaporization together with an extended time for photolytic decom-
position of the TCOD in the droplets. The probability for such decay, of
course, would be best for early morning abort dumps with clear weather
conditions. Herbicide dumpa above 5000 feet probably resulted in very
1ittle or no agent -reaching the @round, mormtmmmt..,
dnuuon md dumion or the miving droplets. -

1

. ®Lapge rate:. “Ihe mbe o! demwe of. amospheric tmpemtm with lﬁm
of elevation vertirn;ly above a given location. '
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B. Perimeter Spraying of Fire Bases and Base Cemps.

The primary purposs of this type of defoliation was to deny enamy
troops the use of jungle growth for cover when approaching our defensive
anclaves. These defensive fire zones extending out from fire base perime-
ters oould vary from one handred to three hundred yards depending on the
surrounding terrain and undergrowth oconditions. This "no man's land® had
limited access routes and often ocontained mutiple hazards to infiltrating
troops such as fixed land mines, concertina wire, claymore mines, and fire
barrels with explosive charges. Hence, in certain defensive networks (t was
unsafe to defoliate by the use of ground vehiclea or on foot because of the
land mines and trip wire mines. Because of the luxuriant growth of the
grasses and other troplcal foliage, perimeter defoliation had to be
acocomplished on a fairly regular basis-every five to six weeks-lest the
clear fields necessary for raking fire and early detection of intruders
would be quickly overgrown by weeds and grasses. Herbicide Blue (Cacodylic
Acid) was considered by many as the defoliant of cholce because of its rapi-
dity of action and consequent quick killing within a few days of application
with maxiruam defoliation within two weeks or so. Blue oontained a pen-
tavalent organic arsenic and was mixed in the field with water. However,
many times Blue was not available in the supply channels so Herbicide Orange
and White were substituted and routinely used for perimeter spraying.
Unfortunately the Army fleld records of perimeter spraying operations do not
always list the exapt herblcide used, sven though they do descride the rest
of the operation in exosllent detail. Approximatsly 600,000 gallons of Blue
was used around perimeters of bases between 1965 and 1971. It has been
estimated that only two percent of Herbicide Orange (about 233,000 galions)
was used for base perimeters, osche asites, waterways and commmication _-
lines, This value mxy be low sinos the Ranch Hand values for gallons
spraved may have been excessive since the tanks (1000 gal) oould not be
filled to capacity (shy as much as 50 gals/tank). Approximately one ‘percent
of all of the Herbioide White shipped to Vietnam was estimated as being used

:for- perimeter. defeldgbion, This-gmounted.te.about 56,3p0vgaliena of Wnite.. .. -

White was the least desiradble herbloide to use for perimeter clearing and
defoliation as its action was very slow-several months for complete action-

and very gradual.

Perimeter apnymg was acoomplished by the use of aoveral types of
uximmmmmmmmmmmm
individual soldier wsing & 2} gallon prdm type .back-pack hand
Each of these application techniques uuammmmor
their particulsr operational snd environmental oonditions and: factors. -

1. Helicopters. - s
flelioopters wdimm oonsisted of asveral types. ThHe
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first to be used for defoliation applioations was the Navy developed HIDAL
system which was originally designed to spray insecticides. The HIDAL
apparatus oonsisted of a 200 gallon oylindrical fiberglas tank placed
inside the H-~19 or H-34 hslioopter cabin, an eleotrioally driven pump
cabable of delivering 25 gal/min and two spray booms 25 fest long that
extended out and back from the fuselage in a delta design. Each boom was
equipped with 21 spraying teejet nozzles oapable of delivering 0.6 gal/min
of water at 40 psi pump pressure, As far as can be deterwined only six
units were kept operational for herbicide spraying.

System reliability of the HIDAL system was a reoccurring blem under
field conditions. The unit spraying Purple (contained 2,4,5-T) could pro-
duce sprays with a MMD of 365 microns in swath widths of 150 ft. wide with
deposits of 1.5 gal/acre when flown inwind at 55 imots at an altitude of 100

fest,

The value of defoliation in denying cover to the Vietcong arourd fire
base perimeters quickly became apparent and as a result a number of jury-
rigged spray devices for use in hellcopters were assembled and used by our
troops in the fleld. One such fleld expedient spray system oconsisted of a
55-gal drum, a pressure unit from a portable flame thrower, connection
hoses, and a length of pipe with drilled holes as a apray boom. The unit
could be installed easily in a UH-1B or UH-ID helicopter without modifica-
tion of the aircraft, The spray boom was tied to the rear skid struts, The
unit worked fairly well and was recommended for interim field use., Another
field improvised system oconsisted of two 55-gal drums welded together end-
to-end; a frame was affixed to the bottom for tie-down; large (6 to 8 inch)
open tubes were fastened to the top on each end of the tank and were angled

out of the helicopter doors into:the airstream and served as ram orifices.to -~ -

complemant gravity flow of -the chemiocal through the spray boom tied to-fhe:.
skids of the helicopter. Another unit atilized a 400-gal engine shipping -

container in a large CH-47 helicopter with a long boom fastened to the wt.ex_‘ | o

edge of t-ho u!'t. wgo door'y flow or the herblicide m by mvity foed

S yemdy et e R A T T I Vi P PR L B YRS TR 1T L PR ) f)".&'s

Late in 196’! anot.her vegetat.im-control apr-ay ayst.en was addod with the
purchase of e{ght UH-1B/D Agrinautics spray systems. These initial units
were extensively tested in Vietnam in 1068 and then 21 more units were
ordered after succeasful testing. This Agrinasutics syatem was self-
contained and was sultable for use in the UH-1B and UH-1D Army hencopt.era

and the US Navy UH-1E and Air-Force UN-1F helicopters.. The unit ocould be- . s -

installed or removed from the heliocopter in a matter of minutes as it was
"tied down" to installed cargo shackles, The spray systeh was orginally’
designed to spray insecticides and six units were initially used by medical

troops in Vietnam in 1966 to spray tor_ insect control. The unit was
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modified to disseminate herdicides and was designated as the Model 3090-2.
The system employs a six bladed windmill pump drive, spray booms with
nozzles, a tank and support structure, and a mechaniocally operated valve
ocontrol. The epoxy tank holds 200 gallons, The windmill pusp has

ad justable blade angles from 10 to 90 degrees. The spray boom is a little
over 32 feet with nozzle locations every U inches, The tank can hold 195
gallons., Contractor tests showed that at an airspeed of 50 kmots at SO feet
attitude, Orange was deposited in a 100 foot swath at a rate of 2.5
gal/acre. The MMD of the spray approximated 300 microns. Users in Vietnam,
however, had problems {n achieving flow rates of both Orange and Blue which
were adequate to provide defolliation 1n one pasa.

a. Operational Condition Affecting Herbicide Deposition and Dioxin Decay

(1Y Information 13 sorely lacking concerning herbicide dissemina-
tion characteristics such as droplet size, flow rates, deposition
(gals/acre) rates and swath widths produced by the jury-rigged fleld-
assembled spray Systems used in the Huey hellicopters. These systems were
non-standard and efficliencies in the dissemination of herbicldes must have
varied consliderably. Certain units which depended on gravity or gravity and
ram air feed of the herbicide would have progressively decreasing flow rates
a3 the fluid level decreased. Those presasurized by pumps of some sort or
other no doubt produced more uniform spray volumes over the prescribed
flight path.

(2) The RIDAL system did undergo spray test calibration trials in
1962, The spray system was testad at attftudes of 50, 75, and 100 feet.
“Solutions tested were: (1) le (50% n-butyle 2,4.D, 308 n-butyl 2 II.S-T. L
and 20% iso~butyl 2,4,5-T). (2) A mix of 2 parts fuel ofl and t part '
rple, and (3) fuel: oll (#2 diessl). All t‘l'n-oc solutiona were sprayed at
the same rate, namely 24 gallons per minutae, maures were as

.., tollows in psis (1 U, . (2). m) ( ) 11=31... b 5
AL O eTdnt pewd ﬁ:a au%'a ﬁb&ﬁ“ ) xgiz\s OMEG ve oc ty. po: m& K

tion test program involved 40 t’lighta over the test grid area. One
important aspect of the program which was not realistic under fleld con-
ditions was the requirement that all calibration flights be flown i{nto the
prevailing wind. Droplet sizes produced {n MMD (microns) for the test

solutions were as follows: (1) Purple-348, (2) mix-265 to 273, and (3) fuel
0i1-235 to 265. The following omlibration data for the HIDM.. system for s

herbicide Pur-ple was achieved:
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Table I
Total Swath Width Approximate Gallons
Spray No. of Swath  Per Acre Rates (ft).
Altitude (ft). Flights {ft.) 0.SGPA 1.0 GPA 1.5.GPA
100 5 Max 880 320 160 120
Min 4o 160 20 0
X 588 248 108 4y
75 5 Max 1020% huo 280 140
Min 40 220 100 20
X T24 304 160 80
50 ] Max 500 240 140 120
50 4 Max 500 240 140 120
Min 320 220 120 20
b4 15 225 135 85

#It is interesting to note from the above table that a wider swath width was
obtalned at 75 feet altitude than at the higher altitude of 100 feet. This
conalatently appeared in the 5 trials in both cases as the mean {3 also
wider at 75 feet altitude. This probably results from the donut shaped vor-
tex from the rotors coupled with ground effects at 75 feet which are not as
pronounced at 100 feet,

Perhaps of greater interest are the findings with respect to the com-
parison of swath widths for the purple calidbration trials and the percent of
~ mass of herbicide in each swath. Only.the.0.5 gallon/acre deposition are
~ . shown because these encompass the widest swath widtha. The differences in
' mass of herbicide from 100 percent would thus be expected to have been depo-
" aited-outside the swath width-reported or-carried off- in a small ( 100
micron) droplet cloud. In the following table each of the ti Purple flight

' .teats are shown: : s .
L S PR AR T ":-‘A:.,-\ AR I RAGEE W0 A e kg o__-f'»_i."‘\. ‘33 \.‘;t LAY “ \-; s '4‘;-; PR e,
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Table II
0.5 Gal/Acre Rate

Test Altitude Total Width

Date (Peet) Swath (ft) (Feat) Mass of Herbicide
18 Jul 62 100 40 260 9t.1

19 Jul 62 100 660 320 7.5

19 Jul 62 100 880 280 85.0

19 Jul 62 100 520 220 931.3

19 Jul 62 100 %40 160 84.9

18 Jul 62 i) 1020% 440 91.9

19 Jul 62 s 520 280 98.6

19 Jul 62 (] 540 220 84.6

19 Jul 62 T 660 320 91.1

19 Jul 62 Vi) 880 260 85.0

19 Jul 62 50 20 2490 97.1

19 Jul 62 50 h20 220 89.9

19 -Jul 62 50 320 220 96.1

19 Jul 62 %0 500 220 87.1

®In this test the percent recovery of agent equation produced a total reco-
very of 126.7% of actual gallons of herbicide dispensed, Because of this
finding the £ Mass of herbicide reported within a swath width of 440 feet at
93.9% may be too high, the value may be closer to 89f.

. [N T -
T P - . . . . Y v N R .ot .,
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(3) In the Agrinautios system manufacture tests were limited. At
maximum pitch setting of the windmill pump (produces maximm preasure)
flying at 50 knots at an altitude of 50 feet, Orange was deposited in a
100-feet swath at a rate of 2.5 gal/acre. The MD of the spray was expeoted
to be approximately 300 microns.

{4) The fire bases normally had free fire zones around all sides of
thelir perimeters, hence perimeter spraying by helicopters had to be
accomplished regardless of the wind direction at the time of flight so long
as the wind velocity did not exceed 20 kmots. Thus a perimeter spraying
flight around the circumference perimeter would pass through a sector in
which the wind was blowing directly from the spray path across the fire
base,

(5) Perimeter spraying by helicopters was rarely done at altitudes
higher than 100 feet and flights were undertaken only between dawn to dusk
hours. No spraying was undertaken in the rain.

(6) Helicopter spray tank loading at the fire bases and base camps
was strictly under fleld conditions Involving transfer of herbicide Orange
from the 55 gallon shipping drums by hand and machine powered pumps with
transfer to apray tanks by either hoses or by pouring. Spillage was common
as was gross contamination in the loading area. The hoses and their connec~
tions often leaked under pressure and contaminated the spraying heliocopter
cabin and external surfaces of the alreraft. Orenge was removed by dlessl
oil or other organic solvents. The solublility of Orange (as used in
Vietnam) was 580 pnrts per binion 80 it was csmr.lany insoluble ln water,

. b. Environmental Conditions Affecting Herbicide Deposition and Dloxtn
Decay .
b 4 1) -Oner Sohaiatent environmental -condilion that. prawaily in N

helioopt.er spraying of perimeters {s the fact that these protectivé cl ut" >
fire zones were cleared inttlially by mechanical means such as Rome plowing
or manual cutting and burning of the jungle undergrowth and trees. Thus
spraying was made over areas which lacked any high cover vegetation, con-
sequently the major ooncentration of the herbicide reached the y-cumd level
toliage without entrapment at higher levels. e . L
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(2) Similarly, the fire bases and base camps becauss of the
ooncentration of personnel, equipment and supplies were cleared of trees and
brush. Therefore, aerosol clouds of herbicides could freely pass over the
firebasas without impaction on elevated foliage. The oloud oould easily
sattle out on populated areas, military equipment, supplies and into
bunkers, The cloud of aerosol oould freely penetrate into most of the
buildings, tents, and underground protective shelters. Resldual herblcide
within these structures would in many cases be protected from rapid photoly-
tic decay of TCDD and oould be picked up on the uniforms and skin of
personnel within these bunkers and tents because of settling of the aerosal

droplets and impingement on fabrics,
2. Ground Spray Delivery Systems

Engineering development of a specific delivery syatem for the
dissemination of herbicide was never completed and tested before the use of
herbicides was drasticaly restricted. Various dissemination devices
deaigned originally to disseminate insecticides or for use in chemical agent
decontamination were employed as field expedients for local destruction of
vegetation by herbleides. The four major types used in Vietnam are
described in the following paragrapha. None of these units were ever grid
tested for droplet size or dispersion patterns or were they calibrated as to
swath width or optimum gallons/acre dellvery.

a. mmmmm

( ‘l) -Mfalo blm

The Buffalo mm m mclany availablo f‘tm agricultural :
supply sources and it s capable of spraying sither dry or liquid chemicals,
The turbine can be trailer mounted or mounted directly on a light truck or
Jeep. One trailer-mounted unit used a 100-gallon stainless steel tank with

=1 Loternal -agttator,-a’ dellvery- pump, - ‘turbine® fin;’ snd-dn: Airicbbled - engine:

In operation, the turbine fan produced a high-volume, high-veloaity
airstream which 18 projected through a somewhat restricted orifice (ducted
fan), Using an avallable fishtail nozzle, the machine produced an alr blast
of a velocity up to 150 mph at 10,000 cuble feet/min volume. The herblcide
is injected into the high velocity airstream and is "shot" at the follage.
‘The herbicide: s very finely atemized as this unit was originally designed -
as an insecticide fogger for mosquito and fly oontrol. Drift of the her-
bicide could be a serious problem. The Buffalo Turbine was chiefly used for
roadside ‘spraying and"on base perimsters, No count has boen found as to how
many units were in cperation in Vietnam. . S




(2) Mity-Mite Back Pack Sprayer

This back pack sprayer was originally shipped to Vietnam as a
device which could be used to force riot ocontrol agents {powdered CS)
throughout Vietoong tunnel complexes. The devioe developed by the Buffalo
Turbine Co. operated on the same principle as the larger unit desoribed
above, The unit weighted about 22 1bs. and oconsisted of a Homelite gasoline
engine, blower assembly, supply tank, discharge equipment, and pack frame.
The tank held 3.5 gallons, The unit will spray one gallon in a minuts into
an airstream of 185 mph and U450 cubic feet per minute volume. The unit was
used for limited size areas to control plant growth. No information has
been located on the MMD of herbicide droplets produced by this sprayer.
From the velocity of flow it would be assumed that they would be likely to
produce a fine mist or fog spray. These droplets would probably have a MDD

around 100 microns or leas,

(3) Power-Driven Decontaminating Apparatus (PDDA)

These rather massive self-contained units were designed to spray
decontaminating agents {hypochlori{te solutions) for the elimination of toxic
chemical agent ocontamination from vehicles, field equipment and suited
personnel. As was the case with the other ground spray systems, this
apparatus was not designed or specially modified to spray herblcides. It
was preased into use for herbicides because it was needed to help dissemi-
nate herbloides around firebase perimeters. The unit oomes mounted on a
6 X 6 heavy Army truck. . Several different versions of these deoontaminating
units were in use in \uetu The tankage ogpmit.iu aight be 200, 400 or
600 gallons. The larger models had power take-off<driven pumps olpable of
delivering the herdicide liquids at the rate of 35°to 60 gal/min at pimp
pressures up to 800:1bs/squire inch. “The delivery of the herbioide was
through two hoses; with adjustable nozzles located at the reéar of the unit.
In the decontamination role, _t‘an nozzlea were utilized to provide a wider

... 3heet of fluld lm 9: .vehigles, these nozzles pnoduood a
“rider spiay thin sn’ S Natadie e e Mt thg oL TORAPLLIE o i

footage made in Vietnam of PDDA herbiclde spraying, the fire hose nozzles
were used because they were capable of projecting the herbicide for a much
wider lateral distance from the truck. To increase this range as much an
possible the hose opsra; ter would sometimes ride at.om I;:g holdittlgu t:na: to
get as high as possible. With these high pressure Was. a8
. from the luﬂutﬂhmmldeMy Wﬁuﬂw
~side of t.he truok. S
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{4) Baock-Pack Garden Sprayer

Limited use was also made of the common pump pressurized 2} gallon
home garden sprayer for wesd oontrol and defoliation in very limited areas.
The units were essentially the same as thoss s0ld here in loocal hardware or
garden supply atores. The spray pressure was low and the spray projeotion
controlled by the acrew-on nozzle was not over 15 feet in a steady stresm.
The spray operator was probably the most likely exposed from loading the
tank and in doing the spraying. Use of thesa units is very poorly docu-
mented as {t was considered so unimportant. Since the spraying from these
units was 30 very close to the ground, downwind travel of any fine droplets
would be minimal, probably less than 100 feet, There would be, however,

some risidual contamination on the sprayed follage.

