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I. ~'t 

!9! 
The National Institute for Occupational Safety and Health (NIOSH) has reviewed 

1 
and evaluated the avai lable data on the potential for development of adverse 

4 
health effects following the exposure of workers to diesel exhaust in 

4 
4 underground coal mines. This review included studies of the effects of 
5 

exposure to diesel exhau~t and sol~ent extracts of diesel exhaust on 
6 

bacterial/cell cultures, animals. and humans. This document briefly describes 
1 

the history of the development and commercial use of diesel engines, the 
9 

composition of diesel exhaust, and areas in which additional studies of 
9 
9 possible health effects are needed. 

10 
11 

18 Dh'';'';i exhaust is a melange of gases, vapors, and particulate maUer. Some of 
18 
~3 the individual components of diesel exhaust have been shown to cause mutations 
Z4 
J3 in .ieroorganisms and cancer in animals. Other components have been 

§5 demonstrated to cause a variety of adverse health effects in humans, ranging 

16 from eye irritation to respiratory disease. The evaluation of potential 

16 health effects is complex because the composition of diesel exhaust varies 
16 
19 depend i ng upon IMny fac to rs ine Iud i ng eng ine des i '3:1, fue I compos i t ion, powe r 
i1 
3 output, fuel-to-air ratio. duty cycles, eml~!';!On controls, and engine 
5 
4 maintenance. 

7 
B 
[) Based on the data reviewed in this document, few definitive conclusions are 
5 

possible concerning causative associations between diesel exhaust exposure and 
~ 

adverse health affects in humans. A causal association between exposure to 
7 
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whole diesel exhaust and cancer, although plausible en the basis of studies of 

extracts of diesel exhaust in animals, has not been establ iahed. In animal 

studies. exposure to diesel exhaust has been associated wi th nonma! ignant 

respiratory disease. Among workers exposed to dies@1 exhaust, irritation of 

the eyes and reversible decrements in pulmonary function have been 

documented. 

Based on the c:Jrfent scientific knowledge about the health effects of diesel 

exhaust, with its complexities and ambiguities, NIOSH cannot definitivaly 

affirm or condemn, at this time, the use of diesel equipment in underground 

coal mines. instead, as prudent public health policy, occupational exposures 

to diesel exhaust should be maintained beloY! levels specified in existing 

standards promulgated by the Mine Safety and Health Administration (MSHA) for 

regulated components of diesel exhaust or. if more protective, below NIOSH 

reconnended exposure I Imi ts (REt· s). Cont 1'0 IIi"g resp i rab Ie parti cu late is 

especially important given the uncertainty about the potential carcinogenicity 

of components of diesel particles. In order to minimize exposure to diesel 

exhaust, adequate ventilation in underground coal mines, as required by MSHA, 

is essantial, as are effective environmental monitoring and proper inspection 

and maintenance of diesel equipment. 

Important gaps in knowledge in which appropriate research is needed include: 

(1) well-designed and controlled epidemiologic observations of the effects of 

diesel exhaust on populations of workers. (2) determination of the 

bioavailability of organics adsorbed on diesel exhaust particles, (3) 

2 



evaluations of the abi I i ty of defense mechanisms in the lung to detoxi fy 

inhall!Jd diesel exhaust emissions. and (4) affects of inhalation of diesel 

exhaust on sll£~cepti biii ~ > (. infect ion. 



II. INTOOOOCTI ON 


A. Historical Perspective on Diesel Usage 

1. Development of the Diesel Engine 

Invention of the diesel engine is generally credited to Rudolph Diesl'll, a 

German engineer who during 1892-1896 developed a new type of engine capable 

of the spontaneous combustion of liquid fuel without requiring spark 

ignition, as does the conventional gasoline engine. In the gasoline 

engine, a mixture of ai r and fuel is drawn into a combustion chamber, 

compressed, and then ignited by an electric spark.. In the diesel engine. 

air alone is compressed in the combustion chamber; a charge of fuel is then 

ap rayed i flto the combustion chambe r, and i gn i ti 01'1 is accomp Ii shed by the 

heat of compression [1]. 

The first commercially useful diesel engine was built in 1897. The thermal 

efficiency and fuel economy cf the diesel engine proved to be better thar. 

any other power plant existing at the turn of the century; therefore. it 

attracted considerable interest for industrial purposes. These first 

engines were large. heavy, and entirely unsuited for mobile or portable 

equipment [1]. 

E~entually. the diesel engine was developed into a highly efficient, 

lightweight power unit. Because of its high reliability and Gconomical use 
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of a fuel less volatile than gasoline. it became the predominant power 

plant for submarines during World War and for military equipment on the 

ground and at ilea during World War II [1]. The fi 1'8t diesel engine that 

~as small and light enough for automotive application was built in Germany 

in 1922 [2]. Diesel locomotives were introduced in the U.S. by the 

rai I roads in 1935 [3]. 

2. Use of the Diesel Engine in Mining 

The first diesel-powered locomotives for underground mines were introduced 

in the Ruhr coal mining district of Germany in 1927 and were soon 

thereafter placed in service in underground coal mines in France and 

Belgium [4]. The 1.1$" of diesel equipment in the U.S. underground mining 

industry has steadily increased since the introduction of a diesel naulage 

truck in a Pennsylvanla I imestone mine in 1939; the fi rst diesel-powered 

locomotive was used in a U.S. coal mine in 1946 [4,5]. Today, diesel 

engines are used in mining operations throughout the world [6]. 

The use of diesel equipment in underground coal mines in the U.S. has 

lagged behind its use in hard-rock mines because of increased safety 

concerns due to the presence of potentially explosive methane gas and dusts 

in coal mines, because of the availability and abundance of electricity 

typically found near eoal mining arElas, and because of concerns about the 

possible health effects of diesel exhaust [5]. The use of diesel equipment 

in underground coal mines in the U.S. has also lagged behind that in many 

5 



t.uropean countries, where diesel locomotives were well established in 

Germany, France, and Belgium by the mid-1930's [5]. The use of diese 

equipment in :Inderground U.S. coal mines is being pursued primad Iy bee;ause 

of tht/ associated higher levels of produc;tivity, convenience, and 

durability as compared to electric units [7]. The Department of La.bor 

estimates that in 88 underground coal minas in the U.S., there ffire 

currently about 1,100 pieces of diesel equipment [8]; this is approximately 

a five-fold increase sirlce 1977 Hn. Any projected increasa in usage of 

diesel Elquipment in U.S. coal mines would be primad Iy for coal haulage 

(e.g .• in shuttle cars, ram cars, and load-haul-dump units) to a transfer 

point where a belt or car would then take th~ coal out of the mine. Diesel 

equipment is aise used in the i'laul~ge of workers and materials, for 

cleanup, and for emergency transport situations. 

B..~si lion of Diesel Exhaust Emissions 

Diesel exhaust emissions consist of both gaseous and particulate fractions. 

The gaseous constituents include carbon dioxide, carbon monoxide, nitric 

oxide. nitrogen dioxide. oxides of sulfur, and hydrocarbons (e.g., ethylene, 

formaldehyde, methane. benzene. phenols, 1,3-butadiene, and acrolein) 

[9,10,11,12]. Particulates (soot) in diesel exhaust are composed of sol id 

carbon cores produced during the combustion process that tend to form 

aggregates, the largest of which are in the respi rable range (more than 95% 

are less than 1 micrometer in size) [10.131. I t has been est imated that as 

many as 18,000 different substances can be adsorbed on diesel exhaust 



i SfUS fr0IIi of 

total particulate mass and includes aueh cOIiIpounda as polynuclear .1'00000tic 

hydrocarbons (PHA' S ) and po Iycyc I ic arOlMtic hydrocarbons (PAM'.) [10, 

The characteristics and amounts of diesel t'lxhal.lst are drast ically altered by 

changes in engine design, fuel composition. power output, fuel-to-~ir ratio, 

duty ~yc!e. ~~d types of emission controls. The extent of engine maintenance 

further modi fies the nature and quantity of the eIIIissions [16]. 

C. Health Concerr-s 

Many of the individual constituents of diesel exhaust are known to be toxic at 

SOEa level of exposura. For example. the following effects have been 

aSlSociated wit" SOEa of the components found in diesel exhaust: pulmonary 

irritation from nitrogen dioxide [17], methemoglobin formation and central 

nervous system effects from nitric oxide [17], reduction in the 

oxygen-carrying capacity of the blood from carbon monoxide [18], irritation of 

the mucous membranes and eyes from sulfur dioxide [19]. phenol [20], $ulfuric 

acid [21], sulfate aerosols [22], and aerolein [23], cancer hOlli PAM's or 

PHA's [24], and increased lung burden from particulates [25]. 

The possibi Ii ty that diesel exhaust emissions can cause cancer has DeEm a 

concern since 1955, when an organic solvent extract of the particulate 

fr·iction of the exhaust from an inefficiently operating diesel engine was 

shown to contain polycyclic organic matter capable of producing tumors in skin 

painting tasts on strain A lIice [26]. This concern about carcinogenici ty 
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.. in '918 by another ob~erv.tion that an organic solvent extract 

of cH.e' IIUI.Nwat particulate produced IMItations in th. _s bacterial assay 

Bacterial usays indicate that mutegenic activity hom contact wi ttl 

dhtaal phawt ptract .y oot be due simply to the unsubst i tuted PAW s or 

PNA's in the iculate phase of diesel Et:duwst. Rather, it has been 

iUggested that 00-90'1 of the icily of diesel CIIIissions IMY be dUI!! to 

the nitro-substituted PAH fraction. which includes nitroarenes such as 

1-nitropyrene [28]. 

Occupational health concerns regarding the usc of diesel engines are 

hei when diesel engines are used in the confined work envi ronment of 

underground coal aiMS (wher!!' venti ialion is IIOre difficult), especially the 

conc.rn of ial increased particulate burden to the lung. In add! tion, 

ther& are concern$ about the possible interactions and potentiating effects 

between dhisel and other exposures (e.g., coal and si I iea) in coal 

mine environments. 

The growing use of diesel equipment in undergfound coal mines and the concerns 

liboot possible adverse heal ttl effects from occupat ional exposure to diesel 

exhaust ssions have led NIOS'A to cri tically cvaluate the current 

.tate-at-knowledge on the toxieity of diesel exhaust. This review critically 

evaluates the body of knowledge developed frOiD in vivo and in vi tro test 

that involve exposures to diesel exhaust Of its extracts. In 

addition, epidemiologic studies of workers occupationally exposed to diesel 

exhaust are evaluated. 



Ill. effECTS Of EXPOSURE ON BACTER IAl/CEll CULTURES MID AN IMAlS 

A. Studies gf Mutagenicity 

1. l.!l Vitro 

Chaical IlllUtagens <Ire substances that induce al tarat ions in 

deoxyribonucleic acid (DNA). If the altered genes are located in mammal ian 

spen\ll or egg cells, hereditary diseases or IIIOrpl'l0109ic changes may result 

[29]. Based on the ooservation that many chemical carcinogens have been 

shown to be IlllUtagenic in a diverse group of in vitro bacterial/cell culture 

assays. it is generally assumed that genetiC aiterations are a critical 

st~ in the biologic processes leading to cancer [29,30,31,32]. However. 

in vitro bacterial/call culture assays are essentially predictive in nature 

and, ther.,fora, are not datil'li tiva tests for carcinogenesis [33]. The 

consensus of avai labia information suggests that short-term tests, when 

properly used and validated, «:an provide strong i nd icat ions of potent ia I 

carcinogenicity [34]. Confidence in positive results is increased if a 

l18Chani SIR of act ion can be deduced, if appropriate dose-response data are 

available. and if a compound can be tested in a battery of short-term tests 

[33.34,35]. 

The COMpOUnds adsorbed on the surface of diesel exhaust particulate (DEP) 

arD readily extracted with organic solvents. These organic solvent 

extracts have caused mutagenic responses in in vitro bacterial/cell culture 
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gene autation assays [30.36.37.38.39,40,41,42,43.44,45.46,47.48,49,50,51.52, 

53,54.56 ,56,57 ,58 ,59 ,60 .61,62.63,64,65 ,66,67], DNA damage in bacteri a I and 

_I ian eel' assays [45.50.51,58.681. and chromosomal aberrat ions in 

Chinese h_ter ovary celis and human lymphocytes [451. AI though fetal 

calf serum extracts of DEP have caused mild autagenic activity in 

S. txpi'liaurium [611, most natural or simulated biologic fluid extracts of 

DEP have not demonstrated significant activity in this test system 

[43,61,69]. These studies suggest that most of the mutagenic compounds are 

either not extracted from the DEP 01" are bound it. forms \\Ihlch are not 

mutagenically active in §.:. typhimurium assays. The in vitro mutagenicity 

studies are summarized in Table 111-1. 

Material extracted frOli alveolar _crophages obtained s8\1eral days after 

inhalation exposures of rats to DEP demonstrated little mutagenic activity 

in §.:. tYphimurium [70]. In addition, the in vitro incubation of alveolar 

.acrophages with DEP has been shown to result in the loss of 97-98% of the 

mutagenic activity associated with the DE? [71]. No mutagenic activity was 

found in an in vitro study in which Chinese hamste,.. ovary cells were 

exposed directly to only the vapor phase of diesel engine exhaust [72]. 

Whole diesel exhaust (i .e •• both the particulate and gasecn.l3 fractions of 

diesel exhaust) has generally produced negative results in in vivo 
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lllUiagenesis involving insects and 

[44,45,10,13.14,15,16,17]. However, although exposure (8 hours/day, 

days/week) of Syrian golden hamsters to whole diesel exhaust .containing 6-7 

ailligfUIS per cubic _t6r of ai r (ag/a3) of diesel exhaust particulate 

(DEP) for 3 mnths did not increase the incidence of sister chromatid 

exchanges (SCE) in lung cells, exposure to 12 mg/1II3 DEP fOI' 3.5 and 8.5 

months did induce increased frequencies of SCE [73]. In addition, whole 

diesel exhaust has induced the formation of micronuclei (broken pieces of 

chromosomes) in Tradescantia (spiderwort) and has induced gene mutations in 

the Tradescantia at..n hair assay [45,78]. Diesel exhaust particulate 

(DEP) has induced increased see in Syrian golden hamster lung cells 

following intratracheal (Lt.) instillation [75] and in lIk')use bone marrow 

cells following intraperi toneal (i .p.) injection [76]. Organic solvent 

extracts of diesel exhaust particulate (DEE) have also induced SeE in 

Syrian golden hamster lung cells following i.t. insti IIat ion [73], mouse 

bone marrow r.ells following i.p. injection [76], and Syrian golden ha~ster 

fetal I iver cells following i.p. injection [76]. A summary of these in 

vivo mutagenicity studies is given in Table 111-2. 
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Table 111-1. (Contiaued)--Iu ...rr of ~••ult. of 11 ~ auta,a.lclty studle. of 
lolvent extractl of dia.al exbault particulate-

Delcrlptiop of Itud, ... ,ferGIIIl1:@ 

"_"~tty, ",ult!--Contlnued: 

Buhanc.ment of viral tranlro~ltlon in SHI cell. 
Call tranlfo~atlon in BOualil DALH/elf3 celli 

Hutatlona in S. typhimuriul 'extracted with luns lavasa 
fluldl 

Hutation. in I. coli 

Hutationl in bumln lyepboblaltl 

DNA damaS8 in S. careviaiae D3 

SOK in CHO cella 

Kutationl ta Chlne.a b.a.tor V19 calla .... 
.;::. Hutetion. iu S. t,pblMuriua (extractad with lu.I 

Burfactant, laline, and bovine .erua albuMin) 

CaIto et al., 1981 (371 


Curren .t al" 1981 (~2J 


llnl .t al., 1981 (431 


Lewtal, 1982 (45) 


tiber et al., 1980 (48J 


Hitcball .t al., 1981 (51) 


Hitchell .t al., 1981 (51J 


Rudd. 1980 [60J 


slat et al., 1981 [61] 


aUoless otberwi.e noted. tbe extracts were obtained with orsanic solvents. 
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3. Summary 

Because DNA is essentially identical in structure and function in all 

organisms, the demonstration of genetic 1.1 terations induced by a chemical 

in one organism is strongly suggestive that similar damage will be induced 

in other organisms if it can be establ ished that the chemical reaches the 

DNA [80]. At present, these short-term tests cannot be used to determine 

whether or not a compound wi II be carcinogenic in humans or experimental 

animals. Ihile negative short-term test results do not establish the 

safety of the agent, pos it i ve resI.! Its do not estab I i en the carc i nogen icity 

but may suggest the need for more extensive test ins of the agent in 

long-term animal bioassays. Results from short-term tests do make a 

contribut ion to a weight-of-evidence approach to carci nogen ident if i cat i on 

and may provide a more refined understanding of the carcinogenic process. 

