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Additional Exposures of Possible Concern in 
Relation to the Health of Gulf War Veterans

Lea Steele, Ph.D. 

September 20, 2005 

Additional Exposures Potentially Associated 
with Adverse Health Effects

•  M icrowaves/electrom agnetic radiation

•  Contaminated food and water

•  Decontam inating agents

•  CARC Paint

Additional Exposures

•  M ost affect sm a lle r subset o f veterans

• Not c lea r what ch ron ic  health  e f fe c ts  m ight be

• Tend to not have little data o r  s p e c if ic  in form ation  
on either  e x p o s u re s  o r  health  e f fe c ts

Microwaves/ 
Electromagnetic Radiation



Electromagnetic Radiation

Sources:

•  Communications Equipment
➢  Microwave towers
➢  Radios

•  Energy beam weapons being developed/tested in 
1990-1991 Gulf War

Self-Reported Exposures to Electromagnetic and 
Microwave Radiation

S t u d y P o p u l a t i o n E x p o s u r e

Ka ng , 2000 11,441 GW  vets m icrow ave s A l l v e te ra n s 2 3 .7 %

K ro e n ke, 18,495 CCEP m icrow ave s 3 3 .0 %
1998 reg is tran ts

P ie rce , 2005 49 5  fe m a le  GW E lectrom agnetic rad ia tion A u g . #  d a y s  e x p o s e d  = 
vets 43 .61

S tu a r t  2002 54 ,2 4 4  G W  Vets, m icrow ave s M ale  1 8 .3 %  
CCEP pa rtic . F e m a le 2 3 .5 %

C o m b ined 21,306 VA m icrow ave s 3 3 %
A n a ly s is reg is tran ts

Electromagnetic Radiation

Summary:

•  Exposure reported by 20-30% o f surveyed veterans

•  No data on health effects

•  Potential association w ith  Gulf War illnesses?

Contaminated 
Food and Water



Contaminated Food and Water

➢  G overnm ent reports  suggest nearly all food  and 
w ater was supp lied  by the  m ilita ry

➢  Food po ison ing  events in camps com m only reported 
by veterans

Government Reports Suggest Nearly All 
Food Was Supplied by the Military

➢  “ All food  DOD m ilita ry  and c iv ilian  personnel 
consum ed w as provided  by the m ilita ry  in the form  
o f meals ready to  eat (MREs) o r provided in mess 
halls. Large num bers o f meals were no t eaten on the 
local econom y and there w as no reason to  believe 
tha t the  local fo o d  was contam inated w ith  oil fire  
res idue .”

—  Environm ental Surveillance Health Risk Assessm ent, 

Kuw ait Oil Fires, CHPPM, 1998

Contaminated Food and Water: 
Government Reports Suggest Water Was all Bottled 
or From Clean Military Tankers

➢  “DOD m ilita ry  and c iv ilian  personnel were provided 
w ith  sealed con ta iners  o f bo ttled  w a te r fo r th e ir 
consum ption . Local d rin k in g  w a te r supplies were not 
utilized. D rink ing  w a te r was there fore  considered a 
safe, uncontam inated  m ed ia ...”

—  Environm enta l Surveillance Health Risk Assessm ent, 

Kuwait Oil Fires, CHPPM, 1998

Exposures to Contaminated Water 
OSAGWI 2000 Report

• W hile the overall resu lt of w ater operations during ODS/S was 
a reliable supply o f w ater f i t  fo r  consum ption , there were 
exceptions:

➢  U.S. supplies o f non-potable water were occasionally used for 
food preparation and drinking

➢  A num ber o f units were forced to rely on host nation water 
delivered by tankers

➢  Field Manual 10 280, in effect during ODS allowed use of 
petroleum transport tankers to carry water, once tanks super- 
chlorinated and flushed thoroughly

– DOD, close-out Report: Water use, 2000



Epidemiologic Studies: Local or Contaminated Food 
How Many Were Exposed?

