
Cancer risk from diesel engine emission in Central and Eastern Europe 

Paolo Boffetta, International Agency for Research on Cancer; John Cherrie, Institute of 
Occupational Medicine, Edinburgh, UK 

The project has the objective to assess the feasibility to conduct a multicentric historical 
cohort study of workers exposed to diesel engine emissions in Czech Republic, Estonia, 
Hungary, Latvia, Lithuania, Poland, Russia, Slovakia, and Slovenia. It will consist of the 
following tasks: 
1. Development of a company questionnaire, aimed to collect standardized information on 

the size of the groups of workers that might be included in the cohort study and on their 
exposures. 

2. Contact with companies potentially participating in the study. In each country, a 
collaborating centre has been selected. The feasibility study will focus on drivers, 
material-handling equipment operators and mechanics employed in major companies 
dealing with in land transport by road, construction and manufacture of transport 
equipment. In addition, non-metal miners will be considered. 

3. Completion of the questionnaires. Questionnaires will be completed by the contact 
persons in each company and checked by the national collaborator. Limited exposure 
data will be collected on that occasion. 

4. Assessment of the feasibility. Data from company questionnaires will be combined to 
estimate the size of the expected cohort in terms of exposure to diesel engine 
emissions and other relevant agents. A strategy for retrospective assessment of 
exposures will be devised. The assessment of the feasibility will be based on the 
expected study size, the likely extent of misclassification of exposure, the availability of 
an unexposed cohort, the possibility to look at subgroups of the overall cohort (e.g., 
women) and the quality of the available information on exposure to diesel engine 
emissions and other agents. 

5. Development of the protocol for the full scale multicentric study. 
The project will last 12 months. The list of collaborators is shown in the following table. 

Country Collaborator City 
Czech Republic Z. Smerhovsky Prague 

Estonia 
Hungary 
Latvia 
Lithuania 
Poland 
Russia 
Slovakia 
Slovenia 

V. Janout Olomouc 
M. Rahu Tallinn 
P. Rudnai Budapest 
M. Eglite Riga 
R. Raskeviciene Kaunas 
N. Szeszenia-Dabrowska Lodz 
M. Bulbulyan Moscow 
E. Fabianova Banska Bystrica 
M. Dodic-Fikfal< Ljubljana 
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Cancer and Diesel Exhaust Exposure in Railroad Workers: A 
Feasibility Study 

Murray M. Finkelstein PhD, MDCM, Dave K. Verma PhD, CIH, ROH 
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TITLE: 
Lung Cancer and the Quantitative Assessment of Diesel Exhaust Exposure in the U.S. Trucking 
Indust1y. E Garshick, TJ Smith, F Laden, E Larkin, D Dockery, FE Spcizcr. Brockton/West Roxbury 
VAMC and Channing Laboratmy, Brigham and Women's Hospital; Harvard School of Public Health and 
Harvard Medical School, Boston, MA, USA. 

ABSTRACT: 
This project will evaluate the feasibility of conducting a retrospective cohort study of workers drawn 

