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FOREWORD 

Cu r ren t I n t e l l igence Bui le t i ns ( CIBs ) are  issued by t he Nat i ona l Ins tit u t e  
fo r Occupat i onal Sa f e ty and Hea l th (NIOSH ), Cen t e rs for  Disease Con trol, 
A t l an t a, Geo rgia , to  d i ssem i nate  new sc i en ti f i c  in fo rmation abou t 
occupational haza rds . A C I B  may d raw a t t ention to  a p reviously un recognized 
haza rd , repo r t  new data sugges t i ng that a known hazard is e i the r mo re o r  
l ess dange rous than fo rme rly t hough t ,  o r  dissemina t e  in fo rmation 
recommend i ng speci fic con t rols f o r  a haza rd . 

CIBs are p r epa red by the s t a f f o f  t he Divis i on o f  Standa rds Developmen t  and 
Techno l ogy T rans f e r, N I OSH ( Robe r t  A. Taf t  Labo rato ries, 4676 Co l umbia 
Pa rkway , C i ncinnati , Ohio 45226 ). They are  dis t ribu t ed to  rep resen tatives 
o f  academ i a ,  indus t ry ,  o rganized l abo r, public heal t h  agenc i es, and pub l ic 
i n t e res t g roups , as wel I as to Fede ra l agencies that  are  respons i b l e  fo r 
ensu r i ng the heal t h  and sa fety  o f  wo rke rs. Ou r in t en tion is to p rovide 
ready access t o  the  i n formation con t a i ned i n  CIBs . We welcome suggestions 
conce rn i ng t hei r con t en t, s tyle , and· d i s t r i bu tion. 

The pu rpose o f  th i s  bu l l e t i n is to d i sseminate recen t i n f o rma tion on the 
po ten t i a l  carc i nogen i c i ty o f  d i ese l exhaust . In Ma rch 1986, N I OSH i ssued a 
documen t ent i t l ed "Evalua t i on o f  the Po t en t i a l  Hea l th E f fects  o f  
Occupat i ona l Exposu re t o  D i esel Exhaus t i n  Unde rg round Coa l M i nes . "  Th i s  
documenl s ta t ed that wo rkers exposed to diese l exhaust  expe r i enced eye 
i r r i tat i on and reve rs i b l e  decremen ts i n  pu l mona ry func t i on .  I n  the 
documen t ,  NIOSH conc l uded that  no causa l relat i onship had been estab l i shed 
be tween exposu re to who l e  d i ese l exhaus t and cance r, bu t t ha t  such a 
rela t i onsh i p  was plaus i b l e  on the bas i s  o f  an i mal s tud i es i n  which ext rac t s  
o f  d i ese l exhaus t we re used. S i nce t h e  release o f  t ha t  documen t ,  repo r t s  o f  
s tudies i n  an i ma l s  have con f i rmed t h e  pot en t i al ca r c i nogen i c i ty of  whole 
d i ese l exhaus t .  

On the bas i s  o f  the resul t s  o f  these s tudies, N I OSH recommends t hat  whole 
d i esel exhaus t be rega rded as "a po t en t i al occupa t i onal ca rc i nogen, " as 
de f i ned i n  t he Cance r Pol i cy o f  t he Occupa t i ona l Sa f e ty and Heal t h  
Adm i n i s t  r a t  i o n  (OSHA ) ( "  I den t i f i ca t i on , C I ass i f i ca t ion , and Regu I at  i on o f  
Po ten t i a l  Occupa tiona l Ca rc i nogens , "  29 CFR 1990 ) . This reconvnendation i s  
based on f i nd i ngs o f  ca rc i nogenic and tumo r i gen i c  responses i n  rats and mice 
exposed to whole d i ese l exhaus t .  Though the excess r i sk o f  cance r i n  
d i ese l -exhaus t -exposed workers has not been quan t i t a t i ve l y estimated, i t  is 
l og i ca l  to assume tha t  reduc t i ons in exposu re to d i ese l exhaus t in t he 
wo rkplace wou l d  reduce the excess r i sk. 
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Diesel exhaust is a comp l ex mix t ure o f  compounds, and i ts compos i t i on var i es 
greatly with fuel and engine type, l oad cyc l e, engine ma i n t enance , tun i ng ,  
and exhaust  gas treatmen t. This comp l exity i s  compounded by a mu l t i tude o f  
environment a l  set tings i n  which d i ese l -powered equ i pmen t i s  opera t ed. 
Because o f  limitations in curren tly ava i l ab l e  t echno l ogy and t e s t me thods, 
NIOSH cannot at this time con fiden t l y o f fer reco11111endations for 
environmenta l moni toring o f  exposures to diese l exhaus t, or for genera l ly 
app l icab l e  contro l m�a.sures. that  .woutd assure adequat e  reduction o f  the 
carcinogenic r i sks assoc i ated wi th  occupationa l exposure to  diese l engine 
emissions. Con tinued investigation o f  t hese i ssues is c l ear l y  essen tia l .  

NIOSH rec011111ends that producers o f  diese l eng i nes d i ssem i nate this curren t  
in formation to their customers, and that users o f  d i ese l -powered equipmen t 
disseminate this curren t in formation to  the i r  workers. N I OSH a l so 

frecomnends that professional and trade assoc i ations and un i ons in form their 
members o f  the new findings o f  pot en tia l carc i nogen i c  hazards o f  exposure to  
diesel engine emissions, and that  a l  I ava i l ab l e  preven tive e f forts ·' 

(inc l uding avai l ab l e  engineering con tro l s  and work prac t i ces ) be vigorously 
imp l emented to minimize exposure o f  workers to d i ese l e ust . Readers 
seeking more detai l ed in formation on the s tud i es c i te n th i s  bul l etin are 
urged to consu l t  the origina l pub l icat' ns. 

a r , M . D . , D . T . P . H . ( Lond . ) 
Surgeon Genera l 

i rector, Nat i ona l I ns t i t u t e  for 
Occupa t i ona l Sa fety and Hea l th 

Cen t ers for D i sease Con tro l 

i v  

·.� 

known engineering contro l s, to  deve l op add i tiona l techn i ques, to  eva l uate  t he 
combined e f fect s  o f  eng i neering con trols, and to  ident i fy wh i ch con tro l s  are •. · 

most appropriat e  for various uses o f  diese l -powered equ i pmen t. A pre ferred 
engineering con tro l technique is subs ti tut i on (rep l ac i ng a hazardous materia l ,, 
or process wit h  an a l ternative that  has a l ower hea l th risk ). However, the 
health and safety i mp l i cations o f  any proposed a l t erna t i ves to  d i ese l power 
require care fu l eva l uat i on be fore imp l emen t a t i on. 

Diese l exhaus t i s  a very comp l ex m i x t ure, and its compos i t i on var i es grea t l y  
with  fue l and eng i ne type, l oad cyc l e, maint enance, tun i ng, and exhaus t gas 
treatmen t. This comp l ex i ty i s  compounded by the mu l t i t ude of env i ronmen tal 
backgrounds i n  wh i ch d i ese l -powered equipmen t is operat ed. Gases and 
particu l at es found i n  the workp l ace may emana t e  from a number o f  sources , 
inc l ud i ng diese l eng i nes. Methods have been deve l oped and used for 
apportion i ng t he con tr i but i on o f  highway vehicle emissions from various 
sources [Hamp ton e t  a l .  1983] and for appor tioning sources o f  occupat i onal 
exposure to eng i ne exhaust [Curr i e  e t  a l . 1981; Johnson e t  a l .  1981; Cantre l l  
e t  a l .  1986]. A l though N I OSH-va l i da t ed samp l ing and ana l y t i ca l  met hods exis t 
for componen t s  o f  d i ese l exhaust, none o f  these me thods can be used to 
appor t i on sources of exposure. 

Quan titative r i sk es t i ma t es are yet  to  be deve l oped for workers exposed to 
diese l exhaus t.  Stud i es invo l v i ng measuremen t or care fu l es t i ma t i on of the 

' ' 

ex t en t  o f  exposure to  d i  ese I exhaust are: urgen t l y  needed. .. 

REFERENCES 

Bat t i ge l l i  MC [ 1965]. 
10(2): 165-67. 

E f fec t s  o f  d i ese l exhaus t. Arch Env i ron Hea l th 

Br i gh twe l I J ,  Fou i l l e t  X, Cassano-Zopp i A-L, Gat z  R, Duchosa l F [ 1 986]. 
Neop l as t i c  and func t i ona l changes i n  roden t s  a f t er chron i c  i nha l at i on o f  
eng i ne exhaust em i ss i ons. I n: l shin i sh i  N, Ko i zum i A, McC l e l  I an RO, Stober 
W, eds. Carc i nogen i c  and mu tagen i c  e f fect s  o f  d i ese l eng i ne exhaus t. 
Proceedings of the Sympos i um on Tox i co l og i ca l  E f fect s  o f  Em i ss i ons from Diese l 
Engines, Tsukuba C i ty ,  Japan, Ju l y  26-28, 1 986. New York, NY: E l sev i er 
Sc i ence Pub l i shers, pp. 471 -487. 

Can tre l l  BK, Ze l l er HW , W i  I I i ams KL, Coca l i s  J [ 1 986] . Mon i tor i ng and 
measuremen t o f  i n-mine aeroso l :  d i ese l em i ss i ons . I n: D i ese l s  i n  
underground m i nes. Proceed i ngs of the Bureau of M i nes Techno l ogy Trans fer 
Sem i nar , Lou i sv i  I l e  KY , Apr i I 21 , 1987 and Denver CO , Apr i I 23, 1987. 
Wash i ng ton , DC: U . S .  Depar tmen t  o f  the I n t er i or, Bureau o f  M i nes , BOM 
Informat i on C i rcu l ar 9141, pp. 1 8-40. 

CFR. Code o f  Federa l Regu l at i ons . Wash i ng t on, DC: U . S. Governmen t Prin t i ng 
O f f i ce ,  O f f i ce o f  the Federa l Reg i s t er. 

Cooper JA, Curr i e  LA , K l ouda GA [ 198 1 ]. Assessmen t o f  con t emporary carbon 
combus t i on source con t r i bu t i ons to urban a i r  par t i cu l a t e  l eve l s  us i ng 
carbon-1 4  measuremen ts. Env i ron Sc i Techno l 1 5 (9 ):1045- 1050. 

27 



Carc i nogens" [29 CFR* 1 990] , also known as "The OSHA Cancer Po l i cy . " N I OSH 
cons i ders the OSHA class i f i ca t i on t he mos t app ropr i ate  for use i n  
i denti fy i ng po t ent i a l occupa t i onal ca rc i nogens t [29 CFR* 1990] . Exposure 
to d i ese l exhaust has been shown to p roduce ben i gn and mal i gnan t t umo rs i n  
rats and m i ce. There fore , N I OSH recommends that  whole d i esel exhaust be 
regarded as a potentia l occupat i ona l carc i nogen i n  con formance w i th the OSHA 
Cancer Po l i cy ( 29 CFR 1 990 ) . 

The excess cancer r i s k  for wo rkers exposed t o  d i esel exhau s t  has not yet 
been quant i f i ed ,  but the p robab i I i ty o f  develop i ng cance r should be 
decreased by m i n i mizi ng exposure . As pruden t public health pol i cy, 
employers should ass ess t he cond i t i ons under wh i ch wo rke rs  may be exposed to 
d i ese l exhaust and r educe exposures to the lowes t feas i ble l i m i t s .  Alt hough 
a subs tan t i al amoun t  o f  i n forma t i on sugge s t s  t ha t  some componen t ( o r  

f comb i nat i on o f  componen t s )  o f  the part i cu l ate f rac t i on o f  d i esel exhaust i s  
assoc i ated w i t h t umor i n i t i at i on,  t h e  relat i ve roles o f  the  part i cu l ate and 
gaseous phases o f  em i ss i ons  need further charac t e r i zat i on.  