. rational Conditions Affecting Herbicide Deposition and Dioxin
Decay for Ground Based Sprayers

(1) It should be noted that none of these ground based systems
discussed above were designed or redesigned for optimum spraying of her-
bicides such as in the case of the Ranch Hand spray booms and nozzles. On
the contrary, two delivery systems were first developed to spray insec-
ticides at very fine droplet sizes. The other high volume unit, the PDDA,
was developed to provide a wash down of equipment by a chemical agent decon-
taminating solution. Therfore, the distribution of the droplets size
spectrum ocould have been much broader with a higher ooncentration of the
herbicide being found in the smaller (« 100 micron) size droplets. Henoe,
downwind drift oould have bdeen extensive because of the lower setulng rate
of the amaller. dmplots oouplad with the ground:effect boume

(2) Spraying by m.nd wnits was often done by non-mmly
trained ordinary infantry personnsl given the job as extra duty. Little
supervision was given conocerning how spraying was to be acoonpl {shed.
Vietnam film footage shows PDDA trucks moving slowly along the perimeter
~w = i, 1i0e.0f «the . Sirebase:1iterelly hosing down megetation with 4 heav§: fire~héew " . :*
stream of herbicide. As the operator swept the hose back and f side

spray and droplet breakup oould be sesn as the hose was pointed crosswise of
the wind. The hose operators usually wore T-shirts and fatigve pants. No
head covering, no masks or gloves were worn. The PDDA units, becauss of
their hose range and high pressure, were capable of projecting the herblcide

. ~safey into peripeter. mine fislds.and along the sides of roads for-a oon- . °
aidtnblo diat.um with ono pass of the truck using bdoth delivery hoses.




(3) Sprayer operations by smmd units were undertaken during
daylight hours because of the need to ses If coverage was adequatse.
Regrowth of vegetation to a height which could offer concealmant to crawling
tmopsuathemjor&umimtummmmﬁrmuﬂdnumbe
resprayed. The respray cycle turned out to be about every Cive weeks.
Depending upon availability in supply channels different herbicides ocould be
used for each respraying cycle. In some cases dried herbicide treated vege-
tation was resprayed by PDDA's using diesel oil and then ignited to produce
a scorched earth effect. This may have created a further airborme dioxin

hazard, carried up by the combustion gases.

¢. Environmental Conditions Affecting Deposition and Dioxin Decay for
Ground Based Sprayers

(1)} Lapse rate or inversion conditions were immaterial to the
soldiers assigned to accomplish perimeter or road spraying. So were wind
conditiona unleas the apray could not be delivered effectively on the vege.
tation. Drift towards our forces waz not conasidered to be important unless
friendly Vietnamese garden plots were closa by.

(2) Because the perimeter cleared areas had to be always kept free
of vegetation, spraying was routinely done during the dry season when dusty
conditions were present. These conditions could therefore enhance con-
tamination by secondary aerosal effects of residual TCDD containing dust.

II. Proposed Agent Orange Exposure Indexes

Herbioide droplets when released from an airoraft in flight may drift
laterally form the ground track of the aircraft. The factors which afTect
this spray drift include the follouinm

et n)  Degplet RiZec !
(2) Specific mvity or the horblcide.
(3) Evaporation rate,
(4) Height of release above the terrain.
{5) Horizontal air movement.
{6) Vertical air mt
A1) Temperature. _
(8) Humldity. :
(9) Aervdynamtc forces caused by the alrcraft.

. . .
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Of these factors, droplet size, height of releass, and air movemsnt
(vertioal and lateral) are the most important factors in this complex

" interaction.

As stated sarlier (I.A.2.7.)} & 100 micron droplet of Orange was carried
in a 9 knot cross wind a lateral distance of 1594 feet from the airoraft
flight track. These 100 micron or smaller droplets constituted 1.88 mean
percent. of the disseminated herbicide load. It has been caloulated that
droplets ranging from SO to 70 microns oonstitute only 0.09% of the her-
bicide volume; however, these droplets (50 microna) would travel 6,597
feet (2.0%a) laterally in a 9 knot crosswind. Ome single alreraft (C-123)
dispensalng Orange in a 9 knot crosswind would produce a rate of deposition
for these 50 to 70 micren droplets of 0.0002 gal/acre at a lateral distance
of 2km. The time to fall from 150 ft. release altitude for SO and 70 micron
droplets would be 8.33 minutes and 4,17 minutes respectively.

If field troops were within a downwind distance of two kilometers from a
s3ix alrcraft Rand Hand spray mission within approximately 9 minutes of the
flight these personnel could be posaibly exposed to a herbiclde con-
centration of 0.032 gal/acre/single sorte or 0,192 gal/acre for a six
aircraft mission.

After dissemination, the above described quantities of Orange are depo-
sited on leaves, grass or directly onto the surface of the soil. Since the
major preponderance of Ranch Hand missions took place shortly afte dawn, the
TCOD contaiped in Orange would be subjected to photolytic dooay vy smllght.
The photodechlorination of TCDD at positon 8 to Erodme 2,3.7—&1 ﬂm}ln '

sunlight in the presencs of & hydrogen donor (2,4,5-T is &'
decreases the toxicity by 10,000 times. This &b&xmuuon m:::n s .

reported to proceed three times faster at 30°C. (mean anmial ‘dayt
temperature of Saigon) than at 23°C. Under sunlight conditions TCDY con-
taired in herbicide has been found to have a half.life of 2 hours on leaves.
Biscalise’of* Tess "1ight” reaching ‘grasses’the ‘half-}ife here has-boen famd $0.. .5 o -
be as long as 6 days, while in two types of s0il the half-life was estimated

at about one year.

Therefore, by sundown of the ‘day of a dawn spray mission the remaining
dioxin on lsaves would be 3.125% of the concentration deposited at 0800
hours. Approximately 908 of the. dicxin on grasses would have persiated and
almost all of the dlmlnon the s0il would remain. By the end of the seoond
day after spraying only .089% of the dioxin on leaves would remain, & little

over 80¢ wmld per'aiat on the grasm and a@in almost all of the dioxin
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would still be on the sofl. At the end of the sixth day post-spraying the

dfoxin in the grasses would be 50% of the initia) ooncentration, and that in
the soil at about 98% of initial ooncentration.

In order to be able to estimate residual dioxin ocontamination in these
downwind areas up to 2 kilometers from the spray line it is neocessary to
make a reasonable assumption as to what frauction of the drifting herdicide
was deposited on the leaves of trees, grasses, and directly on the surface
of the s0il. Impaction studies on a triple canopy jungle by Ranch Hand
spray missfona found that 81% of the herbicide was deposited on the follage
layers. To oompensate for less dense canopies in the dowmwind draft area
we might assume that 60% of these small drifting droplets impacted and were
retalned on the leaaves. Then 30% would be deposited on grasaes with the
last 10% falling to the surface of the soll. This same relatlionship of 60%
impaction on the leaves of trees would also probably occur on areas
receiving a second repeat spraylng by Ranch Hand aircraft where the highest
layer of the triple canopy forest had already been defoliated four to six
weeks earlier. 1In the case of a third spraying of the aame area by Ranch
Hand aircraft after defoliation of the top and secondary layers, the deposi.-
tion rates then would more likely be 40% {mpaction on the lower level tree
leaves, 40% on the grasses and lower thickets in the forest and 20%
{impacting on the surface of the soil., These concentrations of residual
contamination would have to be added into the final calculation of exposure

opportunity.,

To relate potential individual exposures under various herbicide disse-
mination situations, (o..g_ Vs, abort “.%
It 1Is nec to develop a common tes 1duiloonoenmtlono 18

| Tth respest T gTven 41

periods of t
Sure nrobabil

. To establish such a basis in the case of Ranch Hand spray delivery
Systems e needt’ to bhlculate the maWini -amdunt of TCDD: which oould becdepos: . ..
aited on each square meter of surface area underneath the aircraft swath
path., Therefore based on a swath width of 280 feet (85,344 m) times the
distance sprayed per 970 gallon tank of 14 im we derive an area of 1,194,760
m2, ‘Ehiq area divided into 970 gallons gives a concentration of 0008118 :
gal/m<. There were 10.7 1bs of herbicide esters (containing TCDD as a cone

“taminant) in sach gslion of Orangs. Therefore, 0008118 gal/m2 times. -
118‘53 4384 ens of herbicide esters/gal equals 3.94 gns/uﬂ of mbicide uter._.
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And since the weighted mean oconcentration for all Orange sprayed in Vietnam
was 1.98 ppm for TCDD the expected initial oontamination of TCDD/m2 directly
in the swath path area would be 3.94 gn/u? of herbicide esters times
00000198 (oconoentration of TCDD) or .000007801 gw/m2 (7.80 micrograms/m? )
of TCDD. Mntriplelayermpyonlynbmtsiof this TCDD con~-
centration would penetrate to groud level where troops might be, hence 63
of 7.8 X 10~6/sq meter would be 4.681 X 10-7grs/aq. meter.

Table III below presents the immediate concentrations of TCOD found at
distances of one and two kilometers from a single Ranch Hand aircraft spray
track with a 9 mph cross-wind to the spray path.
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Table 1II
(1) (2) (3) (4) (5)
Distance Droplet size Conc. of Urange Anoumt of Concen-

from spray track range {1 aircraft) at herbicide tration of

(km) {microns) ool, 1 distance esters

depoaited <D
_(gal/acre) (gms/m? ) (gms/m?
1 70~100 .032 .0384 7.603 x 1078
2 50-70 .0002 .0002399 4,749 x 10~ 10

If the spray miasion conalated of six aircraft instead of one , the
values in columns (3),(4), and (5) would be multiplied by six for an
approximation of the downwind concentrations of Orange, herbicide eatersa,
and TCDD at 1 and 2 kilometers, respectively,

The concentrations of TCDD shown in Column (5) of Table III are the maximum
amounts that could be present per square meter with no photodechlorination time
allowances, 1In other worda, the TCDD released at the moment of spraying

from the C-123.

The amounts of TCDD present per square meter in Table III are not differen-
tiated by the surface on which it impacted., The fmpaction surfaces are important
because the photodechlorination half-life values for TCDD vary appreciably as
discussed earlier. Table IV below presents the estimated amount of TCOD depo-
sited on leaves, grasses, and s0il per square meter of area at distances of 1 and
2 kilometers from the spray path with a 9 mph crosswind. The TCDD values do rot
account” for any photolytic decay having taken place. Decay factors fér TCDD will

be included latar in Table V.

»
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Table IV
(1) (2) (3)
Impingement Percent of Amount of TCDD depos{ted (gm/m*)
Surface Orange Deposited on Col (1) surfaces at dlat.anoea
. : ' on surface . . - ofr . '
1 laon . 2 E
Leaves - 60 4.5618 x 10 ° - 2.8494 x ‘ID-
. Grasses ' _ 30 2.2809 x. 10 -8 1.4207 x 10‘10
- 10

- Soil

7603 x 10~8 . irmg x 1010 =




The quantities of TCDD (gm/m?) which remain on the thres types of
surfaces after a series of days post~deposition decay have taken place at
two distances from the spray path are shown in Table V,

Table V
(1) (2) (3) (%) 2
Amount of TCDD (gms/m“) remalining
on Col(1) surfaces after elapsed time
TCPD Half-Life Distance (daya) as shown for each distance from
on Col (1) from spray spray line
Impingement surfaces line {a) {(v) {e)
Surface (time) {lkm) End day 1 End day 2 End day 6
Leaves 2 hrs, 1 1.426 x 10‘9 2.235 x 101 ~0.0
2 8.904 x 1071¢ 1,396 x 10"3 ~0,0
Grasses 6 days 1 2.087 x 107% = 1.893 x 1072 ~1.1405 x 1077
2 1.3036 x 10~ 1.1825 x 10 7.1235 x 10
Sotl (surface) 1 yr. 1 7.603 x 1079 7.603 x 10 21 7.565 x 10~ “
2 4.749 x 10 4,749 x 10 4.725 x 10

Columns (4)(a),(b}, and{c) of Table
residual ooncentmtlons of dioxin at the
at 3 progressive time intervals.

V can now give ua the total .
two distances from: the spray track
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These values are for comparison purposes presented in Table VI following:
Table VI

(1)
Lateral Distance (2)
from apray tract Impingement
(9 mph wind) in km. Surface
1.0 Leaves
Grasses
Soil
Total (TCDD):
2.0 Leaves
Gragaes
Soil
Total (TCDD)

(3)
Amount of TCDD (m/nz)
remaining on surfaces
after indicated days of
elapsed time 3ince spray

mission

End Day 1

1.426 x 10 =2
2.087 x 108
7.603 x 10 =%

End Day 2 End Day 6

2.235 x 10 ';‘ ~ 0 .
1.893 x 1078 1.1405 x 10>

2.9599 x 10 "8

7.603 x 102 7.565 x 30 ~°
3666 x 108 T1.897 x 10 -8

=11

8.904 x 10712 1,396 x 10 "} ~0.0 o
1.3036 x 1077 1.1825 x 10| 77.1235 x 10
4,709 x 10 7Y n,798 % 10 4,725 x 10

1.868 x 10 -1¢

1.663 % 10 -4 1,185 x 10 /0

The above finai values are derived from one C-123 spray mission releasing

970 gallons of Orange over a distance of 14 im.

The final values should be

muitiplied by the number of C~123's taking part in the mi_aaion.




B. Massive Herbicide Orange Abort Dumps

The Ranch Hand Herbicide Dump Letter Reporta indioate that dumpe
took place at altitudes as low as 150 feet and as high as 7,500 feet. In
some cases herbdloide damage area maps are also included with the reports to
further establish the region affected on the ground with the agent. To
determine the number of release altitudes upon which caloulations need to be
made for lateral herbicide dispersion from the aircraft and hence the ground
fallout, a survey was made of the Services Herbs Tape to enumerate all her-
bicide dumps from 1 April 1966 through 31 March 1969. This allowed for a
a8ix monthas look~back beyond the time window of the Agent Orange Study
{1 Oct 66 ~ 31 Mar 69) to include residual dioxin contamination for six
months prior to the survey period for earller herbicide dumps in the III

Corps area.
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The third listed herblcide Orange dump (670711) started right after
take-off at the end of the main runway of Blen Hoa when a C-123 lost one
engine and started dumping at very low altitude. This is a well documented
dump which released 500 gallons over the oonfines of the air base before the
alrcraft circled around and made an emergency landing still discharging
Orange. The remaining eight dumps are less well documented and {n two cases
it appears that the herbicide may have been jetisoned by means of the spray
system for part or all of the release rather than through the 10 inch dump

valve,

Altitudes of release are most important in any calculations concerning
herbicide ground contamination area and downwind herblicide spread patterns.
Excluding the dump at less than three hundred feet over Bien Hoa which is
well documented we have 5 primary altitudes (150, 3,500, 4,200, 4,500 and
5,500 ft) to incorporate {n the calculations. Certain assumptions have to
be mide concerning the ground track distance covered by the alrcraflt from
the moment that the dump valve la opened to the end of the release of all
of the herblelde. In over-water flight tests at Eglin AF Base a series of 8
dump tests were accomplished rilling the tank with 950 gallons of water and
the dumping time for three~fourths of the fill was determined. The average
time required was 35.5 seconds with a maximum deviation of + 2.7 seconds.
When orange was used instead of water the dump time was 1 second longer in
static testing. Therefore about 712 gallons of Orange would be released in
36.5 + 2.7 seconds. To exhaust the entire load of herbiclde would probably
take another 12 to 15 seconds, hence the final cump time for a full load of
Orange on the high side would be about 54 seconds. An alrcraft flying at
160 knots would cover 2.4 nautical atir miles or 4,444.8 meters {n 54
seconds. One dump test at Eglin included methylene blue dye in the water
fill to determine aircraft contamination during the dump and photos were
taken of the alrcraft while dumping. The dye test showed heavy oon- -
tamination of the lower fuselage and on up to the horizontal stabilizer.
Photo coverage showed a vertical "rooster tailing" around and behind the
alreraft fuselage. The engine propeller vortex probably added to this
"rooster «tafling®.
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Since the release distanoce to dump the load was 4,444.8 meters and 970
gallons was the load, then 0.2182 gallons would be released per meter tra-
veled at a constant rate of releass. Without apecific information many
assumptions will have to be made on an educated guess basis predicated only
on the observed field effects of a single aircraft dumped load.

Another possibility for a slightly more accurate dump area ocoverage pre-
diction could be obtained by reviewing abort dumps which caused significant
crop and tree damage over friendly occupied areas. In these cases ground
surveys would have been undertaken to establish the boundaries of herbleide
damage to review claims from local farmers for payment of crop damages. In
one recorded case the damage area was approximately one square kilometer.

In another, the area was one kilometer wide and between two and three kilo-
meters long.,  This area of significant crop damage would indicate a deposit
rate of approximately one gallon/acre or more. Some 3llight damage might
also occur to susceptible crops at a deposit rate of 1/2 gallon per acre.

Further detailed research on the herbicide dumps which caused these two
instances of described damaged crop areas in frlendly locations failed to
eatahliah the altitude of the aircraft at the time of dump, {ts heading, and
the wind velocity and direction. Without these data no reanonable calcula-
tions can made with reapect to these or other abort dump situations.

Unfortunately herbicide Orange ls considered as non-volatlle by physical
chemists because it has a vapor pressure of less than 1 mm of wercury at
35*C. The normal-butyl ester of 2,4-D is approximately equal to No, 2
diesel fuel in volatility, requlrlng a temperature of t47:C for vapor
pressure to equal 1 mm of mercury. Therefore, smaller droplets less than
200 microns in diameter will not evaporate s!gnirioantly as they travel
dowmwind from a higher altitude abort dump. They will; however, disperse
and dilute in the cloud as the wind veloclty increases and under lapse ocon-
ditions rather than inversion or neutral weather states.  No evaporation -
will therefore be factored into any of the following calculations for drift
to pnovide a worst case situation. _




Ptmyt s F

1\; "_!‘ "

«25-

. "To devolop our' perspeeﬁlve o t.he potential drift, rate of fall, and number of
' dmpleta per square inch of: surface, at a rate of one gallon/acre the following table from
Hcrld Agriaﬂtml lviatid!s is preawted

“ - Table IX

“Droplet . io. of Mplets/sq. Time required Drift distance droplet
Diameter - Type of Mn. at’ v pl/acre of to fall 10 ft. will travel in falling
Microns) Droplet gpray : in still air 10 ft. in a 3-mph breeze
08 Brownian *'Jto nny 5 ocount 6,750 minutes 388 miles

5.0 . Pog B ,000.__ 66 mimites 15,800 ft.
20.0, , Wet fog Rl 230 seconds 1,109 ft.