from the U.S. {lucking industry to qmmtify the relationship between lung cancer mortality and diesel 
exhaust exposure. An ovcr·all objective is to identify a population of workers in the U.S. trucking industry 
exposed to diesel emissions so that a reasonably precise estimate of a small to moderate excess of lung 
cancer attributable to exposure can be detected. An exposure assessment strategy that will be developed that 
will provide quantitative dose estimates (cunmlative exposure) for each subject based on his personal job 
hist01y and an assessment of cmrent exposure. We have contacted three large unionized tmckiug 
companies who have over 60,000 workers employed. These companies have agreed to provide personnel 
and truck purchase and maintenance records for review so that the feasibility of using these records to 
design an epidemiologic study can be assessed. Based on truck purchase and maintenance records for tmcks 
at each terminal, the specific truck type that a worker used can be detennined. We will then assess the 
feasibility of linking yearly Teamster job code to work at a specific tenninal or office to develop a personal 
profile of truck use for each worker. The exposure assessment strategy will include a determination to 
assess if it is fCasible (!)to collect suitable exposure measurements to develop a statistical model to assess 
current exposme; (2) to use the wide range of company and other records to reconstmct estimates of past 
exposures, using emission factors for the effects of changes in vehicles; (3) to assess the feasibility of 
assessing potential bias and precision of the exposure estimates. It wi!l be also be detem1ined if there is a 
range of significantly different exposures to markers of diesel exposure. These markers will include 
polycyclic aromatic hydrocarbons (PAH), nitro·PAH, and elemental carbon in pmiicles Jess than l Jllll in 
diameter. These will be supplemented by direct reading measurements of particulate matter < 1 pm in 
diameter and measurements of air quality in tmck cabs and indoor work sites (CO, C02, temperatl!fe, and 
relative humidity) to identify .sources of exposure and short-term variations in exposure. The results of this 
feasibility study will allow us to design a retrospective cohort study that will have greater than an 80% 
power to detect a relative risk of hmg cancer between 1.2 to 1.3 attributable to diesel exposure in tmcking 
company workers. 
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DIESEL AEROSOL EXPOSURE 

!~,-~,_Kittelson, W. F. Watts, Department of Mec!J:mica! Kngineering 
ami G. Ramachandran, School of Pnblic Health 

lJ1Iiversity of Minnesota 

ABSTRACT 

By number count, most diesel aerosol is in the nuclei rn_ode with a 
particle diameter< 50 nm, and a number median diameter between 15-20. 
However, most of the aerosol mass is in the accumulation mode (50-nm 
tolOOO nm), with a mass median diameter between 100-200 nm. The 
proposed Threshold Limit Value for diesel particulate matter (DPM) <1.0 
run (50 )lglm\ and EPA's emission and air quality regulations are also 
based on mass measurements. When available, mass concentrations ofDPM 
exposure have been used in quantitative risk assessments. Less information 
is available on the physical and chemical composition of diesel aerosol 
collected under real-world conditions. 

The objective ofthis project is to validate diesel aerosol measurement 
techniques and to provide a more comprehensive evaluation ofDPM 
exposure. Aerosol instruments capable of determining the number, volume, 
surface area and mass size distributions and particle associated total 
polycyclic aromatic hydrocarbon content in near-real-time will be combined 
with time-weighted average, personal exposure measurements of elemental 
and organic carbon (EC, OC) to assess exposure. A limited number of size 
fractionated samples will be collected for chemical characterization. 

Diesel aerosol sampling will focus on the University of Minnesota's 
transit system. Personal samples will be collected on bus commuters, 
parking garage attendants, and mechanics to obtain distributions of 
exposures for these similarly exposed groups. Area samples will be collected 
at bus stops, parking garages, and garage maintenance facilities. These 
sampling locations represent environments where both diesel and gasoline 
powered vehicles operate on a regular basis in various ratios. Comparison of 
these footprints will make it possible to apportion the sampled aerosol by 
source, either diesel or non-diesel, and allow the estimation ofDPM 
concentration and exposure. 



Af!J~ient S~mpling of Diesei·••ParticulateMaifer 

Willlam Pierson 

AMBIENT SAMPLING OF DIESEL PARTICULATE MATTER 

William R. Pierson, Alan W Gertler, John C. Sagebiel, C. Fred Rogers, and John A. Gillies 
Energy and Environmental Engineering Center 

ABSTHACT 

Desert Hesearch Institute 
Heno, NV 

Thomas A. Cahill 
University of California 

Davis, CA 

The Health Effects Institute plans to begin studies in the year 2000 to provide dose-response data 
on the relation between human cancer risk and long-term exposure to diesel emissions. In order 
to provide background information on the physical and chemical characteristics of diesel 
particulate matter, we will perform an on-road study of emissions in a tunnel to obtain llru 
following: 

i. Chemically speciated diesel profiles for use in source apportionment between diesel and 
other constituents in ambient-air' experiments. This is necessary to quantify the diesel 
contribution to ambient particles. 