RESEARCH NEEDS 

The part i culate exposures used i n  some o f  the  s t ud i es summari zed h ere may 
have i nh i b i ted pulmonary c learance mechan i sms , result i ng in unusually l arge 
part i c l e  depos i t s i n  the lung [Vos t a l  1986] . Resea rch on how part i cle 
depos i t i on and part i cle-assoc i a t ed o rgan i c  compounds influence t h e  
carc i nogen i c i ty o f  i nhaled d i esel exhaus t m i gh t  cla r if y t he roles o f  the 
part i c l es t hemse lves versus th e  chem i cals assoc i a t ed w i t h the part i cles . 
The f rac t i on o f  d i esel exhaus t con t a in i ng the  causat ive agen t ( o r  
comb i na t i on o f  agen t s ) needs t o  be f urthe r de f ined , and those agen t s  need to 
be i den t if i ed .  

Enginee r i ng con t rol t ech n iques can be e f fec t ive in red ucing the  p roduc t i on 
or tox i c i ty o f  d i esel eng ine emiss i ons . Fuel and eng ine mod i f ica t i ons and 
exhaust t reatment  al I have been i nves t i ga t ed , and each app roach en ta i I s  
costs as we l I as bene f i t s .  No t echniq ue e f fect i vely reduces o r  con t rols al I 
componen t s  o f  d i esel exhaus t .  Resea rch is needed to  imp rove the e f f i cacy o f  

*Code o f  Fede ral Regulat i on s . See CFR i n  r e f e rences. 

t111Po t en t ial occupat i onal ca rcinogen' means any subs tance, or comb i na t i on 
or mix t u r e o f  subs tances, wh ich causes an inc r eased in c i dence o f  ben i gn 
and/o r malignan t neoplasms , o r  a subs tan t i al dec rease in the la t ency peri od 
be tween exposu re and onse t o f  neoplasms in h uman s or in one o r  more 
expe r i men tal mammalian species as t h e  result o f  any o r al, respira t o ry , or 
derma l exposure,  o r  any o t h e r  exposure  wh ich result s in the induc t i on o f  
t umo rs a t  a site o t he r than the sit e o f  admin is t rat ion . This d e f i n i t i on 
also inc ludes an y sub s t ance wh ich i s  me t abo l i zed in to one or  more po t en t i al 
occupa t ional ca rc i nogens by  mammals " [29 CFR 1990 ]. 
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ABSTRACT 

Th i s  bu l l et i n  presents recent i n formation on the potent i a l  carc i nogen i city 
o f  diese l exhaust . I nc l uded are d i scuss i ons o f  recent an i ma l  stud i es that 
con f i rm the re l ationship between cancer and exposure to who l e  d i ese l 
exhaust. A l so d i scussed i s  ep i dem i o l og i c  evidence that associates l ung 
cancer w i th occupat i ona l exposure to diese l eng i ne emiss i ons. On the bas i s  
o f  the resu l t s o f  these studies , N I OSH reconmends that who l e  d i ese l exhaust 
be regarded as a poten tia l occupationa l carcinogen i n  con formance w i th the 
OSHA Cancer Po l i cy ( 29 CFR 1990 ). 
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separate-age subcohor t s  w i th i n  the s tudy popu l at i on .  Though there i s  mer i t i n  
the authors' rat i ona l e  for sp l i t t i ng the groups by age , the r i sk ana l ys i s  
shou l d  have cons i dered d i ese l exposu re fo r the comb i ned cohor t a l so .  The 
i nves t i gators a t t emp ted to charac t er i ze exposu res to d i ese l exhaus t by 
co l l ec t i ng i ndus t r i a l  hyg i ene  data, but they we re  forced to use an 
exper i men ta l approach to co l l ec t  them. E xposure to d i ese l exhaus t i s  
d i ff i cu l t  to  measu re  because  o f  the  comp l ex nature o f  the  exhaus t .  Measur i ng 
exposure to resp i rab l e  part i cu l ate mat ter as a surrogat e  for d i ese l exhaus t 
a l l ows for a subs tan t i a l  error i n  c l ass i f i cat i on o f  exposures, as t he re i s  no 
way to de f i ne the source o f  the par t i cu l at es . Adj us t i ng the measuremen t s  to 
exc l ude the con tr i but i on of c i gare t te smoke par t i cu l a t es e l i m i nates on l y  one 
ex t raneous sou rce o f  resp i rab l e  pa r t i cu l a t es. The c l ass i f i cat i on o f  exposed 
and unexposed wo rkers i s  par t i cula r l y  impo r tan t to the  outcome o f  t h e  
case-con t rol s t udy because t h e  unexposed workers were used a s  the re feren t 
popu l at i on. Fu r the rmore , no a t temp t s  were made to con tro l for po tent i a l l y  
con found i ng exposu res to  pyro l ys i s  p roduc t s  o f  fue l s  that we re  used t o  power 
locomot i ves before  the  use o f  d i esel fue l . 

CONCLUSIONS 

Recen t an i ma l  s tud i es i n  rat s and m i ce con f i rm an assoc i at i on be tween t he 
i nduc t i on o f  cance r and exposure to who l e  d i esel exhaust. The l ung i s  the  
p r i mary s i t e i den t i f i ed w i th ca rc i nogen i c  o r  tumo r i gen i c  responses fo l l ow i ng 
i nha l at i on exposu res . l i m i t ed ep i dem i o l og i c  ev i dence sugges t s  an assoc i at i on 
be tween occupat i ona l exposure to d i esel eng i ne em i ss i ons and l ung cancer. The 
cons i s t ency o f  these tox i co l og i c  and ep i dem i o l og i c  f i nd i ngs sugges t s  t ha t  a 
pot en t i a l  occupat i ona l carc i nogen i c  haza rd ex i s ts i n  human exposure to d i ese l 
exhaus t. 

Tumo r i nduc t i on i s  assoc i a t ed w i th d i esel exhaus t pa r t i cu l at es . l i m i t ed 
ev i dence ind i ca t es that the gaseous frac t i on o f  d i ese l exhaus t may be 
ca rc i nogen i c ,  as we l l . 

RECOMMENDATIONS 

C l ass i f i ca t i on sys t ems for i den t i fy i ng a subs tance as a carc i nogen have been 
deve l oped by the Nat i ona l Tox i co l ogy P rog ram (NTP ) [NTP 1 984],  t he 
I n t ernat i ona l Agency for Research on Cance r ( IARC ) [ I ARC 1979 ] ,  and OSHA i n  
i ts " I den t i f i cat i on ,  C l ass i f i cat i on ,  and Regu l a t i on o f  Po t en t i a l  Occupat i ona l 
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exposed o r  unexposed to d i ese l exhaus t ,  depend i ng on t he yea rly j ob code. 
These classi ficat i ons we re confi rmed by measu r emen t s  o f  cu rren t exposures to 
resp i rable pa r ticulat e  mat te r  fo r wo rke rs  i n  selec t ed j obs . These 
measu remen t s  we r e  analyzed as desc ribed in the earlie r d i scuss i on of the 1987 
case-cont rol s t udy [Ga rsh i ck e t  a l . 1987a ] .  A p ropo r t i onal hazards model and 
di rect ly s tanda r d i zed rates we re used to calculat e  the  relative r i sk o f  lung 
cance r fo r a wo rke r whose j ob invo l ves diesel exhau s t  exposu re . The group o f  
wo rke rs  aged 40 t o  44 in 1959 had a r elative risk o f  1 . 45 (95% Cl=1.11- 1 . 89 )  
fo r lung cance r .  This g roup cons i s t ed of wo rke r s  w i th the longes t poss i ble 
du ration of d i esel exposu re . 

To con t rol fo r the confound i ng effec t s  o f  asbes tos exposu res i n  t he coho rt , 
the r ela tive r i sk o f  lung cance r was not conside red fo r g roups o f  wo rke r s  w i th 
poss i b l e  exposu res to asbes t os i n  the  pas t ( shop wo rke r s  and hos tle rs ) . When 
t h i s  analys i s  was conducted , the rela t i ve r i sk for lung cance r r ema i ned 
elevated a t  1.57 ( 95% Cl=1 . 19-2 . 05 )  i n  t he group aged 40 to 44 i n  1959, and i t  
was 1 . 34 (95% Cl=1 . 02-1 . 76 )  i n  t he worke rs  aged 45 to 49 in 1959 . These 
resul t s  conf i rmed t hose ob tained wit h  the p ropo rt i onal hazards reg ress i on 
model . 

The effec t s  of ciga r e t t e  smok i ng could no t be el i minat ed becaus e  o f  the 
ret rospec t i ve natu r e  of the study . Howeve r ,  the p revalence o f  c i ga ret te 
smok i ng was t he same fo r wo rke rs w i t h and wi t hou t poten t i al d i esel exhaust 
exposu re i n  a g roup of 517 cu r ren t ra i I road wo r ke r s  who we re su rveyed i n  1982 
rega rding pas t asbes tos exposure  [Ga rshick e t  al . 1987b ] .  

Ep i dem i olog i c  studies of l ung cance r risk in d i esel-exposed wo rke rs  are  
i nhe ren tly p roblematic because of ( 1 ) the di f f i culty  i n  de f i n i ng and 
quan t i fying exposu re , ( 2 )  the re l ative l y  sho r t  time between i n i t i al exposu res 
and analys i s  of r i sk i n  some stud i es ,  and ( 3 )  the  need to con t rol fo r 
c i ga r ette smoking . The repo rts by Ga rshick e t  ctl . [ 1987a; 1988 ] are  the mos t  
tho r ough epidem i o l og i c  stud i es conducted to date . Data on c i gare tte smok i ng 
were collected in the case-cont ro l study . An at t emp t was made to con trol for 
the con found i ng exposu re to asbes t os . Attempts we r e  also made to cha ract e r i ze 
exposu res to d i ese l exhaust th rough the collection of indust rial hyg i ene 
data. The pe r i od between the f i rs t  d i ese l expos u re and data analys i s  was 
adequate to al low the obse rvat i on of exposu r e- r elated cance r f o r  some age 
g roups of t he coho r t . The fact that the f i nd i ngs  of the two s tud i es we r e  both 
i ndependent ( the two stud i es based thei r ana l yses on diffe ren t lung cance r 
dea t hs ) and cons i stent fo r t i f i es the conclusion that occupat i onal exposu r e  to 
dies e l exhaust i s  assoc i ated w i th an i nc reased risk of  l ung cancer . 

The stud i es of Ga rsh i ck et al . [1987a ; 1 988 ] a r e  sub j ect to a numbe r o f  
l i m i t a t i ons , some of them i nheren t , t ha t  p reclude them f rom p rovid i ng 
defin i t i ve evidence that d i ese l exhau s t  i s  an occupationa l carc i nogen . 
Asce r tainmen t of dea t h  ce rt i f i ca t es was i ncomplet e  i n  bo th s t ud i es (87% in the 
case-con t ro l  s tudy , and 88% i n  the r e t rospec t i ve coho r t  study ) .  I n  both 
repo rts of fina l data , the autho rs  p resen t ed data on lung cance r r i sk only for 
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v i i i  

by measur i ng curren t  exposures to resp i rable par t i cula t e  mat t er for workers 
i n  selec t ed jobs . Resp i rable par t i culat e  ma t t er was chosen as a marker for 
exposure to  t he part i cula t e  frac t i on o f  d i esel exhaus t .  The resp i rable 
part i culat e  frac t i on was sampled becaus e  i t  i ncluded all o f  the d i esel 
exhau s t  par t i culat es and excluded some o f  t he larger nond i esel par t i culat es. 
Resp i rable dus t exposures were corrected for c i gare t te smoke par t i culates by 
analyz i ng the  n i co t i ne con t en t  o f  compos i te samples [Wosk i e  et al. 1988a; 
Wosk i e  e t  al . 1 988b ] .  An ad j us ted resp i rable part i cula te concen tra t i on was 
then calcula t ed for each job group by sub trac t i ng the appl i cable average 
frac t i on o f  c i gare t t e  smoke from each ra i I road's average resp i rable 
par t i cula t e  concen trat i on .  Personal exposure to resp i rable par t i cula t e  mat t er 
was measured for 39 common jobs i n  four U . S .  ra i I roads over a 3-year per i od .  

