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Proposed Structure of the Report on Exposure from the Ad

Hoe Subcommittee of the Agent Orange Science Panel

The Subcommittee waa directed by the Aaalatant
Sacretary of Health to evaluate information on exposure
being gathered for the Agent Orange atudy to determine
whether sufficient information is avallable to conduct a
atudy. The Subcommittee met on three occasiona during
February and March, 1986 with represantatives from CDC and
ESG to hear of activities relating to exposure assasament.
The evalustion by the Subcommittee is based on information
abtained at theae meetinga and from documents aupplied by

the ESG.

We have approached the charge of the Assiatant
Secretary by aahking a serieas of queationa relating to the
detail and quality of data on exposure. Ansvers Lo theas
quastions praovide a baais for evaluation of the likelihood
that the proposed atudy can provide data to reaolve the

isaue of health riskas reaulting from herbicide expozure Vﬂrér

while in Vietnan. gwﬁﬁ*&ﬁdgauzz
B i o

Exposure Data Available 4&4@*‘

From presentationa and documents provided by ESG, we

balieve that the military records are sufficient Lo locate

the position of companiea by geography and time rather



precisely from field reports. Theag poasitiona can then be
related to similar data (i.e., geography and time) of
Ranchand apray mrigaiona. Duty roosters for companies are
available which identify individuala available for duty each

day.

A limitetion of the records ia the inability to
datermine which individuals were at the variocuas deployment
locationa of & company. The recorda can identify the
location of unit deployments, but can not determine which

individuala were at which location. Diaplaya of deployments
of selected companies on various days show a considerablg»
e é@wﬁumjii'**fﬁh1ﬁudb ‘{:ijgjiz/

variation in geographic apread. L'C‘ln some occasiona all W
M

mambaera of the company weare in one locstion, on other
oceaaions unitas were apread over an area of up te 20
kilometere. The latter asituation presents severe problems
in esaesasing exposure hy geographic location aince there
appears to be no way to accurate summarize the potential for

exposure for all members of the company.

In additien teo Ranchand apraying, perimetera of campa
were alao apraved routinely with herbicidesa and
inascticides. The potential for exposure at the camnpa would
appear to be conaiderable because of the regularity of
aprayling. Expoasure could occur directly during spraying or
indirectly from contact with contaminated surfaces. The

abllity to obtain information on likelihocod of contact and



lavel of expoaure for individuala while at the baae,

however, appeara limited.

The queations apecifically addreaaed by the

Subcommnittee and our answers are below.

1. Can levelﬁgziijgosure te herbicides over time for

individuals be asgsessed with reasonable certainity?

Information on level of exposure would provide the
atrongeat possibie data to addresa the issue of health riska
sasociated with herbicide expoaunre. We feel auch precise
information can not be assgembled either for exposure fron
Ranchand spraving or perimeter spraving of campan, Present
attempts at exposure clagsaification employ dichotomoua
categories and are hased on the likeliheood of having contact
with herbicideas. They do not, however, include information
on levels of expogure experienced by individuale. In auch a
dichotomous classification scheme the only measures of doae

would be the number of expoaurea, latency, and duration.

Similay problema exiest in attempts to asasess leval of

axposure while in campa. The Subcommittee fealas that levels
p P >y ¢ ,(-M]V’QL

of exposure are likely to higher from exposure in canpa’than -
from Ranchand apraying, but we asee little opportunity for

. 2o,
quantifying the level. Actual exposure levela would depen%H&A;ZZtF x
upon the level of contact directly from spraya and ,&r

indirectly from contaminated asurfacea. We sae little



opportunity for individual evaluation of either method of

contact.

2. Can the probability of exposure to herhicidea for

individuals be reaaonably aasesaed?

To construct an index of probability of exposure, a
pllot astudy ia underway to relate location of ground forces
to Ranchand spray patterna. Companiea can be located rather
pracisely, as can deployrent of squadse and other unitas. It
is not goaaible, howeaver, to determine which individuals are

,7f3fiﬁ¥;h units. The inability to precisely locate
individuals in relation to Ranchand apray patterna would
lead to exposure misclasgification no matter what
distance/time criteria were used. For example criteria of
within 2 kilometera within 2 deys of apraying has been
proposed to identify companies that would be considered
exposurad. All persons from a company within this distance
cf apray tracks would be conaidered expossaed. Two
kilometers would seem to be & conaiderable distance and
preasent little chance of exposure. Although the number of
false poaitive could be reduced (at the expenae of numbersa
of exposed) by a more reastictive distance criterion, precise
exposure classification would never be achieved unlesas
conpanies were required to be within the spray path. An

equally serious problem with thia approach, however, is t

inability to precisely locate

P
e

individuala. The distance factor ia based on company
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location, not on individual location. The digpersion of
units within a company may conaiderably exceed the two
kilometer criterion (aome unita were separated by up to 20
kilometerad. Thusa, individuals deployed far from the apray
track would be conaidered expoased even though they would

little or no contact with herbicide residues.

