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E x p o su r e  t o  H y d ro ca rb o n  F u e l C o m b u st io n  P r o d u c ts

S o u rc e s  o f E x p o su re :
• Oil well fires (partially com busted crude oil)

• Tent heaters, cooking stoves (combusted gasoline, kerosene, 
diesel, Jet fuel)

• Exhaust em issions from military vehicles and aircraft

• Em ission s from generators

• Open burning of trash, w astes

H y d ro c a r b o n  F u el C o m b u st i o n : P r im a ry  C o m p o u n d s  
o f  C o n cern

Com plex mixtures of g a se o u s  com pounds and 
particulates

• O3, CO, CO2, SO2, NO, NO2, H2S 

• VOCs, PAHs

• Particles of varying chemical composition and size

H y d ro ca rb o n  F u el C o m b u st io n

IOM Report on Fuel, Combustion Products, and Propellants (2005) :

Su ffic ien t evidence to  conclude th a t there is  an  a sso cia tio n  be tw een  
c o m b u stio n  p ro d u c ts  a n d  lung cancer

L im ite d /su g g e s tiv e  ev id en ce  o f  an  a sso cia tio n  b e tw een  com b u stio n  
p ro d u c ts  a n d  cancers o f  nasal a n d  ora l ca v ities, b ladder cancer, a n d  
low  birthweight/pre-term  b irths



T e n t  H e a te r  E m is s io n s

•  E xposures varied seasonally; in cold w eather, ten t heater 
exposures could have been continuous fo r  8 or m ore hours, 
over days – m onths

•  Mumford et al (J Toxicol Env Health 1992:36:151) reported  th a t 
organic em issions from unvented  kerosene  heaters are 
m utagenic

E m is s io n s  fro m  u n v e n te d  t e n t  h e a te r s

• 2 s tud ies from Lovelace Respiratory R esearch  Institute
- Zho u  Y, Che n g  YS. Aerosol S cience and Technology 33: 510-524 (2000)
- Cheng YS, Zhou Y, et al. Aerosol Science and Technology 35: 949-957 (2001)

• Experim ents sim ulated and characterized  em issions from 
h eaters  u sed  inside of Army tent

• Tested  3 types of heaters, 3 types of fuels (kerosene, JA-1, JP-8)

•  R esu lts :
➢  E m iss io n s  varied  with ty p e  o f fuel, ty p e  o f h e a te r , a n d  te m p e ra tu re

➢  C o n v ec tio n  h e a te rs  em itted  m o re  NO an d  S O2  th e n  rad ian t 
h e a te rs ,  less  CO and  p a rticu la te s

➢  CO, and  SO 2 e x c e e d e d  a ir q ua lity  s ta n d a rd s  w h en  ten t d o o rs  
w e re  c lo sed ; b u t did n o t e x c ee d  2 4 -h o u r e x p o s u re  s ta n d a rd s

➢  M ost p a rticu la te s  w e re  in th e  fine r a n g e  ( p e a k  ~0.2 - 0 .3  m ic ro n s), 
with s o m e  in th e  ~ 10 m icro n  ran g e . L evels e x c e e d e d  2 4 -h o u r 
s ta n d a rd s  w h e n  door c lo s e d , c lo s e  to  s ta n d a rd s  w hen  d o o r o p e n

• Chem ical A nalyses of Particu lates:

➢  Large am ounts of su lfur (m ost as  sulfates); mostly 
confined to  sm aller particles

➢  High am ount of ammonium

➢  Elem ental and organic carbons

➢  A lso silica, aluminum, iron, lead



E m is s io n s  fr o m  T e n t  H e a t e r s :  E p id e m io lo g ic  S t u d ie s  
H o w  m a n y  W e r e  E x p o s e d ?  

S tu d y P o p u la tio n E x p o su re

Gray, 
1999

527 Seabeas Airplane fuel burned in tent 
heaters

20.7%

Kroenke, 
1998

18,495 CCEP 
registrants

Fumes from tent heaters 73.0%

Proctor, 
1998

186 Devens, 
66 New Orleans 
Gulf War Vets

Smoke from tent heaters Devens 69.8% 
New Orleans 50.0% 

Unwin, 
1999

3,28 4  U .K . 
Gulf War Vets 

Exhaust from heaters or 
generators

78.2%

Vasterling, 
2003

72LA reservists Smoke from tent heaters 56.9%

Wolfe, 
2002

945 Army Gulf 
War Vets

Heater intent 61.6%

E m is s io n s  fr o m  T e n t  H e a t e r s : 
A s s o c ia t io n  w i t h  H e a lth  O u t c o m e s

s tu d y O u tco m e E x p o su re F in d in g s

Proctor, 1998 
(220 Army vets)

symptoms 
(gro ups)

smoke from tent 
heaters

Sign, correlated with cardiac, neurological, 
and pulmonary symptoms (p<0.001)