Studies to date confi I'm the mutagenic activi ty of the organic solvent 

extractable fraction of diesel exhaust particulate, but these studies 

genera! Iy show a lack of tral'lsmi tted effect to in vivo exposure to whole 

diesel exhaust emissions, which could be due to differences in the 

bioavailability of the mutagenic compounds. The iack of mutagenic effects 

in studies using total DfP or biologic fluid extracts suggests the 

potential inabi lity of the pulmonary fluids to extract the mutagens 

adsorbed on DE? and/or the potential abi I ity of pulmonary macrophages to 

detoxify the mutagenic compounds, 
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B. Studies of carcinogenicity 

1. Skin ~aintin9 

In a study reported by Kotin et al. in 1955 [26], 25 strain A female mice 

wlue treated topically 3 times per week for 17 months wi ttl an acetone 

solution containing a benzene solvent extract of the part iculate fraction 

of exhaust obtained from an inefficiently running diesel engine. No data 

were given on ihl:! type of diesel engine or fue', used. Skin tumors were 

noted in 17 of the diesel extract-treated animals over the 17-month test 

period. On the basis of necropsy and gros:. observation, 11 of the 17 

tUlROrs were determi ned to be care i nomas. No t\.'IIIOfS were found in the 69 

C59 black mice (sex unstated) or in the 34 strain A mice (24 females and 10 

Males) used as controls. 

In a study reported by Mittler and Nicholson in 1957 [81], none of 36 

LAf llaice painted twice weekly for 11 months wi th a benzene extract of 

diesel exhaust condensate (2.26% in benzene) developed skin tumors. The 

diesel exhaust was generated by a 1-cyl inder engine; data on the type of 

engine and fuel used were not speci fied. No tumors were noted among 24 

controls treated with benzene alone. However, all 11 mice treated twice 

week Iy wi th benzo(a)pyrene (SaP) and 22 of 36 mi ce treated twi ce week I y 

with a 4t solution of gasoline engine exhaust extract developed skin cancer. 
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In 1980, Misfeld [82] described a study in whic~ three groups of 80 female 

CFlP mice were treated topically twice weekly with either 4.3, 8.S, or 

17.15 mg of diesel exhaust condensate in an unspecified solution. It was 

not mentioned whether or not the condensate was from a solvent extract. 

There were no tumors not:ed in the low dose group, 2 tUllIors in thf) medium 

dose group, and 9 tumors in the high dose group; 1'10 tumora were noted in 

the 80 female CFLP mice treated twice weekly with the unspeci fied solvent 

alone. No data were given regarding tumor types, diesel engine 

speci fications and operating parameters, or exhaust condensate co: lection 

techniques used. From results of simi lar testing with gasol ina engine 

exhaust condensate, Misfeld [82] calculated that the gasoline exhaust 

condensate had 42-times more tumor-producing effect than the diesel exhaust 

condensate. 

In a study of skin carCinogenesis by Nesnow at al .• 1982 [83], 80 SENCAR 

.ice were used per treatment group with 40 of each sex, aged 7 to 9 weeks. 

Dichloromethane extracts of particulate emissions from five different 

diesel engines (1973 Nissan Datsun, 1978 General Motors Oldsmobile, 1976 

prototype Volkswagen Turbo Rabbit. and 1977 Mercedes 3000) and a 

residential furnace; all used No.2 diesel fuel. In the tumor initiation 

studies. the diesel extract was suspended in acetone and appl ied topica} Iy 

in single applications (doses ranged from 0.1 to 10 mg with the 10 mg dose 

administered in 5 daily doses of 2 mg). This was followed 1 week later by 

treatment with 0.002 mg of the tumor promoter 7,12-dimethylbenz(a)­

anthracene-12-0-tetradecanoylphorbol-13-acetate (TPA) , which was 

administered twice weekly for a year. Under the complete carcinogenesis 
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protocol (a test for agents exhibiting both tumor-initiating and 

tumor-promoting activities), extracts were administered weekly for 50 to 52 

weeks (doses ranged from (LI to 4 my). For comparison, studias were 301 

conducted with BaP and emission extracts from a 1977 Ford Mustang gasoline 

engino, a coke C\ven, and roofing tar. The qualitative results of ~hese 

studies are summarized in Table 111-3. Four of the dilitsel samples waH': 

positive as initiator! of papi I lomas (Nissan, Oldsmobile, ·lo Ikswagen, and 

Mercedes). and one was also an inl t lat~r of carci nomas (Ni ssan). On Iy the 

diesel samples from the Nissan, Oldsmobile. and Caterpi liar engines were 

evaluated in the con~lete carcinogen study, and none wa~ found to be positive 

in the dose rang5s tested. 



Table 1II-3.--Su...ry of results of a dermal carcinogene.ls bioal••Y 
of solvent extracts of die••l exhaust 

a_pIe 

Uillan 8nllne emillion 

Oldsmobile e06in8 emillion 

Volk.walen ensine ••illion 

Hercede. 80line emillion 

HUltanl enline emlllion 

Caterpillar eosine emi••lon 

ielidentla! furnaee eml1110n 

Cote oven (mlllin) emislion 
N ..... lootio, tar ..i,l ion 

Beozo(iIl)pyrene 

TUMOr 
Pap! 11011111111 11 

Hire 

+1... 

+1+ 

+1+ 

+1­

+1+. 

-1­

-1­

+1+ 

+1+ 

+1+ 

initiation 
Careil'lOBlIlsb 

Hlf 

+1+ 

-1­

-1­

-1­

-1+ 

-1­

-l­

+1+ 

+1+ 

+1+ 

ee.rdno,enu h 
CIl1'cirU:Mhlll 

HII' 

-1­

-1­

UDe 

UD 

-1­

ID 

+1+ 

+1+ ..... 
+1+ 

·Scored at 6 months (positive for papilloma fo~tioQ if there was evidence of a dOle 
re.ponse and if at least two do••• yielded a papliloma-per-mouse value equal to thre. ttmes 
the background value) 

beu.ulativ. score at 1 year (positive for carcinoma formation if at least one dose produced 
a tumor incidence of 2~) 

CHat./Pslllale 

dI = Incomplete flndinss 

eND • Not determined 

Adapted from lesnow et al., 1982 (83) 
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Depass at al., 1982 [84]. reported the prel iminary findings of Ii dermal 

carcinogenesis bioassay in which 40 male C3H/HeJ mice per treatment group 

were exposed for Ii fa (age at initial exposure not specified). Diesel 

exhaust particulate (DEP) and dichloromethane extracts of diesel exhaust 

particulate (DEE) trOll an Olduobi Ie engine were appl ied topically in 

0.025 ml of acetone. Under the complete carcinogenesis protocol, a dose 

of 1.0 IIg DEP. 2.0 illig DEP, 1.0 illig DEE, 2.2 illig DEE, 5.1 illig DEE, or 12.01119 

DEE was administered three times per week. In the tumor initiation 

studies, a single dose of either 2.0 mg DEP or 12.0 mg DEE was followed 1 

week later by treatment 3 times per week with 0.0015 mg of the tumor 

promoter phorbol-12-.yristate-13-acetate (PMA); the concentration of PMA 

was changed to 0.15 mg after e months of treatment. In the tumor 

promotion studies, a single initiating dose of 0.23 mg SaP was followed 

by 5 applications per week of 2.0 mg DEP, 5.1 mg DEE, or 12.0 illig DEE. 

Results of the preceding study by Depass et al. [84} are as follows. In 

the complete carcinogenesis studies, only one tumor (a squamous cell 

carcinoma) was obser".\Q in groups treated wi th DEP and DEE (at a dose of 

12.0 mg DEE). whereas 38 of the 40 positive controls treated with 0.2% 

SaP developed tumors; 4 of the eo OEP-treated and 18 of the 160 

DEE-treated lIice were sti t I al ive at the time of reporting. In the tumor 

promotion study. one mouse in each of the groups treated with DEE was 

diagnosed as having squamous cell carcinoma. and another was grossly 

diagnosed as having a pap! Iloma (no tumors were observed in the DEf 
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treatMent group); 7 of 40 DEP-ireaied and 14 of 80 DEE-treated mice were 

Itill alive. In the tumor initiation studies, 3 mice in each of the DEP­

and DEE-treatMent groups developed tumors; the time from initial exposure 

to first tumor observed was 319 days in the DEP-treated mice and 395 days 

in the DEE-treated mice. None of the DEP- or DEE-treated mice were still 

alive at the tiMe of reporting. These preliminary findings indicate that 

there were no statistically significant incidences of tumors from topical 

application of DEP or DEE in either the tumor initiati~)I''I. tumor 

prOMOtion, or complete carcinogenesis studies [84]. 

2. Intraperitoneal Injection 

In a study reported by Pepelko and Peirano in 1983 involving two 

consecutive experiMents [85], strain A mice from the Jackson laboratories 

were given intraperi toneal (Lp.) injections of d icn 10 rome thane ext racts 

of diesel exhaust particulate at 8 weeks of age, 3 times per week for 8 

weeks, and were later sacrificed at 9 months of age. In the first 

experiment, the doses per i .p. injection (in 0.05 ml dimethylsulfoxide) 

were 4 mg of Nissan DEP (30 males, 30 females), 1 mg of Nissan DEE (30 

males, 30 females), and 1 me of Oldsmobile DEE (30 males). In the second 

experiment, the doses per i.p. injection (also in 0.05 mJ 

diMethylsulfoxide) were 2 mg of Nissan DEP (60 males, 60 females), 1 me 
of Nissan DEE (40 males, 45 females), and 1 me of Oldsmobile DEE (35 

_Ies). The sources of the diesel exhaust were a 6-cyl hider Nissan 

Mlgine and an 8-cyl inder Oldsmobile engine; both used No. 2 d~esel fuel. 
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In the first experiment, only the males injected with 1 mg of Nissan DEE 

had a s ignif icant Iy higller tUllX'lr incidence than did un injected cont ro Is; 

however, when the data were combined from both experiments. no 

significant differences were noted. The combining of results from the 

two experiments might have diluted any effects associated with the 

emissions from a given engine. 

3. Inhalation 

In an inhalation study by Karagianes et al ., 1981 [86]. 24 

specific-palhogen-frea male 18-week old listar rats per group were 

exposed 6 hours/day, 5 days/week for 20 months to one of the following: 

(1) clean ai r. (2) diesel exhaust alone [containing 8.3 mg/m3 DEP, 50 

parts per mi Ilion (ppm) carbon monoxide (CO), 4-6 ppm nitrogen dioxide 

(N02) , 26-40 ppm ammonia (NH3), <1 ppm sulfur dioxide (502), and <1 

ppm al iphatic aldehydes], (3) diesel exhaust (containing the components 

listed above) in combinat ion with 5.8 mg/m3 coal dust, (4) 6.6 mg/m3 

coal dust. or (5) 14.9 mg/m3 coal dust. The source of the diesel 

exhaust was a 3-cyl inder. 43-brake horsepower (bhp) diesel engine that 

had been modified to simulate an inefficien~ly tuned engine; a 2-D diesel 

fuel oil was used. Six rats from each group were sacrificed after 4, 8, 

16, or 20 months. No malignant respiratory tract tumors were observed in 

any of the exposure groups. According to the authors, the limited number 

of rats examined (24 per group) precluded definitive answers regarding 

the carcinogenic potential of inhalation exposure to diesel exhaust, coal 
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dUlt, or thts combination of both. In addition, tumors would not have 

been expected among those animals sacrificed at 4 or 8 months. 

In one of the most complete studies to date, reported by lewis at al. in 

1985 [44]. fischer 344 rats <120-121 males and 71-72 females per group) 

were exposed 7 hours/day, 5 days/week for 24 months to one of the 

following: (1) diesel exhaust containing 1.95 1119/1'113 DEP, (2) diesel 

exhaust containing 1 1119/1'113 DfP in combination with 1 1119/1'113 coal dust, 

(3) 2.00 1119/1'113 coal dust, or (4) clean ai r. The diesel eJlt.haust (wi th 

DEP or with DE? and coal dust> also contained the following components: 

10.9-11.5 ppm CO, 8.3-8.7 ppm nitrous oxide (NO), 1.5-1.6 ppm N02,. 

0.6-0.8 ppm 502, 0.5-0.S ppm Mi3, 0.12 ppm total aliphatic aldehydes. 

<0.1 ppm aero lei n, <0. 1 pp:n ,aceta I dehyde , and <0.1 ppm fo rma Idehyde . The 

source of the diesel exhaust was a 4-cycle, water-cooled, naturally 

aspi rated 1oo-bhp Caterpi liar Model 3304 diesel engine equipped wi th a 

water scrubber; a No. 2 diesel fuel containing <0.5% sulfur by mass was 

used. Complete gross and histopathologic examinations were performed on 

all the animals (i.e., those rats that died during the study or survived 

to the terminal ki II). The incidences of neoplasia in the 50 organs 

examined from rats exposed to either diesel exhaust. coal dust, or diesel 

exhaust and coal dust combined did not differ significantly from controls 

exposed only to clean air. 
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In part I of an inhalation study by Orthosfer at 1.1. published in 

1981 [87], strain A mice from ei ther the Strong Research Foundat ion 

(Strong) or the Jackson laboratories (Jackson) were exposed for 20 

hours/day, 7 days/weak to one of the following: (1) nonirradiated diesel 

exhaust (containing 6.32 mg/m3 DEP, 15.7 ppm CO, 5.9 ppm NO, 2,2 ppm 

N02' and 2.1 ppm S(2)' (2) irradiated diesel exhaust (containing 6,87 

mg/m3 DEP, 15.4 ppm CO. 4.9 ppm NO, 2.7 ppm N02, and 1.9 ppm S(2)' 

or (3) clean air. The source of the diesel exhaust was a 6-cyl inder 

Nissan diesel engine; a No.2 diesel fuel was used, In experiment H1, 25 

male Stron9 A mice per group were exposed from ages 6 through 14 weeks to 

eittler nonirradiated diesel exhaust, irradiated diesel exhaust, or clean 

ai r; follOWing these exposures, the mice were held in clean ai r for an 

additional 26 weaks and then sacrificed. In experiment 12. 40 Jackson A 

mice (20 males, 20 females) were exposed to either nonirradiated diesel 

exhaust or clean air for 8 weeks and were then sacrificed 30 weeks after 

cessation of exposure. There were no significant differences in tumor 

incidences among diesel exhaust-exposed groups in either experiment H1 or 

12 as compared to their clean air controls. The small numbers of animals 

in the exposure and control groups might have iimited the sensitivity of 

this study. Further, the findings might not have been negative if, 

following chronic inhalation of these substances, the animals had been 

observed for their lifetime. 
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In part II of the preceding study by Orthoefer et al. [87]. Strong A mice 

were exposed 8 hours/day, 7 days/week to either clean ai r or to diesel 

exhaust containing 6.39 mg/m3 DEP, 19.1 ppm 00, 11.2 ppm NO, 2.65 ppm 

N02 ' and 6.4 ppm 502, The source of the diesel exhaust was mentioned 

pl"evj"usly. In experiment #3, 120 female Strong A mice and 859 male 

Strong A mice were randomly divided into either a clean air-exposed or a 

diesel exhaust-exposed group. The females were exposed for 7.5 months 

and the males for 38 or 44 weeks; all mice were then sacrificed. In 

experiment #4, 120 female Strong A mice at 6 weeks of age were pretreated 

with a single 1-mg i .p. injection of the lung tumor initiator urethan, 

exposed to diesel exhaust or clean air for 1.5 months, and then 

sacl·ificed. The female mice in both experiments (#3 and #4) had 

signi ficant increases in the number of tumors/mouse (0.32, p<0.01 and 

0.39, pd).01, respectively) as compared to their respective controls. 

The re we re no sign i f i can t d i Herences , howe'll!! r • in the tumo r inc i dances 

in the male mice in either experiment. In II discussion of this study 

published in 1983. Pepelko and Peirano [85] discounted the positive 

findings in the female mice for the following reasons. First, the tumor 

incidence of the controls (0.09 tumors/mouse) was less than the expected 

value (based on historic controls) of approximately 0.25 tumors/mause for 

thl~ strain of mice; if the latter value had been used. then no 

significant increases would have been shown. Second, Pepelko and Peirano 

noted that according to Shimkin and Stoner, in 1915 [88], the increases 

should not have been considered significant in this type of study unless 

the tumor incidences had exceeded 1 t'''',.;,r/mouse. Further. Pepelko and 
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Peirano were not able to confirm the significant increases, even at a 

higher level of exposure, as described in the following Elxperiment wi ttl 

Strong A mice. 

In part I. experiment #1 of the study reported in 1983 by Pepelko and 

Peirano [85]. groups of 90 Strong A mice (45 males, 45 females) were 

exposed 8 hours/day, 7 days/week to either clean air or to diesel exhaust 

(containing 11.7 mg/m3 DEP, 33.3 ppm CO, 19.5 ppm NO, 4.4 ppm N02 ' 

and 5.0 ppm 5(2) from the ages of a weeks to 9 months and were then 

sacri ficed. The diesel exhaust was generated by the same a-cy! inder 

Ni$san engine (using No. 2 diesel fuel) used by Orthosfsr et al. [87]. 

In experiment #2, similar exposure treatments were administered to groups 

of 90 Strong A mice (45 males, 45 females) that had been pretreated with 

a single 5-1119 i.p. injection of the lung tumor initiator urethan. 