Although companiea are apparently sometimes deployed ae
a aingle unit and exposure asaegsament could be restricted to
such aituationﬁ; Ignoring exposure when deployed in units
would not, howevetr, eliminate the miaclamaification
asscciated with the asituation. The asasumption for such a
aitunation would be that the average exposure for all
multi-location deploymenta of companiea are equivalent. An

assumption that surely ia not correct.

Exposure while in canpe presents a different aet of
proklena in developing a acale of probability of exposure.
Aithough we can reazonably cenclude that expoaures occur in
campa, except for cases where applicatora can be identified,
wa gea little opportunity for dietinquiashing the probability
of expoasure amcong individuala while in camp. A cohort of
peraona aspending time in camps where apraying occurred
could, however, be compared with perscns not in auch camps,

if auch a referent cohort can be identified.

In summary, plana to conatruct a prababllity of
exposure index based on diatance and time from Ranchand

apray patterna based on company locationa would introduce



-

ot
Ao
miaclasaification. This miaclasaification ariaes from two
sourcaea: 1) Incluaion of companiaes without ;ctual exposure
would ocecur no matter how amall the distance and time
criteria, and 2) Hembera of companies would be easigned
identical exposure probsbhilitiea even though deployment of
some unita would place them in locations where exposure waa
not poasaible. The combined effect of thease two sourcea of
miasclasaifiction ia unelear, but undoubtedly they would
seriously hias measures of effect toward the null and
greatly reaeduce astudy power. Evaluation of probability of
exposure while in base campa seems more promiaing (because
of our asaumption that all persona while in camp would be
exposed). To effectively capitalize on the camp expoaures
requires the identification of a combat cohort that did not

apend time in the camps or in other situationa where

exposaure to herbicidea occurred.

3. If either level or probability of exposure for
individuals can be estinated with reasonable confidence, can

a dose gradienti be created?

The Subcommitte feela that 1t will net be poasible to
estinate level of exposure. Although probability of
expoaure can be assigned, we fear that misclasasificaetion may
aerioualy compromnise the study. However, i1if the
miaclasaification problem can bhe resolved, a dose gradient
could be developed based on number of contacts, latency, and

total duration of contact. In camps, a gradient could be



hagsed on duration of time spent in camps, latency, and
posaibly number of perimeter apraying operationa for the

canp.

4. Are levels of exposure likely to be meaningful

biologically?

5. Can a non-exposed population be identified?

Thia queation is eapecially important if baase camp
exposure are to be conaidered. Since both camp and Ranchand
exposures occur primarly among combat troopa, a comparison

propulation would aleo need to be composed of combat unita,

6. For the study to be feasible and creditable, what

quality of exposure assgesament ia required?

The Subcommitte recognized the social importance the
Agent Orange - health riak iasue and the need te provide
data that can address concerns raised by veterans.
Conpletion of a atudy with poor definition of exposure,
however, ray not resolve the iasue. In a strict escientific
gange, the misclasaification issue nust be clearly
addreased. The pilot satudy should provide information
regarding estimatea of miaclasaification likely given
whatever criteria are used to aaseas exposure. These
niaclsasification estimates can then be used to evaluate

affectas on atudy power.
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Methodology to Avolid Exposure Misclassification

1. Define grid locations (UTM Coord) of all perimeter and ground spraying
from Services Herbs and Helicopter sprays in HERBS.

2. Compare Firebase and Base camp grid coordinate to perimeter and ground
spray in time window. (1 Oct 66 - 30 Mar 69).

3. Select fire bases and base camps having highest numbers of perimeter and
ground spray. List in decending order of frequency.

4., Find units assigned to fire bases and base camps.

Select those units having highest permanent stay time on each fire base such
as artillery batteries that were stable and served as one whole unit at base

camp or fire base.

5. Figure out how many times these stable units were in the fire base or
base camp when a perimeter or ground spraying took place.

6. Check persomnel present for duty in battery at base camp or fire base
when spraying took place. List their basic exposure date and continuing -
presence for secondary exposure.

T. Figure initial exposure concentrations and graded residual exposure con-
centration as long as troops continued to be on that fire base or base camp.

8. Establish cumulative total exposures for personnel assigned to these
more or less stationary companies and/or batteries at the fire base. List

personnel by name in decending order of exposures.

9. To find non-exposed comparable cohort on non-sprayed fire base or base
camps.

A. Compare list of all fire bases and base camp grid coordinates to
_master' liat of ground and perimeter spray coordinates,

B. Select base camps which have not recelved any perimeter sprays by
Orange or unknown agents.

C. Determine units which were assigned to these non-sprayed fire bases
and select comparable assigned personnel who served whole tour in these
units at non-exposed locations. Probably mostly artillery personnel.



ESTIMATED AMOUNTS OF TCDD EXPOSURE
FROM A RANCH HAND SPRAY MISSION

We have summarized varicus 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 from a single Ranch Hand
spray assumed an extreme case scenarlio. He assumed that Agent Orarge
sprayed in Vietnam contained 47ppm of TCDD, that 5 gallons of Agent Orange
were applied per acre of land, and that each gallon of Agent Orange
weighed 10.7 pounds. Using these figures he calculated that the amount of
TCDD/M2 of land was 282uy. He further assumed that all Agent Orange
sprayed on the jungle reached ground 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 not. Using a body
surface area of 1.85|n2/servicemen, he was able to estimate the g
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 Band 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 fallimg
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 TCDD 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 serviceperson
would be absorbed by the body, the amounts of TCOD absorbed per kg body
weight under these two senarios were 2.3x18°4 and 1.4x1077,

respectively.