Unwin, 1999 
(3,284 UK vets)

CMI exhaust from heaters OR = 1.9 (1.6-2.2)

Spencer, 2001 
(1,119 OR/WA vets)

CMI diesel healer 
kerosene heater 
potbelly heater 
cleaned heaters

OR = 1.78 (0.93-3.42) 
OR = 1.92 (0.93-4.00) 
OR = 231 (1.14-4.66) 
OR = 241 (1.29-4.52) 

Gray, 2002 
(11,868 Seabees)

GWI jet fuel burned 
in tent heaters

OR = 212 (1.81-2.4 9 ) (unadj)
OR = 1.11 (0.88-1.39) (saturated)

Wolfe, 2002 
(945 Army vets)

CMI heater in tent OR = 1.6 (1.0-2.5) 

S u m m a r y :  T e n t  H e a t e r s

• >  50% of tro o p s  report exposure  to fum es from ten t heaters 
(lower in Navy personnel)

• E xposure  to  ten t h eaters  In th ea te r asso c ia ted  with: 
➢  Cardiac, neurological, and p u lm onary sym ptom s
➢  Chronic multisymptom illness (ORs ~ 2.0)

• Com pounds of potential concern  Include CO, SOx, NOx

• Particu late levels inside te n ts  exceeded NAAQS s tan d ard s

P a rtic u la te  E x p o su re s  in th e  
G ulf W ar 



P a r tic u la te  E x p o su r e  in t h e  G u lf  W ar

• Prim ary source of p articu lates in th ea te r w as the natural 
environm ent – blowing san d  and dust (USAEHA est: 75%)

• Naturally occurring particulate levels in the  region are am ong 
the  highest in the world

• R espira tory  illnesses, “Kuwaiti C rud” com m on am ong troops 
first en tering the region



P a r tic u la te  E x p o su r e s  in t h e  G u lf W ar

•  O th e r  S o u rc e s :

➢  Oil well fires (USAEHA e s t  23%)

➢  Tent hea te r em issions 

➢  Industrial pollution

➢  Engine exhaust

M easured Total Particulates in Theater, May–Oct 1991 

PM 10  Concentrations by Site 

Source: Particu l a r  M atter E xposur e  Final Report, DoD, 2002 

H ea lth  e f f e c t s  o f  p a r t ic u la te s

N um erous s tud ies  have linked particulate exposure  to:

• ER visits fo r resp ira to ry and card iovascu lar conditions

• Increased  death  ra tes  during acu te  elevation of particu la tes

• A ggravation of chronic respiratory  conditions

H e a lth  e f f e c t s  o f  p a r t ic u l a t e s  d e p e n d  o n :

➢  Concentration of exposure

➢  Duration of exposure

➢  Physical and chem ical p roperties of particle
■ P a rtic le  s ize
■  C h e m ic a l  c o m p o s itio n
■  S u r fa c e  ch a ra cte r is tics



H ea lth  e f f e c t s  in r e la t io n  to  p a r tic le  s i z e

• PM10 – Particles, diam eter < 10 m icrons, > 2.5 m icrons 
Can be inhaled into and accum ulate  in th e  lungs

• PM 2.5 - Fine particles, diam eter 0.1 – 2.5 microns 
Can lodge m ore deeply into alveoli

• Ultrafine particles – D iam eter < 0.1 m icrons 
Can c ro ss  pulm onary epithelium and en te r circulatory system  
R ecent s tud ies  indicate potential fo r system ic inflammatory 
effects, direct entry into brain

Health Effects o f  Sand/P articu lates in Gulf War Veterans? 