Accord i ng to  the au thors , d i esel locomo t i ves replaced s team locomo t i ves over a 
short per i od ( from 14% d i esel use i n  1947 to 95% i n  1959 ). Thus the year 1959 
was chosen as t he e f fect i ve beg i nn i ng o f  d i esel exhau s t  exposure for th i s  
s t udy . Workers who re t i red be fore that year were class i f i ed as unexposed to  
d i esel exhaus t .  The au thors acknowledged t hat  some workers had add i t i onal· 
earl i er years o f  d i esel exhaus t exposure. Smok i ng h i s tor i es were ob t a i ned by 
ques t i onna i res from the deceased workers' closes t rela t i ves or by d i rec t 
t elephone con tac t  i f  there was no response to  the ques t i onna i re . Asbes tos 
exposures i n  ra i I road workers occurred pr i mar i ly i n  the s t eam eng i ne era . 
Asbestos exposure for th i s  s t udy was t here fore cat egor i zed by the j ob held i n  
1 959 ( the end o f  the s team locomot i ve era ) or by t he las t job held i f  

·re t i remen t occurred be fore 1959 . 

The relat i ve hazard o f  lung cancer a t tr i bu t able to  d i esel exhaust  exposure was 
calcula t ed us i ng a mu l t i ple cond i t i onal log i s t i c  regress i on to adjus t  for 
smok i ng and asbes tos exposure . A s t at i s t i cally s i gn i f i can t i ncrease i n  
rela t i ve odds ( 1 . 4 1 , 95% Cl=1 . 06-1 . 88 )  was found for lung cancer among workers 
aged 64 or younger at the t i me o f  dea t h  who had worked i n  a [ d i esel-exposed ] 
job w i t h d i esel exposure for 20 years. No i ncrease was found i n  workers aged 
65 or older . The au thors f el t  that  t h i s  f i nd i ng re f l ec t ed the fac t tha t many 
o f  t hese men re t i red shor tly a f ter the  trans i t i on to d i esel-powered 
locomo t i ves . 

Garshick et al. [1988] 

To con f i rm the resul ts of  the  case-con trol s t udy , Garsh i ck e t  al . [ 1988] 
evalua t ed the risk o f  lung cancer as a result o f  exposure to d i esel exhau s t  
from ra i I road locomo tives. These i nves t i gators conduc t ed a retrospec t i ve 
cohor t s t udy o f  55 , 407 wh i te male ra i I road workers who were aged 40 to 64 i n  
1959 and who had s tar t ed ra i I road serv i ce 10 to  20 years earl i er .  The cohor t 
was traced un t i  I the end o f  1980 . Dea t h  cert i f i ca t es were obt a i ned for 88% o f  
1 9,396 deaths , and 1,694 lung cancer cases were i dent i f i ed .  Records o f  yearly 
job ass i gnmen t s  ob ta i ned through the  Ra i I road Re t i remen t Board served as an 
i ndex o f  d i esel exhaus t exposure . Workers were cons i dered to be e i ther 
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Tabl e 9 . �Characteri sti cs of epi demi ol ogi c  stud i es of exposure to d i esel exhaust and carci nogen i c i ty.publ i shed s i nce 1986 

Investi gator Popul ati on stud i ed 

Garshi ck et al . U.S. rai l road workers 
1987a born i n  1900 or l ater 

w i th 10 or more years 
of serv i ce 

. 

Garshick et al . U.S. rai l road workers 
1 988 aged 40 to 64 i n  1 959 

who started rai l road 
serv i ce 10 to 20 years 
earl i e r 
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Workers exposed occu-
pati onal l y  to di esel 
exhaust for 20 years 
had a s i gn i f i cantl y 
i ncreased rel ati ve 
odds rat i o  * 
( l .41, 95% CI :1.06, 
1 . 88) of l ung cancer 

Workers aged 40-44 
i n  1 959 had a s i gn i f i -
cantl y i ncreased 
rel ati ve ri sk  
( l . 45, 95% CI=l . 11, 
1 . 89 )  of l ung cancer 
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Comments 

Popul ati on-based , case
control study that i ncl uded 
i ndust r i al hygi ene charac
teri zat i on of exposures and 
mul t i pl e  cond i t i onal l og i s
t i c  regress i on anal ys i s  to 
adj ust for confounders such 
as smo k i ng and asbestos 
exposures. Onl y 87% of 
death cert i f i cates were 
col l ected . 

Retrospecti ve cohort study. 
Onl y 88% of death cert i 
fi cates were col l ected . 
Effects of smok i ng coul d 
not be el i mi nated. The 
effect of asbestos 
exposures was addressed by 
consi deri ng d i esel -exposed 
workers separatel y f rom 
asbestos-exposed workers 
us i ng a proporti onal 
hazards regres s i on model . 
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had been condu c t ed before 1986, the  on l y  documen t ed h e a l t h  e f fec t s  i n  humans 
were reve rs i b l e  pu l monary func t i on changes ( be fore an d af t e r  a worksh i f t )  i n  
s a l t m i ners [Gamb l e  e t  a l . 1979] and exposure-re l ated eye i r r i .t at i on among 
men expe r i men t a l l y  exposed to d i ese l exh aus t [ Bat t i ge l  I i  1 965] .  Pas t  
ep i dem i o l og i c  s t u d i es o f  occupat i on a l  exposure t o  d i ese l exhau s t  and 
mo r t a l i ty f rom c ancer h ave  been i nconc l us i ve part l y  because o f  a myr i ad o f  
me thodo l og i c  p rob l ems [ N I OSH 1986] . The prob l ems i nc l u ded i ncomp l e t e  
i n fo rmat i on on t h e  ex t e n t  o f  exposure ,  i nsu f f i c i en t  t i me f rom f i rs t  expos u r e  
t o  a l  l ow f o r  t he appearance o f  expos ure- re l at ed c ance r ,  an d con foun d i ng 
var i ab l es such as smok i ng and exposure to  asbes tos or i on i z i ng rad i at i on . 
These prob l ems made i t  i mposs i b l e  to  draw de f i n i t i ve conc l us i ons about t he 
cause o f  any observed excess o f  cancer i nc i dence [NIOSH 1986] . 

S i nce t h e  re l e ase o f  t h at document  [ N I OSH 1986] , the  f i n a l  resu l t s o f  t h ree 
ep i dem i o l og i c  s tu d i es h ave been re l e ased [ E d l i ng e t  a l . 1987; Garsh i ck 
et  a l . 1987a; Garsh i ck e t  a l . 1988]. Pre I i m i nary repo r t s o f  dat a f rom each 
of t hese s t ud i es  were d i scussed i n  t h e  NIOSH documen t [NIOSH 1986] . Two o f  
these recen t ly re l eased f i na l  report s [ Garsh i ck e t  a l . 1987a ; Garsh i ck 
e t  a l . 1988] have i nd i c at e d  an i nc reased r i sk o f  death f rom l ung cancer 
among rai I road workers exposed t o  d i ese l eng i ne em i ss i ons . These s t u d i es 
are summar i zed i n  T ab l e  9 an d d i scussed mo re fu l l y i n  t h i s  sec t i on .  The 
va l i d i ty  o f  the resu l t s ob t a i ned i n  t he s t udy by Ed l i ng et a l . [1 987] was 
ques t i on ab l e  because o f  the  sma l I s i ze o f  the coho r t  ana l yzed ( 6 94 ma l e  
emp l oyees o f  f i ve d i f fe ren t bus comp an i es ) , and because no expos ure  
measuremen t s  were t aken ( expos ures we re es t i mated by j ob t i t l e ) . Fo r t hese 
reasons ,  t he s tudy by E di i ng et a l . [ 1987] w i  I I no t be d i scussed i n  d e ta i I 
i n  t h i s  bu l l e t  i n. 

Garshick et al. [1987a] 
Ga rsh i ck e t  a l . [1987a] conduc t ed a case-con t ro l  s t udy o f  dea t h s  among U.S . 
r a i  I road work e r s  to t es t  t he hypo t hes i s  that  l ung cance r is as soc i ated w i t h  
exposure t o  d i ese l exhaus t .  The s t udy i nc l uded on l y  m a l e r a i  I road work e r s  
who h ad a t  l eas t 10 years o f  r a i  I road se rv i ce ,  we re  ves t ed i n  t h e  r ai I road 
re t i remen t prog ram , we re  bo rn on or af t e r  Jan ua ry 1, 1900 , an d d i ed between 
March 1, 1981 , an d Feb ru ary 28 , 1982 . The i nves t i gators co l l ec t ed death 
ce r t i f i cates fo r 87% of the  15 , 059 deat hs repo r ted t o  the U.S. Ra i I road 
Re t i remen t Boa r d. 

W i t h i n  t h e  cohort , 1 ,256 wo rkers who d i ed f rom l ung c ance r were mat ched w i t h  
two deceased compa r i son wo rkers by age <± 2 . 5 years ) an d date o f  death <± 31 
days ) .  Deceased wo r ke r s whose j obs h ad i nvo l ved expos ure to d i ese l exhau s t  
( eng i nee r s  an d f i remen , b r akemen an d cond uc t o r s , d i ese l locomo t i ve repa i r 
wo rkers , and hos t l e rs ) were compared w i t h  deceased workers w i t hou t 
occupat i on a l  expos ure t o  d i ese l exhau s t  ( c l erks and s t at i on agen ts ) . 

Work h i s t o r i es were de t e rm i ned f rom year l y  job repo r t s  f i l ed w i t h  t h e  U . S .  
Rai I road Re t i remen t Board . These repo r t s we re  used t o  c l ass i fy wo r ke r s as 
exposed o r  unexposed to  d i ese l exhaus t . The c l ass i f i cat i ons we re  con f i rmed 
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observed , and mas t ee l I i nt i  l t rat i on was found w i t h  ep i the l i a l  hype rp l as i a  
whe re mac rophages gathe red . Neoplas t i c  changes we r e  obse rved a f t e r  2 yea r s  
o f  exposu re ; some o f  t hese showed i n t ra-lymphat i c  i nvas i on i nd i cat i ve o f  
mal i gnan t t rans fo rmat i on .  Two types o f  lung ca rc i noma (adenocarc i noma and 
squamous o r  adenosquamous ca rc i noma ) we re obse rved . 

I n  the rats exposed to f i l te red d i ese l exhaus t ,  h i s to l og i c  changes we re 
m i nima l ,  and no h e t e ro t roph i c  hyperplas i a  was obse rved i n  the a l veola r 
wal l s .  Quan t i tat i ve ana l ys i s  o f  ep i thel i a l  p ro l i fe rat i ve changes i n  t he 
l ung i nd i cated an i nc rease i n  af fec ted a reas that was assoc i ated w i th t he 
leng th o f  exposu re to un f i l te red exhaus t .  

Rats exposed to  un f i l t e r ed exhaus t had a stat i s t i ca l l y  s i gn i f i can t i nc rease 
i n  l ung tumo r i nc i dence compa red w i th con t rols . A f t e r  24 mon ths o f  

f exposure , 4/14 rats  had tumo r s , 2 o f  wh i ch we re mal i gnan t . A f t e r  an 
add i t i ona l 6 mon ths  i n  c l ean a i r ,  fou r o f  the f i ve rema i n i ng rats  had 
tumo rs , t h ree o f  wh i ch we re ma l i gnan t . The comb i ned i nc i dence o f  tumo rs  was 
42% (8/19 ) i n  rats  exposed to un f i l te red d i esel exhaus t compa red w i th 0% 
(0/16 )  i n  rats  exposed to f i l te red exhaus t s  and 4. 5% ( 1/22 ) i n  the 
con t ro l s .  The d i s t r i bu t i on of tumo r types found i n  rat s  exposed to 
un f i l te red d i esel exhaust  was as fol l ows: 

Adenomas . . . . . . . . . . . . . . . . . . .  3 rats 
Adenoca rc i noma . . . . . . . . . . . . .  1 �at 
Adenosquamous carc i nomas . . .  2 rats 
Squamous ca rc i noma . . . . . . . . .  1 rat  
La rge cel l ca rc i noma . . . . . . .  1 rat  

The tumo r found i n  the con t rol rat  was an adenoma . The au tho rs conc l uded 
that the s i gn i f i can t l y h i ghe r i nc i dence o f  l ung tumo rs i n  the un f i l te red 
exhaus t exposu re g roup could be at t r i buted to the i nha l at i on o f  pa r t i cles . 