S t u d y P o p u l a t i o n E x p o s u r e

K a n g ,  2002 11,441 G W  ve ts Ate lo c a l n o n - m i lit a r y  fo o d A l l  v e ts 7 4 .9 %

A te  fo o d  c o n ta m  w / 

s m o k e , o i l ,  che m
A l l  v e ts 3 0 .2 %

K ro e n k e , 
1993

18,4 9 5  C C EP 
re g istra n ts

N on -U S  fo o d s  
C o n ta m in a te d  fo o d s

6 6  0%  

2 1 .0 %

M cC a u le y , 
1999

305  G W  ve ts A te  lo c a l fo o d s 7 4 .0 %

Epidemiologic Studies: Local or Contaminated Food 
How Many Were Exposed?

S t u d y P o p u l a t i o n E x p o s u r e

P ie rc e , 2005 49 5  A F  fe m a le  
G W  ve ts

C o n ta min at e d  fo o d  o r  w a te r  

L o c a l,  n o n -A F  fo o d

A v g .  # d a y s  e x p o s e d  

2 4 .7 5  d a y s  

5 7 .0 9  d a y s

R e id , 2001 3 ,531 U K  GW 
vets

L o c a l fo o d 2 0 .6 %

U n w in ,  1999 2,73 5  U K  GW 

vets

L o c a l fo o d 6 9 .1 %

V A  R e g is try Ate n o n -U S  fo o d  

A te  c o n ta m in a te d  fo o d
7 1 .3 %  

3 3 .2 %

Epidemiologic Studies: Contaminated Food 
Associations with Health Outcomes

S t u d y O u t c o m e E x p o s u r e F i n d i n g s

B o yd , 2003 

(978  GW 
re g is try  ve ts  

w/ G W )

M ean fa c to r  

sca le  sco re

F o o d , in fe c tio n , e q u ip m e n t f a c to r  -  

in cL  c o n ta m in a te s ,  u n sa fe  fo o d  o r  
wa t e r  

H ig h  s y m p to m  3,30 

Low  s y m p to m  2 87 

E f fe c t size 0 .1 6 ,  p = 0 .01 

H ig h  s y m p to m  2.43 

Low  s y m p to m  2 2 6 

E ffe c t size 0 .06 , p  =  0.06

A te  lo c a l fo o d  o r  d ra n k  lo c a l w ater, 
n o n- m i l  s u p p lie d

G ray. 2002 
(3,831 

S eabees)

G W I F o o d  p o is o n in g  in u n it  O R  = 2 .1 4  (1 .7 7 -2 5 8)u n a d j 

O R  =  1.44 (1 .1 3 -1 .82) sat 

G o t  fo o d  p o is o n in g O R = 2 5 3  (1 .9 2 -3 .34 )u na d j 

A te  lo c a l fo o d O R  =  1.32 (1 .1 3 -1 .55 )u n a d j 

R e id , 2001 GFS L o c a l fo o d  O R  = 0 .8  (0.5-1.4) u n a d j 

(3,531 UK O R  = 0 .9  (0 .5 - 1.6) ad j. 
GW v ets) M C S L o c a l fo o d O R  = 0 .8  (0.4- 1.6) u n a d j 

O R  = 0 . 9  ( 0 .5 -1 .7) ad j

Epidemiologic Studies: Contaminated Food 
Associations with Health Outcomes

S t u d y O u t c o m e E x p o s u r e F i n d i n g s

K a n g ,  2002 11,441 GW ve ts Ate fo o d  co n ta m in a te d  

w / sm o k e , o i l , c h e m
G W I ‘c a s e s ’  7 3 .4 %  

N o n - c a s e s  2 0 .6 %

Su a d ic a n i, 

19 9 9  (66 7  
D a n is h  GW 

vets)

N e u ro p s y c h  

s y m p to m s : 
m e m o ry , 

he a d a ch e , 

d iz in e s s , fa t ig u e , 

s le e p  p ro b le m s

B iv a r ia t e  a s s o c ,  w / #  

s y m p t o m s  

p < =  0 .0 0 1 , n . s .  in  

m u l t iv a r ia t e  m o d e l 

In g e s tio n  o f  c o n ta m in a te d  fo o d  

(fu m e s , o i l,  c h e m ica ls ) 

In g e s tio n  o f  lo c a l fo o d
P <  = 0 .0 0 1 , n . s .  i n 

m u l t i v a r ia te  m o d e l

U n w in ,  1999 
(2,735 U K  GW 
vets)

C M I L o c a l fo o d O R  = 1 .1  (0 .9 - 1 .3 )



Epidemiologic Studies: Contaminated Water 
How Many Were Exposed?