Significantly lower tumor incidences were found for female and for male 

and female Strong A mice exposed to diesel exhaust (ei ther wi th or 

without urethan) as compared to the clean air-exposed controls. In 

experiment #3 under the same condi tions (except that exposures lasted 

unti I 12 months of age), 44 male Jackson A mice survived exposure to 

diesel exhaust, and 38 male Jackson A mice survived exposure to clean air 

(the initial numbers exposed were unknown). The tumor incidence in 

experiment #3 was significantly lower in the diesel exhaust-exposed 

Jackson A mice as compared to the clean-air exposed controls. In 

experiment #4, exposure times and conditions were identical to those in 

experiments #1-#3,' except that the I ight cycle was al tered such that 

exposures took place in the dark whi Ie the mice were presumably awake, 
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active, and inspiring a greater volume of air. A group of 258 Strong A 

mice (115 males, 143 females) was exposed to diesel exhaust and a group 

of 250 Strong A mice (108 males. 142 females) was exposed to clean air; 

the mice in both groups were exposed from 6 weeks to 9 months of age and 

were then sacri Hced. Both male and female Strong A mice exposed to 

diesel exhaust in experiment '4 had significantly lower tumor incidences 

than their clean air-exposed controls. The significance of the findings 

from these four experiments is not known. The lower tumor incid~nces in 

the exposed mice as compared to the controls might have been different if 

chronic inhalation studies with obsarvation periods over the lifetimes of 

the animals had been conducted. 

In J,art II of the study reported in 1983 by Pepelko and Pei rano [85]. 

SENCAR mice were exposed for 8 hours/day, 7 days/week to either clean air 

or diesel exhaust from the age of weaning to sexual maturi ty and were 

then mated. Exposure of the dams continued through pregnancy, 

parturition, and weaning of offspring. "rhe SEHeAR mice offspring were 

assigned to three groups of 260 (130 males, 130 females). In the tumor 

initiation study. the mice in group A received the lung tumor promoter 

bl.ltylated hydroxy-toluene (BHT) in corn oi I weekly by i .p. injection 

beginning at 1 weeks of age for 1 year; dosages of BHT were 300 mg/kg of 

body weight for the first week, 83 mg/kg th~ second week. and 150 mg/kg 

thereafter. In the tumor promotion study, the mice in group B received a 

single i.p. injection of 1 mg urethan (a lung tumor initiator) in saline 
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at 6 weeks of 1.93. In the whole carcinogeneJis study. the mice in group 

C were not illjected with BHT or urethan. Exposure of the mice in all 

three groups to either clean air or diesel exhaust continued until 15 

months of ag8, when all mice were sacri ficed. I t should be noted that 

exposuras to diesel exhaust components (6.34 mg/m3 DEP, 20.2 ppm CO. 

11.6 ppm NO, 2.1 ppm N02 , and 2.1 ppm 802) were maintained for the 

parental mice from the beginning of the study through matins. gestation, 

birth, and waaning of the offspring; when the offspring were 12 weeks of 

age, the exposures to diesel exhaust components (11.7 mg/m3 DEP, 33.3 

ppm CO, 19.5 ppm NO, 4.4 ppm N02 , and 5.0 ppm 802) were increased and 

mintained at those concentrations until termination of the study. The 

results are as follows. In the whole carcinogenesis study (group C), the 

percent of pulmonary adenomas was significantly increased (p<0.02) in the 

female SENCAR mice exposed to diesel exhaust. However, in the tumor 

initiation study with concomitant treatment with BHT (Group A), diesel 

exhaust exposure resulted in a significant decrease (p<O.01) in tumor 

incidence in female SENCAR mice. No other significant between-group 

di fferences could be detected for adenoma incidence in any of the three 

studies. As the investigators stated, these results are of insufficient 

consistency to draw conclusions [851. It is possible that the 

induction-latency period from first exposure to tumor development may be 

extrmely long for animals exposed to diesel exhaust. Whether or not 

this is true can only be determined if the animals are observed for their 

entire lifetimes. 



In 1982, Heinrich et al. [89] described a study in which groups of 48 

Syr ian golden hamsters were exposed 7-8 hours/day, 5 days/week from the 

age of 8 weeks for life to one of the following: (1) clean air, (2) the 

gaseous components of diesel exhaust alone (containing 18 ppm CO, 17 ppm 

NO, 1 ppm N02 , 3 ppm methane, and 3 ppm 002), or (3) the gaseous 

components of diesel exhaust (as previously described) in combination 

with 3.9 mg/m3 DEP. The diesel exhaust was generated by a 2.4-1 iter 

Daimler-Benz diesel engine using a European Reference Fuel with a sulfur 

content of 0.36%. No lung tumors were found in ei ther group of diesel 

exhaust-exposed hamsters. The small number of animals per group limited 

the aensi tivity of this study. In another portion of the study. groups 

of 48-72 hamsters were subcutaneously (s.c.) injected with 1.5 or 4.5 mg 

of diethylni trosamine (DEN) per kg of body weight prior to exposures to 

either (1) particle-free diesel exhaust, (2) total diesel exhaust, or (3) 

clean air. In addition, groups of 48 hamsters received either 0.1 or 0.3 

mg of dibenzo(a,h)anthracene [DB(a,h)A] by intratracheal (i .t.) 

instillation once a week for the first 20 weeks of exposure to either (1) 

particle-free diesel exhaust, (2) total diesel exhaust, or (3) clean 

air. Only 2 lung tumors were found in any of these experiments (one in 

the particle-free diesel exhaust-exposed group that received the 20 i.t. 

lnsti 1lations of 0.1 mg DB(a.h)A and the other in the total diese,i 

exhaust-exposed group that received s.c. injections of 1.5 mg DEN/kg). 

These animals wi th lung tumors died after experimental exposures of 75 

and 76 weeks, respectively. Hamsters that were pretreated with a s.c. 

injection of 4.5 mg DEN/kg and then exposed to diesel exhaust (both 
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particle-frae and total exhaust) exhibited significantly increased 

incidences of papillomas of the larynx and trachea as compared to 

hamaters that received only the s.c. injection. There were no 

statistical differences between the increases in the incidences of 

papillomas in hamsters that were exposed to only the gaseous fraction of 

the diesel exhaust and those that were exposed to whole diesel exhaust. 

The most plausible explanation, due to the similarity of the responses in 

both diesel-exposed groups, is that the effect may be due to the 

promotional properties of the irritant gases. The animals that were 

pretreated with a s.c. injection 1.5 mg DEN/kg also exhibited a tendency 

toward increased tumor" incidences, but there were no significant 

differences among the exposure groups as compared to controls. 

In an inhalation study by White et al. published in 1983 [90], Fischer 

344 rats were exposed 20 hrs/day for 9 or 15 months to ei ther clean ai r 

or diesel exhaust containing 0.25,0.75, or 1.5 mg/m3 IlEP. One group 

of animals that was exposed for 15 months was parmi tted an a-month 

recovery period. No information was given regarding other constituents 

in the diesel exhaust nor the type of engine or fuel used. Of the 90 

rats exposed to diesel exhaust for 15 months followed by 8 months of 

recovery, 5 bronchoalveolar carcinomas were found (1 of the tumors was in 

the 0.25 mg/m3 DEP group, 3 in the 0.75 mg/m3 DEP group, and 1 in the 

1.5 mg/m3 DEP group). The tumors were very small, and detection 

raquired examination of serial sections. focal pneumonia in both diesel 

exhaust-exposed rats and clean air-exposed controls was a possible 
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confounding factor. No carcinomas occurred in the 30 controls undergoing 

the same 23-month period in clean air or in the 180 Fischer 344 rats that 

were exposed to diesel exhaust for 9 or 15 months and then sacrificed (or 

in thei r 00 controls). In light of thei r findings, the investigators 

[90] decided that the study should be repeated (which is currently being 

done) to determine what effects pneumonia, age, and recovery period might 

have had on the study results. 

4. Summary 

Positive results obtained from three skin painting studies using solvent 

extracts from diesel exhaust parti.culate demonstrate skin tumor 

initiation or formation in mice [26,82,83]. The negative results in two 

other skin painting studies could be attributed to di fferences· in mouse 

strain, composition of diesel exhaust emissions, andlor dose [81,84]. 

However, no conclusive evidence exists that inhalation of whole diesel 

exhaust results in the induction of tumors. Because chemical carcinogens 

are known to be contained in diesel exhaust particulate, the inability to 

demonstrate carcinogenic responses in animals chronically exposed appears 

to be associated with ei ther low biologic avai labi I i ty of the chemical 

carcinogens or detoxification of the carcinogens prior to cOl1tact with 

the genetic material (or a combination of both) [44,85]. Further, the 

possible insensitivities of the test systems might have affected the 

results. A summary of the animal carcinogenicity studies is given in 

Table 111-4. 
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Table III-4.--SUBmar, of rosult. of studt•• of enreino!enicitf in ani••ll 

Anl.d studied 'IeIIUIt Reference 

Skin paintin, studies: 

Strdn A .icEl 

U'I .iee 
crLP .ice 

SiNCAR lIIIiee 

C3H/HeJ lIIIiee 

Intraperitoneal injection study: 

Jackson strain A alce 
(.oJ.... 

Inhalation studies: 

Wistar rats 

Fischer 344 I.'ate 

strain A lIIIiee (StroBS and Ja~k~~n) 

Strain A aiee (StrOB! and J$~k~o~) 

SINCAR aice 

Syrian ~olden h&lll'lsters 

Fischer 3~4 rats 

Po81Uve 

Helj',;tlve 

Positive 

I1.<:sslUve 

Nelative 

I!:~u i voc,i!il 

!:!lJull.m~f:;l 

ilOtllt tll,-;) 

TJoesl 

Eqt.~ i ~H~t Ii1 

,?!aeul 

,~~;) t ~t"o'~;J:.l 

~lfft! ,:r.oc;~ ,,~_ 

lotin et al., 1955 (26) 


Hittler &Nicholson. 1957 (81) 


Hi.feld, 1980 (82) 


Neanow et al .• 1982 [83] 


DePasl at al •• 1982 (84) 


Pepelko &Peir&no, 1983 (85) 

la~Q&iane8 at 81 •• 1981 [86] 

Lewi& et al •• 1985 [44J 

Orlboefer et al •• 1981 [81J 

Pep~lko and Peirano, 1983 (85) 

PepeH:<:. and Peilt'lUlo, 1983 (85) 

M~inF.icb et al., 1932 (89] 

White et al., 1983 [90] 
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C. Toxicologic Effects 

It>. summary of the toxicologic effects resulting from inhalation of whole 

diesel exhaust is presented in Table 111-5. The types of engines and fuels 

used to generate the diesel exhaust uti I ized in the major studies are 

presented in Table 111-6. 

Decreased body weight gain and food intake of rats exposed to diesel exhaust 

containing 6 mg/m3 DEP, 20 hours/day, 7 days/week for 2 months suggest 

that this exposure is near the maximum tolerated dose for the rat [85]. At 

lower DEP concentrations or reduced exposure schedules. studies have not 

demonstrated significant adverse effects of diesel exhaust on mortality, 

growth patterns, or organ weights (lIver, kidney, spleen, or heart) in 

experimental animals [44,86,91,92.93,94,95]. However, increased lung to 

body weight ratios have been reported in rats, mice, and hamsters 

[92.93.941. 

Accumulation of DEP in the lungs has been demonstrated to be both dose- and 

time-related. with the lungs and associated lymph nodes described as grey to 

black in color [91,96,97J. Statistically significant incidences of impaired 

pulmonary function (e.g_, decreased lung capaci ty and di Husing capacity) 

suggestive of restrictive lung disease have been reported in rats, hamsters, 

and cats [97,98,99], but the i'llpal red function (e.g., decreased expi ratory 

flow) in monk~ys was suggestive of an obstructive lung disorder [44]. 
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Increased numbers of lavageable alveolar macrophages and white blood cells. 

indicative of inflammatory response in the lungs. have been reported in rats 

and guinea pigs [100,101.102,103]. Morphologic studies of lung tissue have 

revealed alveoiar macrophages containing phagocytized DEP 

[44,86.97.103,104.105,106,107.108,1091 wi tn aggregat ions of these 

macrophage! near terminal bronchioles [44.86,97,105,106,110,1111, type II 

pneumocyte hyperplasia [44,97,105.108,110]. and bronchiolar epithelial 

metaplasia [97,108,109]. Carbonaceous particles have been observed in 

associated lymph nodes [44,97,103,107]. Qualitative morphologic evidence of 

pulmonary interstitial fibrosis in mice, rats, guinea pigs. and cats exposed 

to diesel exhaust has also been reported [86,97.105.109]. 

Although no adverse effects have been observed on the subpopulations of 

lymphocytes in guinea pigs [112] nor on humoral or cellular immunities in 

rats [113]. mice exposed to diesel exhaust have demonstrated increased 

mortality trOll infection by Streptococcus pvogenes [114] and increased 

severity of infection by influenza virus [115], Rats exposed to diesel 

exhaust during growth and development have demonstrated reduced activi"ty and 

learning ability [116]. No teratogenic or reproductive effects have been 

observed in mice, rats, rabbits. or monkeys [44,77,85]. 

Evidence of a pulmonary inflammatory response (e.g., increased protein 

concentrations and lysosomal enzyme activities in pulmonary lavage fluid and 

cells) has been reported in rats and mice exposed to diesel exhaust 

[102.117], although no evidence of an inflammatory response has been 



reported in rats exposed to diesel exhaust under less intense exposure 

condit ions [118]. The concent rat ion of gl utath i one was decreased in the 

lungs of rats exposed to diesel exhaust for 18 months [117] and in the liver 

of rats exposed for 2 months (with a more intense exposure schedule) [119], 

suggesting that the glutathione had been utilized in detoxification 

pathways. Exposure to low concentrations of DEP for 3 months did not 

influence glutathione concentrations in the lungs. live,r, or heart of rats 

or guinea pigs [119]. The activity of microsomal aryl hydrocarbon 

hydroxylase (AtIH was induced in the lungs, liver. and prostate of rats 

exposed to diesel exhaust for 42 days [120]; however, no induction (AHH) was 

observed in the lungs or I iver of rats or mice exposed for 8-9 months 

[121,122]. Exposure to diesel exhaust has not been shown to produce adverse 

effects on microsomal cytochrome P450 in the lungf$ or I iver of rats or 

mice [106,121,122,123]. Although some variations in serum enzyme activities 

have been reported in cats and hamsters exposed tel diesel exhaust [85,89], 

most major serum enzyme and hematologic parameters in rats, guinea pigs, and 

cats have not been significantly altered [85,86,95,106]' Based on the 

biochemical, clinical chemical, and hematologic data reported in the 

literature, inhalation of diesel exhaust has not produced profound 

cytotoxicity in the respiratory tract nor hepatotoxici~y in experimental 

animals. 
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IV. EfFECTS IN HUMANS Of EXPOSURE TO DIESEL EXHAUST 

A. Studies of Effects other than Cancer 

This section evaluates studies concerning the relationship between diesel 

exhaust exposure and adverse health effects primari Iy to the respi ratory 

system. The populations described in these studies were exposed in both 

experimental and occupational settings. The studies describing occupational 

exposures attempted to ascertai n the nature and extent of adverse hea I th 

effects among railroad roundhouse workers. bus garage workers, non-coal mine 

workers, and coal mine workers. The studies are presented in order of 

increasing envi ronn:ental COIIIP Iex i ty t beginn ing wi th a report of experimental 

exposure and ending with studies that evaluate the effects of diesel exhaust 

on coal miners. 

1. Experimental Exposures 

Katz at al., 1959 [129], described the experience of 14 chemists and their 

assistants who were exposed to diesel exhaust emitted from diesel-powered 

locomotives inside a 6,032-foot railroad tunnel. Air sampling stations 

were located at seven points in the tunnel. Each station was occupied by 

one chemist and one assistant. Over a three-day period, 104 separate 

trains passed through the tunnel. Ai r samples were collected and analyzed 

for oxides of ni trogen (NO,,>. N02, CO, formaldehyde. and total 

particulate matter; the ranges of the mean concentrations were 0.4-2.8 



parts per million (ppm) 002 , 9.1-38.4 ppm NO ' 1.3-S.6 ppm CO, 1.2-5.8 x 

ppm formaldehyde. and 0.9-2.3 mi II igrams per cubic meter (mg/m3) total 

part iculate. Samples analyzed for 802 revealed a concentrat ion range of 

"zero to 0.13 ppm." 

The authors (129] reported that the 14 chemists and assistants were given 

brief physical examinations; however, they did not indicate when the 

examinations were conducted or whether pre-exposure examinations were 

administered. Pulse rates and blood pressures were wi thin normal I imi ts; 

there were no complaints of impai red vision or tearing and no unusual 

findings following chest examinations. On three "brief occasions" .some 

workers complained of minor eye and throat irritation. Blood samples 

obtained from the group were analyzed for carboxyhemoglobin. With two 

exceptions. all samples indicated an increase in carboxyhemoglobin 

following an S-hour workshift; this finding was correlated wi th cigarette 

smok i"g, however. and not wi th exposure to d i ese I exhaust. A I though the 

complaints of eye and throat i rr i tation were correlated wi th exposure to 

diesel exhaust, they were not correlated with concentrations of any 

particular diesel exhaust component. The authors [129] did note that on 

several occasions the locomotives were allowed to idle at the midpoint of 

the tunnel, but they did not mention if this practice was correlated with 

the eye and throat irritation. 