Another i mpo r tan t obse rvat i on i n  th i s  s tudy was a s tat i s t i ca l l y  s i gn i f i can t 
i nc r ease i n  the i nc i dence o f  sp l en i c  ma l i gnan t l ymphoma , w i th o r  w i thout 
l eukem i a .  A f t e r  24 mon ths , the i nc i dence rate was 25 .0% ( 6/24 ) fo r rats  
exposed to un f i l t e red d i esel exhaus t ,  37 . 3% (9/24 ) fo r rats  exposed to 
f i l tered d i ese l exhaus t , and 8. 2% ( 2/24 ) fo r con t rols . The i nc i dence o f  
tumo rs i n  o t h e r  o rgans a l so i nc reased i n  rats exposed t o  f i l te red exhaus t 
( 25% ,  o r  6/24 ) and un f i l te red exhaust ( 29% , o r  7/24 ) compa red w i th  con t rols 
(8. 2% , o r  2/24 ) . The mult i pl i c i ty of tumo rs  i nc reased bo th i n  rats exposed 
to un f i l t e r ed exhaus t and i n  those exposed to f i l te red exhaus t ,  w i th a 
quad rup l ed i nc i dence o f  tumo rs no ted only i n  the un f i l te red exhaus t g roup . 

HUMAN HEALTH EFFECTS 

The N I OSH documen t en t i t l ed Evalua t i on o f  t he Poten t i al Health  E f fec t s  o f  
Occupat i ona l Exposu re to D i ese l Exhaus t i n  Und e rg round Coa l M i nes [ N I OSH 
1986] con ta i ns d i scuss i ons o f  al l p e r t i nen t ep i dem i olog i c  data ava i lab l e  a t  
the t i me .  A l though many ep i dem i o l og i c  s tud i es o f  d i ese l -exposed popu l at i ons 
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CARCINOGENIC EFFECTS OF 
EXPOSURE TO DIESEL EXHAUST 

The pu rpose o f  th i s  bu l l et i n  i s  to d i ssem i nate recen t i n fo rmat i on on t he 
poten t i al ca rc i nogen i c i ty o f  d i ese l exhaus t .  A recent Nat i onal I ns t i tute 
fo r Occupat i onal Safety and Health  ( NIOSH ) documen t en t i tled Evaluat i on o f  
t he Poten t i a l  Health  Ef fec t s  o f  Occupat i onal Exposu re to D i esel Exhaus t i n  
Underg round Coal M i nes [NIOSH 1986] concluded that "Among wo rke rs  exposed to 
d i ese l exhaus t ,  i r r i tat i on of the eyes , and reve rs i b l e dec remen ts i n  
pu l mona ry func t i on have been documen ted . "  The documen t also s t ated that "a 
causa l assoc i at i on between exposu re to who l e  d i ese l exhaust  and cance r ,  
a l though plaus i ble on the bas i s  o f  s tud i es o f  ex t rac t s  o f  d i ese l exhaus t i n  
an i ma l s ," had not been es tab l i shed . S i nce pub l i cat i on o f  that  documen t ,  
results o f  an i ma l  s tud i es have con f i rmed the po ten t i a l  ca rc i nogen i c i ty o f  
who l e  d i esel exhaus t. Th i s  Bui l e t i n  desc r i bes the resu l t s of t hose an i mal 
s tud i es and d i scusses the l i m i t ed ep i dem i olog i c  ev i dence o f  an assoc i ation 
be tween lung cance r and occupat i ona l exposu re to d i esel eng i ne em i ss i ons . 

BACKGROUND 

D i ese l eng i nes rely on heat gene rated du r i ng the comp ress i on cyc l e  fo r 
i gn i t i on rat he r than on an e l ec t r i ca l  spa rk as i n  gaso l i ne eng i nes . Because 
o f  the h i gh e r  comp ress i on requ i red , d i ese l eng i nes are heav i e r and bu l k i e r 
than gasol i ne eng i nes . Howev e r , d i ese l eng i nes can ope rate w i th  l ess h i ghly 
re f i ned fuel and consume less fue l pe r hp rsepowe r pe r hou r . The d i esel 
eng i ne i s  the p redom i nan t sou rce o f  i ndus t r i a l  powe r th roughou t the wo rld 
fo r un i ts up to abou t 5 ,000 ho rsepowe r [Encyc l opaed i a  B r i tann i ca 1987] . 

Compos i tion of Diesel Engine Em i s sions 

D i esel eng i nes func t i on by fac i l i tat i ng the combust i on o f  l i qu i d  fue l 
w i thout spa rk i gn i t i on .  In gaso l i ne eng i nes , a m i xture  o f  a i r and fuel i s  
d rawn i n to a combust i on chambe r ,  comp ressed, and then i gn i ted by an elec t r i c  
spark . I n  d i ese l eng i nes , a i r alone i s  comp ressed i n  the combus t i on 
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chambe r .  Fue l i s  then i n t roduced i n to the chambe r ,  and i gn i t i on i s  
accomp l i shed by the  heat o f  comp ress i on .  

The em i ss i ons f rom d i ese l eng i nes cons i s t o f  bo th  gaseous and pa r t i cu l a t e  
f rac t i ons . The gaseous cons t i t uen t s  i nc l ude ca r bon d i ox i de ,  carbon 
monox i de ,  n i t r i c  ox i de ,  n i t rogen d i ox i de , ox i des o f  su l fu r , and hyd roca rbons 
( e . g . , e thy l en e , f o rma l dehyde , me thane , benzene , pheno l , 1 , 3-bu tad i ene , 
ac ro l e i n ,  and po l ynuc l ea r  a roma t i c  hyd roca rbons ) [ L i nne I I and Sco t t  1962 ; 
Env i ronmen ta l Hea l t h Assoc i at es 1978 ; Schenke r 1980 ; Trav i s  and Mun ro 
1983 ] . Pa r t i cu l a tes ( soo t ) i n  d i ese l exhaus t are composed of so l i d c a r bon 
co res tha t  are p roduced du r i ng t he combus t i on p rocess and that  t end to fo rm 
cha i n  or  c l us t e r  agg regates . Mo re t han 95% o f  these pa r t i cu l a t es a r e  l ess 
than 1 m i c rome t e r i n  s i ze [ T rav i s  and Mun ro 1983 ; Vos ta l  1980 ; Mccaw l ey and 
Coca l i s  1986] . E s t i ma t es i nd i ca t e  t ha t  as many as 18, 000 d i f fe ren t 

f subs tances f rom the combus t i on p rocess can be adso rbed on t o  d i ese l exhau s t  
pa r t i cu l ates [ We i senbe rge r 1984 ] . The adso rbed ma t e r i a l  cons t i t u t es 1 5% t o  
65% o f  the tota l par t i cu l at e  mass and i nc l udes such compounds a s  po l ynuc l ea r  
a romat i c  hyd roca rbons ( PAHs ) [ T rav i s  and Mun ro 1983 ; Cudd i hy e t  a l . 1984 ] . 

Number of Exposed Workers 

N I OSH es t i mates that  app rox i ma t e l y  1 . 35 m i  I l i on wo rkers  a r e  occupat i ona l l y  
exposed t o  the .. combus t i on p r oduct s  o f  d i  ese I fue  I i n  app rox i ma t e l y  80 , 000 
wo rkp l aces i n  the Un i t ed States [ N I OSH 1983 ] . Wo rke rs  who a r e  l i ke l y  t o  be 
exposed to d i ese l em i ss i ons i nc l ude m i ne wo rke r s , b r i dge and t unne l wo r ke rs , 
ra i I road wo r ke rs , l oad i ng dock wo rke rs , t ruck d r i ve r s , f o r k- l i f t d r i ve r s , 
fa rm wo rke r s , and au t o , t ruck , and bus ma i n tenance ga rage wo rke r s . 

EXPOSURE L I M I TS 

Pe rm i ss i b l e  exposu re l i m i t s  ( PELs ) estab l i shed by t he Occupat i ona l Sa f e t y  
and Hea l th Adm i n i s t ra t i on (OSHA ) and t h e  M i ne Sa fety  and Hea l th 
Adm i n i s t rat i on (MSHA ) fo r some gases typ i ca l l y  found i n  d i es e l exhaus t a r e 
l i s t ed i n  Tab l e  1 a l ong w i th t h e  r econwnended expos u r e  l i m i t s  ( RELs ) 
es tab l i shed by N I OSH . 

OSHA , MSHA , and N I OSH expos u r e  l i m i t s  re l evan t to  t he pa r t i cu l a t e  f rac t i on 
o f  d i ese l eng i ne em i ss i ons a r e  l i s t ed i n  Tab l e  2 .  Because d i ese l em i ss i on 
pa r t i cu l ates a r e  o f  resp i rab l e  s i ze ,  the  p resence o f  d i ese l equ i pmen t 
con t r i bu t es to the  t o t a l bu rden o f  resp i rab l e  dus t p resen t i n  an 
occupa t i ona l env i ronme n t . Ex i s t i ng l i m i ts for  occupat i ona l exposu r es t o  
othe r resp i rab l e  dus t s  a l so l i m i t exposu res to  t h e  pa r t i cu l at e  f rac t i on o f  
d i ese l em i ss i ons . 

As much as 15% to 65% o f  the mass o f  pa r t i cu l a te  em i ss i ons ( soo t )  o f  d i ese l 
eng i nes i s  made up of o r gan i c  compounds adso rbed on to  t he su r face o f  t h e  
pa r t i cu l ates [ T rav i s  and Mun ro 1983 ; Cudd i hy e t  a l . 1984] . Among t hese 
o rgan i c  compounds i s  a g roup of  compounds known as po l ynuc l ea r  a r oma t i c  
hyd roca rbons ( PAHs ) ,  seve ra l o f  wh i ch a r e  ca rc i nogens [ I ARC 1 983 ] . PAHs a r e  
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A f t e r  6 mon ths  o f  exposu re , "an t h racos i s " "'  was obs e r ved i n  a l  I g roups 
exposed to pa r t i c l e-co n t a i n i ng exhaus t s . Seve r i t y was p ropo r t i ona l t o  
concen t r a t i on and du rat i on o f  exposu r e . Hype rp l as i a  o f  t y p e  I I ep i the l i a l  
ce l l s and b r onch i o l a r  ep i the l i um assoc i at ed w i t h an t h racos i s  was obse r ved 
a f t e r  18 mon ths i n  the g roups exposed to t he h i ghe r pa r t i c l e  
concen t ra t i ons . The ex t en t  o f  these cond i t i ons depended on exposu r e . 
Squamous me tap l as i a  w i t h  foca l i n t e r s t i t i a l  f i b ros i s  was o f t en obse rved i n  
hype rp l as t i c  l es i ons o f  the  subp l eu ra l  zone . Scann i ng e l ec t ron m i c roscopy 
r evea l ed i r r egu l a r i ty ,  sho r t e n i ng ,  and absence o f  c i l i a i n  t he mucosa ! 
ep i t he l i a  o f  the  t rachea and ma i n  b ronch i . These l es i ons we r e  a l so obse rved 
i n  rats  exposed on l y  to  the gaseous componen t s  o f  the exhaus t ;  t he seve r i ty 
o f  the l es i ons i n c reased i n  p ropo r t i on to  exhau s t  concen t ra t i on and du r a t i on 
o f  expos u r e . 