S t u d y P o p u l a t i o n E x p o s u r e

K a n g ,  200 2 11,441 G W  ve ts B a th e d  in  o r  d ra n k  w a te r  c o n ta m . 

w / s m o k e , o i l  o th e r  c h e m ica ls
A l l  v e ts 2 8 .1 %

Bat h e d /s wa m  in lo c a l p o n d , r iv e r .  

G u lf
A l l  v e ts 2 3 .3 %

K ro e n k e , 

1993

18,495 C C EP 

r e g is tra n ts

N o n -U S  w a te r 3 1 . 0%

M c C a u le y , 
1999

305 G W ve ts W a te r  f r o m  lo c a l ta p s  

W a te r f ro n t  lo c a l w e lls
3 4 .0% 

6  0 %

Epidemiologic Studies: Contaminated Water 
How Many Were Exposed?

S t u d y P o p u l a t i o n E x p o s u r e

P ie rc e , 2005 4 9 5  fe m a le  GW  

ve ts  (AF) C o n ta m in a te d  fo o d  o r  w a te r  

B a th e d /s w a m  in lo c a l p o n d , r iv e r .  
G u lf

A v g . # d a y s  e x p o s e d  

2 4 .7 5  d a y s  

6 .2 3  d a y s

S tu a rt,  2002 5 4 ,244 GW v e ts , 

C C EP p a r tic .

C o n ta m in a te d  w a te r M a le  

F e m a le

1 1 .2 %  

1 1 .7 %

Vaste rling , 

2003

72 G W  v e ts , LA  

N G /rese rve

C o n ta m in a te d  s h o w e r  w a te r 2 5 %

C C E P  

R e p o r t, 1996

B a th e d  in  c o n ta m in a te d  w a te r 

B a th e d  in  no n -U S  w a te r

2 0 %  

3 2 %

S I U R e p o r t B a th e d  in  c o n ta m in a te d  w a te r  

B a th e d  in  n o n -m ilit a ry  w a te r
2 8 .6 %  

3 0 .5 %

Epidemiologic Studies: Contaminated Water 
Associations with Health Outcomes

S t u d y O u t c o m e E x p o s u r e F i n di n g s

K a n g , 2002 11,441 G W  vets B a th e d  in  o r  d ra n k  c o n ta m in ated  G W I  ‘c a s e s ’ 5 9 .8 %  
w a te r N on - c a s e s 1 9 .1 %

G ray. 2002 C M I D r in k  c o n t a in  w a t e r  O R =  3 . 7 9  (3. 0 9 -4 . 6 7 ) u n a d j 
(3,831 O R =  1 . 7 1 (1 .3 2 -2 .2 3 )  s a t  
S eabees)

D ra n k  w a te r  f r o m  d e s e r t bag 
O R =  1 .9 8  (1 .6 6 - 2 . 3 6 ) u n a d j 

O R =  1 . 3 8  (1 .1 0 - 1 .7 2 )  s a t .  

B athe  in  lo c a l p o n d /r iv e r /G u lf
O R =  1 .7 6  (1 .4 8 - 2 .0 9 ) u n a d j

Epidemiologic Studies: Contaminated Water 
Associations with Health Outcomes

S t u d y O u t c o m e E x p o s u r e F i n d i n g s

H aley. 1997 3  s y n d ro m e s , D rin k in g  w a te r  w /  Im p a i r e d  C o g ni t i o n  
(249 G W  vets) d e r iv e d  b y  f a c to r  p e tro le u m  ta s te R R =  2 .6  (0 . 9 -7 .7 )  

a n a ly s is
C o n fu s io n / a ta x ia  

O R  = 2 . 8  (1 .3 -6 .3 )  

Art h r o - m y o - n e u r o p a th y 

O R  = 2  6  ( 1 .2  - 5 .6 )  

(A l l  n , s ,  in  mu l t iv a r ia t e )