2. Particle-number and chemically speciated size-segregated particle distributions to determine 
in the real world the distribution of diesel particles. Recent dynamometer experiments have 
reported a greater number of 0.0075-0.046 ~m particles from current diesel engines than 
from older ones. This study would resolve the question of whether or not diesel vehicles emit 
large numbers of ultrafine particles and, more importantly, whether in the real wortd the small 
particles are conserved. 

3. Determine by comparison with years past how much improvement there has actually been in 
diesel particulate mass. Because of roll-over (and possibly other factors) the improvement 
will be less than that seen in year-to-year dynamometer tests. This is important if HE! is to 
incorporate retrospective data in their future studies. 

4. Particulate emission rates from light-duty gasoline vehicJes. Recent studies have found light· 
duty vehicles may actually contribute more to the observed particle levels than emissions 
from diesels. 

In order to accomplish these objectives, four tasks will be performed: 

Task i: Planning: Based on our previous experience with on-road measurements of vehicle 
emissions in the Tuscarora Tunnel, we will arrange with Pennsylvania Turnpike personnel for 
access to the tunnel. As part of this task, we will also develop the necessary experimenlal 
protocols and checkout and calibrate all equipment prior to shipment for installation at the tunne'. 

Task 2: Field Operations: Travel to the site and install equipment at stations within the tunnel. 
Perform 20 experimental runs within the tunnel during a fourteen-day period (one day for setup, 
ten days for measurements, and one day for takedown.) The sampling setup will have an inlet 
and outlet station. Eaclh station will consist of: 

• Tedlar bag sampler for total THC, NO/NO,, CO, and C02 

• Tenax sampler for semi-volatile hydrocarbons (C8 to C20) 

• IMPHOVE PM25 sampler for inorganic particulates (mass, ions, metals, OCIEC, b,.,, and 
H') 
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• DRUM sampler for size segregated mass and metals measurements (0.07-0.24; 0.24-
0.34; 0.34-0.56; 0.56-0.75; 0.75-1. 15; 1. 15-2.5; 2.5-5.0; and 5.0-10.0 1tm aerodynamic 
diameter) 

• TGIF/PUFIXAD sampler for PAHs 
• Propeller anemometer for air fiow measurements 
• Canister sampler for SF6 

In addition, a scanning mobility analyzer will be located along the tunnel to obtain size
fractionated particle number counts. Sampling periods will be chosen to represent different fleet 
mixes. As part of the vehicle characterization aspect of the task, we will obtain traffic 
measurements including counts and vehicle type and vehicle speeds. 

Task 3: Data Prpcessinq and Data Analysis: Data from tile field measurements will be 
transferred to a common database, validated, and, employing already existing software, used to 
calculate on-road emission factors. Following laboratory analyses, size-segregated mass 
emission factors and organic and inorganic speciated emission factors will be calculated. 
Chemical profiles for use in apportioning the diesel contribution in ambient particulate matter will 
be prepared. These results will be compared with those from previous studies to assess the 
changes in diesel emissions since the early 1970s. 

Task 4: Reporting: We will prepare at least one publication for peer-reviewed publication, 
progress reports for HEI, and a final report for HEI. 