A s tat i s t i ca l l y  s i gn i f i can t i nc rease occu r r ed i n  the  i nc i dence o f  l ung 
t umo r s  i n  r a t s  (ma l e  and f ema l e  comb i ned ) exposed f o r  30 mon ths  t o  
heav3-du ty d i ese l eng i ne exhau s t  w i t h pa r t i cu l a t e  concen t rat i ons o f  4 
mg/m compa r ed w i th con t ro l s .  Tumo r i nc i dence was 6 . 5% ( 8/124 ) f o r  
exposed r a t s  and 0. 8% ( 1 /123 ) f o r  con t ro l s .  T h e  ma j o r i t y o f  t umo r s we r e  
squamous ee l I ca r c i nomas , adenosquamous ca r c i nomas , and adenoca r c i nomas . 

l wa i  et  a l . [ 1 986] 

l wa i  e t  a l . [ 1 986] s t ud i ed t he e f fec t s  o f  l ong- t e rm i nha l at i on exposu r e  to 
f i l t e red and un f i l t e r ed d i ese l exhau s t  i n  f ema l e  F344 r a t s . Exhau s t  fo r 
t h i s  expe r i men t was gene r a t ed by a 2 . 4- 1 i t e r  I i gh t -d u t y  d i ese l eng i ne .  
Seven-week-o l d  f ema l e  r a t s  ( i n i t i a l l y 24 an i ma l s/exposu re  g roup )  we r e  
exposed t o  un f i l te red exhaus t ,  f i l t e red exhaus t , o r  c l ean a i r fo r 24 mon ths , 
8 hou rs/day , 7 days/week . Measu red concen t r a t i ons (mean + s t anda rd 
dev i a t i on )  of  exhau s t  componen t s  we re  4 . 9  ± 1 . 6 mg/m3 fo r

-
pa r t i c l es ,  30 . 9  

± 10 . 9  ppm fo r ox i des o f  n i t rogen ( NOx ) ,  1 . 8  ± 1 . 8 ppm fo r n i t rogen 
d i ox i de ( N02 ) ,  1 3 . 1  ± 3 . 6 ppm f o r  su l f u r  d i ox i de ( S02 ) . and 7 . 0 ± 1 . 4 
ppm fo r carbon monox i de (CO ) . Some an i ma l s  we re  au tops i ed a f t e r  3 ,  6, 1 2 ,  
and 24 mon ths o f  exposu re . H i s t o l og i c  and e l ec t ron-m i c roscop i c  exam i na t i ons 
we r e  pe r fo rmed on l ungs , sp l een , and o t he r o rgans . Some of  t h e  rats  exposed 
fo r 12 to 24 mon ths  we re  kep t i n  c l ean a i r fo r an add i t i ona l 3 o r  6 mon ths  
and t hen exam i n ed . 

A f t e r  6 mon ths  o f  exposu r e  to  u n f i l t e r ed d i ese l exhaus � . phagocy to t i c  
mac rophages f i  I l ed w i t h b l ack pa r t i c l es we re  d i s t r i bu t ed i n  an i r r egu l a r  
pa t t e rn i n  the  l ungs . A r eas whe r e mac rophages we re  ga the red showed 
p ro l i f e r a t i ons o f  Type I I a l veo l a r ep i t he l i a l  ee l I s  show i ng adenomatous 
me tap l as i a .  Mo re  l es i ons we r e  found a f t e r  1 yea r of  exposu r e , bu t no 
neop l as t i c  l es i ons we r e  obse rved . Two adenomas we r e  found i n  one of  f i ve 
r a t s  kep t i n  c l ean a i r fo r 3 mon ths a f t e r  1 yea r o f  exposu r e  to  un f i l t e red 
exhaus t .  A f t e r  2 yea rs o f  exposu re , the  numbe r o f  pa r t i c l es i n  t he 
mac rophages i n c reased ma rked l y .  F i b rous t h i cken i ng o f  a l veo l a r  wa l I s  was 

"'An t h racos i s  i s  assumed to mean d i sco l o r a t i on o f  the  l ung . 
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Tabl e 8 . �Summary of gas and part ; cl e  concentrat ; ons * 

( Adapted frOll Ishi n i shi et al . ,  1 986) 

Gaseous Concentrati on 

Type of Part; cl e  concentrat; on • 
Foraal - so42 

d ; esel 'mglml3 NO>c NO NOz co cof S02 dehyde 
(tig/113) 1i, e>chaust Target f Actual ( ppm )  ( ppm) ( ppm) ( ppm) (% ( ppm) ( pp!R) (%) 

Unf i l tered 4 3 . 72 37 . 45 34 . 45 3 . 00 1 2 . 9 1 0 . 360 4 . 57 0 .29 361 20 .4 
e>chaust 2 1 . 84 2 1 . 67 1 9 . 99 1 . 68 7 . 75 0 . 2 1 5  2.82 0 . 18 198 20 . 6  
f rom heavy- 1 0 . 96 1 3 . 1 3  1 2 . 1 1  1 .02 4 .85 0 . 140 1 .79 0 . 1 1  1 1 1  20 . 7  
duty engi ne 0 . 4  0 . 46 6 . 1 7  5 . 7 1 0 . 46 2 . 65 0 . 084 0 . 98  0 .05 62 . 9  20 .8 

0 0 . 002 0 . 06 1  0 . 042 0 . 02 1  0 . 63 0 .035 0 .06 0 . 003 0 . 49 20 .8 

Fi l tered 4 ( un f i l tered ) 2 . 99 36 . 45 31 . 50 4 . 95 1 2 . 90 0 . 4 1 2  4 . 03 0 . 20 358 20 . 3  
and unf i l - 4 ( fi l tered ) 0 . 0 1 9  36 . 76 32 . 8 1  3 . 96 1 3 . 00 0 . 391 4 . 50 0 .24 1 . 6 1  20 . 4 
tered 0 . 4  ( unfi l tered ) 0 . 39 5 . 8 1  5 . 37 0 . 44 2 . 50 0 . 084 0 .98 0 .04 57 . 7  20 . 7  
e>chau s t  f rom 0 .4 ( fi l tered ) 0 . 005 5 . 58 5 . 1 6 0 . 42 2 . 54 0 .083 0 .96 0 .04 1 .43 20 . 7 
heavy-duty 0 0 . 004 0 . 062 0 . 040 0 . 024 0 . 06 0 .068 0 .03 0 . 003 0 . 35 20 . 8  
engi ne 

Unfi l te red 2 2 . 32 20 . 34 1 8 . 93 1 . 4 1 7 .  1 0  0 . 4 1 8  4 . 70 0 . 1 3  3 1 5  20 . 3  
exhaust 1 1 . 08 1 0 .  1 4  9 . 44 0 . 70 3 . 96 0 . 2 1 9  2 . 42 0 . 07 1 5 1  20 . 5  
fro111 l i ght- 0 . 4  0 . 41  4 . 06 3 . 8 1  0 . 26 2 . 1 2 0 . 1 05 1 . 06 0 . 03 62 . 4  20 . 7  
duty engi ne 0 .  1 0 . 1 1 1 . 24 1 .  1 6  0 . 08 1 . 23 0 . 050 0 . 38  0 . 0 1  1 8 . 8  20 . 8  

0 0 . 003 0 . 044 0 . 033 0 . 0 1 1 0 . 80 0 . 026 0 . 06 0 . 002 0 . 41  20 .8 

*
Exposures were for 30 months . 

tGroups are i den t i f i ed i n  the te>c l by the des i gn exposure .  

Tabl e 1 . --Li m\ ts f o r  occupat i onal exposure t o  sel ected 
components  of the gaseous f ract i on of d i e sel exhaus t ;  OSHA , MSHA , NIOSH compared 

Component 

Carbon d i ox i de 
( COz ) 

Carbon monox i de 
( CO )  

formal dehyde 

N i t rogen d i ox i de 
(N02 ) 

Ni tri c oxi de 
( NO )  

Sul f u r  d i ox i de 
(502 ) 

OSHA PEL 

5 , 000 pp� (9 , 000 mg/m3 ) , 
8-hr TWA 

50 ppm (55 mg/m3 ) ,  
8-hr TWA 

1 p pm, 
8-hr TWA ; 
2 ppm , 
1 5-mi n ute STEL 
5 ppm (9 mg/m3 ) , 
cei l i ng 

25 ppm ( 30 mg/m3 ) ,  
8-hr TWA 

5 ppm ( 1 3 mg/m3 ) , 
8-hr TWA 

Underground 
coal mi nes 

MSHA PELs* 

5 , 000 ppm ( 9 , 000 mg/m3 ) , 
8-hr TWA ; 
30 , 000 ppm (54 , 000 mg/m3 ) ,  
STEL� 

50 ppm (55 mg/m3 ) ,  
8-hr TWA ; 
400 ppm (440 mg/m3 ) ,  
STEL 

l ppm ( 1 . 5 
,.
mg/m3 ) ,  

8-hr TWA ; 
2 ppm (3 mg/m3 ) ,  STEL 

3 ppm (6 mg/m3 ) ,  
8-h r TWA ; 
5 ppm ( 1 0  mg/m3 ) ,  STEL 

25 ppm ( 30 mg/m3 ) ,  
8-hr TWA 

2 ppm ( 5  mg/m3 ) , 
8-hr TWA ; 
5 ppm ( 1 0 mg/m3 ) ,  STEL 

Metal and nonmetal 
mi nes 

5 , 000 ppm (9 , 000 mg/m3 ) ,  
8-hr TWA ; 
1 5 , 000 ppm (27 , 000 mg/m3 ) ,  
STEL 

50 ppm (55 mg/m3 ) ,  
8-h r TWA : 
400 ppm (440 mg/m3 ) ,  
STEL 

2 ppm ( l mg/ml ) ,  
cei 1 i  ng 

5 ppm ( 9 mg/ml ) ,  
cei l i ng 

25 ppm ( 30 mg/ml ) , 
8-h r TWA ; 
37 . 5  ppm (46 mg/ml ) , 
STEL 

5 ppm ( 1 3 mg/m3 ) , 
8-hr TWA ; 
20 ppm (52 mg/m3 ) ,  
STEL (5 mi n )  

NIOSH REL 

1 0 , 000 ppm ( 1 8 , 000 mg/ml ) ,  
8-hr TWA ; 
30 , 000 ppm (54, 000 mg/m3 ) ,  
1 0-mi n ce i l i ng 

35 ppm ( 40 mg/ml ) ,  
8-h r  TWA; . 
200 ppm (210 mg/ml ) ,  
cei l i ng 
( no mi n i mum t i me )  

0 . 0 1 6  ppm ( 0 . 020 mg/m3 ) , 
8-hr TWA ; 
0 . 1  ppm ( 0 . 1 2 mg/ml ) ,  
1 5-illi n cei 1 i  ng 

l ppm ( 1 . 8 mg/ml ) ,  
1 5-mi n cei l i ng 

25 ppm ( lO mg/ml ) ,  
1 0-hr TWA 

0 . 5  ppm ( 1 . 3 mg/ml ) , 
1 0-hr TWA 

*HSHA l i mi ts a re based on thres hol d l i mi t val ues ( TLVs® ) of the  Ameri can Conference of Gove rnmental Indus t ri al 
Hygi eni sts ( ACG I H ) . 1 973 TLVs® are u sed for metal and nonme tal mi nes . Cu rrent TLVs® are µsed for  underg round 
coal mi nes . 

trime-wei ghted average . 
§short-term exposure l i mi t .  
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ma l e  and 99% o f  fema l e  rats  exposed to un f i l t e red d i ese l exhau s t  deve l oped 
l ung t umo rs . 

No i nc rease occu r red i n  the  i nc i dence o f  p r i ma ry l ung t umo rs  i n  any o t h e r  
t reatmen t g roup . Resp i ra t o ry t rac t tumo rs  we r e  rare  i n  hams t e rs and we r e  
no t a t t r i bu t ed to t rea tmen t . 