Su a d ic a n in , N e u ro p s y c h  B iv a r ia t e  a s s o c ,  w /  #  
19 9 9  (66 7  s y m p to m s : B a th e d  in /d ra n k  w a t e r  c o n ta m  s y m p t o m s  
D a n i s  GW 

vets)

m e m o ry , 

he a d a ch e , 

d iz in e s s , fa t ig u e , 

w / fu m e s , o i l,  c h e m ic a ls  p < =  0 .0 0 1 ,  

O R  = 2 .9  (1 .8 -4 . 6 )  m u lt iv a r ia t e  

s le e p  p ro b le m s T o o th  b ru s h in g  u s in g  w at e r  
m o d e l  

c o n ta m  w /c h e m  o r  p e s tic id e s
P <= 0 . 0 0 1 , n .s .  in  m u lt iv a r ia t e  

m o d e l  



Summary: 
Local/Contaminated Food and Water

Sum m ary: Self/R eported Exposures: 

• Use o f local food  reported by: ~ 75% 
Use o f local w ater reported by: ~30%

• Exposure to  contam inated food reported  by: ~ 20-30% 
Exposure to  contam inated w ater reported by: ~ 20-30%

Summary: 
Local/Contaminated Food and Water

Sum m ary: Health Effects 

• Local food: little  association w ith  health outcomes 
Local w a te r no information

• Contam inated food: OR~1.5 -  2.5 
Contam inated water: OR ~ 1.8 - 3 .8

Consumption o f both contaminated food and w a fe r highly 
associated with GW-factor case status in large VA s tu d y

Summary: 
Contaminated Food and Water

•  W idespread exposure to  loca lly-supplie d  food  and water, b u t little  
ind ica tion  o f link to  poo r health

•  Epi studies suggest possib le  associations between chronic 
sym ptom s and contam inated fo o d /w ater

•  No data to  suggest possib le  mechanism fo r  such a link; 
speculative p ossib ilities  m igh t include:

• Food or water bom pathogen associated wi th chronic “subclinical” infection?

• Acute deb ilitation caused by food poisoning alters effects of other exposures

• Toxic effects of ingested oily substances?

• Spurious findings?

Decontaminating Agents



Decontaminating Agents: DS2

D econtam inating S o lu tio n  2 

• Used in the  Gulf W ar to  decontam inate equipm ent exposed to 
chemical w arfare agents

•  P rincipal consti tuen t is 2ME (ethylene gly com onom ethyl ether)
•  W idely used  in paints, varnishes, industrial solvents

• Anim al studies indicate hem atological, reproductive effects 
(testicular damage, dim inished  fertility)

• Chronic effects after lim ited exposures? unknown

•  One report o f so ld iers w ith  dermal exposures developed rashes

CARC Paint

Chemical Agent Resistant Coating (CARC) 
Paint

• Thousands of m ilitary vehicles and other equipment shipped into 
theater in association w ith  the Gulf War

• Most of the equipment was s till painted green “ woodland 
camouflage” when it arrived

• Urgent need to  repaint vehicles to desert camouflage colors

• Painting operations set up to paint large number o f incom ing vehicles 
in theater p rio r to  Desert Storm

• After the war, sim ilar operations repainted many vehicles back to 
woodland camouflage

Chemical Agent Resistant Coating (CARC) 
Paint

• A polyurethane paint applied to m ilitary equipment
➢  Improve protection from  chemical warfare agents
➢  Facilitate decontamination
➢  Extends service life o f vehicles and equipment

• CARC contains m ultip le hazardous compounds (toluene, benzene, 
crystalline silica, ketone)

• Most concern focused on HDI (hexamethylene diiosocyanate) wh ich 
hardens the paint

• Additional hazardous solvents (paint th inners, cleaners, etc) used in 
painting operations



Chemical Agent Resistant Coating (CARC) 
Painting Operations

• First painting operations set up by experienced c iv ilian  painting 
contractors in Sep, 1990 at p o rt of Ad Dammam, SA 

► This group had protective equipment

• Two additional major CARC spray painting operations established by 
the Arm y

► Ad Dammam
► A l Jubayl

• These sites operated by a Florida Arm y National Guard Unit, the 325th 
Maintenance Company

► This unit not trained in painting operations, did not have proper protective 
equipment

• Other, sm aller operations also established for shorter periods

Health effects of CARC exposure

• Aerosolized, freshly applied p a in t
➢  Respiratory problems, asthma 
➢  Dizziness

➢  Fatigue 

➢  Nausea 

➢  Headache 

➢  Skin rashes

➢  Nausea, vom iting, diarrhea

➢  Sensitization

• A fte r it hardens, CARC (HDI) th o u gh t to  present a problem  only 
if heated to high tem peratures (also if sanded/chipped?)