%.0 i % %0 seconds 178 ft.
- 100.0% . Mist S 11 seconds ug fe,
- 8.5 seconds S ft.

- 200 i .5.4 seconds 15 ft.

. 500  Light rain ‘f 1.6 seconds 7 tt.
1000« - Moderate rai 1.1 seconds 5 ft.

\aiz.-(_

ﬂ(dianeter of. hm hair)

M stated urner, in. Qho nlne abort dumps under consideration as a hazard, we have
five dunp alt.imies to comlder. _'l'hese were: 150, 3500, 4200, 34500 and 5,500 feet.

i‘

.':.. .



Using the data for droplet size and time to fall rates we oan roughly
calculate the lateral drift for various diameter droplets at a series of
windspeeds released from the five release altitudes menticned above. These
approximate values are provided in Table X following:

Table X
Droplet Release Lateral Drift {in feet) from Release Point
Size Altitude at Wind Speeds shown below:
(Microns) feet 5 mph 8 mph 10 mph 15 mph
S0 150 3,665 5,064 74330 10,995
4,200 102,620 164, 192 205,240 307,860
4,500 109,950 175,920 219,900 329,850
5,500 134,383 215,013 268,766 403,150
100 150 896 1,435 1,793 2,690
- 3,500 20,922 33,474 41,843 62,765
4,200 25,106 40,170 50,213 75,320
k,500 ., 26,900 K3,0u0 53,800 80,700
5,000 32,876 52,602 65,753 98,630
200 365 - 4s7 685
8,523 10,653 15,980

19,180

10,229 12,786

Pl X AR Bee

The above figures may be somewhat conservative as by using a calculation
method employed by Fort Detrick scientists the downwind travel for 50 micron.
droplets released at ‘150 feet in an 8 mph wind would be 6,666 feet and in a
10 mph uind the distance would be 8530 feet while the.values loiable:X.vere .. .. -

3 i =




While the potential hypothesized drift distances in the preceeding table
are very long for releases above 150 feet, 80 also are the timss for the
droplets to fall to the ground level. The droplets may remain airborne for
extended periods far above ground troops and henoe would pose no oon-
tamination hazard until the droplets reach earth or foliage far downwind
from the release altitude. Table XI gives the droplet fall times for
various size droplets released at the altitudes we are oconcerned within the
nine abort dumps.

Table XI
Release Time to fall in minutes for
Altitude following size droplets
{feet) 50 Microns 100 Microns 200 Microns 500 Microns
150 8.33 2.05 0.52 0.08
3,500 194, 44 47.94 12.02 1.93
4,200 233.33 57.53 14,43 2.32
5"500 305-55 750 3“ 18-90 3.0“

Rate of Fall 18 73 2N 1,812
(feet/min) . , :

From Table XI droplets above 200 miorons have a relatively rapid fallout
~ time not exoceeding 20 ninutoa. It is a different matter with droplets of
100 migirons: or__-.a_n% ‘from- altitudes of 3,500 to 5,500 feet.: One. -

. ndred il oron gplete ‘ulnrtake one hour-and-fifteen minutes to reach
v grounds Lavel . TREE irecs, 50 micron:droplets take about five hours to- i i
. Peach ‘ground level fron m ‘feot. During this time the TCOD.contained in -,
the droplet will be acted upon by the ultraviolet rays“and the 50 midron =
droplet. ooncentration: ar TCOD wm have decreased to less than 25%of the . -
“ et LOLANSES 7300:% ets . will. ! jiost. about -5Hel.. o

their initial TCOD omntmuon by tine or impact. on t.ho-gr'omd or grau

Farlier {n this pnﬁer it was estimated that during the dump t,he alrcraft
flew a distance of 4,44li.8 meters and 0.2182 gallon was released for .esch
meter traveled, On a time basis the delivery rate of herbicide through the
i 10" dompyslve LIgUres outito be-17.963 gillons per:second:. meﬂMﬁ*
" delfivery rate’ d thus be 1077.77 gallons. ‘As far as oan determined
our literature ssarches no teats have ever been conducted at sunhamtn :
" relsase raté at any recorded altitude to determine lateral or downwind .
Lo trava:l, t'm 8 li.m saurge relme nimrp.t‘t.. _ e
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The nearest ocomparable flight tests to an abort situation may be
in Fort Detrick Special Report 232 dated June 1955. The agent used i
ted

-y

‘ound
thase
the

S

trials was {soprepyl 2,4-dlchlorophenoxyacstats.

The equipment oonsisted of two US Navy Aero 14A Spray Tanks mounted on
wings of a U.S. Navy F3D-1 jet aircraft. Each tank held 90 gallons of agent
which could be released at a rate of 100 gallons per ainute., The agent is
relsased through a fairly large single orifioce at the rear end of the thin
bomb shaped wing tank. The release nozzle diametar s about 3 inches.
atill have a disparity in the release amount of one-tenth of the amount
released through the 10" dump valve per minute and an orifice size of about
one-third the size of Ranch Hand dump valve (3" vs 10"). The release speed

for these tests was 180 knots which would be 20 to 30 knots higher than the
Ranch Hand operational speed. Neverthaless these flight tests can give us a
basis for a fair estimation of the droplet sizes produced from a larger size
release opening at a fairly comparable speed. Table XII provides the

droplet sizes produced at two different flight speeds and the relative per- .
centages of droplst sizes collected on sampling plates as provided in Report

¥

#232:
Table XII
Alrspeed Flow Rate Mass diameter, miorons
(Knots (gpov/tank) 253 508 (D)%
100 202 27

RS R SRS R A A A SR R

mmmum orunwmmormmmnnm.sosu |
oonprindordropuu less: mthu sm. L




As may be observed from Table XII a doubling of the ai
only a 365 decreass in MD droplet diameter
175 below 180 imots would not produce
273 microns. Table XII alsc shows
In%mwmlwmw,aldﬂnm“mmmlw
tmzoamimmatmwmmtmassorm oftlnpletm
betwean 202 and 273 microns in diameter. Purther, another 25% of the mass
of droplets vere at least 274 microna in diametsr but less than 355 microns.
in diameter. The final remaining 255 of the mass of droplets had a dismeter
exceeding 355 microns in diameter,

g;
i
il
I

Report #232 concludes that crosswind missions flown at altitudes of 1500
feet produced an average effective swath of 17,425 feet at a deposit rate of
0.05 1lb/acre in contrast to an average of 7,190 feet cbtalned at an altitude
of 700 feet. The report estimated that a single combined flow rate of 200
gallons per minute at an airspeed of 360 knots can effecting cover 19.35
square miles with herbicide per sortle.

The above ooncentrations are based on a flow rate of 200 gallons per
minute while the Ranch Hand abort dump rate was 1077.77 gallons per minute
or 5.1 times larger. Multiplying this factor by the deposit rate achieved
in these tests (0.05 1b/acre) produces a new expected oconoentration of 0.269
1bs of herbiclide per acre, or 0.0302 gms/square meter. If the herbicide
used in these tests had been Vietndm Orenge rather than a form of 2,4-D we
would have achieved a TCDD ooncentration of 5.9796 x 10 p/aqum meter.

poad. c\u'ing nlm, () M ‘of hu'- |

AR i b BT : . ( ) T
bicide M, (h) l'ypc ‘of ‘terrain under almt‘t.. ad (1) Foliage and
vegit.at.ton tomd lnﬂnomhnimudm T
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in diameter, another 25% were between 200 and 273 microns in size {300
microns will be used {n the calculation). A third 25% of the mass of
droplets ranged between 274 and 355 microns ( 400 microns will be used in
the calculation). The last 25% fraction was larger than 355 microns (500
microns will be used {n the calculation). Slightly larger calculation
values will be used because of the slower speed of the C123's and the much
larger per second release volume which would tend to produce larger droplet
sizes.

Next each 25% segment of the dumped herbicide will be calculated as to
how far it will travel from the altitude of the dump as affected by the
direction and velocity of the wind. The touchdown polnt of the cloud from
the release line will be caloulated and the width of the droplet sector will
be determined for that 25% mass droplet sector. The time of float of the
cloud from the time of release from the aircraft to the droplet impact with
the pground will he approximated by calculatlons in order to reduce the TCDD
concentration as a result of dechlorination of the TCDD while tn flight to
ground impact. A half-life of 2 hours will be used. Finally, the remaining
TCDD concentration in each of the roughly rectangular droplet fallout zones
will be caleulated. To determined the width of these zones It ia neceasary
to establish the outer limit of the fallout zone where a minimum con-
centration of herbicide would exist. Because of the extremely small maas
concentrations of droplets having a diameter of 100 microns or less, this
droplet fallout line will be used to establish the extreme outer herbicide
conecentration. Next, the fallout starting line for deposition of 200 '
mfcron droplets uin be calculated, The area bounded within the outer limit

e _ oL Ajummed -Lo..0a. ¢ .&MAQ%,_: ﬁ?‘_.; g,
icide will travel further.downwi e "iat.m mllm tm 100, m&m

#howaver, at this'@xtreme range .very Iitth ‘residual ICDD would exist bpcauss

~"of 'the long travel time, very low settling rates, and ext.ended ti.ae perioda

. for photodechlorination of the TCDD while airborne,  Su L. rOpLe

s o snnBALlaut 1ines .will.be galoulated. for. the 300, 400, "and 500+ ion n'.

" Tdroplets &nd the size of these areas will be determined and 25% of the her- .
.bicide mass value will be assigned to each zone. Detailed one over 50,000
scale maps will be used to determine the foliage and vegetation found within

) these contaminated-zones. This. information will-then be used to determine -
- the destribution of herbicide which impacts on_the leaves of trees, on the
,,aﬁ“:” -and on the:eoil. wfm fon Jater: ‘decayoklgulations of heTCOD. 1 -
N

w -. ;‘.‘i‘ o

themldni?@lm pu'nohaquammrofw(onbms.,_
.- grasses, and ground) will be calouhbod for each of the four droplet size
- segment areas as of the day of thé abort. Then, the residual TCOD con-
centrations present at any number of .days post-abort may be determined.




A sample caloulation will be undertaken on the dump whioch ooourred on
6 January 1968 at an altitude of 3,500 fest over the Dong Nai River. The
wind was recorded at 8 mph at 50° at 1015 hours. The aircraft dumped a full
load of 970 gallons an a heading of 140°. The area for several miles on
both sides of the river oconsisted of grasslands and marshes. 'rhadmp
flight path was estimated at 4,500 meters.

To establish the outermost boundary of the hazard zone, Table X is used
to find the lateral travel distance for 100 micron droplets released at
3,500 feet altitude into an 8 mph wind which is 33,474 feet or 10,202.875
meters. Next, we determine the distance which the 200 micron droplets will
travel before impacting the surface foliage from Table X. This distance s
8,523 feet or 2,597.81 meters. Thus this outermost zone has a width of
(10202.875-2,597.81) T7,605.06 meteras and a lenth of 4,500 meters (the abort
dump line) giving an area of 34,222,770 square meters,

The time to fall for 200 micron droplets from 3500 feet 1s about 12-13 .
minutes. At 12-13 minutes exposure to light dechlorination approximately
95% of the {nitial TCDD uould impact on the foliage or the concentration
would decrease to 1.9 X 10~% from 2.0 X 10-6, The total maas of herbicide
dumped from the tank would be 4,707,835.52 grams, Twenty-five percent of
the load in the 200 micron or less size range would be 1,176,958.88 grams
dispersed over an area of 34,222,770 square meters in the outermost zone of
contamination. This gives a concentration of Orange of 0,03439 grams per
square meter for this zone. The TCDD concentration would then be nppml-
mately 6.534 X 10-6 gms/sq. meter.

Lot 4 teed

o o g M
e e apd A iyt e lime e SN * ol
Tt
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The area of 1npact, of tbis ecneentrat.ion was grassland and marsh hence about 70% of the
herbicide would be expected to impact on grasses with the remaining 30% reaching the sofl,
The TCDD decay rate effects for this fallout zone at one, two, 3ix, twelve days and one month

are shown below in Table XIIA.

 Table XITA- Zone #

'm lhlt-‘l.ife

Remaining TCDD concentration
on surfaces as indicated
after foliowing periods subsequent

to initial impact on the surface
{gms/sq. meter)

. _‘ 2 days § days 12 days 1 aonth

u.5%4 X 10
1

ﬁi*

3796 X 0.2 2.287 x 1078 1. x 1075 1mer x 3
1,957 X 10~ 1.9188 X 10~ 1.918 X 10~ 1.781 X
3’7%3‘1'—. _ 0% 0.205 X 108 3.062 X 10°8 T,

of oantuimt.im for 300 micron to 200 micron droplets we
300 micron droplets will travel from the adort line. From
dowrmind distance would be 3,795.56 feet. Therefore, the width
" of this zone would be (8,52% - 3,795.56) 4727.44 feet or 1440.92 meters with a length
“again of 4,500 meters. The-area of this third zone (300 to 200 micron sizes) {s

“an altitude of 3.500 fee t the

2] !!Bh 156. 7 smm meters.
. ’ *

'rm tim to fall for 300. micron droplet.a from 3, 500 feet is about 6 minutes.

At a b

inum exposure to light dechlorination approximately 98% of the 1nit1a1 TCDD would impact
"oty the . .foliage o the concentration of.TCDD would decrease to 1.96 X 10-6

. Twenty-five
;parcent of the herbictde lcad in the:0.to 200 micron range would be 1,176,958.
i over an area of 6,384,156.7 square meters,

Y

grans
This gives a eoneentrat.im of Orange of

815 grauh per square met.er !'or this zone. The initial TCDD concentration would then be

phq. meter, *

P ‘r"w; :

o 1S .Q“n-
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S The arq of this m of omtﬁitntim was also grassland and marsh, hence again 70% of the

' herbleide uunl.d be expected to impact on grasses with the remaining 30% reaching the soil. The
te eff

_ TCOD ffects ‘Yor this fallout zone at one, two, 3ix, twelve days and one month are
' " shown below in Table XIII.

~ Table XIII - Zone #3.

. Rmining TCOD concentrations on surfaces as
*  indicated after following periods subsequent to
init.hl inpact. on the surface.
i pus/sq. meter)

2 days 6 days 12 _days 1 month
2.067X 107 1.285x 1077 6.225%x 1078 7.781 X 107

Surface = Half-iife

-7

Total 3,557-; o7 1.668 X 107 1,102 1077
‘l‘o uhbﬁm the am m ofmtaniration for 400 to 300 micron droplets we calculate

to determine how far the 800 micron droplets will travel from the abort line. From an altitude
of '3,500 feet the doumin,d distance would be 2115,55 feet or 644.82 meters. Therefore, the
width of this'second zone:would be £3,795.56-2115.55) 1680.01 feet or 512.07 meters with an
overall ~of 4,500 sieters. ﬂnmorthisseemdmwmtoaooﬂmslm)is
.‘30!5 301.72 meters. |

. 'l'he time to fall for 00 nlm dmpleta from 3500 feet is about 3 mirmutes. At a 3 minute
erposuﬂ to light dechlorination approximately 99% of the initial ‘rG)P would impact on the '
folidge, the initial TCDD concentration would decrease to 1.98 X 10°°. Twenty-five percent of

3129 X 10 2.301 X 10

% érea of 2,308,301.72 square meters. This gives a concentration of Orange of 0.5108 grams
per Sqw-e nf.u' This lnitial _m_mtratim would then be 1.011 X 107 gm/aqmre neber,

ety n

soft  tyers i 057 X 16'7 1,062 X 10"7 1.056 X 1077 1.006 x 1077 1,024 X 107

- ‘the'herbicide Joad in the 300-300 micron size range would be 1,176,958.88 grams dispersed over ..



o ea of _ was also grassland and marsh, hence again 703 of the her-
bicide would be expe ; i,llpact. ‘grasses with the remaining 30% reaching the soil,
y ._:ron thi tallout zone at one, two, six, twelve and one month

LT

T I TR

indiqntea,arter following periods subsequent to
mpact on the surface.

-
'}, .

§§rf5ue gg;;tgife A day

rays 6 2days  lemth
Grases 6 dayé ?.039;! 10705 876' X 10-7 3,580 X 10-7  1.770 X 107 2.212 X 10-8 |
3011 lynr 3.@; X 6—7 “ 3 018 X 10-7 3.0170 X 0-7 2.972 X 10~7 2.912 X 10~7
'rota}. _ | B Q11 X 10-7 8,804 X 10-7 6.558 X 10-7  4.782 X 10-7 3,133 X 10~7

. 1o est.ablish t.he first zone of eontaninatim for 500 to 400 micron droplets we refer
to Table X and find that 500 micron droplets released abt 3,500 feet will ‘ravel 1,306 feet
.or ‘39& 07 meters from the abort release line.

'ﬂ'\eret‘ore, the width of this first zone (nearest the dump line of flight) would be (2115.55 =
1,306 fv.) 809.55 feet or 206.75 meters with an overall length of 4,500 meters. The area of this
fimt m ('500 to 1600 mi eron sizesl is 1,110,375 square meters.

‘i‘he time w'm for 500.!!10!"5!‘! ﬂtﬁplets from 3,500 feet is 1.93 minutes. At a 2 mimte
exposire to sniight dechlorination approximately 99.5% of the TCDD would survive, The initial
~T(ID concentration an impact, with the foliage would be 1.99 X 10-6. Also 258 of the herbicide
‘1cad in the S00«K .imsiummmldbe‘l1769‘58883ramdispensedovermamor
1,110,375 square heters. This gives a concentration of Orange of 1,060 grams per Square meter.
The 1n1t.ia1 m eumentratﬁn uould thm be 2.109 X 10-5grams per square meter.
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'me area of 'this tirst zone was also grasses and marshland, hence again 708 of the herbicide would be
" expected to impact on the grasses with 30% reaching the soil. The TCDD decay rate effects for this first
- fallout zone for the previously used time intervals are shown below in Table XV. _

Table XV=-Zone M

Remiqing TCUD concentrations on surfaces as indicated
aTter following periods subsequent to initial impact on the surface.

o . (gns/sq. meter)
Swfwe  galflife - ldy . 2days 6days  12days {_month
Grasses  Gdays  LATEX0®  125%x10°  7.380x10 7 360Xt  wE3X 107
Sofl 1 year 62IX07  625x1077 6264x107 6.20%10 7  GopEi

_Total 2187 X 16 185X 10°  1L3ux10® 980X 107 651X 107
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; Eﬁ' 2] i.mpset. in any amount directly under the herbicide dump track. The atartmg point for the first zone of
s lnat {on would be approximately, 1,300 feet to the Southwest of the flight path release line. The four

3 *ﬁ?&miwly 1ess contaninated zones extend out to a distance of 33,47 feet or 10.2 kilometers with a lateral
f’ o 1! 5 kilemeters. 'ntese four zone’ are portraved in Table XVI following.