The pat ho l ogy desc r i p t i on i n  t h i s  r epo r t  [B r i gh twe l I e t  a l . 1 986] i s  v e ry 
l i m i t ed . I t  con ta i ns no spec i f i c  d i agnoses o f  the  l ung t umo rs , and no data 
on whe the r the tumo rs we re s i ng l e ,  mu l t i p l e ,  l e t ha l , or i nc i den ta l . Data on 
deg ree of i nvas i on are  a l so absen t . No commen t i s  made on pat ho l ogy o f  the 
nasa l passages , l a rynx , or t rachea . The re i s  no desc r i p t i on or d i scuss i on 
o f  ch ron i c  tox i c i ty ,  hype rp l as i a ,  o r  the re l at i onsh i p  o f  hype r p l as i a  t o  
neop l as i a .  A l though t h e  i nves t i gato rs d i d  no t p resen t the fu l I spec t rum o f  
the i r b i oassay dat a , t h e  i n fo rmat i on p resen t ed j us t i f i es t h e  conc l us i on t ha t  
l ong- t e rm expos u r e  to h i gh concen t ra t i ons o f  un f i l t e r ed d i ese l exhaus t l eads 
to a s i gn i f i can t i nc r ease i n  the i nc i dence o f  ben i gn and ma l i gnan t l ung 
tumo r s  i n  ma l e  and fema l e  F344 rats . 

l shinishi et  al . [1986] 
l sh i n i sh i  e t  a l . [ 1 986 ] s tud i ed F344 ra ts  to de t e rm i ne the e f fec ts  o f  
l ong- t e rm i nha l a t i on o f  exhau s t s  f rom heavy- and I i gh t -duty d i ese l eng i nes . 
F i ve-week-o l d  f ema l e  and ma l e  F344 rats  we r e  exposed t o  var i ous 
concen t ra t i ons  of d i es e l exhausts  for 6 ,  1 2 , 18 , 24 , and 30 mon t hs , 1 6  hou rs  
pe r day , 6 days pe r week . Th ree types o f  exposu res we re adm i n i s t e red : 
exposu re  to f i l t e red and un f i l te red d i ese l exhaust  f rom 1 1 - 1  i t e r  heavy-duty 
eng i nes , and exposu re t o  un f i l te red d i ese l exhaus t f rom 1 . 8- 1 i t e r  I i gh t -du ty  
eng i nes . 

Fo r t he carc i nogen i c i ty expe r i men t ,  f i ve g roups o f  an i ma l s  ( each cons i s t i ng 
o f  64 ma l e  and 59 fema l e  rat s )  were exposed fo r 30 mon ths to un f i l t e red 
heavy-du ty eng i ne exhau s t  at  a g i ven pa r t i cu l a t e  concen t rat i on o r i g i na l l y  
des i gned t o  be 0 ,  0 . 4 ,  1 ,  2 ,  and 4 mg/m3 ( see Tab l e  8 fo r ac tua l 
concen t rat i ons ) . F i ve add i t i ona l g roups ( each cons i s t i ng o f  64 ma l e  and 54 
fema l e  rat s )  we re  exposed fo r 30 mon ths  to un f i l t e red l i gh t-du ty eng i ne 
exhaus t at  a g i ven pa r t i cu l a t e  concen t ra t i on o r i g i na l l y  des i gned t o  be 0 ,  
0 . 1 , 0 . 4 ,  1 ,  and 2 mg/m3 ( see Tab l e  8 fo r ac tua l concent rat i ons ) . 

Two add i t i ona l g roups o f  64 ma l e  rats we re  exposed to f i l t e r ed exhaust  f rom 
the heavy-du ty eng i nes . The 0 . 4- and 4-mg/m3 concen t ra t i ons we re f i l t e r ed 
so t ha t  the  an i ma l s  we re  exposed on l y  t o  the  gaseous f ract i on o f  the  
exhau s t . Fo r compar i son , t h r ee add i t i ona l g roups o f  64  ma l e  rats  we re 
exposed t o  the un f i l t e r ed d i ese l exhaust  f rom t he same sou rce at  pa r t i cu l at e  
concen t rat i ons o f  0 ,  0 . 4 ,  and 4 mg/m3 . Tab l e  8 p resen t s  a summa ry o f  gas 
and pa r t i c l e  concen t ra t i ons fo r each exposu re  a tmosphe re . 

A concen t ra t i on-dependen t dec r ease i n  body we i gh t  was obse rved , w i t h t h e  
g reat e s t  e f fec t obse rved i n  the  4-mg/m3 g roup exposed t o  exhaus t f rom 
heavy-du ty eng i nes . 
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ana l yses we re conduc t ed fo r pa r t i c l e  s i ze d i s t r i bu t i ons , a l dehydes , pheno l s ,  
PAHs , su l fates , and i nd i v i dua l hyd roca rbons . 

I n t e r i m  sac r i f i ces o f  rats  we re  conduc t ed a f t e r  6 ,  1 2 , 18 , and 24 mon t hs o f  
exposu re , wh i l e hams t e rs had i n t e r i m  sac r i f i ces a t  6 and 16 mon ths . A l  I 
su rv i v i ng hams t e rs we re  sac r i f i ced at  the end o f  2 yea r s  o f  exposu re . Rat s  
t hat  su rv i ved 2 y ea rs o f  expos u r e  we re  ma i n ta i ned fo r up to 6 add i t i ona l 
mon ths w i t hou t fu r th e r  expos u r e  t o  exhaus t .  

An i ma l s  t hat  d i ed o r  we re  sac r i f i ced we re sub j ec t ed to a fu l I nec ropsy , and 
h i s topatho l ogy was ca r r i ed ou t on t he resp i ra t o ry t ract s  (nasa l passages , 
l a rynx , t rachea , and l ungs )  o f  a l  I an i ma l s  i n  t he h i gh-exposu re  and con t ro l  
g roups . H i s t o l og i c  exam i nat i ons we re a l so pe r fo rmed on the resp i ratory 
t rac t s  o f  a l l an i ma l s  i n  t he g roups w i th i n t e rmed i ate  and l ow exposu res t o  
f i l te red and un f i l t e red d i ese l exhaus t .  H i s topa t ho l ogy was ca r r i ed ou t on 
a l l suspect ed t umo rs rega rd l ess  of expe r i men ta l t reatmen t . 

The maj o r  h i s topatho l og i c  f i nd i ng i n  the s t udy was an i nc rease i n  t he 
i nc i dence o f  p r i ma ry l ung t umo r s  i n  rats exposed to  the i n t e rmed i a te  and 
h i gh concen t rat i ons o f  un f i l te red d i ese l exhaus t .  Tab l e  7 summa r i zes the 
h i s topatho l og i c  f i nd i ngs fo r p r i ma ry ben i gn and ma l i gnan t l ung tumo rs i n  
rats exposed t o  un f i l t e red d i ese l exhaus t and t o  a i r a l one . The i nc i dence 
o f  p r i ma ry l ung t umo r s  was 2% , 1% , 4% , and 23% f o r  ma l e  rats i n  the con t ro l ,  
l ow- , i n t e rmed i ate- , and h i gh-exposu re g roups , respec t i ve l y .  Lung tumo r 
i nc i dence i n  fema l e  rats  was 1%, 0%, 15%, and 54% fo r con t ro l  and fo r l ow- , 
i n t e rmed i ate- , and h i gh-expos u r e  g roups , respec t i ve l y .  Howev e r , a l at e r  
ana l ys i s  o f  t hese dat a  [ Fou i I l e t and B r i gh twe l l 1 987 ] po i n ts  ou t t hat  tumo r 
i nc i dence was based on t he tot a l  numbe r o f  an i ma l s  exam i ned i n  each 
t reatmen t g roup . S i nce t h i s  t o t a l i nc l uded some an i ma l s  sac r i f i ced a f te r  6 ,  
1 2 , 18 , and 24 mon t hs o f  exposu re , some o f  them c l ea r l y  were no t exposed 
l ong enough to i nduce recogn i zab l e  l ung tumo r s . �hen tumo r i nc i dence was 
reca l cu l ated us i ng on l y  t he da ta fo r rats su rv i v i ng beyond 24 mon t hs , 44% o f  

Tab l e  7 . --P r i ma ry ben i gn and ma l i gnan t l ung tumo rs i n  ra t s  exposed 
to un f i l t e r ed d i ese l exhaus t * 

(Adap t ed f rom B r i gh twe l I e t  a l . ,  1986 ) 

Pa r t i cu l a t e  F344 rat s  that deve l oped l ung tumo r s  
Exposu re concen t ra t i on Ma l es Fema l es 
g roup (mg/m3 ) Numbe r % Numbe r % 

H i gh 6 . 6  1 6/71 t 23 39/72t 54 
I n t e rmed i ate  2 . 2  3/72 4 1 1 112t 1 5  
Low 0 . 3  1 /72 1 0/72 0 

Con t ro l  0 3/ 140 2 1 / 1 42 1 

*These f i gu res rep resen t ca l cu l at i ons that i nc l uded an i ma l s  sac r i f i ced 
a f t e r  6 ,  1 2 , 1 8 , and 24 mon t h s  o f. exposu re . 

tstat i s t i ca l  l y  s i gn i f i can t compa red w i th  con t ro l s  ( p<0 . 0 1 ) .  
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p roduced as py ro l y t i c  p roduc t s  du r i ng t h e  combus t i on o f  any foss i I f ue l , 
i nc l ud i ng d i ese l fue l . Some read i l y  condense on to  the su r face o f  the  soo t 
be i ng expe l l ed f rom d i ese l eng i nes . Concen t rat i ons o f  PAHs can be 
d e t e rm i ned by us i ng so l ven t s  such as benzene o r  cyc l ohexane to ex t rac t t hese 
and other  compounds f rom pa r t i cu l ate  samp l es .  Th i s  ana l ys i s  y i e l ds the  
so l ven t-so l ub l e po r t i on of  t he pa r t i cu l at es ( o f t en r e f e r red to as  coa l t a r  
p i t ch vo l a t i l es , o r  cyc l ohexane- o r  benzene-so l ub l es ) ,  wh i ch can be f u r the r 
f rac t i onat ed . 

EVIDENCE OF CARCINOGENICITY IN ANIMALS 

Seve ra l repo r ts o f  l ong- t e rm an i ma l  i nha l a t i on s t ud i es [ B r i gh twe l I e t  a l . 
1 986 ; He i n r i ch e t  a l . 1986 ; l sh i n i sh i  e t  a l . 1 986 ; l wa i  et  a l . 1 986 ; 
Maude r l y e t  a l . 1 987 ] rega rd i ng t he hea l t h e f fec t s  o f  exposu re  to who l e  
d i ese l exhaus t have been re l eased s i nce t he pub l i ca t i on o f  the N I OSH 
document en t i t l ed Eva l uat i on o f  t he Pot en t i a l  Hea l th E f fects  o f  Occupa t i ona l 
E xposu re to D i ese l Exhaus t i n  Unde rground Coa l M i nes [N I OSH 1 986] . Data 
f rom these repo r t s  se rve as t he bas i s  fo r the cu r ren t  N I OSH conc l us i on t hat  
exposu re to who l e  d i ese l exhaus t i s  assoc i ated w i t h  the  r i sk o f  cance r .  
O the r hea l t h e f fec ts we re exam i ned i n  these s t ud i es ,  bu t on l y  t hose re l a t ed 
t o  car c i nogen i c i ty are  p r esen t ed h e r e . The s tud i es are  summa r i zed i n  Tab l e  
3 and d i scussed mo re fu l l y i n  t he fo l l ow i ng sec t i ons . The p r i ma ry 
d i f fe rence between the s t udy des i gns o f  the  recen t pos i t i ve s t ud i es and 
nega t i ve s tud i es p rev i ous l y  eva l uated by N I OSH [ 1986] i s  the l eng t h  o f  t he 
exposu re pe r i od ,  wh i ch was up to  30 mon ths  fo r t he pos i t i ve s tud i es and 24 . 
mon ths fo r the negat i ve s t ud i es .  

He i nr i ch et a l . [1986] 
Resu l t s o f  an ex t ens i ve l ong- t e rm i nha l a t i on s t udy o f  cance r i n  m i ce ,  rat s , 
and hams t e r s  exposed to f i l t e red and un f i l te red I i gh t -du ty d i ese l eng i ne 
exhaus t we re repo r ted by He i n r i ch e t  a l . [ 1986] . Equa l numbe rs  o f  ma l e  and 
fema l e  Sy r i an go l den hams t e rs , fema l e  NMR I m i ce ,  and fema l e  W i s t a r  r a t s  we re 
exposed to c l ean a i r ,  un f i l t e red d i ese l exhaus t ,  or f i l t e red d i ese l 
exhaus t . Each g roup cons i s t ed o f  96 an i ma l s .  A l  I expe r i men ta l an i ma l s  we re  
8 to 10  weeks o l d a t  the  s ta r t of  the  s t udy . Th roughou t the  l i fespan of  the  
an i ma l s ,  exposure  was fo r 19 hou rs pe r day , 5 days pe r week . The  max i mum 
du rat i on of exposu re was 1 20 weeks fo r hams t e r s  and m i ce ,  and 140 weeks fo r 
rats . 