Exposure Mea~urements.ln .. Mines 

SiJtbara Zielinska 

DIESEl EMISSIONS EXPOSURE MEASUREMENTS 
IN UNDERGROUND MINES 

Barbara Zielinska, Eric Fujita, Fred! Rogers, Umy Sheet!:, ;u11d John Sagebie~ 
Desert Rese<ndi Enstitute, 2215 Raggio Parkway, Reno, NV 89512 

and 

Abstract 

Pierre Moussei:-Jcmes and James Woodrow 
Universil:jf of Nevada, Reno, NV 89557 

The overall objective of this proposal is to develop a method to accurately quantify the 
exposure of underground miners to diesel particulate matter (DPM), respirable dust, and 
oil mist concentrations. The specific aims are: (1) to characterize chemical composition 
and particle size distributions of organic and inorganic contaminants from specific 
sources and in ambient air in underground gold mines; (2) to apportion the contribution 
of specific sources (e.g., diesel equipment, mechanical particle generation, oil mist, etc.) 
to the total ambient airborne contaminant load in the mines; (3) to determine exposures 
for mine workers from these sources. We propose to use Chemical Mass Balance 
modeling to provide estimates ofDPM, oil mist concentrations and other contaminants in 
underground mines, including cigarette smoke. To establish specific chemical profiles, 
detailed chemical analyses will be performed for diesel exhaust, diesel fuel, drilling and 
lube oil, and other possible aerosol sources in mines, expanding the current database 
related to diesel exhaust and oil mist exposure. To apportion aerosol in mines to its 
respective sources, the mine atmosphere will be sampled using size-selective samplers. 
In addition, in response to questions raised recently regarding the health impacts of 
ultrafine particle emissions, we propose to characterize particle-size composition of 
diesel exhaust. Since individual workers are exposed to wide variations in contaminant 
concentrations as they perform different functions in different locations, we will 
supplement ambient air analysis with personnel monitoring. We postulate that it is 
possible to obtain similar chemical information with both medium-volume, fixed-site 
sampling and with low-volume portable, personal sampling, the latter to be used for 
personal exposure measurements. Potential exposures will be calculated for workers in 
different job classifications. The results obtained in this study will be applicable to other 
programs requiring methods to monitor and assess exposure to diesel emissions and 
provide information of exposure of unique populations to diesel particulate emissions. 
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Session VI focused em various aspects of a large epidemiologic study of IJ.S. non

metal miners. !Presentations were given on the cohort, case-control, 

industrial hygiene, and historic exposure assessment methods of the study, which 

is being conducted by investigators at NCI and NIOSH. 



A COHORT MORTALITY STUDY OF LUNG CANCER AND DIESJ<:L EXHAUS'f 
AMONG NON-METAL MINERS 

M ichocl Attfield.' Patricia Schleiff.' Rebecca Stanevich_1 Daniel Y creb. 1 Debra Silverman' Mustafa 
Doscmcci. ~Jacqueline Prince.~ and Nathaniel Rothman,~ 
I National Institute for Occupational Safety and Health: 2 National Cancer Institute. 

Although many studies have been undertaken to assess mortality associated with exposure to diesel 
exhaust few studies have employed quantitative exposure measurements of diesel exhaust directly in their 
anahses. To fill this need. the National Institute for Occupational Safctv and Health (NIOSH) and the 
National Cancer Institute (NCI) arc conducting a retrospective cohort mortality study of non-metal miners 
to investigate risk of lung cancer morialit~· in relation to quantitative measures of exposure to diesel 
exhaust. In addition. it will determine whether there is evidence of elevated mortality from other causes 
among diesel exhaust exposed miners. 

A feasibilitv stud\ undertaken jointly bv NCI and NIOSH between 1992 and 1994 gathered information on 
emplo~·menL personnel records, and underground diesel usage at non-metal mines. The non-metal mining 
mdustn was selected for studv because of the potential for high levels of diesel exhaust cxposu rc in the 
absence of conf()Unding by exposure to radon and other possible lung c::trcinogcns. Twenty-four mines that 
had used diesels before I 970 and \\hich employed more than 59 workers were selected for potential 
inclusion in the study. These mines were ranked, based on examination of existing industrial hygiene data, 
historical data on worker exposures, samples of personnel records, and other information. Expected 
numbers of lung cancer cases \\"ere derived b~· applying national mortal it~· rates to the samples of personnel 
records aYailab1e for each mine. Summation of these expected numbers by suitabilit~· rank showed that the 
first I 0 mines would provide enough cases for a study of sufficient pO\\er. These I 0 mines included fOur 
potash mines. three trona (soda ash) mines, two salt mines. and one lo\\-silica limestone mine. E\tcnsivc 
industrial hygiene surveys had been undertaken at seven of the I 0 mines around 197) -a time when many 
mines \\"ere experiencing their peak usage of diesels underground. A special industrial hygiene survey 
undertaken at one of the I 0 mines indicated that diesel exhaust exposures in certain areas underground 
\\-ere 5- 40 times higher than exposures reported to be experienced by railroad workers or truck drivers. 