,, . _‘l_‘_a;gle XVI-Summary Average TCDD

Distances fmn ' | - Concentration (gms/sq.meter)
fl_ght line pat.h . at following periocds of time from
. (meters): ares = initial abort.

_\ : _ (square
Erom - To?:-‘ meters) = - 1 day 2 days 6 days 12 days 1 month

) . i - - -7
198,07 644,8 1,110,315 2.1 X 1076 1.86 X 107° 1.36 x 107 9.83 X 10 6.5% X 10~
64k.8 1,156.9 2,308,302  1.01 X 106  8.89 X 107  6.56 X 1077 .78 % 1077 3.43X 10~

e -1 -7 -7 -7 , -7

1,156.9 2,597. 8 6,484,157 3.56 X 10 3.13 X 10 2.30 410 167X 10 1.10 X 10

. _ -8 -8 -8 -8 -8
2,597.8 10.&8 34,222,770 6.53 X 10 5.7 X 10 4.21 X 10 3.06 X 10 1.93X 10

.70 Zariler in Section II.&. we determined that about 4.681 X 10" gms/sq. meter of TCDD would penetrate to the

; tm é5%:3loor from a single Ranch Hand ajrceraft spraying 970 gallons Orange over a distance of 1l ks at an altitude
- HEFL, The EPA states that a 1ifetime low risk TCDD exposure level would be 1 to 10 picograms¥/kg of body

L *miaay for a lifetime wxposure. To establish a maximm short term (one year) exposure base using these EPA
Curpieeie lat us use a conoentration of 10 X 10~12 gms, of TCDD times 70 by (average weight of 3 man) times 72 years
Ay thel nverage 1ife span of a man which gives an adjusted exposure hazard level of (10X 107°9X 70 X 72) = 5.04 X 108
' giketer, Dividaing the 4.681 X 107 gm/m of TCDD which penetrated to the ground level under a Ranch Hand spray
2 “&g? 500 X 107 we find that the a.railable TCDD {s 9.29 times this minimm exposure concentration. ‘l'bh 0

?a,tim of- ‘5 oh X 10 gns/methr- wm be consldered as a value of 1 in future caleulated Heigltod w vlluas
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As 0 examile of tov tese valies wuld be developed to rovide an equare probability randng let us sbsti-
»s in

fute these aliss in a revised Table XVI as shown belas in Table XVII.
” Table XVil
RS  reitio e i i o L fvem inftial

itr  Pm B 18y zem S Pap e
1 3B ous “81.%6. .9 5.8 16.62 ©.97

2 "-s’uh'."s; RK X .04 17,61 B.@ 9.0 6.21
3 . usEa 23 7.06 6.1 1.5 3.3 2.18

y 2.951!.8 0,228 LD R 0.8 0.61 0.8

mmmmmummam@mmmmammmmmmzam
behem 10.2 ad 2.6 idlaetars of the dap track on the seomd day aftar the abort would te eqposad to 1.1 tima
tre nirdmm TUD epoare fezard level demcoribed earlier. Those soldiars massirg betvean 398,07 and 644.8 metars

1 of the dap Yine an the day of this abort could be exposad to 2 grord artaniration of TUD vhich was 12 times the
minif epare eyd 1wl dearited erliar,

e
'
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On page 2 of Appendix D of the September 1985, EPA/600/8-84/014F report
titled "Health Assessment Document for Polychlorinated Dibengo-p-Dioxins®
gives the Acoeptable Daily Intake (ADI) of TCDD to be 7 X 10-3 milli
day. Converting this microgrem value to grams we have 7 X 10~11 gas/kg/day.
Sinoe the ADI is presented on the basis of per kilogrem of body weight it
needs to be multiplied by pverage weight (70 kg) of an adult male which
gives us a value of 4.9 X 107 gma/adult male/day as an Acceptabdble Dally
Intake. The unitary exposure value of 5.04 X 10-8gns/sq meter desoribed
earlier, also derived from EPA values is found to be 10.2057 times higher
than the ADI valus for an adult male of 4.9 X 10-9gms/day. Thersfore, the
values presented in Table XII above are conservative especially for any
extended periods of exposure in these reported zonea.

C. Exposure Indexes for'Perimater Spraying of Fire Bases and Base Camps.

Fortunately both the Ranch Hand HERBS Tape and the Services Herba Tapes
distinguish between helicopter perimeter sprays and ground vehicle sprays of
bane camps, fire basesa, and lines of communications (primarily roadsaides).
We then can develop two sets of off-target and downwind fallout zones
appropriate for helicopter missions and then another set for ground based
vehicle spraying devices. The helicopter spraylng as per information
discussed earlier will provide a larger expected contamination zone in and
around the f'ire bases.

1. Development of Helicopter Exposure Indexes.

In the following discussion and tables no consideration will be
given for herbicide entrspment on treea or jungls canoples as the fire bases
‘and base camps were vold of ‘thele: Impsotion will be oonsidered to be on
grasses or soil. The releass oonoentrations will be based on an appliocation
rate of i3 gallons per acre. In some dooumented cases 5 gallons per acns
- were used. In such instances table values may be multiplied by 1.6667.
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From field observations few helicopter perimeter spraying missions were
ever over an altitude of 100 feet. The pilots quickly learned that this
altitude gave the widest ocoverage per pass and did not exposs the helioopter
to long range small arms fire. Using a 75 foot altitude for helioopter
apraying, the next step ia to oonvert Table I information on the HIDAL spray
tests from gallon/acre of herbicide to grams/sq.meter of herbicide (3
values) and establish the oconcentration zones as determined by fleld plates
and other samplers. This information is presented in Table XVIII following:

Table XVIII - HIDAL Spray Trials

Swath Width, Approximate
grams/sq.meter rates (meters)

Total Swath
Swath (meter) 0.5997 1.1993 1.7990
Max{mum 310.9 134.1 85.3 4.7 )
X 220.7 92.7 48.8 25.9
M1 n{mum 134, 1 67.1 30.5 6.1

Although the helioopter was disseminating at a rate of 24 gallons/minute
at a flight speed of 50 miles per hour which should be producing a con-
oentration of 3 gallons/acre we find that the extreme right hand column in
Table XIII above i{s equated to a rate of 1.5 gallons/acre (1.799
gms/sq.meter). Also, reportedly all of these flights.in the test series = = .
were straight 1ine and:into. the.. ing wind. = Therefore, laterml-or v i&y
crosswind Blapersion would be very minimal and a best case maximum deposi- T
tion on the ground with minimm swath width was tailored into these tests, -ii-
These test data serve as atarting minimal swath width oondition but do not
approach the operational oconditions taking place around fire base and base
camps. f(inder field oonditions the helioopters flew a generally curved
flight path, sometimes flying mbo the wind, then cmawind, and perhaps
then downwind,

For modeling purposes for the exposure index, let us assune a MD of 300 |
microns (Purple size in test was 348 microns I‘HD) and this value 1a t.he 50; o
_polnt for droplot. size range.. _ _ ; FNRTRL
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on a heading of 135* and although the ground wind was calm, at an

altitude of 75 fest the wind resultant vector was 45°, henoe the oconditions
were truely crosswind rather than irnwind as was the intention of the

The wind velocity was 3 miles per hour at 75 fest, and 2.6 miles per hour at

up in almost a step function to 0.9 gallon per acre., Then at a downind
distance of 125 feet the concentration peaked at 1.1 gallon per acre. The
concentration of herbicide gradually decreased to 0.2 gallon per acre out to
a distance of 460 feet, Still progressively smaller oconcentrations were
found out to a distance of B30 feet,

Because of the extreme turbulence produced by the downwash of the heli-
copter rotor blades, the atarting point and dlatribution of the cloud of
herbicide is rather 111 defined. To relate the above described 3 mile per
hour crosswind test results to a non-crosswind helicopter spray mission,
Flight #7, line A, conducted on 19 July 1962 was selected. This was almost
directly into the wind, and was oconducted at the same altitude. The sampler
plates showed a true bimodal distribution of herbdicide with almost mirror
image distributions of herbiclde on both lateral sides of the flight path of
the hellicopter. Directly under the heliocopter flight line the ooncentration
was 0.9 gal/acre, At a lateal distance of 40 feet from the helloopter the
peak oconcentration of 1.5 gal/acre wis achieved. Thia peak conoentration
existed for another 20 feet laterally. At a side distance of 60 feet:
both aidea of the helicopter the herbioido oconcentration began ﬁta ]
-rapidly. At 100 fest to the alde,. the: oconoeitration had e
L.gal/acre, at 150 :fest 1t was: dowii-to 0.1 gal/acre, and- at 200*
oent,mt.lm m ubiuud to. be- 0.01 ar l.m pl/m '

" In order to bot.ur visualize the effects of a 90° mmmm _ lllu-
-~ copter flight path vhen compared to an in-wind. mission at 4
-the data .is-presented:ss Lo-oonoantration-of herbiotow Sipds
lateral distances from the aircraft’s flight path in !‘able XX following. It~
should be mentioned that in the case of the directly In-wind flight the
distribution {s almost the same on both sides of the flight line while in ‘
the crosswind example all of the herbfcide is distributed towards tho down.-
wind side, hence as expected the omoqnt_-

tasts at. any ny higher than 3 wch were found -
valocit.ies of 5 antl 10 mph Montho da

%
11}
e
g
4




Table XX

Distanoe from In wind oondition 3mph crosswind (90°)
Flight line in ooncentration of Herbiclide ooncentration of Herdicide
feat meters : {gal/acre) {gal/acre)

0 0 0.9 0

20 6.1 1.2 0.9

50 15.2 1.5 0.9
100 30.4 0.8 0.9
150 45.7 0.1 0.8
200 61.0 0.01 0.8
300 91.4 0 0.6
400 122.0 0 0.4
500 152.4 0 0.1
600 183.0 0 0.1
700 213 0 0.07
800 244 0 0.01
900 274 0 0

CO e e L R e e RS 0 e 0 0 e SR T e 0 ST R (e R T T e
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; Table XXI
t
Distm froa ﬂight line
(foek) under: . % 5
) o (-,2 3 (3)
- Imeing Crosswind in feet
_ {0 ﬂ ) Ml (col(2)=col{1)=(3))
C e 2 o 5
100 200 100
120 . HOO 280
" - 600 - 450
20 R LI 600 -
S

(%)
Shift at 1t wph i{n £t

()= 3=(4)

16.67
33.3
93.3
150
200

oalpu't tbe herbiefdg eummtratim zonal shifts from the zone concentration under in-wind oonditims
, Imiﬁ 3 mph condition, tﬁm we will® ut.imat.e the increase in the zonal distances at crosswind welocities of



T '_ -

- Because of the simiﬁu:uy guter distances of travel at higher wind velocities with the sm initial
wmmuas from the helicppter the concentrations will decrease appreciably at the new zonal distances. To -
RERS - the concentration in gals/acre was converted to gals/sq. ft. Gals/sq. ft. was sultiplied by the
_stmrmmmuwmgtpathtom limit of that concentration zone as recorded in the 3 mph.
arosswind experimsntal find This total ooncentration of herbicide at the 3 mph distance was divided by the
pmjectéd ml. dhtamu £ 5 qia and. 10 q:h crosswind situations. The results are in pnamlaq.ft. The '

""nese m‘;ue’a"m '"tlm- to pIaqlrt. and finally the amount in gms/sq.ft of herbicide 13 mltipued b? 2 x
0% g of TCDIVE of Merbict -produce - the concentration of TCDD/sq.ft. expected to be present at.these zonel -
&istance from: the helicopter flight. 1ine, - Grams/sq.foot are then coverted to gruslaq. meter for dmsistancy with
#arlier tables, Table XXII phesents t.heoe values for crosswind velocities of 3, 5, and 10 mph in rélation o
iistance’ from. tbo imt pnth; i

..-

% o Table XXII-Helicopter Herbicide Coverage
| Crosswind Wind Speed of:
3WH B 5 MPH WMPH L

“Distance from Initial TCOD Distance from Inftial TCOD Distances from Initial TCDD
‘“flight line  Concentration . flight line concentration flight line concentration

. {g2t) (m) (mms/3q. meter) {ft) (m) {gms/sq meter) (fr) {0)  (gms/sq meter)
jwoju2.67 1 2.96%107% 173.5152.88 | 1.75 X 107 256.7 | 78.28 | 1.18 X 10 5
m 60&% ,ow x ‘0-7 v 56.5 78018 1-“9 X110 7 'l23-3 129-& 9-m x‘o_,
01 121.92 1 9.99X 107, 1 956.5] 169.62 [ 6.91 X 1077 1023 311,811 3.75 X10_¢
6001 182,88 § 2.80X 107, i BN, §256.03 | 171X 1070 1590 | 484.631 9.05 X:-10 g
500 | 2u3.84 | 2.110 X 10 <. 1090 |332.23 {1.76 X 10 2090 | 637.03] 9.18 X 10

i

Spkiedre PF Femie” S gl
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e If we 41116- ths ~p oamtraum {gms/sq.meter) pmmted in Table XTI by the Unitary Bxpoun Yalun of
+'5.00 X 10 p/q.ut.er orm as selected earlier, we have the values shown in Table XXIII.
‘.- Table X311
% Crosswind Wind Speed of:
3w : 5 P 10 MPH__
Distance from . DEV % Distance fram  UEV Distance from UeY
flight'line  multiple - flight line mltiple fight line miltiple
(fr)  (m) ar_fraction (fe)  (m) or fraction (fe)  (m) or fraction
Wo  &2.67 82.86 S35 5288 ALT2 256.7  78.24 230
200  60.96 38,10 > 6.5 78.18 29.56 423.3 129.02 17.9!
%00 121.92 19.03 “,' 856.5 169.62 13.71 1023 311.81 788
500 182.88 8.76 . - 8h0 256.03 3.39 1590  484.63 1.80
800' 2*13.8“ 0.138 e 1090 332.23 0.35 2090 637.03 0.18

. One. haliooﬁw spray ouuﬁtim ‘st1il needs to be calculated which is a spray mission accomplished in either 8
7o lateral wind o ingind fitght sitmtion. Retuming to Table XXI we will piek out the values in Colum (1) and
add one additional distance sfiere the highest concentration was recorded. From these values we will determine the
axpected initial TC0D omcmtntidi in gms/sq meter at varfous distances on both sides of the flight path. Then

, v?: ey mmplu or fractiomivill be'indicated next to the TCOD concentration for that zne in the. folloving .f

R ST
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- =‘hﬁim-ﬂelicogter spraying, no wind condition
Fistance from : " Rerbicide ., - . Herbicide Concentration Unitary Exposure
Tight line L oconcentration o concentration (no decay) in Value multiple or .
J) (my - (gal/acre S (gms/sq. meter) (gms/aq. meter) fraction
A S L i . =
$ | 9 D 1.079 2.1587 X 107¢ 42.83
5 18,29 . - 1.799 3.5979 X 10_, 71.3%9
AR X TP 8. B 0.959 1.9189 X 10 7 38.09
o 658 A 0.480 9.59%0 X 10~ 19.08
F 5T 1 LuE 0.120 2.3986 X 10 8,76
60,9 .01 . 0.0112 2.3986 X 107° 48
U Tapleg mn Wfde estinud initial TCDD concentrations at the time of spraying. Beocsuse of the very. .

ted N’lm-al%im and downwind drift distance evidenced in these helicopter missions the airborne photodech-

torination of TCID would be { tiigniﬂmt at an estimated minimm half-life of 2 hours in the airborde droplet form.

Tae alrbome decay. factor ui 1 ore not be calculated. However, we must again consider impaction of the

\‘l&?‘bidid& with grasses and tly ontd the surface of the soil and calculate the photolytic decay rates of the TQD
- thege surfaces after a prognssin tamber of days subsequent to the helicopter apray mission.