325th Maintenance Company

• Started painting in Nov 1990; operations lacked proper personal 
protective equipment, air c irculation equipment

• Began reporting health problems during operations (D ec 90 report): 
dizziness, rashes, vom iting, nausea

• Local command concerned; ANG alerted ARCENT; fam ily m embers 
contacted Adj General, Congress

• Onsite investigation of operations at Ad Dammam and A I Jubayl 
December-June ; operations shu t down tem porarily

• Protective equipment eventually provided

325th Maintenance Company: 
the Story

• Health, respirator y evaluations provide d to all members by Arm y 
physician in 1992 during 2 week train ing period at Ft. Stewart, GA

• Met with representatives of South Florida VBA Regional O ffice to 
assist w ith  filing claims

• Regional office handled the issue locally

• What happened? 
➢  How many became ill?
➢  What were there symptoms, diagnosed conditio ns?
➢  Benefits provided?
➢  Effort to assist other units involved in CARC painting operations?

325th Maintenance Company

• No study or data available; no com prehensive report 
sum m arizing how many affected and how

• Sources of in form ation
➢  O SAGW I Environmen tal Exposure Report 

➢  1993 Report to Congress

➢  Inform ation from Florida RO

➢  Inform ation from  Congressman Putnam's office

➢  Inform ation from  ANG rep, company commander, physician who 
assisted ill veterans, affected veterans, OSAGWI lead sheets



325th Maintenance Company

• Phys ician who examined 20-30 veterans in 1992:

➢  Reported paint fumes permeated entire cam p:-adm inistrative, 
e a ting , sleeping area— at A l Ju bayl operations

➢  So much so lven t vapor in the air, lights had to be replaced with 
type that resist explosions

➢  Veterans be examined showed m ultiple nonspecific symptoms:
■  Headache 
■  Fatigue
■  Sleep dis turbances
■  Asthme-l ike symptoms
■ Soma became highly sensitized

325th Maintenance Company

• Representative of Florida Arm y National Guard

➢  Problems had been severe in theater: coughed up paint, jo in t 
swelling, rashes, respiratory problems, nerve problems

➢  Afterwards, the un it bad a lot o f problems , not sure i f  it was Gulf  
War syndrom e or effects of CARC paint

➢  Guard never received funding to do medical evaluations of the 
whole unit; urged them to go to  VA

➢  Many o f those in the unit were poor, cou ld n 't get to Tampa VA fo r  
evaluation

325th Maintenance Company

• S evere ly ill ve te ran

➢  V e te ra n  had been a ru n n e r, b lack  b e lt ka ra te  in s tru c to r

➢  Says lu n g s  are  b a d ly  d a m age d  fro m  c h e m ica ls : w h e e lc h a ir  
b o u n d , re q u ire s  o xyg e n ,  “ it  ate  h a lf a lu n g ”

➢  Has lu p u s , “ e s o p h a g u s  c lo s e d ” , a lle rg ic  to  ch e m ic a ls  and 
p e rfu m e s , sk in  le s io n s , ra sh  s in c e  th e  w a r

➢  D e s c rib e d  o th e rs  in u n it  w h o  had b ra in  a n d /o r lu n g  ca n ce r, 
says a b o u t 8 had d ied  so fa r

➢  He is 100% s e rv ic e  c o n n e c te d ; to o k  5 years

325th Maintenance Company

• VA R e g iona l O ffic e  in St. P e te rsb u rg , FL

➢  Handled the issue locally, established guidelines for service connection

➢  All members of the unit presumed exposed to CARC; veterans filed claims, 
required opinion of doc performing C &P exam

➢  CARC-specific service connection allowed only for respiratory and skin 
problems; other symptoms/undiagnosed conditions not S -C

➢  Tried very hard to service-connect “applied any and all laws”