In a 1965 [130] follow-up to a 1964 study of 364 enginehouse workers [131], 

Battigelli described additional studies conducted on 18 volunteers exposed 
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to dilute diesel exhaust obtained from a 7-horsepower. 1-cylinder, 4-cycle 

d i ese I eng i na: the tue I type was no t spec if jed. The amoun ts 0 f N02 ' 

S02' CO, acrolein, total hydrocarbons, total aldehydes, and forma Idehyde 

for the three dilutions of diesel exhaust are presented in Table IY-1. One 

of the di iutions (unspecified by the authors) was selected to mimick the 

worst conditions found in the enginehoIJse in 1964. it should be noted that 

Battigelli [130] did not specify how the air samples were analyzed, nor did 

he state the units of concentration in which the values are expressed. 

Table IV-1.--Composition of diluted diesel exhaust 

Average "Concentration"'" 

Oi lution A 01 lution B Oi lution C 

002 1.3 2.8 4.2 
~ 0.2 0.5 1 
CO <20 30 55 
Total aldehydes 
Acrolein 

<1.0 
<0.05 

<1-2 
<0.05 

1-2 
<0.05 

Formaldehyde
Hydrocarbons 

<0.1 
<2.0 

<0.1 
2.5 

<0.1 
3.2 

*Values undefined. expressed as in original manuscript 

Adapted from BaUigelli [130] 

By simultaneously recording esophageal pressure and ai r flow determined 

by electrical differentiation of the volume signs from spirometry, 

Battigeil i [130] was able to estimate that there was no signi ticant 



resistance to pulmonary flow as a result of a 1,-1'101.1 r exposure to the 

diluted diesel exhaust, nor did any subject complain of adverse effects, 

except for a slightly unpleasant taste that disappeared following 

cessation of exposure. In a separate experiment. eye irritation was 

reported after 6 minutes ot exposur~ to "Di lut ion A," after 3 minutes and 

20 seconds of exposure to "Di lution 13," and after 40 seconds of exposure 

to "Di iution C." 

2. Railroad Enginehouse Workers 

In 1964, Battigelli et al. [131] investigated the prevalence of adverse 

effects among a group of 210 male workers exposed to diesel exhaust in 

three enginehouses. An additional 154 male workers matched for age, body 

size, and "past extrapulmonary medical history" (no explanation of this 

ph rase was p roy i dod) se rved as a compar i son popu I a ti on. The exposed 

workers at the time of the study had an average age of 49.8 years and an 

average exposure to diesel exhaust of 9.6 years. The comparison 

populat ion had an average age of SO.O years and no present or prior 

diesel exhaust exposure. 

Exposure to diesel exhaust showed great seasonal variation. Battigelli 

at al. [131] reported that during the summer months when the doors of the 

enginehouse were open, the concentrat ion of diesel exhaust a "few feet" 

away from the engine exhaust domes was 70 times less than at the domes 

themselves. Winter and summer concentrations of N02 ' 502 , acrolein, 
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total aldehydes, and total hydrocarbons are presented in Table IV-2. The 

sampling duration was not specified by Battigelli at al. [131]. 

Table IV-2.--Estimated concentrations of diesel exhaust components 
as measured in the summer and in the winter 

(expressed in Ppm) 

linter Summer 

lied i an Max i IIWIIl Mad i an Max i mum 


N02 0.5 1.8 <0.5 1.5 
<1 4- <<<2 <<<2~.

Acroieun <0.1 0.1 «0.1 0.15 
Total aldehydes <0.5 1.7 <0.5 1 
Total hydrocarbons 2 5 <2 >2 

Values were derived from Figure 1 of Battigelli at al. [131]. 

BaUigel1 i et al. (131] found no algni ficant ellnieal di fferences in 

pulmonary function nor in prevalence of dyspnea (difficult or labored 

breathing>, cough, or sputum production between the exposed workers and 

the unexposed comparison population; the prevalence of eye irritation was 

not studied. 



3. Bus Garage Workers 

In a 1966 report, EI Batawi and Howelr [132] described the prevalence of 

a variety of complaints and clinical findings among 161 workers from two 

garages where diesel-powered buses were serviced and repaired. The 

workers ranged in age from 20 years to more than 60 years; 72% of the 

workers were described alJ "heavy smokers." Although the authors did not 

define "heavy smokers," they did note that most used a tobacco mixed with 

molasses, a practice that produces a tobacco known to irritate the throat 

and cause an increase in coughing and phlegm production. Concentrations 

of diesel exhaust components in the two garages are described in Table 

IV-3. 

Table IV-3.--Ranges of mean concentrations of 
diesel exhaust component in two diesel bus garages 

002 (ppm) 


Aldehydes (ppm) 


$02 (ppm) 


Particulate (mg/m3) 


Garage 1* 

0.4-1.3 

0.6-44.1 

0.14-0.81 

2.15-4.25 

Garage 2* 

0.4-1.4 

0.7-35.4 

0.13-0.71 

1.34-4.51 

*Highest values obtained close to exhaust 

Adapted from EI Batawi and Noweir [132] 
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As noted in Table IV-3, the highest contaminant concentrations were 

obtained close to the exhaust of buses. Therefore, it is not possible to 

determine how these exposures contributed to the prevalence of symptoms 

described by EI Batawi and Noweir [132]. Complaints of headache were 

made by 37% of workers. dizziness by 30%, throat irritation by 19%. cough 

and phlegm by 11%. and eye irritation by 42% of the workers. There were 

no cl inical findings of adverse pulmonary function. Because of the 

unusual smoking characteristics of these workers, it is not possible to 

draw any conclusions concerning the prevalence of symptoms associated 

with exposure to diesel exhaust. 

In 1982, fredga et al. [133] reported the results of an investigation of 

the nature and frequency of chromosome changes among male drivers of both 

diesel- and gasol ine-powered vehicles in Sweden. The workers studied by 

Fredga et al. were matched by age, length of time at work, and smoking 

habits. There were 12 workers (6 smokers and 6 nonsmokers) who drove 8­

to 10-ton diesel trucks and 12 workers (6 smokers and 6 nonsmokers) who 

were exposed to gasol ine fumes from a variety of conventionally-powered 

veh i c I ElS (Fo rd Tanue, Vo Ikswagen van, " light 8-cy Iinde r veh i c I es ." and 

"private cars" used as taxis). A group of 12 automobile inspectors (6 

smokers and 6 nonsmokers) was also studied, and a final group of 12 

office workers and prison guards (6 smokers and 6 nonsmokers) was used as 

the referent population. Information was solicited by questionnaire 

concerning past employment, recent radiographic examination, recent viral 

infection, and exposure to solvents and to other substances known to 
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cause chromosome damage. Although Fredga at al. [133] reported that 

three blood samples were collected from each subject during May and June 

of 1978. they provided no information on the protocol for collection, nor 

did they specifically mention whether alcohol use was considered. 

No statistically signi ficant group di fferences in the frequencies of 

chromosome aberrations (gaps and breaks) or sister chromatid exchanges 

were observed, axcept when smokers were compared to nonsmokers within the 

same group. One exception (based on, one of'18 different statistical 

analyses) was a statistically signi ficant increase in chromosome breaks 

among diesel exhaust-exposed nonsmokers, but the authors concluded that 

this might have occurred by chance. 

4. lorkers in Mines other than Coal Mines 

A 1978 report by Gamble at ai. [134] identified a cohort of 246 salt 

miners (236 male; 10 female) from five salt mines. Pulmonary function 

data were obtained for 187 workers; however, it was not spec if i ad how 

many were women. The population was divided into nonsmokers (18%), 

ex-smokers (23%), and smokers (59%). The characteristics of the miners 

for whom pulmonary function data was available and of the mines in which 

they worked are presented in Table IV-4, 
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Table IV-4.--Some characteristics of salt miners exposed to 
diesel exhaust and of their work environments 

Nonsmokers Ex-smokers Smokers 

Mean age (years) 37.4 42.6 37.0 

Mean 002 (ppm) 1.71 2.04 1.87 

Mean respirable particulate 0.62 0.80 0.10 
(mg/m3) . 

Number of miners 35 44 108 

Adapted from Gamble et al. [134] 

For the total group of salt miners. 002 concentrations ranged from 

nondetectable to 5.16 ppm. and respi rable part iculate ranged from 0.01 

mg/m3 to 6.2 Ing/m3 . Based on results obtained using indicator tubes, 

502 concentrations were reported to be below 1 ppm, and formaldehyde 

was reported to be below 0.5 ppm [134]. Gamble et al. [134] indicated 

that diesel equipment was not used in one of the mines, and the number of 

diesel uni ts in use in the remaining 4 mines ranged from 1 to 50. No 

associations between miners and mines were provided. 

Gamble [134] recorded pu IIIIOn3ry funct ion by measuring presh i ft forced 

expi ratory volume in 1 second O=EY1) and forced vi tal capaci ty (FYC) 

for each of the 181 workers, and he used those values to obtain peak flow 

forced expiratory flow rate at 25% of FYC (FEF2S), peak flow forced 

expiratory flow rate at 50% of FVC (FEF50), and peak flow forced 

expiratory flow rate at 75% of FVC (FEF1S)' After-shift pulmonary 
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function values were determined from total lung capacity and flows at 

preshift percentages of fVC. Change in pulmonary function test (PFT) 

results was obtained from the di fference between pre- and post-shi ft 

results. No statistically signi ficant associations between changes in 

pulmonary function and in N02 and respirable particulate combined were 

detected. lIlen N02 was used as the only signi ficant variable, 

over-the-shift decrements in pulmonary function were observed. The 

s lopes 0 f the reg ress ions 0 f N02 and changes in FEY1 • fEF25 ' 

fEFSO ' and FEF75 were significantly different from zero. Based on 

other studies of acute pulmonary function effects over a workshift among 

miners exposed to respiratory irritants, Gamble et al. [135] expected to 

find either no change or a sl ight i.nGrease in the change in pulmonary 

function. The authors [134] concluded that the observed effects were due 

to variations in N02 within each mine. 

In a series of 1983 reports by Gamble et al. [135] and Gamble and Jones 

[136,137], the respiratory morbidity was investigated for a group of 259 

white male salt miners working in five sodium Chloride mines; two of the 

mines used diesel extensively. In the first report. 1983 [135], Gamble 

at al. attempted to determine whether or not respiratory symptoms, 

radiographi c findings. and pu lmonary funct ion were correlated wi th N02• 

respirable particulate. or years worked underground. They also attempted 

to determine if there was an increased prevalence of morbidity among the 

salt miners as compared to others having no diesel exposure. 
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The five mines studied were identified as A, a, C, D, and E. In mine A, 

diesels were introduced during the years 1963 to 1967; in mine a, they 

were introduced in 1963; in mine D. in 1956: and in mine E. in 1957. No 

diesels were used in Mine C. Some est imates of contaminant 

concentrations were also provided, but the raw data were not suppl ied; 

the authors described these as "relatively rough" estimates [135]. All 

samples collec:ted for 502 and formaldehyde were below the I imi ts of 

detection (1 ppm and 0.5 ppm, respectively) for the indicator tubes 

used. Table 1'11-5 presents approximate values for NO x ' N02, and CO. 

Average concentrations for N02 and respi rable particulates are provided 

in Table IV-5, but it is not clear how these values were generated 

because no information was provided to indicate that they were based on 

any values other than indicator tube estimates. The characteristics of 

the study population are also presented in Table IV-6. 

NOx 

N02 

co 

Table IV-5.--Approximate mean concentrations of 
NOx • N02. and CO in the atmospheres of five sodium chloride mines 

(expressed in ppm) 

Mine 

A a C D E 

2 4 1 8 4 

<0.5* 2 <0.5'" 5 2 

10 10 <5* 12 5 

"Non-detectable 

Values derived from Figure 3 of Gamble et al. [135] 
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Table IV-S.~,-Some chara(; tad st ics of whi te male sal t mi ners exposed to 
diesel exhaust and of their work environments 

Nonsmokers Ex-smokers Smokers 

Mean age (years) 36.9 45.2 31.1 

Mean years worked 9.1 14.8 9.3 

Mean resp i rab I e 0.59 
particulate (~~/m3) 

0.56 0.51 

Mean N02 (ppm) 1.26 1.40 1.32 

Number of miners with 32 26 100 
(10 years experience 

Number of miners with 18 33 50 
~10 years experience 

Number of miners 50 59 150 

Adapted from Gamble et al. [135], characteristics of miners from 
individual mines were not provided. 

Total 

39.3 

10.6 

0.51 

1.33 

158 

101 

259 

Several working populations were compared to the salt miner populations. 

All comparisons were adjusted for age, smoking, and (for pulmonary function 

test values) height. White male miners from six potash mines, all of which 

were diesel-equipped, were used for comparison. A non-mining comparison 

population was also constructed. This group (referred to as the blue 

collar group) consisted of male and female workers from the electronics 

industry, synthetic texti Ie manufacturing. bakeries, and bottling plants. 

These groups were compared to both surface and underground coal miners. 
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The characteristics of the comparison populations are presented in Table 

IY-7. I t was not stated by the authors why the values for dust and 002 
were expressed as means when the values for the salt mining population were 

expressed as averages. 

Table IV-7.--Characteristics of comparison populations 
and of their work environments 

Potash Aboveground Underground Blue collar 
workers coal miners coal miners workers 

Mean age (years) 41 44 39 38 

Mean years worked 16 18 15 12 

Mean total dust 3.45 NA* NA NA 
(mg/m3 ) 

Mean resp i rab Ie 
dust (mg/m3 ) 

NA 1.44 1.36 NA 

Mean N02 (ppm) 0.90 NA NA NA 

Nonsmokers 178 105 1112 207 

Ex-smokers 244 150 1234 194 

Smokers 451 214 3023 442 

Number of miners 875 509 5722 843 

*NA =Not available 


Adapted from Gamble et al. [135] 


Each of the salt miners was administered a questionnai re and given a 


chest x ray and a spi rometry test. Complete work histories were also 
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obtained from questicnnai res or personnel records "when avai lable." The 

effects of agel. smoking. and exposure on symptom prevalence were analyzed 

using a iogisticanalysis and presented by age category (those fewer than 

40 years, those 40 or more years) and smoking category (nonsmokers, 

ex-smokers, and smokers). In order to determine if a dose relat ionship 

existed, Gamble et al. [135] classi fied the salt miners into groups of 

high, medii..."" and low respirable particulate and N02 exposures. 

Comparison populations were adjusted for the salt mining population on the 

basis of age and smoking category. The overall symptom prevalence (by 

percentage) for the salt mining populations is presented in Table IV-S. 

Table IV-8.--0verall prevalence of symptoms among salt miners by mine 

Mine 

B C D E Total 

Cough (%) 0 22.7 18.5 29.6 24.7 24.3 

Dyspnea (%) 5.9 0 0 S.3 10.6 7.3 

Phlegm (%) 0 13.6 14.S 37.0 30.6 2S.2 

Number of miners 17 22 27 108 85 259 

Adapted from Gamble at al. [135] , values were based on ques t i anna i re 
response. 

Further analysis by Gamble et al. [135] revealed that the prevalence of 

cough and phlegm was related to age and smoking. Dyspnea was related only 

to age, not to smoking or diesel exhaust exposure. 
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The authors stated [135]: "In summary. there were no consistent 

eli fferences in age- and smoking-adjusted symptom prevalence among the 

salt, potash, blue collar, and aboveground coal populations. The 

underground population consistently had ~n el~vated aymptom ~ruvalence." 

The authors did note, however, that the prevaler.ce of phlegm was elevated 

and was exposure-related among salt minars, but only when compared to the 

blue Ciollar workers. '''s noted previously, the salt miners were all 

males, while the blue collar comp~'ison group consisted of both males and 

females. The effect that this difference might have had on the results 

was not discussed. 

Gamble et al. [135] also made an extensive evaluation of the salt miners' 

pulmonary function by measuring FEV1, FVC, FEFSO ' and FEF7S ' Whi Is 

these parameters were uniformly lower for salt miners in relation to all 

the comparison populations, the differences were small (not statistically 

significant), and there were no correlations with diesel exhaust 

exposure. 

As the authors [135] stated: 

"Problems that make the assessment of risk [in the salt miner 

population] difficult include: relatively rough estimates of 

exposure, imperfect measure of effect, undocumented role of 

selection, high correlation of age and estimated exposure, and 

lack of contemporary regional comparison groups." 

http:prevaler.ce


In the second report, 1983 [136], Gamble and Jones cant inued to explore 

the respiratory health of the same cohort of 259 salt miners using tenure 

in jobs with diesel exhaust exposure as the exposure variable. The 

comparison population used for this study was the "blue callarI! group 

described above. As in the first report [135], only the prevalence of 

phlegm was exposure-related; the average FYC and FEY1 were both about 

96% of expected. well within the normal range. 

In the third report, 1983 [137], Gamble and Jones stated that the 

prevalence of phlegm was increased in both the "intermediate" and the 

"high" diesel exhaust-exposed categories and that FYC in the "high" 

exposure category (>90% tenure in jobs with diesel exhaust exposure) was 

reduced as compared to the "low" exposure category. However, considering 

the authors' own caveats given in the first report [135] concerning the 

accuracy of the exposure data, these trends are difficult to interpret. 

Considered ei ther individually or as a group, these reports [135,136,137] 

do not demonstrate any consistent adverse respiratory effects that can bp, 

clearly attributed to diesel exhaust exposure. The dose-related finding 

of an increase in phlegm may be due to mine dust rather than to diesel 

exhaust exposure. 