A s tat i ona ry 1 . 6- l i te r  d i ese l eng i ne ope rated acco rd i ng to EPA ' s  US-72 
d r i v i ng cyc l e  was used to gene rate  the exhaus t .  The d i ese l fue l used was a 
Eu ropean reference fue l w i t h  a su l fu r con t en t  o f  0 . 36% . The exhau s t  was 
d i  l u ted w i th  f i l te red a i r to a vo l ume rate  o f  1 : 1 7 (d ! ese l exhau s t /a i r )  and 
was then d i rec ted i n to an expos u r e  chambe r .  At th i s  d i l u t i on rat e ,  t he 
measu red concen t rat i on o f  the pa r t i cu l a t e  f rac t i on o f  d i ese l exhaus t was 
app rox i ma t e l y  4 mg/m3 . To remove pa r t i cu l ates f rom the exhaus t ,  t he 
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A s ta t i s t i ca l l y  s i gn i f i can t i nc rease i n  adenomas occu r red i n  t he 
i n t e rmed i a t e-exposu r e g roup . One adenocarc i noma and two squamous cys t s  we r e  
a l so obse rved i n  fema l e  an i ma l s  i n  t ha t  g roup . The i nc rease i n  a l  I t umo r s  
i n  t h e  i n t e rmed i a t e-exposu r e  g roup was s ta t i s t i ca l l y  s i gn i f i can t when 
compa red w i t h  the con t ro l  g roup . 

No s t a t i s t i ca l l y  s i gn i f i can t i nc r eases i n  t umo r i nc i dence occu r r ed i n  t h e  
l ow-exposu re an i ma l s .  

Squamous tumo rs we re a l ways assoc i a t ed w i t h  foca l a r eas o f  eng i ne soo t 
r e t en t i on ,  ep i t h e l i a l  ee l I a l t e rat i ons , and f i b ros i s .  They a r e  t hus l i ke l y  
to rep r esen t a p rog ress i on o f  squamous me tap l as i a .  These t umo r s  may have 
r esu l t ed f rom a gen e r a l i zed r esponse  to the  accumu l a t i on of  r e l a t i ve l y 
i nso l ub l e  pa r t i c l es .  

None o f  the  l ung t umo r s  had me tas t as i zed to  pu l monary l ymph nodes o r  o t he r 
o rgans . I nc reased numb e r s  o f  adduc t s  we r e  found i n  DNA ex t rac t ed f rom t he 
l ungs o f  r a t s  exposed to  the  h i ghes t concen t rat i on o f  d i ese l exhaus t fo r 30 

mon t hs . 

D i ese l exhau s t  i nha l ed ch ron i ca l l y  a t  t he i n t e rmed i at e  and h i gh 
concen t rat i ons i n  t h i s  s t udy i nduced a s i gn i f i can t numbe r o f  ben i gn and 
ma l i gnan t pu l mona ry t umo r s i n  ma l e  and fema l e  r a t s . The i nc r eased numb e r s  
o f  DNA adduc t s  sugges t t ha t  t umo r deve l opmen t may have been i n i t i a t ed b y  t he 
i n t e rac t i on o f  r eac t i ve me t abo l i t es o f  soo t -assoc i at ed o rgan i c  compounds 
w i t h l ung ee l I DNA . I n  t h i s  s t udy , t h e  r e l at i on sh i p  between l ung bu rden  o f  
d i ese l exhaus t pa r t i cu l a t es and t umo r p r eva l ence was p rog ress i ve r a t he r t han 
l i nea r w i t h t i me , r i s i ng rap i d l y l a t e  i n  the exposu re reg i men . 

Br i ghtwe l I et a l . [ 1 986] 

B r i gh twe l I e t  a l . [ 1 986 ] r epo r t ed p r e l i m i na ry data  on t h e  c h r on i c  tox i c i ty 
o f  d i ese l eng i n e exhau s t  i n  F i sch e r  344 r a t s  and Sy r i an hams t e r s . Each 
g roup o f  expe r i men ta l an i ma l s  was made up o f  1 44 r a t s  and 3 1 2  hams t e rs w i t h 
app rox i ma t e l y  equa l numbe rs  o f  ma l es and fema l es .  The an i ma l s  we r e  6 to  8 
weeks o l d  at  the  s t a r t  o f  t he 2-yea r exposu re pe r i od . 

The d i ese l exhau s t  em i s s i on s  used i n  t h i s  s t udy we re gen e ra ted by a 
1 . 5- l i t e r  l i gh t -d u t y  d i ese l eng i ne .  The em i ss i ons we �e  ct i  l u t ed to  y i e l d  
pa r t i cu l a t e  expos u r e  concen t r a t i ons  o f  app rox i ma t e l y  0 . 7 ,  2 . 2 ,  and 6 . 6  
mg/m3 . The d i ese l em i ss i ons  we re e i t h e r  sub j ec t ed t o  pa r t i c l e  f i l t ra t i on 
o r  t hey we re una l t e r ed ( u n f i l t e r ed ) . Exposu res  we r e  ca r r i ed ou t ove r n i gh t  
fo r 1 6  hou r s  pe r day , 5 days pe r week . 

The mean concen t rat i ons fo r ca rbon monox i de ( CO )  and n i t rogen ox i des ( NOx ) 
fo r bo t h  f i l t e r ed and un f i l t e red d i ese l exhau s t  i n  the  h i gh-exposu r e  g roups 
we re 32 and 8 pa r t s  pe r m i  I I i on ( ppm ) , respec t i ve l y .  Concen t ra t i on s  o f  
those con t am i nan t s  f o r  t h e  con t ro l s  we re 1 ppm CO and 0 . 1  ppm NOx . No 
data we r e  p r esen t ed f o r  t h e  concen t r a t i ons  o f  t hese con t am i nan t s  i n  t h e  
i n t e rmed i a te- and l ow-exposu re chambe rs . S i m i l a r l y ,  no da t a  we re p r esen t ed 
fo r exposu re  concen t rat i ons o f  o t h e r  exhaus t componen t s , a l though r egu l a r  
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s i gn i f i cant d i f fe rences i n  body we i gh t  o r  l i fe span we re observed i n  e i t h e r 
the ma l es o r  fema l es i n  the expe r i men t a l g roups compa red w i th  the con t ro l s .  
The phys i ca l  cond i t i on o f  a l l g roups o f  an i ma l s  appea red to be s i m i l a r . _ 

Soo t accumu l ated p rog ress i ve l y and s i gn i f i can t l y i n  the l ungs o f  a l l exposed 
rat s . A f te r  24 months o f  exposu re , t he mean l ung bu rden o f  d i ese l exhau s t 
par t i cu l at e  pe r rat was repo r t ed to be  0 . 6 ± 0 . 02 mg fo r the l ow exposu r e , 
1 1 . 5 ± 0 . 5  mg for the i nt e rmed i at e  exposu r e , and 20 . 8  ± 0 . 8  fo r t he h i gh 
exposu re . These ca l cu l at i ons we re made by measu r i ng the amoun t o f  l i gh t 
absorbed by l ung homogenates f rom exposed rats and compar i ng those va l ues 
w i t h  s t andard cu rves cons t ructed f rom measu remen t s  made f rom known amoun t s  
o f  soot depos i ted i n  the l ungs o f  unexposed rats . 

Changes i n  the ep i the l i a l  l i n i ng o f  t h e  a i r spaces and prog ress i ve f i b ros i s  
occu r red i n  the areas o f  soot accumu l at i on .  Hyperp l as i a  and squamous 
metap l as i a  we re seen i n  b roncho-a l veo l a r spaces . 

B roncho-a l veo l a r  adenomas , adenoca rc i nomas , ben i gn squamous cys t s , and 
squamous ce l l  ca rc i nomas we re obse rved i n  the l ungs of exposed rat s . Rat s  
exposed t o  the h i gh concen t rat i on o f  d i es e l exhau s t  for  up to 30 mon ths 
expe r i enced stat i s t i ca l l y  s i gn i f i can t i nc reases i n  adenocarc i nomas , ben i gn 
squamous ce l l tumo rs , and squamous ce l l  carc i nomas i n  ma l e  and fema l e  rats . 
The i nc rease i n  tot a l  tumo r i nc i dence f o r  the  h i gh-exposure g roup was a l so 
stat i s t i ca l l y  s i gn i f i can t when compa r ed w i th the cont ro l  g roup . The 
pe rcen tages of rat s  w i th l ung tumo rs  (ma l es and fema l es comb i ned ) are l i s ted 
by exposu re g roup i n  Tab l e  6 .  

<t. 
Exposu re 
g rQup 

$ 
J!:.i. 
.. 

H i gh 

Med i um 

Low 

Con t ro l  

Tab l e  6 . --Pe rcen tages o f  rats  (ma l e  and fema l e  comb i ned ) 
w i th l ung t umo r s , by exposu re g roup 
( Adap ted f rom Maude r l y e t  a l . ,  1 987 ) 

Adenoca rc i nomas 
and squamous ee l I Squamous A l l 

Adenomas ca rc i nomas cys t s  on l y  t umo rs  

* * * 
0 . 4  7 . 5  4 . 9  1 2 . 8  

* * 
2 . 3 0 . 5  0 . 9 3 . 6 

0 1 . 3 0 1 . 3 

0 0 . 9 0 0 . 9 

*S i gn i f i can t l y h i ghe r than con t ro l s  a t  p <0 . 05 by z stat i s t i c .  
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Tabl e 3 ( Conti nued ) . �Characte ri s t i cs of recent stud i es* of carc i nogeni c i ty i n  an i mal s exposed to d i esel exhaus t  by i nhal ati on 

Type of Nature of A n i mal 
Study engi ne exhaust spec i es 

Fi l tered Hal e and femal e 
Syri an hams ters 

I s h i n i sh i  L i ght-duty , Unf i l tered Hal e and femal e 
et al . [ 1 986] 1 . 8-1 i ter,  F344 rats 

4-cyl i nd e r ,  
swi rl cham-
her 

Heavy-duty , Unf i l tered Hal e and femal e 
1 1 -1 i te r ,  F344 rats 
6-cyl i nder,  
d i rect i n-
j ec t i on 

F i l tered Mal e and fem�l e 
F344 rats 

Ex posure 
t i me 

1 6  h r/day , 
5 days/week ,  
2 years 

1 6  h r/day , 
6 days/week ,  
max . 30 months 

16 h r/day , 
6 days/week , 
max . 30 months 

16 h r/day , 
6 days/week , 
max . 30 months 

Part i cul ate 
exposu re 
conce�t rat i ons 
(mg/m ) 

Be 1 ow the l i mi t 
of detec t i on 

0 .  1 
0 . 4  
1 
2 

0 . 4  
1 
2 
4 

0 . 00 5  
0 . 0 1 9  

F i nd i ngs 

No i n c rease i n  tumor i nc i dence 
i n  any exposure group when 
compared wi th cont rol s .  

No stati st i cal l y  s i gn i f i cant 
i n crease i n  l ung tumo rs . 
Inc rease i n  hyperpl as i a ,  
squamous hyperpl as i a ,  
i ntersti t i al f i bros i s ,  
hyperpl ast i c  l es i ons . 

Stati s t i cal l y  s i gn i f i cant 
i n crease i n  l ung tumors 
( adenoma , squamous cel l 
carci noma , adenocarc i noma , 
adenos quamous carci ndma) i n  
the h i gh-exposure group 
compared to con trol s .  

No stat i s t i cal l y  s i gn i f i cant 
i n crease i n  l ung tumo rs . 
I n c rease i n  hyperpl as i a ,  
squamous hyperpl as i a , 
i nters t i t i al fi bros i s ,  
hyperpl ast i c  l es i ons . 