➢ Some claims still pending: Recalled about 200 cases processed, but CARC 
cases not specifically collated. +As o f June, 1993:

■ 70 indiv iduals from 325th listed in VA files
■ 20 had filed claims: 6 pending, 8 denied, 6 service connected 
■ Claims involving resp/env hazar d: 2 s/c, 4 denied



325th Maintenance Company

• Dr. Bruce Pettyjohn

➢  Was medical officer fo r  th e  325th; did exams predeployment and 
post deployment

➢  Most patients had memory p rob lem s, skin rashes, muscle pain, GI 
problems; not sure how  much was due to CARC, other exposures

➢  W rote ~ 50 page report fo r about 200 veterans to assist w ith  benefits 
applications

➢  VA “ poo-pooed” the problem

➢  Some have died from  various causes; he thinks they deserve purple 
hearts

Epidemiologic Studies: CARC Paint 
How Many Were Exposed?

S t u d y P o p u l a t i o n E x p o s u r e

K a n g , 2000 11,441 GW vets C A R C  p a i nt A l l  v e t e r a n s  

V A  r e g is t r y  v e ts  

2 1 7 %  

35 .0 1%

K ro e n k e , 

1990

18 ,495 C C EP 

re g is tra n ts

C A R C  p a in t 4 0 .0 %

S t u a r t  2002 54,2 4 4  G W  V e ts . 
C C E P  p a rtic

C A R C  p a n t M a le  

F e m a le  

31 1 %  

2 0 .3 %

A u s tr a lian 

G W  S tu d y

1 ,4 5 6  A u s t r  GW 

ve ts

c o n ta c t w ith  w e t  C AR C  p a in t 1 .3 %

Epidemiologic Studies: CARC Paint 
Association with Health Outcomes

S t u d y O u t c o m e E x p o s u r e F i n d i n g s

H a ley  .199 7  3 s y n drom es, N e a re n o u g h  t o  s m e ll I m p a ir e d  C o g n i t io n  
(249 GW 

vets)

d e r iv e d  b y  f act o r  
a n a lys is

C A R C  p a in t s p ra y e d R R  = 0 .9  (0 .1 -6 .9 )  

C o n f u s io n a t a x ia  

R R  = 3 . 2  (1. 3 -8 .0 )  

A r t h r o -m y o -n e u r o p a th y  

R R  = 1 6  ( 0 .5 -5 .1 )

S p e n c e r. C M I P a inte d  w ith  C AR C O R  = 3 .2 9  (1.8 8 - 5 .7 6 )
2001 (1 ,1 1 9 
G W  ve ts)

Ka ng , 2002 11,441 G W  ve ts C A R C  p a in t G W I  ‘c a s e s ’  5 1 .2 %  

N o n - c a s e s  1 6 .3 %

CARC Paint: Epidemiologic Findings

• ~20 % Gulf veterans report exposure to  CARC p a in t h igher 
among Registry parti cipants

• A ssocia tion  of s /r  CARC paint exposure to  m ultisym ptom  
com plexes: OR ~ 3.0



CARC Paint: Summary

• Appears that excess exposure to  CARC paint did occur in some 
individuals, likely resulted in serious health problems

•  E p i s tu d ie s  s u g g e s t p o s s ib le  a s s o c ia tio n  w ith  m u lt is y m p to m illness

•  M ost in fo rm a tio n  a va ilab le  on the  325th M a in te na n ce  Co.

• No reports identified that summarized clinical find ings in this group, or 
o ther CARC-exposed groups

• Unclear whether sym ptoms of these veterans all due to  CARC, or 
potentially related to  other causes

• L ittle info re: effects of CARC exposures with other painting operations

Misc exposures

Additional Exposures Potentially Associated 
with Adverse Health Effects

Misc

➢  H ydraulic flu id

➢  Purple T s h irt inc iden t

➢  O ther industria l exposures?

Exposure to Hydraulic Fluid

S t u d y O u t c o m e E x p o s u r e Findings

Spencer. 2001 
(1 ,119 OR/WA GW  
v ets)

C M I C le ane d  h y d ra u lic  

le a k s

O R  = 2 4 5 ( 1 . 3 1 -4 . 5 8  u n ad ju s te d
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