In a simi lar type of study publ iahed in 1982, Attfield et al. [138] 

explored the effects of diesel exhaust on the respi ratory heal th of 630 
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potash miners from 6 potash mines. Questionnaire, chest x ray, and 

spirometric data were collected in 1916. Characteristics of the miners and 

mines are presented In Table IV-9. 

Table IV-9.--Characteristics of 630 potash miners and 
6 potash mine environments 

Mine 

A B C 0 E F Total 

Mean age (years) 43 40 39 31 43 42 39 

Mean pack-years 29 26 29 19 32 29 21 
of smoking 

Mean years of 14 13 11 5 17 15 12 
mining potash 

Mean years of diesel 14 13 10 5 8 14 10 
8xposUrtl 

Mean full-shift N02 0.1 0.1 3.3 0.5 0.1 0.3 
(ppm) 

Mean total dust (mg/m3 ) 9 23 23 11 18 19 

Mean CO (ppm) 5 1 9 7 5 5 

I14t:f"ln a I dehydes (ppm) 0.1 4.0 3.2 0.8 0.7 0.1 

Start of mine 1964 1952 1940 1964 1934 "i964 
operations 

Year of diesel 1964 1952 1950 1964 1966 1964 
introduction 

Number of work~rs 56 103 122 121 121 101 630 

Adapted from Attfield et al. [138] 
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The prevalence of respiratory symptoms was related only to smoking 

(Table IV-10). No correlation was found between symptoms and tenure. dust 

exposure, N02• CO, or aldehydes. 

Table IV-10.--Prevalence of symptoms among potash miners 
(expressed as percentage) 

Mine 

A B C D E F 

Nonsmokers 
Cough
Dyspnea 
Phlegm 

8 
8 

25 

Smokers 
Cough
Dyspnea
Phlegm 

48 
16 
52 

15 
11 
19 

33 
12 
33 

23 
3 

23 

43 
8 

52 

3 
0 

28 

8 
3 

19 

34 
9 

31 

44 
14 
43 

11 
6 

14 

22 
10 
24 

Adapted from Attfield et al. [1381. values were based .,n questionnai re 
response. 

Attfield. 1978 [139], described a study of silica and diesel exhaust 

exposure on underground metai and nonmetal miners. The study was conducted 

during a 21-month period; 2,659 miners from 21 mines were studied. Of the 

21 mines. 8 were metal, 6 were potash, 5 were salt, and 2 were trona. 

Attfield [139] noted that diesels were used in only 18 of the mines, but he 

did not indicate the t./pes of the 3 mines that did not use diesels. Meanb 

of the mine averages for contaminants found in the mines are presented in 

Table IV-11. Characteristics of the miners are presented in Table IV-12. 
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Table IV-11.--Goncentrations of airborne contaminants by type of mine 

Type of mine 

lletal Potash Salt Trona 

Respirable dust (mg/m3) 0.94 3.45 1.22 6.24 

Respirable quartz on 4.58 0.89 0.56 1.55 

~ (ppm) 0.20 0.90 1.25 0.16 

co (ppm) 6.1 7.5 11.2 8.1 

Aldehydes (ppm) 0.68 1.63 0.46 0.36 

Adapted fram Attfield [139], values are means of mine averages. 

Table IV-12.--Characteristics of miners and mines by type of mine 

llean age (years) 

Smokers (S) 

Years of diesel use 
in mines 

Number of miners 

Adapted fram Attfield [139] 

lletal 

41 

63 

10 

1709 

Type of mine 

Potash Salt 

39 40 

67 71 

16 13 

532 150 

Trona 

30 

75 

8 

268 
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The years of diesel usage in the mines were used 'l' as a surrogate for 

diesel exposure. It is also notable that about 70% of these miners were 

tobacco smokers. The prevalence of respi ratory symptoms was determined 

by questionnai reo CI inical evaluat ion of respi ratory health was 

conducted using spi rometry and posterior-anterior chest x ray. Based on 

the questionnaire, an increase in the prevalence of persistent cough was 

associated with aldehyde exposure, but this finding was not supported by 

spi rometric data. No adverse symptoms or pulmonary funct ion decrements 

were related to N02, CO, CO2, dust. or quartz. No cOlllllent was made 

by the authors [139] as to whether the prevalence of persistent cough was 

related to the 70% of this population that smoked. 

5. Coal Mine Workers 

In this section. reports of studies that have addressed acute and chronic 

effects of diesel exhaust on underground coal miners are examined. 

Nordenson et al., 1981 [14O} , described the chromosomal aberrations in a 

group of 14 male miners from Sweden who were exposed to diesel exhaust. 

The mine was not speci fied as being aboveground or underground. The 

results from the miners were compared to a group of 15 office workers who 

ranged in age from 26 to 60 years (mean =45.9 years). The miners ranged 

in age from 20 to 57 years (mean = 37.4 years), and thei r work experience 

underground ranged from 2 to 36 years (mean = 11.6 years). Diesel 

engines were first introduced in the mine in 1973; therefore, at the time 
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of the study the miners had eight or fewer years of exposure. Five of 

the miners and five of the office workers were cigarette smokers. 

Using a man-year of 1.700 hours. Nordenson et al. [140] estimated that 

the miners had an annual exposure to diesel fumes of about 150 hours. 

Concentrations of CO ranged from 5-10 ppm. N02 ranged from 0.5-1 ppm. 

and radon gas was less than 0.4 becquerelliiter (using an equilibrium 

ratio of 501 for radon gas, 0.4 Bq/l is equivalent to about 0.054 working 

levels> • 

Chromosomal aberrations were recorded according to the recommendations of 

classification made by the World Health Organization, and statistical 

analysis was performed using the chi-square test [140]. After examining 

1,400 cells from each miner and 1.500 cells from each referent. Nordenson 

et al. [140] found a sl ightly greater incidence of aberrations (p<0.05) 

among the referents and a significantly greater frequency of total 

aberrat ions (p<0.001), breaks (p<O.01). and gaps (p<0.025) among the 

smokers. Diesel exhaust exposure was not found to correlate with either 

total aberrations, gaps, or breaks. 

In a study pub I ished in 1982. Ames et al. [141] examined a group of 60 

miners from six diesel-equipped coal mines for evidence of acute 

respi ratory effects associated wi th exposure to diesel exhaust. Changes 

over the workshi ft in FYC, FEV1• and FEF50 were used as hallmarks of 

acute respiratory effects. 
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The study population was developed by identifying 10 male miners from each 

of the 6 diesel-equipped coal mines. A comparison group of 90 miners was 

generated from existing NIOSH data bases and from non-diesel coal mines in 

the vicinity of the 6 diesel-using mines. The exposed miners and 

comparison miners were matched for geographic area. smoking status, race, 

age, and years worked underground. However, the authors [141] stated that 

matching on these characteristics was not "optimal." Therefore. matching 

was based on time of year, calendar year. geographic location of the mine, 

time of shift, and race. The characteristics of the study and comparison 

groups are presented in Table IV-13. 

Table IV-13.--Characteristics and symptoms of coal miners 
and characteristics of their working environments 

Diesel-equipped mines Non-diesel mines 

Mean age (years) 

Mean time underground
(years) 

Mean relPirable dust 
(lII9/r ) 

Mean N02 (ppm) 

Smoke'rs (~) 

Miners with coal workers' 
pneumoconiosia (~) 

Phlegm en 
Number of miners 

29.3 ± 10.1 44.4 ± 12.6 

4.8 ± 7.1 20.7 ± 12.6 

2.0 ± 1.7 1.4 ± 1.5 

0.2 ± 0.1 

45.0 43.0 

1.7 2.2 

23.3 34.4 

60 90 

Adapted from Ames et al. [141]. mean values are ±1 standard deviation. 

67 



The investigators found that there was an "overall significant" dec I ine 

in FVC and FEV1 over the workshift in both the exposed and the 

comparison groups. In addition, smokers had greater decrements in FVC, 

FEV1, and maximal expiratory flow than nonsmokers. However, there were 

no stati st ica"y si gn if i cant di fferencvs in any of these parameters when 

diesel-exposed miners were compared to those having no diesel exposure. 

Inspection of Table IV-13 reveals that there was great dispari ty (about 

15 years) between the ages of the diesel-exposed miners and the miners 

having no diesel exposure. A similar difference (about 15 years) existed 

between the time spent underground by the diesel-exposed miners and by 

those with no diesel exposure. This may not be significant because acute 

changes in pulmonary function are usually not agQ dependent. 

In a cross-sect ional study of miners in these same mines. Reger et al. 

[142] evaluated the respi ratory health status of 823 male coal miners 

from 6 diesel-equipped mines. An additional 823 coal miners from 

neighboring coal mines that were not diesel-equipped served as a matched 

comparison population. The exposed and comparison miners were matched on 

age, height, geographic area, smoking status, race, and years spent 

underground. To characterize thei r exposures to the mine ai r 

contaminants, area samples were collected and analyzed for CO, CO
2

, 

NO x ' N02 ' 502, formaldehyde, respirable dust, and total dust. 

Full-shi ft personal sample data for N02 and respi rable dust and. also, 

short-term area detector tube sample data for CO. NO x ' and N02 are 

presented in Table IV-14. 
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Table IV-14.--Concentrations of mine air contaminants 
in six underground diesel-equipped coal mines 

Full-shift personal samples 


Mine ~ (ppm) Respirable dust (mg/m3) 


A 

B 

C 

D 

E 


F 


0.15 ± 0.10 

0.28± 0.07 

0.22 ± 0.14 

0.19 ± 0.08 

0.15 ± 0.07 

0.13 ± 0.07 

0.93 ± 0.93 

2.73 ± 1.04 

1.30 ± 0.94 

1.20 ± 0.87 

1.94 ± 1.72 

1.62 ± 1.30 

Short-term area detector tube samples 

Mine CO (ppm) 

A 3.4 ± 3.4 

B 21.3 ± 12.6 

C 8.3 ± 1.5 

D 13.6 ± 6.5 

E 23.3 ± 23.6 

F 9.1 ± 8.7 

NOx (ppm) 

4.3 ± 2.8 

5.2 ± 5.3 

2.0 ± 1.1 

4.6 ± 1.5 

0.0 

4.2 ± 3.6 

N02 (ppm) 

0.6 ± 0.6 

0.1 ± 0.2 

0.0 

0.2 ± 0.3 

0.0 

0.3 ± 0.4 

Adapted from Reger et al. (142). all values are means ±1 standard deviation. 

Reger et al. [142) divided their study and comparison groups into 

underground workers and surface workers; however. detai Is concerning the 

selection of surface workers were not provided. Therefore, it is not 
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clear how much time the surface workers had previously spent 

underground. Furthermore, it is not clear if the exposure data presented 

by the authors [142] ref leet underground exposure alone or if the data 

are combinations of underground and surface samples. From Table 2 of 

their report, it appears that there were totals of 550 underground 

workers and 273 surface workers. some having had diesel exposure and some 

not. but the exact numbers of underground and surface workers with or 

without diesel exposure were not provided. 

The prevalence of cough. phlegm. and dyspnea were reported as described 

in Table IY-15. The authors presented prevalence data for other 

symptoms. but the differences between diesel and non-diesel workers were 

Slllall or nonexistent. The di fferences in prevalences of symptoms_ 

observed by the authors [142] were not statistically significant. 

Table IY-15.--Prevalence of symptoms among
underground and surface coal miners 

(expressed as percentage) 

Underground Surface 

Diesel Non-diesel Diesel Non-diesel 


Cough 23.6 16.5 20.1 17.6 

Dyspnea 9.3 23.8 6.3 6.6 

Phlegm 26.5 22.8 23.6 21.8 

Adapted from Reger et al. [142] 
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Reger et al. [142] also evaluated the effect of diesel exhaust on the 

pulmonary function of the miners. The authors [142] reported that on the 

average, the underground miners at diesel-using mines had lower FVC, FEV, 

FEFSO ' FEF75 , and FEFgo than their matched controls. These 

differences, however, were not statistically significant, and no 

consistent relationships between these findings and the prevalence of 

cough, dyspnea, or phlegm existed. Neither the pulmonary function data 

nor the symptom prevalence data were related to N02 ' CO, respi rable 

particulate, or any other component of diesel exhaust determined by the 

investigators. Because only 4 cases of simple coal workers' 

pneumoconiosis (CWP) and no cases of progressive massive fibrosis were 

found, the authors felt that analysis of these factors was unwarranted. 

The results of a 5-year prospective study on chronic respiratory effects 

experienced by underground coal miners exposed to diesel exhaust were 

presented by Ames et al. [143] in 1984. Their study is a follow-up of a 

portion of the miners discussed in the previous paragraph; 280 

underground coal miners who were first examined in 1977 were re-examined 

in 1982. All the miners in this group had had at least one year of 

underground mining experience in 1977. The miners were evaluated for 

changes in FVC, FEV1, FEF ' and prevalence of respiratory symptoms,SO 

including chronic cough, phlegm, and dyspnea. For purposes of 

comparison, 838 coal miners who were from neighboring mines and who had 

had no exposure to diesel exhaust were selected. 
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Although no data were provided. Ames et al. [143] stated that the "levels 

of diesel combustion gases and mine dust particulatell were found to be 

"very low." In general. the authors [143] could find no adverse health 

effects (as indicated by either decrement in pulmonary function or 

prevalence of symptoms) that were related to exposure to diesel exhaust. 

In fact, the 5-year incidences of cough. dyspnea, and phlegm were greater 

among those miners who had had no exposure to diesel exhaust than among 

those miners who were exposed to diesel exhaust. 

Robertson et al. [144] explored the relationship between respi ratory 

symptoms and lung function among 560 British coal miners from 9 mines who 

were exposed to NOx as a result of either diesel use in the mines or 

shot-firing (use of explosives). The 560 miners examined by Robertson et 

al. [144] were identified by exploring records obtained from the National 

Coal Board's Pneumoconiosis Field Research. 

Based on a minimum of five shi fts and average measurements of 002 and 

NOx' Robertson et al. [144] divided thei r study group into 126 workers 

with IIhighlt exposures and 434 workers with "low" exposures. High and low 

exposures were determined from indices according to ACGIH recommendations 

for calculating Threshold Limit Yalues (TLYse) of mixtures. An OO x 
index of less than 0.4 was defined as a low exposure and greater than 0.9 

as a high exposure. A miner had to have spent at least 801 of the time 

between 1972 and 1979 in either a high- or a low-exposure environment to 

be placed in ei ther group. Characteristics of the miners are I isted in 

Table IY-16. 



Table IV-16.--Characteristics of British coal miners exposed to 

NOx and respirable dust concentrations in the mine environment 


LowNOx High NOx 

Mean age (years) 46.7 45.9 

FEV1 (liters) 3.08 3.29 

Mean respirable dust (gh/m3)* 148 174 

Number of miners 434 126 

*gh/m3.gram·hour per cubic meter 

Adapted from Robertson et al. [1441 

Average full-shift NO concentrations in mines in which diesel locomotives 

were not used ranged from 0.07-G.68 ppm; N02 ranged from 0.03-0.07 

ppm. In those mines in which diesel locomotives were used, 

concentrations of NO ranged from 0.48-3.74 ppm. N02 concentrations 

ranged from 0.05-0.84 ppm inside the cabins of the locomotives. The 

highest peak concentration of NO recorded after shot-fi ring was 94 ppm. 

wi th a N02 peak concentrat ion of 10.5 ppm. In Iocomot iva cab ins • the 

highest peak concentration of NO was 100 ppm. and the highest N02 
concentration was 14 ppm. The sampl ing durations of these measurements 

were not specified. 

Robertson et al. [1441 found no statistically signi ficant correlation 

between occurrence of persistent cough. sputum production. or dyspnea and 

exposure to oxides of ni trogen. Smoking. however. was related to the 
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prevalence of cough and sputum production, but not to dyspnea. 

Decrements in FEV1 were related to age, height, smoking. and dust 

exposure, but :,.ot to NO ' nor were there any signi ficant di fferences x 

between the high and the low exposure groups. 

6. Sullnary 

Considered either individually or collectively. the reports described 

above fai I to demonstrate a consistent pattern of adverse effects on 

respiratory morbidity as a result of exposure to diesel exhaust. Two 

studies described the frequencies of chromosomal aberrations among truck 

drivers [133] and coal miners [140]. In the study of truck drivers 

[133]. aberrations were related only to smoking. and in the study of coal 

miners [140], the referent population had a higher frequency of 

aberrations than the group exposed to diesel exhaust. One description of 

chemists who manned air sampling stations insi"de a railroad tunnel [129] 

showed increased levels of carboxyhemoglobin, but this effect was 

reported to be related to smoking and not to diesel exhaust. 

No increase in prevalence of cough, dyspnea, or phlegm nor decrement in 

pulmonary function was found among a group of workers exposed to diesel 

exhaust in a railroad engine repair shop as compared to railroad workers 

not exposed to diesel exhaust [131]. Workers in a bus garage [132] 

complained of headache, dizziness, throat irritation, cough. and eye 
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irritation, but 721 of them were "heavy smokers," "most" of whom smoked a 

tobacco known to be ISspecially i rri tat ing to the throat and to cause 

coughing and excess phlegm production. 