( conti nued ) 

See footnotes at end o f  tabl e .  

Tabl e 5 . �Concen t ra t i ons o f  key components o f  exposure atmospheres
* 

( Adap ted from Hauderl y et al . ,  1 987 ) 

Component Control Low Med i um 

Parti cul ate ( mg/m3 ) 0 . 0 1 0  ( 0 . 0 1 0 )  t 0 . 350 ( 0 . 07 0 )  3 . 470 ( 0 . 450 ) 

Carbon monox i de ( ppm ) 1 ( 1 )  3 ( 1 )  1 7  ( 7 )  

N i tri c ox i de ( ppm) 0 0 . 6  ( 0 . 3 )  5 . 4  ( 1 . 5 ) 

Ni trogen d i ox i de ( ppm) 0 0 . 1  ( 0 . 1 )  0 . 3  ( 0 . 2 )  

Hydrocarbons ( ppm ) 3 ( 1 )  4 ( 1 )  9 ( 5 )  

Carbon d i ox i de (%)  0 . 2  ( 0 . 04) 0 . 2  ( 0 . 03 )  0 . 4  ( 0 . 06 )  

*
Mean o f  weekl y mean val ues duri ng 3 0  months o f  exposu re .  

f Fi gures i n  parentheses are standard e rro r .  

, 

Hi gh 

7 . 080 ( 0 . 8 1 0 )  

3 0  ( 1 3 )  

1 0 . 0  ( 2 . 6 ) 

0 . 7  ( 0 . 5 )  

1 3  ( 8 )  

0 . 7 ( O . l )  
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squamous ce l l  carc i noma ) . Hype r p l as i a  was seen i n  the l ungs o f  94 o f  t h e  95 
rats exposed to un f i l t e r ed d i ese l exhaus t ,  and metap l as i a  occu r red i n  62 o f  
these an i ma l s .  Othe r s eve r e  i n f  l anvnat o ry changes such as th i ckened sep t a , 
foc i o f  mac rophages , and cho l es t e ro l c rys ta l s  we re found i n  t h e  l ungs o f  
rats exposed to un f i l t e r ed d i ese l exhaus t .  No changes we r e  seen i n  t he 
con t ro l  an i ma l s  o r  i n  t hose exposed to  f i l te r ed d i ese l exhaus t .  No 
exposu r e- re l ated changes we r e  obse rved i n  the uppe r resp i rato ry t rac t s  o f  
the rats  exposed to un f i l te red d i ese l exhaus t .  

Exposu re to f i l te r ed and un f i l t e red d i ese l exhaus t resu l ted i n  a 
s ta t i s t i ca l l y  s i gn i f i cant  i nc rease i n  the i nc i dence o f  l ung adenoca rc i nomas 
i n  fema l e  NMR I m i ce .  I n  hams t e rs , l ong- t e rm exposu re to un f i l te r ed d i es e l 
exhaus t l ed to b roncho-a l veo l a r hype rp l as i a  and emphysema tous l es i ons i n  t he 
resp i rato ry t ract , bu t i t  d i d  not p roduce tumo rs . I n  rats , l ong- t e rm 
exposu re to un f i l te r ed d i ese l exhau s t  l ed to extens i ve hype rp l as i a  and 
metap l as i a  of the b roncho-a l veo l a r  ep i the l i um and to a s i gn i f i can t l y 
i nc reased i nc i dence o f  adenomas and squamous ce l l  tumo rs o f  t he l ung 
compa red w i th con t ro l s .  

Mauder ly et a l . [1 987] 

Maude r l y e t  a l . [ 1987 ] r epo r t ed the r esu l ts o f  a ca rc i nogen i c i ty s t udy i n  
wh i ch F344 ma l e  and f ema l� rats  we r e  exposed to un f i l te red d i ese l exhau s t  at  
th ree concen t rat i ons fo r up to 30 mon ths . D i ese l exhaust was gene rated by 
s tat i ona ry l i gh t-du ty d i ese l eng i nes ( 1980 mode l ,  5 . 7- l i te r , O l dsmob i l e  V-8 ) 
ope rated by comput e r  th rough con t i nuous l y  repeat i ng U . S .  Fede ra l Tes t 
P rocedu r e  u rban ce r t i f i ca t i on cyc l es .  The exhaust e f f l uen t s  we re d i  l u t ed 
1 0 : 1  w i th f i l te red a i r ,  se r i a l l y  d i  l u t ed to the f i na l  concen t rat i ons , and 
then d i r ected th rough exposu re chambe rs . The ave rage pa r t i cu l ate 
concen t rat i ons fo r the l ow� med i um ,  and h i gh exposu res to d i es e l exhaus t  
we re 0 . 35 , 3 . 5 ,  and 7 mg/m� . respec t i ve l y .  Concen t rat i ons o f  key 
componen t s  i dent i f i ed i n  the d i ese l exhaus t are shown i n  Tab l e  5 .  

Ma l e  and f ema l e  F344 rats  that we re 1 5  weeks o l d  we re random l y  d i v i ded by 
l i t te r  i n to fou r t reatmen t g roups . The re we re 365 rats i n  the con t ro l  
g roup , and 366 , 367 , and 364 rats  i n  the l ow- , i n t e rmed i at e- , and 
h i gh-exposu re g roups , r espec t i ve l y .  Rat s  we re added to a l  I t reatment g roups 
du r i ng Feb rua ry 1 98 1 ; a second g roup o f  rats was added to a l l t reatmen t 
g roups 1 yea r l at e r . Bo th  g roups o f  rats we re de r i ved f rom t h e  same 
b reed i ng co l ony and we r e  exposed i n  the same chambe rs . The two added g roups 
of rats we re t reated as one s t udy popu l at i on s i nce t he g roups showed no 
d i f fe rences i n  body we i gh t s  o r  su rv i va l  t i mes . A l l an i ma l s  we r e  exposed to 
un f i l te r ed d i ese l exhaus t for 7 hou rs pe r day , 5 days pe r week for up to 30 
mon ths . 

A l  I rats t e rm i nated f o r  h i s topa t ho l ogy and a l l rats that d i ed o r  we re 
eu than i zed rece i ved a comp l e t e  nec ropsy . A l  I l es i ons excep t fo r soot 
macu l es and rep resentat i ve po r t i ons of each l ung l obe we re exam i ned 
m i c roscop i ca l l y ,  as we r e  samp l es o f  other  resp i ratory t ract t i s sues . 
Exposu re to d i ese l exhau s t  d i d  not cause ove r t  s i gns o f  tox i c i ty .  No 
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d i es e l em i ss i ons we r e  passed t h rough a cen t r i f uga l s epa rato r and/o r a 
pa r t i c l e  f i l t e r . The concen t ra t i ons o f  exhaus t componen t s  i n  t he i nha l a t i on 
chambe rs f o r  bo t h  f i l t e r ed and un f i l t e red exhau s t  a r e  shown i n  Tab l e  4 .  

I n  add i t i on ,  some d i ese l -pa r t i c l e-assoc i at ed PAHs we r e  meas u r ed i n  t h e  
un f i l t e red exhaus t .  Concen t rat i ons o f  13  ng/m3 o f  benzo ( � ) py r ene , 
2 1  ng/m3 o f  benzo ( e ) py rene , and 51  ng/m3 o f  a m i x t u r e  o f  
benzo f l uo ran t henes we r e  meas u r ed i n  batched samp l es .  The au t h o r s  d i d  not  
spec i fy the  numbe r of  samp l es or  the ana l y t i ca l  me t hod used to  de t e rm i ne 
t hese concen t ra t i ons . 

I n t e r p r e t a t i on o f  t he hams t e r  da t a  i s  comp I i ca t ed by t he fac t t ha t  t h e  
an i ma l s  we re t rea t ed w i th an t i b i o t i cs fo r seve r a l mon ths  du r i ng t he s t udy . 
Con t ro l  hams t e rs we re  a l so t rea t ed w i t h  an t i b i o t i cs .  No s i gn i f i can t 
d i f fe r ences i n  body we i gh t  deve l oped be tween con t ro l  and exposed hams t e rs 

f ove r t he en t i re l ength  o f  th e  s t udy . I n  con t ras t , m i ce and ra t s  exposed t o  
un f i l t e red d i es e l exhau s t  showed dec remen t s  i n  body we i gh t  a f t e r  
app rox i ma t e l y  480 days . The med i an su rv i va l  t i me o f  an i ma l s  was not  
a f fec t ed by exposu re . T i ssues f rom t he nasa l cav i ty ,  s i nuses , l a rynx , 
t rachea , esophagus , l ungs , fo r e s t omach , g l andu l a r  s t omach , l i ve r ,  k i dneys , 
ad rena l s ,  and u r i na ry b l adde r  we r e  sub j ec t ed to h i s t opatho l og i c  
exam i na t i on .  I n  some cases , the sa l i va ry g l ands , thy ro i d ,  thymus , ao r ta ,  
hear t ,  sp l een , l ymph nodes , and ova r i es we r e  a l so sub j ected to  
h i s topa tho l og i c  exam i nat i on .  

H i s topat ho l ogy o f  hams t e rs exposed to  d i ese l exhaus t fa i l ed to  demon s t r a t e  
t he i nduc t i on o f  t umo r s i n  t h e  l ung o r  upp e r  r esp i rat o ry t rac t . S i gn i f i can t 
depos i t s o f  soo t pa r t i c l es we re  ev i den t i n  t he hams t e r s  exposed to  
un f i l t e red d i ese l exhaus t .  Th e  l ungs o f  t hese an i ma l s  exh i b i ted an 
i nc r eased i n c i dence (measu red qua l i t a t i ve l y )  o f  t h i ckened sep ta , 
b r onch i oa l veo l a r  hype rp l as i a ,  and emphysema compa red w i t h con t ro l s .  No 
s i gn i f i can t d i f fe renc�s we re  f ound be tween the  con t ro l s  and t h e  an i ma l s  
exposed t o  f i l t e r ed d i ese l exhaus t .  

M i ce exposed to  f i l t e red o r  u n f i l t e red d i ese l exhau s t  showed a 2 . 5- fo l d  
i nc rease i n  l ung t umo r i nc i dence compa red w i t h con t ro l s .  Comb i ned ben i gn 
and ma l i gnan t t umo r i nc i dences we re as fo l l ows : 13% i n  t he con t ro l  g roup a t  
the end o f  th e  s t udy ; 3 1 %  i n  t h e  g roup exposed t o  f i l t e r ed d i ese l exhaus t ;  
and 32% i n  t he g roup exposed t o  un f i l t e red d i ese l exhaus t .  Th i s  i nc rease 
was p r edom i nan t l y  due to  the i nduc t i on of adenoca rc i nomas . B ronch i oa l veo l a r  
hype rp l as i a  was mo re f requen t (64% ) i n  the  g roup o f  m i ce exposed t o  
un f i l t e red d i es e l exhau s t  than i n  m i ce exposed t o  f i l t e red d i es e l exhau s t  
( 1 5% ) and con t ro l s  ( 5% ) . Fu r th e rmo re ,  mu l t i  foca l a l veo l a r  l i pop ro t e i nos i s  
was found i n  7 1 %  o f  t h e  m i ce e xposed t o  un f i l t e red d i ese l exhaus t  compar ed 
w i t h 3% fo r f i l t e r ed d i ese l exhau s t  and 4% f o r  con t ro l s .  S i m i l a r  r esu l t s 
we r e  ob ta i ned f o r  i n t e r s t i t i a l  f i b ros i s  that occu r r ed a l most  exc l us i ve l y i n  
the m i ce exposed t o  un f i l t e red d i ese l exhaus t .  

O f  the 95 rats  exposed to  u n f i l t e red d i ese l exhaus t , 1 5  exh i b i t ed a t o t a l o f  
1 7  l ung t umo r s . These t umo rs we r e  c l ass i f i ed as 8 b ronch i o l o-a l veo l a r 
adenornas and 9 squamous ce l l  t umo r s  ( 8  ben i gn k e r a t i n i z i ng cys t s  and 1 
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