·rhe purpose of the coh011 study is to iclcntii\ am causes of death (especiallY lung cancer) that arc elevated 
in the cohori, and if so, relate the elevations to extent of diesel exhaust exposure. To achieve this goa!" the 
study cohort includes all underground_ and surface workers (excluding administrative \H)rkers) who \Yere 
empio~·ed in the candidate mines for at least one year during the period between the date of diesclization of 
each mine and December l L 1997. Most surface \Yorkers arc essentially not occupationall~· e:xposed to 
diesel exhaust thus the cohort study will include a \\ide range ofc:-.:posurc to diesel exhaust (about 501% 
unc."\posed. 25~~~~ low/moderately exposed. and 2Y~) high exposed, with underground workers comprising 
most of those exposed.) The stud,· cohort will be follo\\cd for vital status through December 31, 1997. 
Since the earliest date of dicsclization of an~· of the proposed stud:.- mines was 1950, the follow-up period 
\\ill range up to 1.J.X years. Given the e\pected level and distribution of c:xposure, and based on a cohort of 
X_200 miners \Yith I or more years of e.\posurc. the cohort study has greater than 90%) power to detect a 
trend in lung cancer mortality of RRs from ! to 1.4 to 2.0 for low/unexposed to moderate to high exposure, 
at a 5(/;) two-sided alpha level. 

Standard procedures arc being employed to ascertain vital status. including: SSA mortality files. 
application of data from the National Death Index. IRS address information, Postmasters. and other 
sources. Analysis of the cohort study will be undertaken in two phases. Phase I \\·ill employ indirect 
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surrogates of diesel exposure in order to explore exposure-response. These will include work and tenure in 
jobs known a priori as having high, moderate, and low exposures (e.g., face. other underground. and 
surface: work). It may also be possible to include preliminary data from the IH survc~·s and clscv .. hcrc in 
order to hdp inform and define the exposure categories. Causes of death will be divided into those of a 
rwiori interest and those of a pos!eriori interest. The fOrmer comprise: lung cancer. bladder cancer_ kidnc~ 
cancer. colon cancer. cancer of the rectum. multiple myeloma. lymphoid leukemia. Hodgkin's disease: 
cerebrovascular disease. micriosclcrosis. pneumonia. influenza. cirrhosis of the liver. emphysema. and 
chronic respiratory disease. Excesses of these causes have been found in one or more studies that have 
looked at mortality and exposure to diesel exhaust. A posteriori causes will be considered as hypothesis 
generating. 
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The Phase II analysis of this study will evaluate quantitative exposure-response using various e:xposure 
mctrics. such as cumulative exposure. average exposure and maximum exposure. In addition, time
dependent aspects of exposure. including lagged estimates of exposure will be used to eliminate the effect 
of later exposures in c:-;amining the exposure-response relationship. In these anal~·ses_ the main surrogate of 
diesel exposure will be elemental carbon. derived directly from current measurements of exposure levels_ 
and indirectly by conversion of historical surrogates, such a nitrogen dioxide. to elemental carbon levels by 
means of relationships derived fhm1 side-by-side sampling in the current !H surveys. Other primar~ 
sun·ogates will be submicromcter partieuk1tc. and submicromctcr combustible dust. 