A number of studies of underground non-coal miners [134,135,136,137, 

138,139] described both acute and chronic respiratory effects among 

miners exposed to diesel exhaust. None of the studies detected any 

statistically signi ficant decrements in basel ine pulmonary function as a 

result of diesel exposure. One study [134] did report reversible 

decrements in pulmonary function over a workshift. but the authors did 

not attribute this finding to diesel exhaust. A group of these studies 

[135.136,131] did reveal an exposure-related increase in phlegm among 

salt miners. but other indicators of acute effects due to diesel exhaust 

(cough and dyspnea) were no different in prevalences than among 

populations not exposed to diesel exhaust. As the authors [135,136,137] 

stated, these studies suffered from "rough estimates of exposure, 

imperfect measure of effect, undocumented role of selection, high 

correlat ion of age and est imated exposure, and lack of contemporary 

regional comparison groups." 

A study of potash miners [138] did show a smoking-related increase in the 

prevalence of adverse respi ratory system effects, and another study of 

miners from a variety of mines [139J reported that the frequency of 
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persistent cough was related to aldehyde exposure. These latter findings 

were not supported by spi rometric data. nor were there any symptoms of 

reduced PFT that could be related to N02' CO, CO2, or quartz 

exposure. 

Several studies described the relationship between adverse respi ratory 

systell effects and diesel exhaust exposure among underground coal miners 

[140.141,142.143.144]. One of these [141] showed that· there was an 

"overall" decline in FVC and FEY1 over a workshift and that this 

finding was dust-related, al though it was not di fferent than among coal 

lIiners not exposed to diesel exhaust. In addition, the exposed workers 

were about 15 years younger than the non-exposed group. There was a 

silli lar disparity in total years of underground work; therefore, 

interpretations concerning these results are confounded. In another 

study [142], the authors reported that the prevalence of dyspnea was 

elevated (but not ina stat is t i ca Ily sign if i cant manner) 8I1'IOng 

underground miners having no diesel exposure. a finding contrary (at 

least qua I i tat i ve I y ) to that reported for non-coal miners 

[135.136.137,138,139]' No excesses in other symptoms or decrements in 

pulmonary function were detected [142]. A five-year prospective study 

[143] failed to show any adverse health effects, and a study of British 

coal lIiners [144] revealed an excess of cough and phlegm that was related 

to smoking. 
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Only one study has reported an effect that was related to diesel 

exposure. In this study [1301. the investigators determined that the 

onset of eye irritation was inversely related to increasing 

concentrations of diesel exhaust. 

Thus. except for eye irritation. these studies have fai led to document 

any consistent pattern of acute or chronic adverse heal th effects as a 

result of exposure to diesel exhaust. The reports of increased phlegm 

production among salt miners were not corroborated by simi lar findings 

among meta I. potash. trona. or coa I r" l,'ers. wh i ch I eads to the 

~ossibility that this effect could be attributed to NaCI exposure and not 

to diesel exhaust. Therefore. the current studies are not usefu I for 

deriving a recommende~ exposure limit for diesel exhaust. 

B. Epidemiologic Studies Addressing Carcinogenicity: 

The following studies describe epidemiologic investigations which provide 

information about the possible association between occupational exposure to 

d i ese I exhaus t and cancer [145.146,147.148,149,150,151,152.153,154.155,156, 

157,158,159,160.161,162.163,164.165,166.167,168.169, 170, 171]. They inc lude 

data on ItiOrbidity and mortality. on cancer, and. in some instances, on 

non-cancer disease categories. To facilitate discussion, these studies have 

been classified as retrospective cohort studies or as case-control studies. 

Brief summaries of the studies pertinent to human carcinogenicity follow, 
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including the lleasures of associat ions such as standard mortall ty rat io 

(Sftfl), relative risk (RR), observed/expected ratio (O/E) , and odds ratio 

(OR). all of which are presented as percentages. 

1. Retrospective Cohort Studies 

Hueper. 1955 [157]: A descriptive raviaw of crude employment and 

mortality data of railroad workers employed between 1939 and 1950 in two 

companies revealed an apparent disproportionate amount of lung cancer 

observed in operating workers (e.g .• engineers, firemen, brakemen, 

conductors, switchmen, and roundhouse personnel) as compared to 

nonoperating workers. The data imply that the operating workers, who 

represented approximately 20% of the railroad employment, represented 81% 

(83/103) of the lung cancers that could be assigned to one of the two 

employment categories. Comments: No exposure measurements were made; 

therefore. exposures were estimated by job title. Exposure duration and 

latency might have been inadequate because the period of observat ion 

began well before complete use of diesel engines by U.S. railroads. This 

cohort had potential exposures to asbestos. coal dust, and coal 

combustion products. No smoking histories were given. Limited 

employment and mortal i ty data did not perr.,d 1 t ra t i fica t i on by 

confounding factors such as sex and age. 

Raffle, 1957 [161]: A cohort mortality study of mal~ :'"",don Transport 

Authori ty (LTA) workers (aged 45 to 64 years) who drove and serviced 
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d i ese I bus equ i pmen t between 1950 and 1954 showed no excess lung cance r 

attributable to diesel exhaust exposures. Comments: The measured diesel 

exhaust exposures were inadequate; therefore. exposures were estimated by 

job title. Exposure duration and latency might have been inadequate 

because diesels were gradually introduced during the period from 1935 to 

1952. In addition to active-worker deaths. the study also included 

retiranents and transfers due to lung cancer; there was no follow-up of 

other workers who left the LTA. No smoking histories were given. 

Kaplan. 1959 [158]: A cohort mortality study of Baltimore and Ohio 

Rai I road workers who died between 1953 and 1958 found 6,506 deaths from 

"all causes." with 154 deaths from cancer of the lung and/or bronchus as 

cOlllpared to 192 deaths expected on the basis of age-specific rates. 

There were no excesses i'n lung cancer ~'s as compared to nat ional rates 

in any of the three groups studied: operating personnel (49 cases, 

~=88%. p--not reported). nonoperating personnel wi th I imi ted exposures 

(67 cases, ~=72%, p--not reported), and nonoperating personnel rarely 

exposed (38 cases, ~=89%, p--not reported). Overall, the rates were 

slightly lower than national rates. Comments: No exposure measurements 

were made; therefore, exposures were estimated by job title. Exposure 

duration and latency might have been inadequate because conversion from 

steam to diesel engines took place during the period from 1935 to 1958. 

Effects of job transfers and retirements were not considered. Potential 

exposures included asbestos, coal dust, and coal combustion products. No 
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smoking histories were given. No rates for other causes of deaths were 

given for comparison. All lung cancers occurred in men, although women 

comprised 4' of the workforce. 

laxweiler et al., 1973 [165]: A cohort mortality study of 2,743 

underground potash miners who had worked between 1940 and 1967 showed no 

di fferences in causes of death between miners who worked wi th diesel 

equipment and those who did not (31 deaths occurred in mines using diesel 

equipment). Comments: No exposure measurements were made; therefore, 

exposures were estimated by job title. The exposure latency might have 

been inadequate because one mine had used diesels for transportation only 

since 1949 and the other only since 1957. 

Ham, 1976 [154]: A cohort mortality study of 15,094 Canadian uranium 

miners who worked at least one month during the period between 1955 and 

1974 revealed a signi ficant excess of lung cancer deaths (81 cases, 

0/E=18O%, p--significant, but not reported). Comments: Although the 

mines used diesel equipment, the excess of lung cancer was attributed by 

the author to exposure to radon daughters for an average of 75 working 

level months ('~). range 0 to 375. NIOSH defines 1.0 WLM as an exposure 

for 170 hours to any combination of short-I ived radon decay products per 

liter of air that will result in the emission of 1.3 x 105 million 

electron vC'! ts of alpha energy [172]: 
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Menck and Henderson, 1976 [160]: This study does not completely fit into 

the category of retrospective cohort studies; rather, it is a period 

prevalence study of the Llls Angeles County Cancer Survei I lance Program 

mortality and morbidity data from white males aged 20 to 60 years. This 

investigation revealed 2,161 lune cancer deaths occurring between 1968 

and 1970 and 1,777 incident lung cancer cases observed between 1972 and 

1973. Investigation by occupation showed an excess ~f lung cancer in 

truck drivers (109 cases, SMR=165%, p<0.01). Analysis by industry sector 

for lung cancer showed excesses in the fol lowing two categories: auto 

repair workers (2a cases, SMR=146%, p<0.01) and transportation workers 

(166 cases, SMR=127%, p<0.01). Comments; No exposure measurements were 

made; therefore, exposure was estimated by job title or .industry (last 

job used for each case). No exposure durat ion or latency data were 

given. No smoking histories were given. 

Hannunkari et al., 1978 [155]: An analysis of mortal i ty in Fino! "Ih 

rai I road workers (aged 30 to 52 years) from 1955 to 1973 indicated that 

an excess of tumors occurred in- 4,347 engineers (47 cases, 0/E=121%, 

p<O.05) as compared to the expected from the mortality experience of the 

control groups, which included 1,575 trainmen and 1.224 rai I road clerks 

(al I members of this study were employed on December 1, 1955). Ai r 

concentrations measured in roundhouses and locomotive cabs were within 

Finn ish threshold I imi t values. Comments: EXPOS!HU li¥l')fj! est imated by 

job title. No smoking histories were given. Specific tumor types were 

not analyzed due to the few cancer deaths observed. 
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Luepker and Smith, 1978 [159]: A cohort mortality study of 183,791 

lHIIIbers of the International Brotherhood of Teamsters employed during a 

three-month period in 1976 showed a significant deficit in all deaths 

among males (249 cases, SttII=74%, p<O.01) as compared to the general 

population. Respiratory tract cancer death rates per 100,000 were in 

slight excess in the 40- to 49-year and the 60- to 69-year age categories 

and significantly higher in the 50- to 59-year age category as compared 

to general U.S. respiratory cancer death rates per 100,000 (in the latter 

group, the worker rate was 184.4/100,000, O/E=137%, p<O.001). Comments: 

Inclusion in the study was based on union membership only, and no 

specific occupations were given. The study did not deal with mortality 

among retirees, individuals on disability who died after termination of 

their life insurance, or persons who left employment for other reasons. 

No exposure durat ion or latency data and no exposure measurements were 

given. The study period was only three months. No. smoking histories 

were given. 

laller, 1981 [164] (a follow-up to the 1957 Raffle study [161]): A 

cohort mortallty and morbidi ty study of male London Transportation 

Authori ty (LTA) workers (aged 45 to 64 years) who drove and serviced 

diesel bus equipment (from 1950 to 1974) revealed SttII1s for lung cancer 

cases below those expected in each of five occupational groupings. The 

SUR for engineers in the garages (the presumed highest exposure group) 

had a defici t in lung cancer mortal i ty (177 cases, SMR=90%. p--not 

reported). Other exposure groups studied included the fol lowing deficits 
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in lung cancer mortality: bus conductors (130 cases, SMR=75%, p--not 

reported). bus dr ivers (259 cases. SMR=75%. p--not reported), eng i neers 

in the' central works (42 cases, SMR=66%, p--not reported). and motormen 

and guards (59 cases, SMR=87%, p--not reported). Comments: The measured 

diesel exhaust exposures were inadequate; therefore, exposures were 

estimated by job title. In addition to deaths from active-duty workers, 

the study also included retirements and transfers due to lung cancer. 

There was no follow-up of workers who left the LTA voluntari Iy or upon 

normal retirement. No smoking histories were given. 

Ahlberg et al., 1981 [147]: A case-control study based on the Cancer and 

Envi ronment Register fUli!'! 1961 to 1973 and the 1960 census from Sweden 

demonstrated a significant RR of lung cancer for truck drivers (RR=133%, 

p=O.OO1), derived from the mortal i ty experience of 34,027 truck drivers 

(excluding tank truck drivers) and 696,708 controls whose occupations did 

not include exposure to petroleum products or other chemicals. The 

incidence of leukemia was shown to be increased (RR=114%, p=0.08), as 

were all forms of cancer combined (RR=104%, p=0.13). No significant 

results were obtained by comparing 865 tank truck drivers with the 

control group. Comments: No exposure measurements ware made; therefore, 

exposures were estimated by job title (job titles were obtained through a 

1960 census). Inclusion into either the truck driver or the non-exposed 

control group was based on the occupation listed during the 1960 census. 

No exposure duration or latency data were reported. No individual 

83 




smoking histories were given, although an investigation of 470 current 

professiMal drivers revealed that 31% of Swedish drivers of "ordinary" 

trucks smoked, whereas 78% of the drivers of tank trucks and about 40% of 

the people in Stockholm smoked. 

Howe et al." 1983 (1561: A cohort mortal i ty study of 43,826 male 

Canadian National Rai Iway Company pensioners who died between 1965 and 

1977 revealed the following di ffering patterns of excesses and defici ts 

in mortal i ty by death category: total deaths (17,838 cases, SMR=95%, 

p<O.OO1), cancer deaths (3,573 cases, SMR=99%, p--not significant, but 

not reported). and cancer of the trachea, bronchus, and lung (933 cases, 

SMR..106'. p--not signi ficant, but not reported), When individuals were 

grouped according to presumed diesel exposure (non-exposed, possibly 

exposed, and probably exposed). lung cancer was the only cancer cause of 

death wi th a statist ically signi ficant trend (p<O.OO1) and wi th the 

relative risk consistently increased with increasing exposure (the 

re lat ive risks being 100%, 120%, and 135%, respect ive Iy); the re lat ive 

risks were calculated by comparison to the non~exposed group. A similar 

significant trend (p<O.OO1) resulted when analyses were conducted for 

coal dust exposure. considering the ntln-exposed, possibly exposed, and 

probably exposed categories (the relative risks being 100%. 121%, and 

135%. respectively). Comments: Exposure to diesel fumes, coal dust, and 

other fumes. dusts, or gases were estimated by job title at retirement. 

No exposure duration data and no exposure measurements were given. Only 
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pensioners were studied; those workers who left employment prior to 

retirement were not studied. There were possible asbestos exposures. No 

smoking histories were given. 

As a part of the mortality study by Roberts and Julian, 1983 [171]. mines 

of the International Nickel Company (INCO) were evaluated by the use of 

diesel equipment. The earl iest use of diesel equipment underground was 

in 1968. when a diesel-powered scooptram for moving ore was introduced. 

This scooptram replaced the slushing operation. In this study. which 

ended in 1976, the mortality patterns in miners in the years prior to and 

following the move to diesel power were compared. For all causes of 

death reported according to the World Health Organization International 

Classification of Diseases, eighth revision (tCDA) , all SMA's were less 

than expected (Neoplasia. ICDA-8-140.0-239.9: Circulatory Disease. 

ICDA-8-390.0-458.9; Respiratory Disease, ICDA-8-460.0-519.9; Digestive 

Disease. ICDA-8-520.0-577.9; Accidents/Violence, ICDA-8-800.0-999.9). 

This was also true for the All Causes category. The authors attributed 

this less-than-expected pattern of mortal i ty to an "extreme heal thy 

worker effect created by an inf lux of new young miners to work wi th the 

new procedures." In a simi lar cohort of new miners (having less than 15· 

years since first exposure). the authors also observed less-than-expected 

morta Ii ty patterns, except for the Respiratory Disease, 

Accident/Violence, and All Causes categories. COIIIIIents: Because the 

observation period was at the maximum only 8 years after fi rst exposure 

to diesel exhaust. it is not surprising that the neoplasia category is 
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I ess than expected; th i sis because such c:ancers ar is i ng from 

environmental exposures generally do not occur until at least 20 to 30 

years after initial exposure. Smoking histories and exposure 

measuremants were not given. 

Rushton et aI., 1983 [168]: A mortal i ty study of 4,671 maintenance men 

employed at least one year between 1967 and 1975 at 71 London Transport 

bus garages and the engineering works at Chiswick showed much lower 

mortal i ty from all causes than expected, based on the mortali ty 

experience of the male population of England and Wales (705 cases, 

0/E-87S, p<O.OOO1). Mortality from cerebrovascular disease, ischemic 

heart disease, and bronchitis was also much lower than expected. 

Mortality from neoplasms was slightly less than expected overall (216 

cases, 0/E=95%, p...o.46)' The observed deaths from lung cancer were 

approximately the same as those expected on the basis of national rates 

(102 cases, 0/E=101%, p...o.94)' However, a deficit of deaths from lung 

cancer was obtained after use of a crude adjustment for the higher 

mortality from this disease in Greater London (102 cases, O/E=87%, p--not 

signi ficant, but not reported). Raised mortal i ty was found in subgroups 

of the cohort for several malignant disease groups, but it was based on 

small numbers of deaths [e.g., brain and central nervous system cancer in 

bus mechan i cs (4 cases, 0/E=32O%, p.o.04) ]. Commen ts : Occupationa I 

groupings were based on job titles, and only 271 of the cohort (2,313) 

were bus mechanics. There was a short follow-up time (mean of 5.9 
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years), with 50,008 person-years of observation. There was a limited 

cohort size and a low number of deaths. No smoking histories or 

industrial hygiene measurements were given. 

Edlin9 et al •• 1984 [151]: A pilot cohort mortality study of 129 male 

Swedish bus company workers employed anytime between 1950 and 1959 and 

observed through 1978 resulted in 3,161.5 man-years of observation. The 

study showed a significant excess mortality due to cardiovascular 

diseases (12 cases, 0/E=184%, p<0.05). Seventy-nine workers wi th at 

least 10 years of service and at least 15 years of latency (total of 

1,093.5 man-years) were subdivided by assumed exposure (clerks--no 

exposure, bus drivers--Iow exposure. and garage workers--high exposure). 