3. STEVENS

Dr. Stevens in his calculation of TCDD exposure from a single Ranch Hand
mission made many assumptions which were similar to Gough., For a 70kg
serviceperson the amount of TCDD absorbed per kg body weight was estimated
to be 7x107% ug.



ESTIMATED AMOINTS OF TCDD EXPOSURE
FROM A RANCH HBAND SPRAY MISSION

FLENDERS T STEVERS

OPEN JUNGLE
TCDD/AC (ppm) 47 50 0.5 2
JUNGLE CANCPY No No Yes Yes
PROTECTIVE CLOTHING No Yes Yes Yes
PERMAL ABSORPTION 3% bg, Yes Yes Yes
uy TCDD/M2 ground 232 180 1x10™1 s5x10~1
ug TCDD/serviceman 522 32.4 21072 <1
ug TCDD absorbed/ 16 Hle  1.6x1072  0008] 1x1075 sx 1074
Serviceman
ug TCDD absorbed/kg BW  2.2x10™! 2.3x1074 1.421077 7x10-6
Fraction of 's
VSD of 131070 ug 48 4.8x10-2 3x10~5 1.5x1073
{daily for 70, years)
total 3.3x10" 1 ug
Fraction,of MID
of 1x10~1 ug/kg 2.2 2.3x1073 1.4x10°6 1075
6o .
v f&'/zi‘ l m/m‘ (heYov.d

VSD = Virtually Safe Dose
MID = Mimimum Toxic Dose
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ESTIMATED AMOUNTS OF TCDD FEXPOSURE
FROM A RANCH HAND SPRAY MISSION

2.2 %

FIARDERS - RINGETEY &
STEVENS
OPEN JUNGLE -
TCDD/AO (ppm) 47 50 0.5 2
 JUNGLE CANCPY N o Yes Yes
PROTECTIVE CLOTHING No Yes Yes Yes .
DERMAL, ABSORPTION 3% Yes Yes Yes
ug TCOD/MZ lamd 282 -— — 8(6% reached the
forest floor)
ug TCDD/serviceman 522 32.4 2x10-2 1(transfer factor of 1:2050)
ug TCDD absorbed/ 16 1.6x10"2 2x10-8 5x1074
serviceman
ug TCDD absorbed/kg BW  2.2x10™1 2.3x1074 2.8x10~10 7%10-6
Fraction of 's
VSD of 13x10~® ug 48 4.8x10°2 6x10-8 %1073
(daily for 70 years)
total 3.3x10" 1 ug
Praction of MID
of 1x10~1 ug/kg 2.3x10-3 2.8x10~9 7x10-5

veD
MID

Virtually Safe Dose

Minimum Toxic Dose es{a»d.—@ LMM

Tutspnac { Gasimbio
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ESTIMATED AMOUNTS OF TCDD EXPOSURE
FROM A RANCH HAND SPRAY MISSION

We have summarized 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 from a single Ranch Hamd
spray 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 iand, and that each gallon of Agent Orange
welghed 10.7 pounds. Using these figures he calculated that the amount of
TCDD/MZ of land was 282ug. He further assumed that all Agent Orange
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 not. Using a body
surface area of 1.85m2/servicmen, he was able to estimate the wg
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 QTA)

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. BAnother extreme case was a
serviceperson standing under jungle conopy while being sprayed on with
Agent Orange containing 0.5ppm TCDD 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 serviceperson
would be absorbed by the body, the amounts of TCOD absorbad per kg body
weight under these two senarios were 2. 3x1674 and 1 4x10“7,

respectively.

3. STEVENS

Dr. Stevens in his calculation of TCDD exposure from a single Ranch Hand
mission made many assumptions which were similar to Gough. For a 70kg
serviceperson the amount of TCDD absorbed per kg body weight was estimated
to be 7x10°% ug.



ESTIMATED AMOINTS OF TCDD EXPOSURE
FROM A RANCH HAND SPRAY MISSION

FLANDERS [eese:i STEVENS

OPEN JUNGLE

TCDD/AQ (ppm) 47 S0 0.5 2
JUNGLE CANCPY No Mo Yes Yes
PROTECTIVE CLOTHING No Yes Yes Yes
DERMAL ABSORPTION 3% Yes Yes Yes

ug TCDD/M2 ground 282 180 1x10-1 5x10~ 1
ug TCDD/serviceman 522 32.4 x10-2 <1

ug TCDD absorbed/ 16 1.6x1072 %1073 sk 104
serviceman

ug TCDD absorbed/kg BW  2.2x10~ 1 2.3x10~4 1.4x10"7 7x10-6
Fraction of 's

VSD of 13x10°0 ug 48 4.8x1072 3x10°5 1.5x1073
(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 71073

VSD = Virtually Safe Dose
MM = Mimimum Toxic Dose
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