2 oeeiel, avth
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It will be assumed that 70% of the herbicide impacts on grasses and
weeds while the remaining 30% of the Orange would reach the sofl surface., A

equal distances on both sides of the flight path of the helicopter. Table

XXVI presents the caleulations downwind from the helicopter flight path with
8 90° crosswind of § mph. These connentrations in this case are only to be
fomd on the downwind aide of the flight path. This is the reason why some
concentrationa appear higher at a given distance than {n the calm condition,

. . Wl
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_ Table xxv
Helicopter Spray-No wind condition

LN -

-y

“s-q.f_"-" L

6 days 30 days 1 year
7.56 X 1,91 X 10‘3 ~p
6.41 X 1 6.22 X 1077 3.2 X 107 |
1.5 X 1 6.71 X 10°7  3.28 X 10°7 -
1.26 X 8.19 X 10-8 ~0
1.06 X 1.08 X 106 .80 X 10~7
2.32 X 1.12 X 10~  s5.80 X 10~7
.01 6.72 X 4,37 X 10'3 ~ND
.13 5.70 X 5.53 X 1077 2.88 X 1077
58 1.24 X 5.97 X 10~7  2.88 X 10°7
5.0l 3.36 X 2.18 X 10‘3 ~0
2.8 2.85 X 2.76 X 1077 1w x 1077
7.90 6.21 X 2.98 X 1077 1.48 x 10~7
.26 8.450 X 5.456 X 1072 ~Q
.16 7.12 X 6.91x 1078 13.60 x 108
1.55 X 7.45 X 108  3.60 x 1078
8.40 X 5.46 X 10‘;" o
7.12 X 6.91 X 1077 3.60 X 10
1.55 X 7.6 X 1077 3.60x 107%
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_ Table XXVI
] ' Helieopter Spray-5 MPR 90° Crosswind
from flight line S R
. (meters) = Surfaces 3 days 6 days 30 _days 1 year
. L '_.v:;‘..' 7 e T * _ -7 -8 :
 52.88 - © . Grusses 9.19 X 1077 6.13X 10 3.98 X 10 o
B S - T 5.22 X 1077 5.20x 1077 s5.08X10°7 2.63% 1077
¢ Total, 1.8 X107 113X 107 samx 107 2.63% 1077
78.18 7.82x 1077 s.2x w077 3umxwd W 3
. 5.45 X 1077 543 x 1077  Rozx 1077 2.28 X 3
: 1.23X10°% 9.65X 10°7 uwmx 107 2.28% 107
, 169.62 3.63%X 107 2.42Xx10°7 1.57X 10 “‘; nNo
. X 2.06 x 1077 2.05%X 1077 1.99X10°7 1.08 %X 10-7
5.69 X 1077 47X 107 2,15%x107 1.08%x 107
256.03 B.98%x 108 s5.99x10°% 3.98x10% rvo
- 510108 s5.08x10% s.92x10°% 2.57% 1078
1t x107 1u1x7 s31x10°% 257x 1078
. - - -10 :
332.23 9.24 X 10™% 6.6 X102 u.00 X 10 0
R 525 X107 5.23x10°° s5.07x10°? 2.68 % 1077
1.5 108 1,ux108 su7x10°% 2.68 % 10~?
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For purposes of ‘comparison of Ranch Hand spraying, Ranch Hand abort dumps, and helicopter
spraying under calm wWind dand § MPH 90° crosswind conditions, Table XAVII provides the Unitary
Exposure Value multiples or fractions for the TCDD concentrations developed under Tables XXV

Table XVIT
Helicopter Spray-Unitary Exposure Values

Distance from ' Unitary Exposure Values

flight line ! Wind in miltiples or fractions '
' (meters) i Conditions 3 days 6 days 30 days 1 year
‘0 S 35.32 27.78 13.31 6.43
18.29 ! 58.73 16.03 2.22 0.1
30.48 : , 31.35 24.60 11.85 5.7t
36.58 o 15.67 12.32 5.91 2.86
»BR 3 3.93 - 3.08 1.48 0.71
' .«mtw A - 0039 0031 00 15 0007
i L MPH Crosswind

52.88 - , R 28.57 22.42 10.79 5.22
- 718.18 p 24,40 19.15 8.7% h.54
‘69.‘& o 11.29 8087 qu? 20%
256,03 i 2.80 2.20 1.05 0.51
323.23 . v 0.28 0.23 0.1 0.05

C o s
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1.
2. Development of Groud Spraving Equipment Exposure Indexes.

Test reports on herbloide spraying using ground spraying devices is
woefully lacking with respect to the oqnunmt. used in Vietnam, Many dif-
ferent techniques and equipments were used for perimeter applications of the
three major herbicides. From available records it does appear that strong
efforts were made to schieve at least a 3 gallons/acre dissemination rate
and just for safety and assurance of oomplete defoliation (really total
killing) of the critical perimeter zone grasses they would apply up to
gallons/acre. In most cases the perimeter spraving reports do not give the
type of ground spraying equipment utilized, the flow rate, or the number of
passes of spraying equipment over a given perimeter area to schieve the
desired herbicide coverage per acre, There {s obviously a necesity to
develop a tvpical and oconservative spray coverage exposure methodology which
will provide for the most likely downwind drift from a high volume and effi-
cent spraying device such as the PDDA mounted on a 6 X 6 truck as described
earlier. Our calculations will be based on the percent mass distributions -
of various size droplets as provided in Table XIX. Because the spray
opperators often rode on the top of the tanks on the trucks and arched the
spray high for the widest possible coverage over perimeter mine fields, a
height of 30 feest will be used for the lateral dispersion scuroe line. The
herbicide delivery rate will be set at a compromise value of 4 gallons of
Orange per acre. Spraying was done. at anytime during daylight hours and as
long as an effective coverage oould be made. A wind of greater than 5 mph
would present problems in sprey appliocation so the lateral wi
be set at the cuter limit of 5 mph., One hundred peroent of
will be aomm for. zn ﬂn.,dmuolm MJ.wt ms.

U e rmmt.mtcl]% _ yl- . be.
st the spraying source: end eun_mnlu wmm;**nolht
~-droplets will impect u!i‘.h the grownd, : 3inos the time of dt
spraying was oompleted is clm in the records, no. photo _
lorination of the TCDD g 11 be caloulated for the day of'amying. 'm.m FIRT .
distribution of ‘lispanticli as used in the hellcopter spraying will be used,
namely 70% on grasses and brush and 30% impaoting directly on the souaur-
face. Peraisting ooncentrations of TCDD will again be presented for the -
first day (laydown ooncentration), 3 days, 6 days, 1 month, and 1 yesr post.
spray date. Uniwy Exposure Values will be provide for each of thm 0

L J
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Table XXVIII. provides the doswrind zones of fallout contamination and the concentrations of .
her_bieida and TCDD to be expectad on the day of the ground spray application. )
Y T Table XAVIIT R
Herbicide Initial
concentration TCOD UEV
in ootmntiat.im fraction _
— gal/acre gns/m~2 gms/m fracticn’. .
-1 (>500 nicrons) .08 .0959 919x 107 3.8 ¢
2 (300 t0-400 mcrons) .88 1.0554 211X 108 y1.87
3 (2001:03)0 llm) 3.646 x mo-6 72.34
, = :
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Table XXIX

Jdays
1.01 X 1077
5.73 X 10

~7
1.58 X 10

-6
’-11 x 10_7

6.30 X 10
-6
.74 X 10

o

.91 X 10-§
10

.09
3.0

9.07 X 10~
5.16 X 107

o o

106

1,42 X 105

107
10 -8

- .m-‘
% |32
E R E

107

TCDD Concentration'
(gms/sq.m) after following
times from day of spraying

6 days 1 month
672X 1075 w3rx 0]
5.70 X 10 5.53 X 10 .
-7 -
1.24 X 10 5.97 X 10
-7 -8
7.39 x 10_7 4.80 X 10 _9
6.27 X 10 6.08 X 10
-6 -7
1.37T X 10 6.56 X 10
1.28X 1078 8.29x 103
1.08 X 10 1.05 X 10
2.36 % 10°° 1.13x 10°¢
.08 X107 3.93x 1073
5.13 X 10~ 3.97 X 10
1.12 %X 106 5.63 X 10 '
6.72X 1070 437X 10 ::
5.70 X 10 5.53 X 10
.26 X 1077 5.97 X 10 ~°

3 year
2.88 X 10-8
————— -8
2.88x 10

3.17X 10

- -7,
TX0

N O
5.7 X 10

547X 10
~ Q.

2.59 X_10
2.59% 10

-7
7

=7
7

0
2.88% 10 %
2.88% 10 S
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Table xx tdll now provide t.he Unitary Exposure Values for each of the five fallout zones for _
the lnit.laldnofwldsmyimwumrormmaeq\mt periods of time up to one year from the
day of apuyl.ll.

5

1

ﬂnitary Exposure Values for
' Ground Spraying

3 N UEV multiple or fractions
Fallout Zoned Day of for periods after spraying

and vidth (meters) Spraying 3 days 6 days 1_month 1 year =
=113 3.81 313 2.6 1.18 0.57 - -

: 2. .
o (11,.3-20.3) 31,87 k.52 27.18 13.02 6.29

v (20.3-46) 72,34 59.52 46.83 2.42 10.85

W.27 817 . 2.2 1117 5. 14 -

3.81 - 3.13 2.6 1.18 0.57
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. Fimny, {n'Table XXXI a &- es of compar isons based on the common denominator of the -
Unitary Exposure Value (5.04 X 10 2 of TCDD) will be presented for a slx Aircraft Ranch Hﬁd
mission, a Ranch Hand abort at 3500 f_t.., a crosswind (5 mph) helicopter mission, and a PODA growd
spray mission gn & S mph crosswind.

Table X0 _
UEVE Comparison Summary

& aircraft niaslm 3500° attitude S mph Crosswind S mph Crosswind

. Ranch Hand Ranch Hand Abort Helicopter Spray Ground
Distance Days past m Past Distance Days Past
T _f(Km}  Speay.  EV (km) _ Spray UEV (Km)  Spray UEV (Km) m Y
SR N st 356 [ 1 st 20.04F .17 18t 13.71] .0%6 B . RN
1.0 2 38§ 2d 17.641 .25 1st 3.391 .18 st 3#.27
1.0 - 6th 2.26 | 9 6th 13.02§ .33 st 0.35§ .37 st 3.81
2.0 -2 . C0.019) 1 30th 6.21] .25 3rd 2.80} .18 3rd 26.17
2.0 6th . 0.0} 2.5 st 7.061 .33 3rd 0.28f .37 3d 3.13
. P 2.5 2 6.211 .17 6th 8.87] .ou6 6th - §6.83
2150 6th uo% 05 ﬁth 20& 018 Gth a‘a
2.5 12th 3.31¢ .33 6th 0.231 .37 6th 2.%6
2.5 30th 2.18¢ .17 30th 4.27§ .04 0th = 22,32
oot 10,0  1st 1.30§ .25 30th 1.05] .18 2th 1.7
10.0 2d 1.148) .33 30th 0.1} .37 th . 1,18
N ' 10.0  6th 84§ .17 yr 2.06] .046 yr 10.85
10.0 12th 611 .25 yr S .18 yr 5. 1%
10.¢ . 30th 38§ .33 yr 05% .37 1y 0,57

: “The m qmq‘eﬁtntim per square new may be obtained by multiplying the UEV by 5.04 X 10-8

t dd!.{-";, xz :
4
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It is proposed that, based on the above table XXXI., the Unitary
Exposure Values may be used as a weighted time and distance exposure
gyppgoriémity index for the Agent Orange Epidemiology Study to be acoomplished

A major portion of the data contained in this report was derived from
the USAF OEHI. Techniocal Report 78-92, "The Toxicology, Environmental Fate,
and Human Risk of Herbicide QOrange and Its Associated Dioxin™ prepared by
Dr. Alvin L. Young et al, dated October 1978, Other {nformation was
obtafined from numerous technical reports and papers prepared by the
Department of the Army at Fort Detrick, Maryland, 1.S. Air Force test
reports and varicus referenced EPA documents.

Particular appreciation {s expressed to the Director, Mr. Richard
Christian and his very able staff of the U.S. Army and Joint Service
Environmental Support Group for excellent data development, critiques, and

typing support.

7"JEROME G. BRICKER, Ph.D.
OASD{HA) Consultant
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REVIEW OF EPIDEMIOLOGIC DATA ON HUMANS
EXPOSED TO DIOXIN-CONTAMINATED SUBSTANCES

Agent Orange is composed of equal parte of esters of two phenoxy herbicides,
2,4~D and 2,4,5-T, During the production of the 2,4,5-T there was unintended
generation of small amounts of a contaminant, 2,3,7,8-TCDD. The production
was & two step process of making 2,4,5-trichlorophenol and then using this
substance to make 2,4,5-T,

The interest in the CDC study is exposure to Agent Orange contaminated with
2,3,7,8=-TCDD in amounts up to about 50 ppm, with an average level of
contamination of 2 ppm. In evaluating studies of exposed populations reported
in the literature to determine whether they have relevance to exposures of the
veterans to Agent Orange, the following exposure situations are of interest.
The published reports were examined to learn whether the literature contains
data to permit judgments about how much exposure to Agent Orange would be
necessary to cause harmful medical effects after an individual has been
exposed,

1. Chemical workers who made dioxin-contaminated 2,4,5-trichlorophenol
and 2,4,5-T and/or who were exposed following industrial accidents.

2. Herbicide sprayers who sprayed 2,4,5~T in forests, fields, and rights
of way and foresters exposed to pentachlorophenol.

3. Citizens exposed in the contamination of a large area in Seveso, Italy
following an industrial explosion.

4, Citizens of Missourl, U.S.A. following exposure to soil contaminated
with waste olls containing 2,3,7,8-TCDD.

5. Three British laboratory scientists who suffered health effects after
they had synthesized 2,3,7,8-TCDD.

6. Instances of application of substances to humans which produce
chloracne.

1. Chemical workers:

Chemical workers who made the substances contaminated with 2,3,7,8 TCDD are
generally considered to have had much heavier exposures than would have been
experienced by most veterans because of the daily opportunity for exposure and
because some workers worked for many years, These substances include 2,4,5~
trichlorophenol and 2,4,5~T. Severe medical disorders of the peripheral
nervous system, liver and skin occurred following some industrial explosions,
and some of the disorders have persisted for many years, It is generally
asgumed that the workers experienced heavy exposure, but there are no
published dats providing detailed assessments of the exposures. Since all
explosions occurred im trichlorophenol reactors, the specific subatances to
which the workers were exposed were the reactants of the 2,4,5-trichlorophencl
process, including the contaminating 2,3,7,8-TCDD. The actual amounts of

_1..



2,3,7,8-TCDD present are not known and would have been dependent on the
particular stage and conditions under which the explosion occurred,

In recent years epidemiologic medical and wmortality studies have been
conducted of chemical workers exposed during the ipdustrial explosions and
also during daily job duties. The major limitations of the studies have been
small gsize and limited information about exposures of the individuals in the
study. The results have suggested that the medical problems experienced
following the explosions do persist in some workers, Unfortunately, uo data
are present to address the question whether persons with low levels of
exposure are at increased risk of medical problems, Several current studies
improve upon the earlier design limitations of emall size and inadequate
expogure assessment. The National Institute for Occupational Safety and
Health (NIOSH) hag gathered detailed exposure information for 7,000 U.S.
chemical workers which is being applied in a large mortality study and two
large medfcal studies of chemical workers.

2. Herbicide Sprayers and Pentachlorophenol Workers:

The definition of “exposure” is unclear in studies of herbicide sprayers.
Sprayers use numerous types of herbicides and, generally, the particular types
and amounte eprayed by each individual are not known, A number of case
control studies have evaluated the poasible association of soft tiasue
sarcome, lymphoma, nasal and colon cancer with exposures to phenoxy herbicides
and chlorophenols by interviewing subjects regarding prior exposures. These
studies defined exposed sprayers as those who worked more than 1 day. In
these situations an individual was considered "exposed” even 1f the phenoxy
herbicide, such as 2,4-D or MCPA, contained no 2,3,7,8~TCDD. Additionally, no
distinction in exposure was made for individuals working with
pentachlorophenol, which might not contain 2,3,7,8-TCOD, but could contain
substantial amounts of more highly ehlorinated and less toxic isomers of
dioxia.

3 &4 Citizens of Seveso and Missouri:

Studies of citizens of Seveso have had major design problems and have included
no meagurements of levels of exposure, making it impossible to assess a

_ relationship between medical problems and levels of exposure to the spewed
contents of the trichlorophenol reactor. Cases of chloracne did occur
following the Seveso explosion, especially among children. Recent studies of
citizens in Missouri, U.8.A.,, who were exposed to soll contaminated with
2,3,7,8-TCDD in waste oils have noted no cases of chloracne, but have found
indications of possible {immune effects.

4, British laboratory workers:
Three British laboratory workers who synthes{zed 2,3,7,8-TCDD experienced
wedical problems similar to the chemical workers exposed in industrial

accidents, including chloracne and neurologic problems, However, there ia no
information on the levels of their exposures.

.



5. . Application of chloracnegens to human skin:

No published studies have examined the relationship between level of exposure
and the appearance of chloracne in humans. NIOSH may be able to contribute
information on this question when the evaluation of hundreds of medical
records of chemical workers has been completed and the resulte interpreted in
light of individual exposures,

Consequently, anecdotal situations of application of chloracnegens to humans
are of interest. At best these are very rough estimates because of the
variability encountered among individuals. In the mid-1960's, sixty volunteer
persons were treated on the forearm or mid-back region with between 0.2 and 8
ug dioxin and the application repeated two weeks later, No one developed
chloracne, yilelding the conclusion that humans can tolerate exposure to 16 ug
dioxin without developing chloracne., (The study design was based on prior
aninal studies which showed that rabbits developed mild chloracne from
application of 0.5 ug dioxin inside the rabbit ear. Application of 1-2 ug
caused a more pronounced effect, and 4-8 ug, a severe effect)., Subsequently,
the researcher applied 7,500 ug in one square inch to the back area of ten
volunteers, of whom 8 developed chloracne which lasted 4~7 months. No other
medfcal information was described. Therefore, limited information suggests
that the human threshhold for chloracne lies between 16 and 7,500 ug of dioxin
applied in a small area of the back.

Conelusions:

Knowledge of the actual exposure experienced by study participants is the
weakest characteristic of all published studles of human exposure to dioxin-
contaminated substances. Several current but not yet completed studies have
good exposure estimates, The published studies do not provide definitions of
exposure which are useful in evaluating how much exposure to Agent Orange
would be necessary to cause harmful health outcomes for the veterans.
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TOXICITY DATA AND EXPOSURE ESTIMATES

Concern has been expressed about the toxicity of the
herbicides used in Vietnam, including the contaminant
2,3,7,8-TCDD. Therefore, the files of the Office of Pesticide
Programs in the U.5, Environmental Protection Agency (EPA) were
consulted to determine the toxicity (both carcinogenicity and
non-carcinogenicity) for the compounds in question: 2,4,5-T,
2,4~D, picloram, and cacedylic acid, as well as 2,3,7,8-TCDD,
Attachment 1 summarizes these data. The "ADI" is an estimate of
the level of exposure which could be received daily for a
lifetime with little likelihood of deleterious effects to exposed
humans.

In addition, the' Science Panel investigated the potential
for toxicologically significant exposure under a variety of
scenarios. The Bricker paper, found elsewhere in the appendix,
presents much valuable data on exposure conditions in Vietnam and
estimated exposures. 1In a separate, focused effort Kang
summarized the exposure potential for "wet sprays" via Ranch
Hand, as estimated by Flanders (CDC}, Gough {(in a recently
published book), and Kingsley and Stevens (in a previously
published article) (Attachment 2). Attachment 3 summarizes
exposure estimates for a number of exposure scenarios. Finally,
attachment 4 is an extract of a detailed EPA exposure assessment
on the use of 2,4,5-T in varicus applications in the U.S.
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TOXICITY OF AND RISK ASSESSMENT FOR 2,3,7,8-TCDD

Non-Human

2,3,7,8-TCDD is one of the most carefully studied of
chemicals in terms of its toxicology. The compound has
demonstrated a variety of toxicities as a result of acute and
chronic exposures in animal studies, including death,
carcinogenicity, teratogenicity, and immunotoxicity. Some of
these effects (e.g.;:death and reproductive effects) have been
demonstrated in a variety of animal species, including sub-human
primates, to possess remarkable speéies variability. The
material is nearly unigue in its ability to elicit these effects
at very low doses; cf., 10 ng/kg-day.