After correcting for smoking. there were significant increases in deaths 

among the garage workers (high exposure) due to all causes (6 cases. 

0/E=310%. p<O.05) and cardiovascular disease (4 cases, 0/E=420%, 

p<0.05). No increased mortal i ty due to cancer was found for the ent i re 

cohort nor for any of the subcohorts. Comments: No exposure 

measurements were given; therefore. exposures were estimated by job 

title. The latency period was 10 to 28 years. The cohort was small, and 

there were only 6 cancers. Smoking histories were collected from 352 

current bus company employees. 

Schenker et al., 1984 [162]: A pilot study of 2,519 white male subjects 

(aged 45 to 64 years) who had at least 10 years of rai Iway service by 

1967 and who were followed through 1979 revealed a deficit for all causes 
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of death (532 cases, SMR=87%, p<O.05). There were no significant 

di fferences from expected numbers of deaths for any speci fic neoplasm, 

including the categories of lung cancer, respiratory cancer, and bladder 

cancer. Calculating and comparing the rates for respi ratory cancer in 

subjects who were either exposed or not exposed to diesel exhaust yielded 

a nonsi9nifl~ant RR (RR=142%, p>O.05). Comments: No exposure 

measurements wern given (industrial hygiene measurements planned for full 

study); therefore, exposures were estimated by job title. The duration 

of exposure and latency might have been inadequate. There were possible 

asbestos exposures. Individual smoking histories were not avai lable. 

The RR of 142% was obtained by comparing statistically insignificant SMR 

di fferences. The study discussed above was a pi lot study, but a larger 

retrospective cohort study is underway. A case-control study has already 

been completed by Garshick et aI., 1984 [152], and is summarized in the 

next section. 

Wong et aI., 1985 [167J: A mortality study of 34,156 male members of a 

heavy construction equipment operators union (employed for at least one 

year between 1904 and 1978) revealed an overal I mortality rate below that 

expected (3,345 cases, SMR=81%, p<O.01), a deficit in all cancers (817 

cases, SMR=93%, p<O.05), and a number of lung cancer deaths close to that 

expected (309 cases, SMR=99%, p>O.05». However, an increase in deaths 

due to cancer of the liver was observed (23 cases, SMR=167%, p<O.05). 

Because about 75% of I iV6r cancers occur in association wi th ci rrhosis 

(according to Wong et aI., 1985 [167]), the investigators found it 
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"interesting" that mortality from cirrhosis of the liver for the entire 

cohort was significantly low (107 cases, SMA=80%, p<0.05). The total 

cohort experienced a signi ficant excess in mortal i ty due to emphysema 

(116 cases, SMR=165%, p<0.01). When 4,075 retirees who worked to age 65 

or older were considered, the following were found: overall mortality 

(796 cases, SMR=91%, p<0.01); all cancers (224 cases, SMR=115%, p<0.05); 

cancer of the lung (86 cases, SMR=130%, p<0.05); lymphosarcoma and 

reticulosarcoma (8 cases, SMA=267%, p<0.05); and emphysema (59 cases, 

SMR=275%, p<0.01). It should be noted, however, that although the 

preceding excesses were observed in the retirees, there were no 

significant excesses detected in cause-specific SMA's for cohort members 

categorized as having either high, low, or unknown exposures to diesel 

exl'iaust enI.issions. There was an increasing trend for lung cancer with 

durat ion of un ion m8lrbership. Ana Iys i s by latency clear Iy ind i cated an 

upward trend of mortality with latent periods for all causes, all 

cancers, and lung cancer. Comments: No exposure measurements were 

given; therefore, exposuros were estimated by job title. Partial work 

histories were avai lable from union dispatch records. There were no 

smoking histories; however, Ii random sample by the authors of 107 active 

union members show~ that 25.2% had never smoked as compared to 30.7% in 

a National Center for Health Statistics' Health Interview Survey. 
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2. Case-Control Studies 

Doll, 1953 [149,150]: In t.his study. 1.357 men with bronchial carcinoma 

and 1.357 lien with other diseases were interviewed; all occupations for 

men aged 20 or more years for which employment had ~een 3 or more years 

(resulting in 2,281 occupations for the men with lung carcinoma and 2.415 

for the comparison group, which were reduced into 76 occupational 

categories) were recorded. No significant positive association was 

observed between lung cancer and employment in a speci fie occupation, 

although two occupat ions. coal miners and pol icemen, were less common 

among lung cancer patients than thei r respective controls. Comments: 

The author suggested that the finding regarding policemen, in the absence 

of other evidence, may be attributable to chance. The authors did not 

explain how many of the groups were exposed to diesel exhaust. 

Decoufle et al., 1978 [148]: A retrospective survey of cancer as related 

to the occupations of 24,416 individuals admitted to Roswell Park 

Memorial Institute was conducted. The survey showed no significant 

increases in RR for cancer of any site (with five or more cases) either 

for patients who had ever been employed as locomotive engineers or 

firemen or for patients who had been employed at least 5 years in either 

occupation. Truck and tractor drivers showed a significant decrease in 

RR only for colon and rectum cancer (RR=60%. p..O.04), a RR for lung 

cancer close to that ~xpected if exposure had no effect (RR=107% , 

p>O.05), and an increased RR for bladder cancer which was not significant 

90 




(111-1•• ,>0.05), Hospi tal pat ients who did not have cancer were used 

as controls. CoIuentt: No exposure measurelllents were ...de; therefore. 

exposures were esti..ted frca job title. No exposure duration or latency 

data were given. Smoking histories were considered in the analyses. 

IegEan and Peters. 1978 [166]: A case-control morbidity study using the 

Massachusetts TUIIOr Registry (1965 to 1972) was undertaken to evaluate 

the reported occupat ions of persons known to have oat cell cancer of the 

lung. An excess nulllber of transportation equipment operators (j .e .• 

eight. 1~. vs. one. 11. in the controls) was found among 91 cases of oat 

cell cancer as compared to an equal nUlRber of controls wi th central 

nervous system tUllOrs. However. when more detailed infor...tion of the 

occupations was incorporated, this difference was essentially 

el illinated. COIIIIIents: No exposure measurements were ...de; therefore. 

exposures were esti...ted by job title. Of the oat cell cancer patients. 

941 were or had been cigarette smokers (vs. 771 in the control group). 

No exposure duration or latency data were reported. Smoking histories 

were considered in the analyses. 

In a 1983 IIOrtality and case-control study of metal IRiners. Costello 

[170] found that 11 of the 50 IRines studied used diesel equiPll8nt of SORe 

type. The type of diesel equipment used ranged frca single diesel truck 

or haulageway locOllOtives to several pieces of equiPll8nt. In the 

case-control portion of the study, one-for-one and two-for-one ...tches 

were ...de for those cases of cancer of the trachea. bronchus. and lung. 
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The author stated that for deaths due to "lung cancer," the one-for-one 

COIIIp&rison showed an elevated mortal ity FII of 1501 in those 8XPOSed to 

diesel; for the two-for-one match. the FII was 1101. Comments: Ihi Ie the 

author did find SOll8 effect when the one-for-one match was performed. it 

was not confinl8d" in the two-for-one match. No exposure levels for those 

exposed to diesel exhaust were given. and any indications of confounding 

exposures were not discussed. Saoking histories for the cases and their 

..tches were also not given. 

Si Iverman et a!.. 1983 [163]: A populat ion-based case-control study was 

performed of 303 whi te male pat ients wi th cancer of the lower urinary 

tract (primarily the bladder) and 296 white male controls from the 

general population. Of 32 industries. only "trucking service" had a 

signi ficantly higher FII (FII-22OX. p<O.OS). Of 47 occupat ions. on Iy 

"truck drivers" had a significantly higher FII (FII=2101, p<O.05). An 

increased FII for truck drivers employed for at least 10 years was 

observed (FII=55OX. p<O.OS). Truck drivers wi th a history of operat ing 

vehicles with diesel engines had the highest risk observed in this study 

when the unexposed control group included only males never employed as 

truck drivers (FII=ll9OX. p<O.OS) or when the control group was comprised 

of truck arivers who had never operated diesel vehicles (FII-72OX. 

p>O.OS). AIIIong truck drivers employed since 1950. there was a trend in 

increasing risk wi th increasing durat ion of emplo)'lllent. Connents: No 

exposure measurements were made; therefore. exposures were est illlated by 

job title or industry. Lifetime occupational histories were obtained for 

both groups. lost diesel exposure in truck drivers occurred during 
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tlllploym&nt in non-trucking occupations. Evaluation of an association 

between risk and duration of diesel exposure was not possible because 

only \1M control had ever been exposed to diesel exhaust. The authors 

ca.ented that the high risk observed in diesel exhaust-exposed truck 

drivers might have been partly due to recall bias. The findings of only 

1 of 32 industries and only 1 of 47 occupations with increased cancer 

incideneBs cou I d have been by chance. Smok i ng was c I ear I y assoc i ated 

with bladder cancer in this study. 

Sc.~lberg et al •• 1984 [145]: In a New Jersey case-control study of 

bladdi.'tr cancer cases that considered a broad range of oncupational 

environments. the authors reported a significantly incr~ased OR for 

garage and/or. gas station workers (OR=235X, p<O.OS) as well as a 

nonsigni ficant Iy increased OR for drivers and/or del iverymen (OR=116. 

p>O.05). The authors thought that both results were noteworthy in view 

of the Silverman et al. report [163]. Comments: Direct p6rsonal 

interviews of the cancer cases and their respective controls were 

possible. and in1ormation was obtained about occupathm and potential 

exposure. This limited data evidently did not permit consideration of 

the potential for or the extent of exposure to diesel exhaust. Because 

nU\llerous compar i sons were made. SOllIe of the differences might have been 

due to chance occurrence. 

Hoar and Hoover. 1985 [146]: This study showed a nonsigni ficantly 

increased OR for bladder cancer cases in truck drivers frOll! New Hampshire 
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and VerllOnt as compared to controls (OR=1SOS, p>O.05). In further 

analyses, the authors reported a stat istically signi ficant. but 

"inconsistent" trend between the nUllber of years worked as truck drivers 

and the observed OR, with a significant OR for those truck drivers who 

had worked 5 years or IIOre in this tatter group of drivers (OR=23OX, 

p<O.05). Additionally. the authors reported the greatest OR for men who 

began driving in the 1930's and 1940's (OR.2601. p<O.05). Information on 

8IIIPloyMnt and other variables of interest were obtained frORl 

next-of-kin. These limited data permitted the researchers to etratify 

the analysis by whether or not the drivsr was exposed to diesel exhaust. 

The OR of drivers exposed to diesel exhaust as compared to controls was 

slightly higher than the OR of the drivers without diesel exhaust 

exposure as compared to controls; neither value was statistically 

significant. nor were the values statistically different frORl one 

another. Connents: The nUllber of bladder cancer cases that fit into 

this stratified analysis was relatively small; therefore. the study had 

limited power to evaluate whether the observed effect was associated with 

diesel exhaust exposure or truck driving in general. 

Taken together I the latter three studies (i .e., Si Iverman et al" 

Schoenberg et al" and Hoar and Hoover) corroborate the potential 

association betwun increased bladder cancer incidence and truck 

drivers. The data are not sufficient, however, to determine if this 

association can be attributed, at least in part, to diesel exhaust 

exposure. 
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Hall and Wynder. 1984 [153]: A case-control study of 502 male lung 

cancer patients and 502 control patients without tobacco-related diseases 

AS conducted to investigate the association between occupatitmal diesel 

exhaust exposure and lung cancer. No association was found between 

diesel exhaust exposure and the risk of developing lung cancer. 

CoMMents: No exposure ....ure.ents were made; therefure, exposures were 

estimated by job ti t Ie. No exposure duration or latency data were 

given. The study controlled for age, smoking, and socioeconomic class. 

A strong association was found between smoking and lung cancer. 

Garshick et al.. 1984 [1!,;2]: A case-control study of rai I road workers 

showed that workers who were age 64 or younger at the time of death due 

to lung cancer had an increased OR (OR=1201-14OX. p<0.05) of having been 

exposed to diesel exhaust in their jobs (after adjusting for smoking and 

asbestos exposure). Lung cancer cases (1,319) and age-matched controls 

were identified out of 15.000 deaths among rai I road workers who had at 

least 10 years of service and who were born in 1900 or later. No 

increase in OR was seen in workers who were age 65 or older at the time 

of death. CoIaents: Info,..tion was from an abstract only; no final 

paper .... avai lable. The pi lot cohort IIOrtal i ty study of these rai I road 

workers was discussed in the previous section (Schenker at al.. 1984 

[162]) . 
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Iynder et al., 1985 [169]: A case-control study compared 194 bladder 

cancer patients (aged 20 to 80 years) to 582 control patients who were 

hospital ized during the S81118 period (January 1981 to May 1983) wi th 

diseaAes that were not tobacco-related. The study found no difference in 

the proportion of bladder cancer patients employed in occupations with 

exposure to diesel exhaust aiS compared to controls. Bladder cancer 

patie~ts were significantly more I ikely to be current smokers than were 

controls. Coments: No exposure measurements were made; therefore, 

exposures were estimated by job title. No exposure duration or latency 

data were 9iven. The study controlled for age, smoking habi ts, and 

socioeconomic status. 

3. Suaaary 

The epidemiologic studies axploring the relationship between exposure to 

d i ese I exhaus t and the inc i dence 0 f mor ta I i ty from cance r among exposed 

workers are inconclusive. Almost without exception these investigations 

suffer frQIII a myriad of methodologic problems including (1) incomplete 

information on the extent of exposure to diesel exhaust, requiring 

est imat ions of these exposures from job tit les, (2) insuff i ci ent passage 

of time from first exposure to diesel exhaust until one could reasonably 

expect the appearance of cancer, and (3) confounding variables such as 

smoking and exposure to asbestos or ionizing radiation, which make it 

almost illpOssible to draw definitive conclusions as to the cause of any 

e~cess of cancer observed. In this review. the results of the 

epid8llliologic studies have been classified as either negative (i .e .• 
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studies that provided no evidetlce of elevated cancer risks associated 

with diesel exhaust exposure). equivocal (i.e., studies that were 

inconclusive because of li.ited size or inadaquate data such as the lack 

of exposure data or clear categorization of exposure), or posi tive 0 .e .• 

studies that demonstrated an association between diesel exhaust and 

:site-specific cancer or cancer in general). These classifications car, be 

found in Table IV-17. Two of these epidemiologic studies showed positive 

resu Its and spec i fica II y re I a ted the inc reased cance r r i ski with d i ese I 

exhaust exposure, but even in both of these studies. confounding 

variables ..de it very difficult to interpret these results [152,156]. 
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t.b1. IV-l'.--Saa..r, of r••ult. of .pld••lololle .tud, r••ult. 

Cohort ~r c.... .tudl.d a •• ult I.flr••e. 

"tro.p.ctiy. cohort .tud••,: 

I.llro.d worlt.r. 

Tr••1i t worker. 

RaUro.d worker. 

'otull .lner. 
Url.lu••In.r. 

Wor~.r. lD Lo. AD,el •• COUDt, 

,.Uro.d worker. 

T....t.r union ....1'1 

Traaalt worken 

truclt ddv.n 
,.Uro.d work.r. 

Xlckel .In.n 
Tranli t worken 

~ Bu. work.rll 

.aUr.o.d worker. 

He.v, con.tructloa .qul,.aDt op.r.tor. 


C•••-control .tadl••: 

Broncblal c.ncer 

C.ac.r (.11 .It•• ) 

Lunl cancer (o.t cell) 

LUDI CIDcer 

Bladdlr c.nc.r 

Bl.dd.r c.ncer 

LUDI c.nc.r 

Lulll c.nc.r 
Bl.ddsE' c.nc.r 

Bladder Clllc.r 

Iquivoc.l 

Iqulvonl 

..,aUv. 

Equivocal 

Equivocal 

Iquivocal 

Equivocal 

Equivocal 

X.,aUv. 

Equivocal 
poliUv. 