Al Eskan D isease: D esert Storm Pneum onitis and Dirty Dust 

•  In 1992, COL (Dr.) A n d re a s  K orenyi-B oth d e sc r ib e d  a n  illn e ss  am ong 
tro o p s  h o u se d  in Al E skan  v illage (SA) a p a rtm e n t b u ild ings th a t  had been  
u n in h ab ited  fo r  p rev io u s  d e c a d e

•  A p prox im ately  2/3 o f so ld ie rs  ill w ith sy m p to m s  of re sp ira to ry  in fec tion  
within 48-72 h o u rs  of arrival

•  M ost reco v e red  w ith an tib io tic  tre a tm e n t; 1% re la p se d  5-6 w e e k s  after 
initial o n s e t  and  w ere  u n re s p o n s iv e  to  tre a tm e n t

•  Dr. K orenyi-B oth  h y p o th es iz ed  th a t  s o ld ie rs ’ e x p o s u re  to  m ix o f fine 
d u s ts  and  p ig eo n  d ro p p in g s  tr ig g e re d  im m u n o p a th o lo g ic  reac tio n s  
resu ltin g  in a u n iq u e  illn e ss , Al E sk an  d ise a s e

Al E sk a n  D is e a s e :  

D e s e r t  S to r m  P n e u m o n i t i s  a n d  D ir ty  D u s t

•  Dr. K oreny i-B o th ’s  a n a ly se s  o f  Al E sk an  s a n d  in d ica ted  a  v e ry  f in e  grain 
s tr u c tu r e  (0.1 -  0 2 5  m ic ro n s), h ig h  CA levels. B ac teria  and  fung i s p e c ie s  
w e re  iso la ted  from  t h e  p a rtic le s .

•  In later p u b lic a tio n s , Dr. K orenyi-B oth h y p o th es iz ed  th a t  th is  f i n e s  and 
co u ld  h ave  a c te d  as  a  c a rr ie r  o f  ch e m ic a l a g e n ts  (o r o th er e x p o su re s , 
includ ing  b io log ical a g en ts ) .

•  T h e  fine s a n d  “ c a rrie r” w ou ld  h av e  e n h a n c e d  th e  e ffec ts  o f  th e  a g e n ts , 
in c re a s in g  to x ic ity  a n d  d e liv ered  d o sa g e .



• Dr. Korenyi-Both’s  hypotheses have no t been  formally studied

• G overnm ent officials have criticized his theories f o r  their reliance 
on specu lation  ra ther than  data

• R ecent governm ent re sea rch  on p roperties of sand  in th e  region 
and its potential to  a c t a s  a carrier of environm ental contam inants

E p idem iologic S tu d ies: 
A ssociation  o f H ealth  O utcom es w ith  Sand E xposure 

Study E x p o su re O utcom e F in d in g s

Gray, 1999 
(527 Seabees)

sandstorms fatigue 
forgetfulness 
sleepy all time 

rash 
muscle pain 
night sweats 

PTSD

OR = 2.7 
OR = 2.1 
OR = 2.3 
OR  = 2.7 
OR = 2.7 
OR = 2.5 
OR = 4.1 

Gray, 2002 
(3,831 Seabees)

sandstorms GWI OR = 2.63 (2.09-3.31) unadj 
OR = 1.70 (1.28-2.25) saturated model

Kelsall, 2004 
(1,456 Austr. GW 
vets)

dust storm s ECRHS defin. 
suggesting asthma

OR = 1.1 (0.8-1.7) 

Suadicari, 1999 
(667 Danish GW 
vets)

sand or dust 
storm

Neuropsyth 
symptoms

Sign bivariate association with number of 
symptoms, p < 0 .01

P r e v io u s  RAC P r e s e n t a t io n s  R e la t e d  t o  
S a n d /P a r t i c u la t e  E x p o s u r e s

• USACHPPM (2004) M easured particu lates from oil well fires

• M. Sopori (2004) Lovelace Respiratory R esearch  Institute: 
Inhalation of crystalline silica activates the  immune system ; 
silicosis resu lts  from second  phase  of re sp o n se  that does not 
require su sta in ed  im m une activation

• J. Lewis (2004) University of New Mexico: Penetration  of inhaled 
DU into th e  brain is enhanced  w hen occurs with inflammation in 
the nasal cavities

S u m m a r y :  
P a r tic u la te  E x p o su r e s  in th e  G u lf W ar

• Multiple so u rces  of particu late exposure  during th e  Gulf W ar

• A m bient particu la te  levels in th e  region am ong th e  h ig h est in the 
world

• Kuwaiti sand  is unique: fine “d u s t”, highly mineralized

• Little epi information: som e indication of assoc iation  of chronic 
sym ptom s with s/r sandsto rm  exposure

• R ecen t research  evaluates relationship  of particu la tes to system ic 
and neuro  inflammation
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