In general, compounds in which 2,3,7,8-TCDD is found as a
significant impurity (e.g., 1 ppm) are viewed as being of
relatively little toxicological concern.

Human

As is usually the case, there are considerably fewer data
available on the effects of exposure of 2,3,7,8-TCDD and phenoxy
acid herbicide= in humans, compared to animals. A number of
situations have occurred in the way of accidents and/or the use
of 2,3,7,8-TCDD-contaminated materials which lead investigafors
to believe that exposure to these substances has been significant
in some cases., A set of epidemiological stuaies from Sweden
first raised concern about exposure to 2,3,7,8-TCDD and/or
phenoxy acetic acid herbicides being associated with a relatively

rare form of cancer, known as "soft tissue sarcoma (STS)". Later



studies, some of less statistical power, were unable to verify
these results. Further, more recent studies in this country
(e.g., CDC birth defects study and Ranch Hand morbidity/mortality
studies) and overseas (e.g., New Zealand and Australia) have been
unable to detect significant adverse health effects in exposed
populations. 1In addition, examination of individuals clearly
exposed as a result of industrial accidents has not revealed the
presence of consistent, persistent deleterious health effects in
huvmans, although these studies share some of the limitations of
many epidemiological studies; e.g., limited population size and
limited time since exposure.

While some groups have made bold conclusions [e.g., the
Australian Royal Commission states that "Agent Orange (and by
implication 2,3,7,8-TCDD) is not guilty"), most .observers share
the more guarded view that significant, irreversible_effects in
humans as a consequence of exposure to 2,3,7,8-TCDD-containing
materials have not been demonstrated at this time. Further, some
have gone further (e.g., the Agent Orange Work Group) noting that
more than $100 million of research on 2,3,7,8-TCDD since 1980 has
demonstrated that the effects of exposure to 2,3,7,8-TCDD
containing chemicals is not likely to be as severe as some people
projected only six years ago.

Risk Assessments

Given these data of significant toxicological effects in
animals at low doses and unclear, if any, long term effects in
humans, various groups have attempted to estimate the risks

associated with exposure to 2,3,7,8-TCDD-containing materials.



In general, authorities ocutside the US (e.g., Canada and the
Western European nations) have viewed 2,3,7,8-TCDD as a
"promoter" in the carcinogenic process and have assessed its risk
using a traditional approach. Authorities inside the US (e.g.,
CDC, EPA, FDA, and certain states) have viewed 2,3,7,8-TCDD as a
potential "initiator" in the carcinogenic process and have
assessed its risk using a generally more conservative approach
which results in estimates of risk up to two orders of magnitude
greater than the traditional approach.

While it is easy to get caught up in the subtlies of the
various approaches to risk assessment, one should not lose sight
of the fact that--no matter which approach one uses--the estimate

of exposure can easily be the determining factor in deciding

whether or not the potential risk is significant or not.
Summary -

Classical toxicological criteria clearly suggest that
2,3,7,8-TCDD is likely to be a very toxic compound. This concern
has yet to be convincingly demonstrated in human populations.

While a variety of approaches to risk assessment exist,
all approaches depend on their being a plausible, significant
exposure to the population in order to generate a risk of

concern.
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TOXICITY DATA ON HERBICIDE~RELATED CHEMICALS

2,3,7,8-TCDD
Acceptable Daily Intake
= 102 mg/kg-d
Oncogenicity: Positive ig two species1
potency of 1.6 x 10”7 (mg/kg-d))”~

2,4,5-T
ADI = .03 mg/kg-d

(ADI) = 1 pg/kg-d

of rodent, with a

Oncogenicity: Suggestive evidence in rats

2,4-D
ADI = .01 mg/kg-d
Oncogenicity: Studies in progress

Cacodylic Acid
ADI = ,00075 mg/kg-d
Oncogenicity: No long term studies

Picloram
ADI = ,007 mg/kg-d
Oncogenicity: Weakly positive in rats.
in progress, _

Additional studies



ESTIMATED AMOUNTS OF TCDD EXPOSURE
FROM A RANCH HAND SPRAY MISSION

we have sumarized various estimates made for amounts of TCDD exposure of
a serviceperson from the Ranch Hand spray mission. As we will briefly
describe for each estimate many assumptions were made and entered into the
calculation.

1. FLANDERS (CDC)

Dr., Flanders in his estimate of TCDD exposure fram a single Ranch Hamd
Sspray assumed an extreme case scenario. He assumed that Agent Orange
Sprayed in Vietnam contained 47ppm of TCDD, that 5 gallons of Agent Orange
were applied per acre of land, ard that each gallon of Agent Qrarge
we.Lghed 10.7 pounds. Using these figures he calculated that the amount of
TCDD/M? of land was 282ug. He further assumed that all Agent Orarge
sprayed on the jungle reached grourd level, and that the whole body
surface (not just head, shoulders, arms) was equally exposed to Agent
Orange whether that part of the body was clothed or mot. Using a body
surface area of 1.8am? /servicemen, he was able to estimate the uwy
TCDD/serviceperson to be 522, Taking a 3% dermal absorption rate for TCDD
he estimated that 16ug of TCDD would be absorbed into the serviceperson
from a single direct exposure to a Ranch Hand spray mission. This is
equivalent to 0.22ug per kg body wieght for a 70kg serviceperson.

2. GOUGH (FORMERLY WITH OTA)

In his recent book, Gough presnts as an appendix calulation of the amount
of dioxin exposure of a person standing under a Ranch Hand spray mission.
His extreme scenario, that is, a serviceperson standing in the open area
while being sprayed on with Agent Orange containing 50ppm TCDD with the
application rate of 3 gallons per acre resulted in 32.4ug of TCDD falling
on a serviceperson's head and shoulders. Another extreme case was a
serviceperson standing under jungle conopy while being sprayed on with
Agent Orange containing 0.5ppm T(DD with the same application rate
resulting in exposure to 0.02ug TCDD on the head and shoulders.

He had assumed that 6% of Agent Orange sprayed on the jungle would reach
ground level. Assuming that 0.05% of TCDD contacted by the sevrviceperson
would be absorbed by the body, the amounts of TCDOD absorbed per kg body
weight under these two senarios were 2. xie~4 and 1.4x10"7

respectively.

3. STEVENS

Dr. Stevens in his calculation of TCDD exposure from a single Ranch Hard
mission made many assumptions which were similar to Gough. For a 70xg
serviceperson the amount of TCDD absorbed per kg body weight was estimated
to be 7x1075 3.



ESTIMATED AMOUNTS OF TCID EXPOSURE
FROM A RANCH HAND SPRAY MISSION

~FIENDERS GOGH STEVERS
OPEN JUNGLE
TCDD/AO (ppm) 47 50 0.5 2
JUNGLE CANCPY No No Yes © - Yes
PROTECTIVE CLOTHING No Yes Yes Yes
DERMAL ABSORPTION 3% Yes - Yes .0 Yes
ug TCDD/M2 ground 282 180 1x10~1 5x 1071
ug TCDU/serviceman 522 32.4 2x10-2 ' <1
ug TCDD absorbed/ 16 1.6x10-2 1x10-3 5x10™4
serviceman
ug TCDD absorbed/kg BW  2.2x10~] 2.3x1074 1.4xf10"7 o 71076
L i

Fraction of 's
V3D of 13x107° ug 48 4.8x10~2 3x1073 1.5x103
{daily for 70, years)
total 3.3x10" 1 ug
Fraction _of MID
of 1x10~1 ug/kg 2.2 2.3x10~3 1.4x10°6 | 7x10™>
VSh = Virtually Safe Dose

Mm = Mi}nim TOJCiC mse CO‘(&A‘&-“A %n- pr Yui’:\.a J“f}vsb‘t x£- ;i -rt” F.
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REPORT ON RELEVANT EXPGSURE SCENARIOS

The following exposure scenarios were considered:
1. A soldier under the path of a Ranch Hand spraying operation.

2. A soldier entering an area recently sprayed during a Ranch
Hand operation. T

3. A perimeter spray applicator
a. A backpack sprayer
b. An operator of a power wagon ("buffalo sprayer”)
4, A soldier in a camp whose perimeter was being sprayed.

fNote that analyses generated by Bricker are also relevant to
several of these scenarios.]



SCENARIO 1t -~ A soldier under the path of a Ranch Hand spraying
operation,.
Relative exposure potential ~-- High
Relative likelihood -- Low

See separate Kang analysis.



SCENARIO 2 -- A soldier entering an area recently sprayed by a
Ranch Hand. spray operation.
Relative exposure potential -- Moderate
Relative likelihood -~ Moderate to High

This scenario is similar to the "re-entry problem"
encountered in the use of agricultural pesticides in which an
interval is established between the time of application of
pesticide to a crop and the time of "re-etnry of farm workers to
the fields (often for purposes of harvesting the crop.)
Consideration is given to

a. The level of pesticldes residues on the crop/foliage,

b. The "dislogability" of the pesticide residues from the crop
during an encounter with the farm worker; usually from
direct contact with the skin of the worker while picking.

c. The dermal absorption of the pesticide residues through the
skin of the worker.

From the above information, an estimate can be made of dose
received, which, when coupled to the animal toxicity data, can be
used to estimate human risk.

For point a in the case of a pesticide, the EPA requires
studies on the residues of chemicals applied to a food crop. 1In
the case of non-food use pesticides (e.g., 2,4,5-T), the level of
residue on the crop/foliage can be estimated from the application
rate {(mass/area). For example, Lang (circa 1981) estimated the
amount of 2,4,5-T that might be found on a berry in a forest as a
result of a spray operation,

For point b, it has proven to be difficult to determine
accurately the dislogable residue. A procedure has been
‘developed and gained acceptance in the regulatory community to
address this porblem: the Popendorf correlation, which relates
chemical formulation properties, application rates, and
anticipated dislogable residues.

[The details of the Popendorf correlation are being gathered for
application to our scenario.]

For point ¢, gaining an accurate estimate of dermal
absorption is difficult., Many factors -- for example, chemical
structure, vehicle, area of the body encountering the chemical,
age of the subject, and presence or absence of perspiration --
affect the absorption process. In practice, the EPA uses a range
of .1 - 100% absorption. In the case of 2,3,7,8-TCDD, related
animal experimental data (Poiger and Schlatter) suggest that the
dermal absorption rate is likely to be in the lower end of the
range .



SCENARIO Ca ~- A perimeter spray applicator: A backpack sprayer.
Relative exposure potential: High
Relative likelihood: High on an individual basis; Low on a
population .basis

In the case of 2,4,5-T, a study was conducted on backpack
sprayer working in the forests of the Pacific Northwest in which
workers were biomonitored for exposure to the chemical (Lavy et
al, 1980)., These data (urinary excretion) were coupled with a
pharmacokinetic model to estimate the doses to which the workers
were exposed.

Exposure Estimate

The accompanying Table 1 from EPA's “Quantitative Exposure
Assessment of 2,4,5-T, TCDD and Silvex", 1980, provides the
results of this analysis. Note that forestry backpack sprayer
has an averaged exposure of .02 mg (2,4,5-T)/kg-hr when applying
the chemical at a rate of 1.6 lb/acre.

[Note that the EPA also employs a generic method of
estimating exposure from field application of pesticides. This
alternative approach relies on the Agency's growing body of
information on a variety of pesticide applications and is
expressed in the form of a composite "surrogate exposure”
estimate., Typical data are presented in the accompnaying table
of "Preliminary Exposure Estimates"”, taken from EPA's “Amitrole:
Pesticide Registration Standard and Guidance Document™, March
1984, Note that in the case of the backpack sprayer, the
surrogate data indicates exposure estimates are in the range
0006 to .01 mg/kg-hr, with a typical value of about .004 mg/kg-
hr. Note that this is roughly an order of magnitude lower than
estimate given above.}

Health Assessment
Making some additional assumptions, we can estimate the
potential health signficance of this information,
Assumptions for a backpack sprayer in Vietnam:

Apply 2,4,5-T at a rate of 1.6 lb/acre and obtained an
exposure of less than .1 mg/kg-hr (cf. .02 mg/kg-hr
average)

8 hrs a day

5 days a week

100 days per year
2 years

Conc, of 2,3,7,8-TCDD in 2,4,5-T taken as 2 ppm

Absorption and uptake of 2,3,7,8-TCDD is comparable to

2,4,5=-T

Average lifetime of 70 years

Cancer Concerns from 2,3,7,8-TCDD
Under these assumptions, the lifetime average daily dose
(LapD) for 2,3,7,8~TCDD is 6
(.1 mg 2,4,5-T/kg-hr) x (2 x 10°° mg 2,3,7,8-TCDD/ng 2,4,5-T)
N x (8 hr/day) x (100 days/year of application)
x (2 yr application/70 yr lifetime)




x (1 yr lifgtime/365 days)
LADD = 1 x 107° mg/kg-d (= 10 pg/kg-4d)

Using EPA's conservative approach to assessing the upper limit
of the cancer risk (that is, the risk of contracting cancer is
not likely to be greater than the estimate), we obtain

Upper Limit of the Risk s Potency x Fxposure (LADD)
where Potency = 2 x 105 (mg/kg-g)' (EPA, Sg t., 1985
Upper Limi& of the Risk = (2 x_ 107) x (1 x 10~ §
= 10" o

Non-cancer Concerns from 2,4,5-T

The above assumptions can be used to estimate a one day
exposure to 2,4,5-T

(.1 wg/kg~hr) x 8 hr/day = .8 mg/kg-day
which can be compared to an EPA "Provisional Acceptable Daily
Intake (PADI)" of ,003 mg/kg-d. (As noted below, many regulatory
toxico%ogists would be speaking of an ADI of .03 mg/kg-d at this
point.

That is, the one day exposure of the backpack sprayer is
roughly 250 times higher than the PADI (25 times the ADI) for
2,4’5""1.0

The significance of short term exposure is difficult to
assess vis a vis the PADI/ADI, which is predicated on a lifetime
exposure; in this case, of course, we have a much more limited
exposure. The PADI/ADI in this case was derived from a 2 year
rat study in which there was no effect seen at 3 mg/kg-d
(NOEL). (At 10 mg/kg~d, increased liver metabolism to form
copoporphrins was observed.) -

[Traditionally, the ADI would be derived by dividing the
NOEL by 100 to get .03 mg/kg~d. Since the pesticide legislation
authorizes EPA to require a full range of testing, the Agency
takes a more conservative stance, until all of the data are
received.]

[Note that the LADD for 2,4,5-T, which arguably relates to
lifetime exposure, is below the ADI; i,e.,
LADD 2,4,5-T = LADD 2,3,7,8-TCD8
X (gg 2,4,5-T/2 x 107 ng 2,3,67,8-TCDD)
= (1 x 10”2 mg/kg~-d) /(2 x 10°9)
= 5 x 1073 mg/kg-d
= ,005 mg/kg-d versus ADI = ,03 mg/kg-d

Non-cancer Concerns from 2,3,7,8-TCDD
The one day exposure level of 2,3,/,8-TCDD can be derived
from the 2,4,5-T value above:
2,3,7,8-TCDD level = 2,3,5-T level x,2 ppm
= .8 mg/kg-d x 2 x 107
=1 x 1077 mg/kg-d = 1000 x pg/kg-d

This value can be compared to ADI values cited by various
regulatory authorities which are on the order of 1 pg/kg-d; but,
again, the interpretation of a single day exposure to a lifetime
exposure criteria is difficult.



Again, to the degree that it is applicable, the LADD can be
seen to be somewhat under the ADI:
LADD = 10 pg/kg-d versus ADI = 1 pg/kg-d.

Summar

TEe crude analysis above suggests that the field-~based
exposyre estimates project cancer risk (using EPA potency
estimates) not greater than 107°, Single day exposures are
likely to exceed significantly the ADI levels of 2,4,5-T and
2,3,7,8-TCDD, although the toxicological significance of these
data is unclear.



SCENARIO Cb -~ An operator of a power wagon
Relative exposure potential: High
Relative likelihood: High on an individual basis; Low on a
population basis

There do not appear to be any field-based, biomonitoring
data available on the exposure anticipated from power wagon
use, However, the accompanying table of Preliminary Exposure
Estimates shows the results of the “surrogate exposure” approach
mentioned in Scenario Ca above., [Note these data are based on an
application rate roughly 50% higher than the 1,6 lb/acre used in
Ca and, therefore, they will overestimate the exposure a bit.]
Note that the range of exposures anticipated for the power wagon
operator are in the range of .03 -.8 mg/kg-d, with a typical
value of .3 mg/kg-d, or .04 mg/kg~hr. That is, the exposure is
estimated to be on the same order of magnitude as the exposure to
the backpack sprayer used above (.02 mg/kmg-hr)., Therefore, the
subsequent analysis will be comparable to Scenario Ca above,

SUMMARY
The risks experienced by the power wagon operator are
expected to be comparable to that of the backpack sprayer.



SCENARIO 4 -- A soldier in a camp whose perimeter is being
sprayed by a power wagon.

Relative exposure potential: Low
Relative likelihood: Moderate

In the professional opinion of EPA pesticide exposure
assessors, spray from a power wagon is not likely to drift
appreciably, given factors such as the large dropplet size and
ground level application.

SUMMARY
This scenario is not likely to be of concern.



DRAFT

SUMMARY
SCENARIO Estimated ExposuRe Upper limit of Est. Expos, AD1
Lifetime Ave, Daily Dose Cancer Risk Single Day

1
Direct Ranch Hand spray . . . . . . . SEE KANG

2
Re-entry . . . . . . . . UNDER DEVELOPMENT
3
Backpack sprayer or power wagon operator
2,3,7,8-TCDD 10 pg/kg-d 10° 1000 pg/kg-d 1 pe/kg-d
2,4,5-T .005 mg/kg-d . - .8 mg/kg-d .03 mg/kg~-a
4

Someone in camp . « . . « . . JUDGED TO BE OF LOW CONCERN
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ESTIMATED AO EXPOSURE FROM "RE-ENTRY" CONSIDERATLONS

One of the scenarios for potential exposure of ground troops
to A0 in Vietnam involves men walking through vegetation which
has recently been sprayed., This situation can be assessed using
techniques developed by the Environmental Protection Agency for
estimating the exposure of farm workers who re-enter pesticide-
treated fields,

Over the years, EPA has developed approaches to this "re-

entry" problem, based upon data gathered in the field,
supplemented by empirical correlations. The most relevant data
base has been generated in connection with workers in orchards as
they harvest citrus fruit and apples. Using an approach
originally published by Dr W. Popendorf of the School of Public
Health at the University of California in Berkley, EPA has
adapted the "Popendorf correlation" to relate (in a non-linaer
fashion) the application rate of the pesticide {(lbs/acre) and the
worker's dermal contact with the "dislogable residues" of the
pesticide on the crop.