Equivocal
x.,.ttv. 
Equlvocal 

Iclulvocal 
Equivocal 

Equivocal 

Equivocal 

.'I·Uve 
Iqu1vocal 

Equivocal 

Iqulvoc.l 

.'I'UV. 
Podtlv. 
Equlvoc.l 

.'I'Uve 

Hu.,.r. 1955 (151) 


'affl•• 1957 (161) 

laplaD. 1959 (158) 


Waxw.ll.r.t al •• 1973 (165) 


H... 1976 (154) 

H.nck , H.nd.r.oD. 1976 (160) 


H.DnuDItarl at al •• 1978 (155) 


Lu.pk.r , bUb, 1978 (159) 


Wall'r. 1981 (164) 

AIIlb.r, .t a1 •• 1911 (147) 


Howl .t .1., 1983 t156) 

Iob.rt•• Julia., 1983 (171) 


luilitoa .t .1•• 1983 1168) 

Edllnl .t al •• 1984 (151) 

Scll.alt.r .t .1•• 1984 (162) 

Won, .t .1., 1985 (161) 


Doll, 1953 (149,150) 


Decoufl••t al., 1971 (148) 


W.,... , Plt.r., 1911 (166) 


~.t.110. 1983 (110) 


Sllv'~D .t .1, 1983 (163) 


Scbo.ab.r, .t .1., 1984 (145) 


Hill • WfIld.r. 1984 t153) 


Olr.biclt .t .1•• 1984 [152) 


Ho.r • Hoov.r. 1985 (146) 


WfIld.r .t 11., 1985 (169) 
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V. EVALUATIONS OF RISK ASSESSMENTS WHICH FOCUS ON CARCINOGENICITY 

The research on the health effects associated with exposur~ to diesel 

exhaust, which could serve as a basis for quantitative risk assessment, has 

been reviewed in the twn previous sections. Several authors have addressed 

the hypothesized risk between non-cancerous health outcomes and exposure to 

diesel exhaust [10,15]. Specifically, diesel exhaust in combination with 

other sources of pollutants may exceed air quality standards and contribute 

to the development of long-term damage to respi ratory heal tho Data are 

currently insufficient to thoroughly add!es5 the potential respiratory 

hazards of diesel exhaust [10]. However, NIOSH is exploring the data needs 

for doing a credible risk assessment of the non-cancerous effects of diesel 

exhaust as well as determining what type of assessment can be conducted with 

the avai lable data. The remainder of this section wi II discuss the issues 

which pertain to cancer risk. To date, no epidemiologic study has shown a 

definitive increase in cancer risk that could be associated with exposure to 

diesel exhaust. There are several epidemiologic studies that provide 

I imited evidence of an association between exposure to diesel exhaust and 

human carcinogenicity. These include the following: Howe et ai, 1983 

[158], observed a signifieant trend of increasing lung cancer relative risks 

when the mortality experience of pensioned railway workers was stratified by 

presumed diesel exhaust exposure (both the relative risks of those possibly 

exposed and those probably exposed were signi ficant Iy greater than those 

non-exposed); Garshick et a!., 1984 [1521. described a case-control study 

that gave a signi ficant odds ratio lor exposure to diesel exhaust in 
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railroad workers who died frOB lung cancer at 64 years of age or younger as 

COIIIp8red to exposure of simi ler rai I road workers who evident Iy died of 

causes other than lung cancer. 

Chronic ani ..1 carcinogenesis studies have provided only limited evidence of 

carcinogenicity from ex~~sure to whole diesel exhaust. Heinrich et al. [89] 

demonstrated that diesel exhaust exposure increased the incidence of 

papi I lomas of the ;arynx and trachea in animals initially treated with the 

pri..ry carcinogen diethylnitrosamine as compared to animals simi larly 

treated but not exposed to diesel exhaust. The authors indicated that their 

data provided evidence of "co- or syn-carcinogen ic ity ,II A pre I iminary 

ca.munication by White et al. [90] indicated an apparent increase of 

bronchoalveolai' carcinoma in animals exposed to diesel exhaust as compared 

to controls; however, this study was subject to a number of experimental 

problems, was considered to be inconclusive, and is beir.g repeated. 

Because no definitive assaciation between diesel exhaust exposure and cancer 

has been demonstrated in humans or in ani..ls, dose-response data are not 

available. Therefore, any direct quantitative cancer risk assessment is not 

possible. 

Several investigators, however, have used innovative techniques to generate 

bounds for cancer risk based on available epidemiologic data or to generate 

human cancer risk estimates using indirect quantitative methods. Harris 

[173] reanalyzed the data presented by Raffle (161] and Waller [164] on the 
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cancer '., incidence of London Transport Authori ty employees who had varying 

potential exposures to diesel exhaust. Analyses of these data by Raffle and 

by laller had not demonstrated any excess cancer risk associated with diesel 

exhaust. However. the employees with the greatest potential for exposure 

experienced the highest rates of lung cancer among al I employees, although 

still less than that expected as compared to Greater London cancer rates. 

The origin.:il data for the London Transit I-uthority study are limited by 

m.aerous methodologic probleMS. which were discussed by Harris [173] and 

Cuddihy and McClellan [174]. These include the lack of any follow-up of 

terminated employees, which alone is reason to believe that the lung cancer 

risk in this study could have been underestimated, especially if a selective 

survival bias operated against the continued employment of affected people. 

Despi te these shortcomings, Harris [.73] conducted a sensi t ivi ty analysis 

based on these epidemiologic data in an attempt to quant i tate the upper 

I imit for a possible undetected risk of lung cancer. Harris [173] used a 

relative risk model for this analysis that impl ied that for any given 

smcking status, the proportional increase in lung cancer incidence would be 

a linear function of cumulative lifetime exposure to excess diesel engine 

eIIissions (excess assumed to mean above ambient). This model incorporated 

the possible variations in the extent, duration, and time course of ~xposure 

and in SMOking practices. The analysis w~s conducted using maxi~m 

likelihood methods to solve for lung cancer potency of diesel exhaust. This 

resulted in an estimated 951 upper confidence limit of 5x10-4 for the 

incr8lMtnt in lung cancer incidence risk (i .e •• lung cancer cases) per uni t 

of cumulative lifetime exposure, with a unit of cumulative lifetime exposure 
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defined as one lIicrogram of particl.,s per cubic meter of air for one year 

(ttg/m3/yrL It should be noted that if the incidence of lung cancer was 

underestimated in the original study. then this estimated 95~ upper 

confidence interval could have resulted in the underestimation of the 

maxillUll undetected lung cancer incidence experienced by the exposed study 

l118111bers. 

Indirect estimates of human lung cancer risk associated with diesel exhaust 

exposure have been generated by Harris [173] and Albert et ai. [175]. They 

did this by COIIbining the results of epidemiologic studies of environmental 

exposures related to diesel exhaust with the results frOli biologic test 

systems using solvent extracts of diesel exhaust and solvent extracts of the 

related envi ronmental exposure agent. The related exposures included coke 

oven emissions, roofing tar emissions, and cigarette smoke condensate. Both 

of these analyses are based on the assumption of constant relative potencies 

for various endpoints; that is, the relative potencies of diesel exhaust and 

of anyone of the related exposures remain the same whether derivC!'d frOli 

human epidemiologic studies or frOli one of the biologic test systems. 

Therefore, the potency of diesel exhaust necessary to induce lung cancer can 

be est imated if the potency for one of the other exposures necessary to 

induce lung cancer is known and if the relative potency of diesel exhaust to 

that of ~he other exposure in one of the biologic t6st systems is known. 

The various biologic test systems considered by Harris [173] and Albert et 

al. [175] include the following: reverse mutation in Salmonella typhimurium 

TA98 (with and without metabolic activation), forward mutation at the 
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thYliidine kinase locus in L5178Y ltOuse lymphOlll8 colle. sister chrOliatid 

exchanges in Chinese hMster ovary cell!~. elihanc_nt of vi ral 

transfo....tion in Syrian hIllISter .ryo cells, and ItOUse skin tumor 

initiation in a sensitive !lOUse strain (SENCAR)' l'he asses....ts by Harris 

[173] and Albert et al. [175] used di f fluent subsets of tl"le biologic test 

syst_ and ~; fferent Nth_tical models to derive the potency of diesel 

exhaust for the induction of lung cancer. Because several types of diesel 

exhaust were considered. it is not surprising that sa.e discrepancies exist 

between the results of the two analyses. 

The following discussion describes sa.e of the uncertainties and issues that 

can arise from using these risk assessment strategies. Selecting ..,ng the 

available data sets and the mathe.atical ltOdels to construct a quantitative 

risk asses....t based on the assUMption of constant relative potency is an 

exercise in professior.al judgement, expertise. and intuition. Harris [173] 

has referred to the constant relative potency approach as "at best an 

~roxi_tionH of quantitative risk estimation because of all the 

assumptions inherent in the underlying concept of constant relative 

potency. In a subsequent communication [176], the second group of 

researchers (including Albert) described risk assessment as "crude and 

uncertain but it can be useful, particularly when the estimated risks are 

either very low or relatively high. 11 
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Decisions _. whi I. conducting innovative ass.snents b.for. the individual 

researchers or the scientific co..lRity has had the opportunity to 

ac~lat. experience with the approach could lead to ov.r.sti_t.s or 

underesti_t.s of risk and also to loss of illpOrtant insight into the 

di..... .::MIeling process. For ex.., I., n.ither ass.sSllent included the 

esti_ted potencies of diesel .xhaust solvent extracts based on the reverse 

..tation assay without activation; this is because they were unexpectedly 

high .,,~ inconsistert~ with the relative potencies derived for the 

epid.iologic data and SOlIe of the other test sy.st_. USing these 

uti_ted relative potencies could have resulted in different eati_tes of 

lung cancer risk due to diesel exhaust exposure, In a subsequent 

~ication, Harris [177] stated that al though he did not use the reverse 

..tation data. he recognized that "the idiosyncr.tic responses of certain 

.issions in certain species give us SOllIe information about the probability 

of idiosyncratic response~ in hu..ns," Another uncertainty which confounds 

these quantitative risk esti_tes of the lung cancer potency of diesel 

exhaust is th~t the lung cancer potencies derived frOll the epidemiologic 

data relate to the whole diesel exhaust particulate, whereas the potencies 

derived frOll the biologic test syst_ relate to the solvent extract of 

di ••el exhaust particulate, Discrepancies in th.se potencies could r.sult 

because of differences in ch.ical cOIIlposition, bioavailability, tissue 

adh.sion of the particulate, and lIBny other factors, 
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Travis and Munro [10] att..,ted to standardize into equivalent uni ts the 

risk estimates that were generated by Harris [173] and Albert et al. [175]. 

The percentage lifeti. excess lung cancer risk for a continuous lifeti. 

exposure of one .icrogr8B of particles per cubic .ter derived by Albert et 

al. was 0.091, and the esUmate derived by Harris was 0.251 (this last 

esti_te was originally reported by Harris as 0.35x10-4 excess lung cancer 

cases per tIg,.3'yr, which was in the S8lle units and less than the upper 

bound excess lung cancer cases per tIg,.3'yr that Harris derived as the 

possible undetected risk tr_ the epidemiologic data analysis Of 5x10-4). 

The COIIIIP&rability of the two estimates can be disputed based on several 

issues, one of which was pointed out by Harris [177]. His estimate was 

based on the cancer risk for .n during their working lifeti.s, whereas the 

estimate of Albert et al. was based on the lifeU. risk fro. continuous 

lifeti. exposure. 

Novel risk assessaent approaches Juch as those based on the constant 

relative potency assuaption may provide useful insight about the potential 

risks posed by agents such as diesel exhaust, although such risk estimates 

are subject to even greater uncertainties than are those derived fro. 

traditional quantitative risk assessaent approaches. Harris [177] has 

pointed out that such assessaents aust additionally contend with the 

uncertainties of which experi.nts are relevant: these uncertaint ies are 

qualitatively different fro. the uncertainty of aeasurement error fuiliar 

to risk assessors. A consensus opinion [174,176] has developed fro. these 

assessaents; that is, the relative potencies of solvent extracts of diesel 
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exhaust particulate are si .. i lar to the potencies of solvent extracts of 

other COIIbustion products such as coke oven .issions, roofing tar 

SIliF,"ions. and cigarette 8IIOke condensates. It can then be inferred that 

th~ lllng cancer potency of diesel exhaust .ission is simi lar to those of 

the other COIIIbust ion products (subject to the uncertai nt i es of differences 

in ch.ical COIIIPOsition. bioavailability, tissue adhesion of the 

particulate. etc • .entioned earlier). However, although the potencies ..y 

be si.ilar. the exposure levels are not. The usual a.bient or occupational 

exposure levels to these various COIIbustion products are 3 to 6 orders of 

...,itude higher than the usual occupational exposure levels to diesel 

exhaust [174]; therefore, the risks resulting from such exposure conditions 

to diesel exhaust should be at least s~!eral orders of magnitude lower than 

the risks fra. such exposure.conditions to these other combustion products. 

The avai lable data are inadequate to reach definitive conclusions about the 

quantitative cancer risks associated with exposure to diesel exhaust. 

Nonetheless, from a qual italive standpoint. the avai lable assessments and 

the isolated reports mentioned at the beginning of this section suggest the 

possibility of a carcinogenic risk from exposure to diesel exhaust. 
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VI. CONCLUS IOMS 

Most epidllliologic data point to a lack of excess risk of lung cancer or 

chronic respiratory effects associated with dies.,1 exhaust emissions. There 

are some suggestive findings of increased cancer risks in hUMans, but because 

of previously I118ntioned limitations such as lack of dose analyses, lack of 

smoking histories, poor study designs, and inadequate observation periods for 

cancer, it is questionable as to whether the risk is due to diesel exhaust 

[152,156]. Further, there is no convincing evidence that the inhalation of 

whole diesel exhaust is mutagenic or carcinogenic in laboratory animals. 

However. the fact that diesel exhaust does contain toxic compounds (such as 

ni trogen dioxide, carbon monoxide, part i cu lates, PAH's, aldehydes, phenol s t 

nitric oxide, and sulfur dioxide) is cause for concern. In particular: (1) 

organic extracts of diesel exhaust particulates have been found to be 

mutagenic and carcinogenic in animal cell and whole animal skin appl icat ion 

studies; (2) studies of laboratory animals suggest that diesel exhaust alters 

the various defense mechanisms of the lung. leading to impaired dust clearance 

and enhanced susceptibility to infection; (3) pulmonary function impairment 

that is indicative of restrictive lung disease has been reported in animal 

studies at high doses of diesel exhaust; in addition. responses consistent 

wi th obstructive lung disease were noted in one study of monkeys at lower 

doses; and (4) reversible pulmonary changes (before and after a workshi tt) 

have been noted in salt miners. and exposure-related eye irritation has been 

noted 8IIOng men experilll8ntally exposed to diesel exhaust. A sUlllftary of the 

effects associated with diesel exhaust is given in Table VI-1. 
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Table Vl-l.--~ry of effects associated 
with expo8ure to die8el exhaust 

Nunber P.oaitive Negative Equivocal 

Mutagenicitl Effects 

l!! !l!!!'! 8tudies using solvent 
extract8 of diesel exhaust 

65 52 13 

l!! !..!.!2. 8 tud I e8 

Ihole diesel exhau8t 22 3 19 

Di88el exhaust 6 2 4 
particulate 

Solvent extract of 5 3 2 
diesel exhaust 

Effects in Animals 

Su8ceptibllity to 3 2 1 
infection 

Restrictive lung disease 6 3 3 

Obstructive lung disease 6 1 5 

TURIOrigenesis 

Skin painting 5 3 2 

Intraperl tonea I 1 0 0 1 
injection 

Inhalation ,xposure 7 0 1 6 

Effects In Humans 

Acute lung disease 12 1 4 7 

Chronic lung disease 9 0 6 3 

Retr08pective cohort studies 16 1 3 12 

Case-control studies 10 1­ 3 6 

-Only an abstract is available for this study. 
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Based on the current scientific knowledge about the health effects of diesel 

exhaust, with its contradictions and ambiguities, NIOSH at this time can 

ne i the r aff i rm nor condemn the use 0 f d i ese I equ i pment in underg rOl!nd coa I 

mines. Instead, as prudent publ ic health pol icy. occupational exposures to 

diesel exhaust should be maintained below the levels speci fied in existing 

Mine Safety and Health Administration (MSHA) standards or, if more 

protective, below NIOSH recommended exposure limits (RELls) for occupational 

exposures to all contaminants found in diesel exhaust. Controlling 

respirable particulate is especially important given the uncertainty about 

its potential carcinogenici ty. In order to minimize exposures to diesel 

exhaust, adequate ventilation in underground coal mines. as required by MSHA. 

is essential, as are effective industrial hygiene monitoring programs and 

proper inspection and maintenance of diesel equipment. 

The following discussion describes sOlIe of the areas in which additional 

studies are needed of the possible health effects of exposure to diesel 

exhaust. lell-designed and controlled epidemiologic studies are needed of 

populations that are occupationally exposed to diesel exhaust. In these 

studies. the extent of exposure of the cohort to the individual COIIponents of 

diesel exhaust, as well as to concOllitant exposures, should be ascertained. 

These studies must 'carefully control for such confounding factors as 

cigarette smoking. 
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Additional data are needed concerning the bioavai labi Ii ty in animals and 

huans of IlUtagenic and carcinogenic substances from inhaled or ingested 

diesel exhaust particulate. as well as the ability of the ,defense mechanisms 

of the I,:"q to detoxify the various cOlllponents of diesel exhaust. 

The increased susceptibility of animals to infection following inhalation of 

diesel exhaust needs to be further evaluated. Additionally. studies are 

needed to determine if resistance to a bacterial andlor viral challenge is 

modified primarily by the gas phase or by the particulate fraction of diesel 

exhaust. A study of the incidence of infection-related absences from work 

a.ong populations occupationally exposed to diesel exhaust may be useful. 

Further identification of the COIIIpOnents uf the diesel exhaust particulate 

fraction that contain IlUtagenic and carcinogenic activity is needed, as well 

as the possible carcinogenicity (and other toxic effects) of the gas phase, 

ca.ponent of diesel exhaust. Questions remain about possible synergism among 

the many cOlllponents of diesel exhaust. 

The possible long-term consequences of diesel exhaust inhalation in animals. 

such as the development of fibrotic and emphysematous changes in the lung. 

ehould be further invest igated. In addi t ion. the possible reversibil i ty in 

decrements of pulmonary function should be studied. 
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