This general approach was used to estimate the worst case
dermal contact of a foot soldier with 2,3,7,8-TCDD residues,
using the following assumptions:

Application rate Of ADisessscressasssssesssssst lbg/acre

Contamination level of 2,3,7,8-TCOD...¢vv..uv.1 ppm

No dissipation of residues with time
Citrus foliage results are applicable

Popendorf correlation applicable

80 kg person, clothed au naturale
The resulting estimated dermal contact (not dermal absorption) is

1 pg/kg-hr,
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QUANTITATIVE ASSESSMENT OF EXPOSURE TO 2,4,5-T, SILVEX AND TCDD

INTRODUCTION

As part of its risk-benefit balancing procedures, the
Agency generally attempts to estiméte potential human exposure to
pesticides in guantitative terms. The ultimate objective of these
assessments is to develop numerical estimates of the amount of
exposure that certain segments of the population may experience
as a result of pesticide use. These exposure data are combined
with toxicity information to generate an overall risk assessment.
The risk assessments are then used to predict potential health
effects based on the toxicologic effects of the pesticide in
question.

This document provides some quantitative estimates of exposure
to 2,4,5~T, silvex, and TCDD for use in the cancellation hearings.
These estimates are based as far as possible on observed residue
levels in the environment. However, while these estimates are
axpressed as numerical values, they are in fact much lesé precise
than their numerical nature would imply. This is because the
available data are meager, because conditions (spray techniques,
weather, etc.) are so variable, and because many assumptions have
to be utilized in order to arrive at the estimates. This intro-
duction describes some of the reservations which apply to the
numerical estimates presented in this assessment, and comments on

the limitations on the use and interpretations of this information.
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General

Agency exposure assessments, including this analysis for
2,4,5-7, silvex, and TCDD, are based where possible on actual
field data. 1In the present case, the data upon which this
exposure‘assessment is based include data on chemical residues
in soil, food and other environmental materials, on actual field
exposure data for applicators, and on the data on transport and
fate of these chemicals in the environment.

In addition, information on pesticide use practices and
extent of use is necessary to arrive at reascnable estimates of
exposure. This information includes the crops or sites which may
be treated, the rates and methods of application, and information
on the other activities during their subsequent application. This
information is used@ to develop estimates of the number of people
potentially exposed to the chemicals by oral, dermal and inhalation
routes as a result of specific use practices.

The information available for use in this exposure assessment
is variable as to its completeness. quality, and reliability. In'
general, the greatest confidence can be placed on the field exposure
and residue data, even though it is incomplete in maﬁy ways. The
information relating to use practices is somewhat less certain.
Agency scientists starteld with information from the pesticide
label to detarmine application rates and crops or sites likely to

be treated. Estimates relating to the extent of sites or crops
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treated and other indicators of the probable extent of contam-
ination are subiject to many uncertainties. In particular, the
numerical values for the populations at risk are highly uncertain.
This is because information on pqpulation demographics. whether
or not related to pesticide use, is not well developed.

The uncertainties described above are common, in varying
degrees, to all exposure assegssments, including these assess-
ments for 2,4,5-T, silvex and TCDD. 1In sum, although Agency
scientists have a high degree of confidence about much of the
empirical data which form the basis for this analysis, they are
far less confident about other informgtion. The quantitative
exposure estimates for the populations at risk are limited by
these uncertainties.

Exposure Analysis

The starting point for exposure assessment for pesticides
is descriptive information on pesticide release and distribution
to the different environmental compartments such as air, water,
so0il, and animal and plant tissues during application. 1In
addition, 2,4,5-T and silvex are kXnown to move from sites of
application to Aon-target areas under some ¢onditions of
application.

This qualitative :nformation on potential sources of human
exposure is supported oy analytical chemical data showing that

residues of these chemicals are present subsequent to application,
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both at application sites and at non-target sites. Such chemical
residue information provides the initial numerical base for quanti-
tative estimates of possible human exposure. For example, unlike
many pesticides with relatively short half-lives and relatively
rapid disappearance from the environment, 2,4,5-T and silvex may
persist in the envirenment for several months after application;
TCDD may rgmain for several months or years. Therefore, special
concern is raised about 2,4,5-T, silvex and TCDD because they may
remain in the environment in significant concentrations for
several months or years after their application,

However, despite the availability of some useful information,
there are gaps in ocur knowledge. For example, although large
amounts of 2,4,5-~T and silvex are used each year, comprehensive
monitoring information on 2,4,5~T, silvex, and TCDD residues in
the environment is, for the most part, unavailable.*/ This
paucity of residue information limits the Agency's ability to
make quantitative exposure estimates to only some routes of

exposure and only for certain uses.

¥/ The paucity of monitoring data on TCDD is due largely to
the only recent development of analytical methodologies with
sufficient gensitivity to measure the extremely low levels of
TCDD which are of biological concern, to the linmited number of
facilities with these analytical capabilities, and to the high
cost of analyzing samples at these levels. For 2,4,5-T and
silvex, the problem of insufficient monitoring information
appears to be largely due to a lack of comprehensive monitoring
pPrograms, or inappropriate sampling.



Even when some data are available for one kind of application,
there may be unéertainty as to whether those data are applicable
to other applications which may occur under different conditions.
For example, residue data collected during springtime application
in the Pacific Northwest may not ‘properly describe the amount
and distrivution of chemicals under different environmental
conditions at a different time of the year. Often, the only data
available are data derived from laboratory studies, with little
or no field data to vgrify that the laboratory data accurately
describe the residue levels which might be present under field
conditions.

* Further, each ¢f the several different human exposure '
pathways provides a different kind of exposure potential. Even
when some empirical residue data on a given route of exposure
are available, there are often uncertainties concerning the
generalization of those data to other routes of exposure. These
uncertainties are a ﬁarticular concern when estimating exposure
to chemicals such as TCDD which appear to pose risks at very low
levels of exposure.

In attempting to generalize to “average" or "typical” usa
patterns, the Agency has encountered a wide variety of practices,
which were very difficult to address. An example is the appli-
cation rate to be used when rangeland vegetation is spot treated.

Despite the fact that the USDA-EPA States Report (Ref. 2) notes a
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2 1b/A maximal application rate on grazing lands, it was found
that other rates have been used and are permitted by the label.
Also, despite "typical” 5-15 year recommended intervals between
herbicide spray applications, instances of successive annual
treatments have been substantiated, and may, in fact, be more a
common practice than the USDA Report assumes.

A very difficult aspect of quantitating risk is specifically
identifying and quantitating populations at risk. The Agency
has found, for example, that deer and elk from 2,4,5-T treated
forested areas may contain TCDD residues in their fat at readily
measured levels. Also, it is known that some people include
deer and elk in their diets. But, the proportion of deer and
elk taken by hunters annually that are actually contaminated,
the level of contamination, and the numbers of people who
consume given amounts of contaminated meat is not kno;n.

To extrapolate from the available information to potential
human exposure (and sﬁbsequently to risk assessments), assump-
tions based on the cobserved residue data, information about use
practices, and "typical" consumption patterns are made. These
assumptions may either over~ or under-estimate actual risk.

This can be confirmed only by the acquisition of additional data.'
Nevertheless, the Agency has developed some numerical values,

however uncertain, to permit the guantitative estimation of risk

for the cancellation proceedings.
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The exposures which have been quantified in this document
are as follows:**/

1) Occupational exposurelto 2,4,5-T, silvex, and TCDD.

2) Dietary exposure of the general population and local
populations to TCDD residues in ﬁééf and local populations to
TCDD residues in dairy products resulting from the use of
2,4,5-T and silvex on rangeland and pasture.

3) Dietary exposure of local populations to TCDD residues
in deer and elk resulting from the forestry use of 2,4,5-~T and
silvex.

4) Dietary exposure of the general population and local
§opulation to silvex residues in rice, apples, pears, prunes,
and sugar {from sugarcane) resulting from the use of silvex on
these food products. -

5) Dietary exposure of the general population and local
populations to 2,4,5-7 and/or silvexlresidues in rice resulting
from the use of 2,4,5-T and silvex on rice.

Finaily, the available data relafing to some uses of 2,4,5=-T
and silvex are inadequate even to begin assessing potential
human exposure.' For some situations, no monitoring information is

*

known to the Agency, and in other situations the available data

** [ The Agency isg still evaluating and generating monitoring
data which were not utilized in these gquantitative assessments.
The Agency may utilize these data as they are developed.
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are too incomplete or too uncertain to provide the basis for even
a simple estimate of exposure. It is emphasized that the incom-
pleteness of data and the consequent lack of an exposure analysis
mean only that suitable data were not available, not that these

pathways are biologically insignificant.
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ESTIMATION OF QOCUPATIONAL EXPOSURE TO 2,4,5-T, SILVEX, AND TCDD

Introduction

This analysis provides a quantitative human exposure */ estimate for
2,4,5-T, silvex, and dioxin in terms of absorption by the body of these
chemicals under normal agricultural working conditions.

Human exposure estimates are made on the basis of chemjcal analyses of
dermal and inhaled concentrations of the chemical or chemicals, and if
the information is available, on the basis of the amount of chamical(s)

or their metabolites excreted by the body (e.g. in the urine). **/

In the case of the pesticides and contaminant under consideration, there
are experimental data available on the occupational exposure to pesticide
apoplicators and farmworkers applying 2,4,5-T under actual use conditions.
These data consist of dermal, inhalation, and urinary concentraticns of
2,4,5-T obtained fram the field application of 2,4,5-7 in forestry and

% kN

rice . Exposures to 2,4,5,-T fram other uses and to silvex and TCDD for

all uses were estimated by extrapolation and will be discussed below.

The term "exposure”, as used in this paper, refers to the amount of
chemical absorbed by the body.

** During the past four years, since the initiation of the RPAR process,
the Hazard Evaluation Division has estimated occupational exposures
to many pesticides. 1In somne cases Jdata on dermal and inhalation
exposure wers availablz for these estimates, In other cases, these
data had not been generated, necessitating extrapolations fram infor-
mation on other pesticides (with similar application techniques) for
purposes of the exposure estimate.

*** Experimental data of the type required for this analysis were found
only for 2,4,5-T. Consequently, exposure to silvex and TCDD was calcu-
lated on the basis of extrapolations fram the 2,4,5~T Jata as explained
in the text.,
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Duration of exposura to specified cocupaticnal qroups and the nurber of
irdividuals camprising these groups are critical elements in risk assess-
ment, These parameters wers estimated frum use data from Reference 2

and are summarized in the Appendix (page 48, et seq.) Cccoupational exposure
to 2,4,5-T, silvex, and TCOD are estimated ’ﬁar the following uses:

forestry
rice

range and pasture
right s=of-vay

It sheuld be noted that because of information gaps, it was necessary to
make a nutber of assumseicns and extrapolations in estimating applicater
axposure to 2,4,5-T, silvex, and TCID. As a result, our estimates are
subject to a comsiderable degree of uncertainty.

Estimaticn of Ooouraticnal Exposure to 2.,4,5=T

Wa ara aware of three studies on the axposure of applicators to 2,4,5-T
which provide experimental data to be used for exposurs assessment. The
most detailed of these studies is cne conductad by Lavy on forest appli-
cators (Ref, 14, 15). The data from this study has been analyzed using

a pharmacokinetic medel in a report by Ransay et al. (Ref, 19). Lavy
also conducted a samamhat abbreviated study of workers applying 2,4,5-T
to rice ard forests (Ref. 16). ‘I‘he third study yielding usaful exposure
information is one by Kolnodin-fedman et al. (Raf, 13) in which two
professicnal tractor craws consisting of two persons each warae monitored
for 2,4,5-T Quring and after two applicaticns of 2,4,5-T to forests.
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Two cther studies reported in the literature */ provided confirmatery
information cn 2,4,5-T absorption by humans.

The information enakling us to estimate the absorption of 2,4,5-T by ccou-
pationally expcsed individuals is cortained in the field study conducted
by Lavy on foresty applicators (Refs.l4,15). The study was designed to
masgurs 2,4,3-T exposurs to pesticide workers applying this pesticide

in the forest by three different methods:

aerial (helicopter)
ground application by tractor-driven mist blower .
* growd agplicaticn by backpack sprayers

Twenty-ane individuals (including two femalag) parvicipated in this study.
The subjects were engaged in normal pesticide application activities (e.q.
piloting a helicepter; driving a tractor and handling pesticide application
equimment; mixing pesticides by diluticn, etc.) A commerzial product con-

taining 2,4,5-T Esteron®, was applied at day "O" at a rate of 2 lbs a.e./A"

L 4

Shafik et al. (Ref.24) report an average of 2.4 mg 2,4,5-~/1 of urine
in & spray cperators engaged in 2,4,5-T application. No spray histery or
total excretion is given, so it is impossible to calculate total ex-
pesure from this experiment, As a matter of fachk, the purpose of th
reported study was to develop analytical methadology rather than rrea#ura
exposura., |
Sirpson et al. (Ref£.25), in a very brief summary paper, reported urinary
lavels of 2,4,5-T in pesticide applicators handliing this herbicide rang-
ing fzom 0.160 mg/l to 1,740 mg/l. These incomplete results make it
irpcesible to calculate total body burden from 2,4, 53«T exposure.

* a.a. = acid equivalent
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for tractor-iriven mist blower and helicopter applications and 1.6 lbs./A
in the backpack study. Urinalyses for 2,4,5~T (acid) were performed daily
for 7 days including 1 sample pricr to exposure. On the 7th day, the |
herbicide applicaticn was repeated by the same individuals, and urine
sammles wers analyzed as before. Termal absorption was meagured by the
use of cellulose~backed gauza patches which were placed according to
dirsctions given by Wolfa, et al., (Ref.31).

Typical attire of individuals participating in the study was long trousers,
shirt {(long or shert sleaves), cloth sneakaers, and leather or field boots.
Temperatures during the experiment ranged frum a low of 13°C to a high

of 26°C. Wind speeds on 5 days of applicaticn wers recorded at 0 mph while
the wind speed ranged £om 0~3 mph on three other days. The experiments
were carried out in South Central Arkansas near Hot Springs, Hampton,

and New Monticello. The terrain there is less hilly than cother areas
whera 2,4,5~T ard silvex are used, such as that in western Washington

and Qregen. It is conceivabla that diffevent terwvain and weather
conditicns may change the exposure pattern of the occupationally axposed
popalation. However, we kKiow of no experimental work that has been
carriad out o investicate these variations. Corplete e.xpermta.l da=
tails may be found in the Project Campletion Report {Ref.l4) and in the
published paper (Ref.l5).

According to Ramsey et al. (ref.19), "the total amount of 2,4,5-T excreted

in the urine following expcsure reprasemts a minimm estimate of the amount
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<+ .2bsorbed, since uwrinary excretion may not be camplete at termination
of the experiment. However, calculation of the absorbed dose of 2,4,5-T
based on pharmacckinetic analysis... is not dependent on total excretion
and can, therefore, provide a mere realistic estimate of the absorbed
dose." Ramsey et al. have chosen maximum estimated doses of 2,4,5-T
chtained fram three different kinetic equations (Ref.l9, p. 20).

We have used Ramsey's adjusted data tased on lavy's study (Refs.14,15) in
estimating cooupational exposure. Results for forestry application of
2,4,5-T are tabulated in the last colum of Table 1, giving the averaos
experimental dose expressed as mg/kg body weight/hour. From Tables 2-3

and 3=-A it may be seen that some individual values varied widely, For
example, the ranges for pilots were 0.005 - 0.024 mg/kg/howrr and backpack
applicaters, 0.009 - 0.036 mg/kg/hour.

Lavy (Refs.14,15) provides experimental data only for forestry uses of
2,4,5-7, Therefore, exposure estimtes for uses on rice, rangeland,
pasture, and rights—of-way wers calculated by somparing application ratas,
ocexupaticns, and a.ppiication technicques with the corresponding figures‘ in
forestry usa, assuming that exposure would be directly proportional o the
application rate. It was Susther assumed that the difference in apelica=-
vion rate was the cnly varianle factor which weuld result in differences .
of applicator exposure Zor 2ach type of occupaticnal group. Tor exampla,
the rata used for asrial icmlicaticn of 2,4,5-T in range and pasture is
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1 1b/A (weighted average) ard the corresponding rate in forest is 2.0
lbs/A (average). Thus, the exposure values Sor different occupational
groups for range and pasture use is estimated by multiplying the experi-
mental valua {forestry use) by ona-half:*‘

In order to convert wnit exposure values to dose/pergonﬁnur, the figure
in the last colum of Table 1 may be miltiplied by tha estimatad average
body weight of a male worker, namaly 70 kg. Table 1 also providas data
on the estimated annual hours of exposure to each ccoupaticnal group of
werkers and estimated number of workers in each occupaticnal category.
These mumbers were derived from the total acreage™ treated, fond in
Reference 2. The mathcdologies for arriving at these estimatas are
fully explained in the Appendix.

In the Lavy study {Refs.l4,15), dermal and i{nhalation exposurss by field
perscrmel were maasurad. In addition, urinary 2,4,5-T and other urine

* Confirmation that absorpticn, as measured by urinary excretion, is
directly preportional to dese applied has been recently shown by Franklin,
at al. in a study involving the insecticide azinophosmethiyl and orchard
workers {soont to be published) (C.A., Franklin, R.A. Fenske, R. Greenhalgh,
L. Mathieu, H.V. Denley, J.7., Leffingwell, and R.C. Spear, A Corparison
of Direct and Indirect Methods of Tstimzting Dermal Zxposurs to Guthion

in Orchard Workers. Accepted for puhlicaticen in J. Taticel. Env,
Health). :

** Reference 2 apparently does not separate 2,4,3-T and silvex trsatnent
for range and pastures, al=hwugh this is not explicitly stated. Since
under recent usage patterm, silvex represents cnly 10% (Ref, 35) of the
canbined use of 2,4,5<T ard silvex, we feel that cur estimates of annual
hours of exposure and number of workers in each exposed compaticnal
group are indeed reprasentative of 2,4,5-T treatment alone without
correcting for the small sercentage of silvex.
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TARLE 1

Estimated Expcgure of Pesticide Armlicaters and Farmworkers to 2,4,5«7

Estimated Average
Application No.ixposed Exposures Exposural
Use Pattern Exrosed Grom Rater  (1b/A) Personsl  (hrs/vr) (mo/ke/hr)
FORESTRY
1. Aarial Pilots 2 73 200 0.015
Mixer/Loaders 2 73-145 00 0.062
Flaggers 2 -—2 &0 0.003
Superviscrs 2 — 3 g0 0.004
2, Ground Broadeast
a., Tractor Mixer/Loadasr 2 V-1 480 0.020
Mistblewar  Tractor/cperator/worker 2 o 240 0.013
Supervisor -— 3 48D 0.006
b. Rackpack Applicators 1.6 300 00 0.0
Sprayer Mixar/Superviser 1.6 -3 00 0.005
RANGE AND PASTURE
1. BAerial Pilots 1.0 130 75 0.0084
Mixer/Loaders 1.0 130-260 100 0.0304
Flaggers 1.0 £00 25 0.0024
2. Ground Backpeck Applicatars 0.6 20,000 0 0.0084
RICE
Agrial Pilots’ 1.0 307 12 0.008%
Mixer/Loadar 1.0 307 48 0.0304
Flaggers 1.0 6300-9500 0.6 0.0024
RIGHTS-OF-WRY
1. 2erial Pilots 8.0 25 400 0.0604
Mixer/toaders 8.0 25~ 400 0.2404
2. Ground
a. Selective Applicators (hand) 5.4 1380 1000 0.0844
Basal '
b. Cut Stump Applicators (hand) 4.0 60 00 0.0534
c. Mixed Brush Applicators (hand) 6.0 2 660 0.079%
Truck toom Agplicaters 0.8 178 660 0.0054
d. Failroad Crew of Four 5. (avg) 114 264 0.0664
@. GElectric
Power Applicators (hand) 6. {avg) 400 660 0.0:4
1. See Table 1-A
2. 'Refersnce 19. Calculated dose levels; received by EPA on February 14, 197%
3 16P [30,000/26); See also Table 2-A Sor raw data,
3. (=) indicates that the number of individuals cannct be estimatad.
4., These values ware extraprolated as explained in the text.



corpcnents ware analyzed. By Lavy's calculations, very poor correlaticn
existed between dermal axposure to 2,4,5~T, 2s maagured by 2,4,5-T
analyses of the body patches, and the amounts excreted in the urine.”
One explanation for the lack of correlation might be the fact that the
darmal exposure patches were not always placed in areas of highest
cotential exposure, e.q. the hands of mixer-lcaders. Thus, the exposure
derivad fram dermal patches might be axpected to be tcoo low, and,
cmsecquently, urinary exc::e'iicn valusg would be more realistic.

In the secand Lavy 2,4, 5-T-exposure study (Ref.ld), only dermal and no
wrinary analyses for 2,4,5-T ware performed. However, only results frem
urinary excretion experiments were ytilized by us for exposure egtimates
for the following reasons:

1. The pharmacckinetic behavior of 2,4,5-T has been described in
mammals, including man.

2, Analysis of 2,4,5-T in the urine is a more direct measurement of
2,4,5-T abscrpticn than the use of dermal patches.

Thus, in our exposura estimates for 2,4,5~T we have utilized exclusively
urinary eaxcretion data derived frum Lavy's field study {Refs.14,15), tzans-
posed by pharmacokinetic calculaticns by Ramsey, et al. (Ref.19).

While we have relied heavily on Lavy's field studies and the pharmaco-
kinetic derivations by Jamsey, et al., based on the same studies, it is

Exposure through inhalation was much lower than that from dermal
corrtact and, therefore, was not included by Lavy in the correlation
test.
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prudent to review these experimental studies and kinetic derivations in
greater detail, During the «rvss examinaticn testimony of Dr. Nisber,

several experimemtal deficiencies in the lavy studies (Refs.l4,15) were
discussed and included apparently incc:r:plete or variable urine collect-
ion and failure $o ooxrrect urine volumes according to creatinine levels,

"he Agency is presently enga‘c.;ad in an indeperdent analysis of the pharma-

cokinetic treatmant of Lavy's field data, After this review has been

canpletad, the exposure esﬁmtes may have to be revised appropriately.
KCIMODIN-HEIMAN STUDY

Recently, another study Soom Swedan on the exposure of two tractor crews
to 2,4,5~T has came to cur attantion (Ref.l13). The study consigsted of
the surveillance of two work crews of 2 individuals each. They applied a
mixture of shenoxy herbicides in a forest for cne work week and 2—¢ hrs/
day spraying time using a Gullvik" Forest Tractor equipped with a fan
sprayar., Blood and urine samples were analyzed before applicaticn of

the herbicide, once ar twice during the application peried, and at 12, 24,
and 36 hours aftar the last application. Urine sarples were not taken

at reqular intervals during the study, making it less reliable for the
estimation of total exposure than lavy's study (Refs.14,15). [avy showed
that even a 6 day period is insufficient for complete elimimation of 2.4.5-'1‘
from the body. Thus, it is quite cartain that Kolmodin's results are on

* The make of the Swadish +ractor is menticned because the difference in
exposure between Swedish and U.S5. workers may be due to equipment differences.
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the low side, since the last urine sample was taken cnly 1.5 days aftar the

last application of 2,4,5-~T.

Neverthaless, wa campared Xolmedin's rasults

with Lavy's data., Table 2 recapitulates the urinalysis results criginally

reported by Xolmdin, et al. as well as the interpolated values on the

days on which no urine sample was taken,

TRBELE 2

URDNARY EXCRETION CF 2,4,5~T (mg/L)T

) PERSCNS .

hY K gl 3G ol

Monday 0.5™"* 0.5 3.1 1.3

Teasday 1.0 0.4 11.4 4.9

Wedrieaday 1* 1 C a*

Trrsday 1* 1* 6.5 3.7
m&y 102 102 4-2’ 300 203:' 303
(3.6 avg) (2.8 avg)

&my 009 009 2-7 403
&my (FM) 0.7: 004 100? 007 201.’. 202 305? 205
' (0.6 avwy) (0.9 avg) (2.2 awy) (3.0 avg)

Total (mz/L) 6.2 5.9 38.5 24.0

t Raferencs 13.

*  Interpolated:; no experimental values

™ KK was a mixer-worker and row leader in Craw I
LT was a tractor driver in ew I
JG was a tractor driver in Crew II
LEO was mixer-loader i w leader in Cew II

***  Analysis before first +reathent were of the order of

lesa than 0.05 ppm.

Exzosire began cn Morday and ended on Friday.



The exposure by Qrew II in Xolmodin'e study appears to be 3 to 6 tims
higher than that of Crew I. The reason for this may possibly te explained
by the different working conditions during pesticide application by
Crews I and II. Crew I charged work clcthes sach evening and their tractor
had a partially protected seat. On the cthar hand, the mixer/workar of
Crew II only charged his shire in the middle of the week. Also, the tractor
for Crew II had a carpletely open seat. In addition, the mixer/worker for
Crew IT, who also perfommed the job of row leader, coild have received
sgray each time the tractor turned, as could the tractor driver, depending
on tha dirscticn of the wind. Teble 3 sumarizes and camrares the results
of the exposure to 2,4,5-T of the two work crews in Kolmedin's study.

' TABLE 3

EXPOSURE TO 2,4, 3-T*

Crew kg Spray time Total ma/kg
No. Persen Occupation BW (hrs/day) exc:':eteg?* mg/kg-EW- SW e

I KK Mixer/worker 70 2-4 heurs 92.30 0.13 0.01
I Tractor [yiver 80 2=4 hours 8.85 0.1l 0.0l
I 120 Mixer/worker 75 - 2~4 hours 36.0 0.48 0.03
JG Tractor Driver 62 24 howrs 57.7% Q.93 0.06

Aporopriate: 2-3 Xg Al/ha (equivalenmt to about 2 lb/A) 330 g/liter 2,4-D and
170 g/liter 2,4,5=T. This calculates to about 0.66 1b./A 2,4,5-T

CFEW T Jeans, shirt; changed work clethes bafors evening meal,
Tractor has partially protected seat. e sgrayed areas
were marked by XK.

CREw I Jemns and shirt: IZ0 was the mixer and charged shirt cncs.
JG wag the tractor driver. LEQ was "row leader.” (A persen
who marks the row to direct tractor-driver). When the tractor
turned, he could get smray liquid cn his body. Tracter &river
cauld alss receive spray on his bedy, since tractor had a

campletsly open seat.

:' Reference 13.
Based on 1.5 L urine/day: see Table 2 for tatulations.
W Average 3x5 = 15 hrs/week spray time.
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Table 4 is a campariscn of the results from Tables 1 and 3

Table 4

Campariscn of Lavy and Xolmeden-Hedman Studies

lavy Study (Refs.l4,13) Kolmodin study (Ref.13)
l Apeiic. 1 | Applic, |
Av. Dose Rata . Av. Ipse (my/kg/hx) Rate
Cecupation {mg/kg/mx)  (lbs/A) Craw I Crew IT (lba/A)
Mixer/Ioader 0.020 p. 0.01 0.03 0.66
{ground)
C Tvaceor Driver  0.013 2 0.01 0.06 Q.66

By multiplying the exposure values cbtained by Kolmodin by a factor of 3
(to adjust fHr the lower application rate in Kolmodin's study), the tractor
driver of Craw II would appear to have a significantly higher exposure (by
a factor of appreximataly 14) than the correspording U.S. werkars in the

lavy studies.

I1f the cenditions of described by Folmodin are typical of those eancomt-
ered in the United States, it ray be prudent to perfrm a quantitative
risk assesgsment using the higher expnsure figures.

EXPCSURE TO SIIVEX AND TCCD

We could find no reports, either published or unpublished, on the exposure
of workars in the field to silvex or TCDD. Therafore, in order to estimate
mmm exposure to these chemicals, we have assumed the following:

1. Silvex exposure is the same ag 2,4,5-T exposure, whersver and
vhenevar the use ratsern %or silvex and 2,4,5-7 are gimilar or
idartical. We believe that the chemical behavior of silvex and
2,4,5-T is sufficiently simdlar to justify this assumpeicn.
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2. We are not aware of any infoomation regarding the rate of derml
abgorption by man of TCDD relative to 2,4,5-7. In the absence of
this information, we are assuming fox the pupose of estimating
exposure that TCDD and 2,4,5-T are absorbed at the same rate.”

3. TCID exposurse resulting Sraom 2,4, 5-T application may be estimated
by applyingy concentration factors cbtained by direct analysis éf
2,4, 5-T formilations. Lavy raportsd that TCUD was present in
the Esteron® product used in his study (Refs. 14,15) at a level
of 0.04 prm (4 x 1078). Mamfacturer's voluntary specificaticns
of current 2,4,5~T production claim TCDD concentrations of 0.1 prm
or less.™ Thus, TCID exposure may be estimated by maltiplying
2:4,5-T exposura Sor each applicater group by a factor ramging
from 4 x 108 to 1 x 1077.*"* )

4. Estimates for nmber of exposed individuals and anmual hours of
exposure due to ailvex use can be made by using conversion
factors based cn ratics of 2,4,5-T treated acres to silvex treated
acres for different uses as shown in Table S; these ratics range
fran 1/10 to 1/1000.

* Ancther assumprion is that the concentration of TCDD relative to
2.4,5<T does not charme from the time it is formlated until it is
deposited on the skin of the cacupaticnally exposed perscrmel.

** There are some marfacturers who claim that their 2,4,5-T products
contain 0.02 pme or even lass dioxin.

¥ since the concentrations of TCDD in 2,4,5-T and silvex are approx-
imataly the same, the same facisrs may be used in estimating ex-
Posure to TCOD resultisyg from silvex applicaticng. The same munber
of persons exposed to 2,4,5-T or silvex are, therefors, assumd o bhe
exposed to TCCD. Moregver, the anmual hours of exposure of a perscn
"t e 2,4,5-T and/or silvex are assumed to be the same as his anrual

ours of exgusure to TCTD.
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Table 5

Canparison of Felative Rates of Usage of 2,4,3-T and Silvex

Uzses 2,4,5-T:Silvax Ratio
Rargeland/mmsture® =~ | 10:1
Forestzy (Ref.2) 100:)
Rice® 1000:1
Rights-ofway® arpx. 10:1

a. FRafearence 35.
Y. Reference l17.

EXPCSURE ESTIMATE -I_‘\I'JREASED USE CF 2.4,5-T AND SILVEX

The exposure estimates summarized in Table 1 are based on recent pre-
suspeansion use volume data for 2,4,5-T and silvex. For all registered

uses, cnly a relatively low percantage of all potential acreage is actually
treated with thesa two herbicides. If the acreage treated ware to

increase, the total muber of exposure hours * would increase prcpcrticmtaly.
It is extremely wnlikely that cone hundred percent of the acreage which could
be treated anmually with 2,4,5~T or silvex consistent with the labelimg would in
fact be treated. ** However, because tha increase in anmal exposure hours
rasulting from such maximmm possible use provides an upper limit on the total
manbar of anmual exposure hxurs, we are estimating the incresase in total mumber
of exposure hoiurs which would result Srom such meximmm possinhle use.

Of the approximataly cne billicn acves of msture and rangeland in the
U.S., cnly 0.33% is treated with either 2,4,5-T or silvex. IX all pasture
and rargeland wars traated a:ma.uy,** the total anmal exposurs heurs for

*/ Total mmber of exposure hours is defined as the product of total
muber of workers in a particular cocupaticnal group timss the anmial
nmber of hours par worker Sor this usae.

*'*: In face, only 26% of tcral rangeland and pasturs land has undesirable
P susceptible to trearment by 2,4,5-T or silvex. (Ref. 17)
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each type of applicator would increase by a factor of 300 over cur estimta

of total mmber of anrual axtesure hours estimatad o ocor at the time of

suspension.

Similar projecticns Sor increase in total nmber of exposure hours o
either 2,4,5-T, silvex, or TCID micht be made if the extemt of use of
2,4,5-T or silvex approached the maximun possible markat for commercial
forest land (factor = S0G), . rice land (factor of 10), or rights-of-way
(factor = 200) (ref. 17). |

SIMMARY CF CCCUPATICNAL EXPOSURE

ésed on the Lavy study, which measured 2,4,5-T levels in the urine of
applicators who applied 2,4,5+T, as well as on a pharnacckinetic analysis
by Ramsey of these experimental data, we have estimated applicator exposure
to 2,4,5-T, silvex and TCDD resulting fran a murber of uses of 2,4, 5-T

and silvex. These agtimates are provided in Tahle 1.

Becmise of several factors, the exposure estimates made in this docamant
ars sublect to considerable uncertainty. Some of the more Iimpertant factors

area:

1. It is possible that the degree of cars to aveid exposure which
was exercised by the applicators in the Lavy study may not be typica.l
of that used in routine 2,4, 5T or silvex applicaticons.

2. The applications in <he lavy study were cemducted under essentially
windless cenditions and on ralatively level terrain, At higher

wingd velocities or diffserent terrain (rolling hills or mountaing)
exposurae ratas may te fuisa diffarvent

3. In estimating TCTD =xpogure, it was necessary tO extrapolate
fran data on 2,4,5«T axosuge. Ino ..oin; it was assumed that
muasabaorbedav-‘*ebodyahanef iciency ecpual to that
of 2,4,5-T. In fact, "CIC may be absorbed at rates considerably
different than those =% 2,4,35-T.



4. The Lavy study may have had certain experimental geficiencies,
neomplete O variable urine collections.
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Ultilization of Biological Samples to Assess Exposure to Agent Orange

Recent advancements in the analytic eensitivity of laboratory instruments have
made it possible to analyze very low concentrations of 2,3,7,8-TCDD in samples
of human fat (1). The results of several independert efforts (2-4) indicate
that there is 8 background average level of 2,3,7,8-TCDD in human fat of
approximately 7 parts per trillion (ppt)(range 0-20 ppt).

One study analyzed fat samples from volunteer Vietnam veterans (4). The
results indicated that two veterans classified by the Veterans Administration
as "heavily exposed” to Agent Orange had fat levels of 2,3,7,8-TCDD of 35 and
99 ppt. The remaining 10 veterans who were classified as "lightly exposed”
and "possibly exposed” had levels between 3 and 13 ppt. Four veterans who had
no service in Vietnam had levelg between 4 and 8 ppt.

The results of this study indicate that it may be possible to distinguish high
exposure to Agent Orange by analysis of fat samples, The results also
indicate that veterans classified as "lightly exposed” to Agent Ordange have
only background levels of 2,3,7,8-TCDD in their fat, the game levels as are
found in the U,S, population in general.

Analysis of fat is a difficult method for several reasons. A surgical or
suction procedure is necessary to obtain 20 grams of fat (about the size of an
egg) and the cost is about $1,000 per sample., Efforts are underway currently
to analyze a large volume of serum (200 ml) to detect low levels of
2,3,7,8-T7CDD. Data are also being sought which would describe the
di{stribution of 2,3,7,8-TCDD between adipose tissue and serum in the human
body, Success with the serum method would provide a method to recognize
levels of exposure which were high enough to raise levels of 2,3,7,8-TCDD
above background levels in the population.

The recent advances in laboratory analytic techniques could be used to
ascertain whether veterans in the various exposure categories of the CDC Agent
Orange study have levels of 2,3,7,8~TCDD above the background levels in the
population., For example, a sample of veterans currently meeting criteria for
the CDC Agent Orange study category of "high likelihood of exposure™ and a
sample of veterans from the non—exposed category could be asked to provide fat
(or possibly serum) apecimens for analysis. An evaluation of the results
should provide insight into the adequacy of the military records to select
truly exposed and truly unexposed individuals., Additionally, the results
should indicate whether the levels of 2,3,7,8-TCDD are significantly different
from the levels in the general U.S. population.

Analysis of fat (or serum) from other populations could algo provide valuable
insights. Several studies are currently underway in which analysis of fat ie
being conducted on Vietnam veterans, chemical workera, and persons with
residential and tecreational exposures to 2,3,7,8-TCDD. Analysis of fat (or
gserum) could also be conducted on selected individuals in the CDC Vietnam
Experience study who have known high or low levele of exposure. Samples of
fat already collected from Ranch Hand participants during elective surgery

could be analyzed and compared to the levels of exposure experienced by the
individuals,
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