Although the mines selected for study have been documented as having low levels of exposure to radon. 
silica_ and arsenic. we have sampled for these substances and also for asbestos during the IH survc~·s to 
confirm that levels arc below that which might be expected to cause confOunding. If unforeseen elevations 
occur. and it appears that confounding could be a problem, control for these variables \Yill be included in 
the analysis. Indirect adjustment for smoking will be made using the Axelson technique. For the mines that 
were in the J 976 MSHA/NIOSH study, there is smoking information available on the cross-section of 
workers who took part in the study. The nested case-control study. \\·hich will be using data from the cohort 
study, will permit more rigorous examination of smoking and other factors. 

Data collection for the study began in February, 1998. Currently, IH studies have been completed 
for eight of the nine operating mines in the study. Reports on these surveys are being sent to each 
mine as they become available. Personnel record collection is virtually complete at six mines, and 
partially complete to various degrees at the remaining four mines. As of September, 1998, we had 
fully or partially entered records for about II ,800 individuals to our mortality database, consisting 
of demographic data, work history, next of kin, and any existing vital status data. Based on a 
preliminary tabulation of miners who worked I year or more before 1979, it appears that the 
intended study size of 8,200 miners will be achieved. Mo1iality vital status follow-up has 
commenced for two mines. 

Statistical analysis will begin following completion of data entry and finalization of follow-up, and 
is expected to start towards the end of2000. The Phase I report is scheduled f(ll· completion two 
years later, with possibly an interim presentation earlier. The final task of the cohort study will be 
to undertake the Phase II analysis, with a report planned tor 2003. 
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Study Genesis 

• Increasing interest in health effects of diesel 
exhaust 

• Need for more information on quantitative 
exposure-response 

Feasibility Study Purpose 

• Designed to assess whether sufficient data 
of suitable quality existed for application to 
a valid mortality study 

•Collaborative project by NIOSH and NCI 
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Feasibility Study Evaluated-

@ Extent of diesel usage (large range of exposures) 

• Start of diesel usage (adequate latency period) 

• Absence of confounding exposures 

• Availability of past industrial hygiene data 

Feasibility Study Evaluated-

• Extent of diesel usage (large range of exposures) 

• Start of diesel usage (adequate latency period) 

• Absence of confounding exposures 

• Availability of past industrial hygiene data 

• Mine size 
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Feasibility Study- Outco1ne 

® Sufficient data of a suitably high quality 
were available to enable the completion of a 
valid mortality study 

"' In 1994 NCI and NIOSH began to develop 
the protocol for the main study 

The overall study 

@I Cohort 1nortality study 
• Nested case-control study of lung cancer 

"' Current exposure assessment 

a Historical exposure reconstruction 

"' Biomarker component 
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The Cohort Mortality Study ·
Objectives 

• To identify causes of death (especially lung 
cancer) which may be elevated in the 
cohmi. 

• To assess any elevations in certain specific 
causes of death in relation to extent of 
exposure to diesel exhaust. 

The Cohort Mortality Study
Methods 

A priori causes of death for study include: 

• Lung cancer 

• Bladder cancer, kidney cancer and other 
causes noted as having elevated death rates 
in previous studies. 
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The Cohort Mortality Study -
Methods 

The cohort includes: 

• All employees, apart from pure 
administrative workers, who worked 1 year 
or more since date of dieselization at each 
mme 

The Cohort Mortality Study
Methods 

The analytical approach is as follows: 

• A standard SMR person-years approach. 

• Axelson adjustment for smoking. 

• Model fitting using Cox and Poisson 
regresswn. 
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The Cohort Mortality Study
Methods 

Exposure-response will be assessed using: 

• Elemental carbon exposures. 

• Other current surrogates - respirable 
combustible dust, submicrometer 
particulate. 

• Historical surrogates, e.g. N02 . 

• Tenure and job. 

The Cohort Mortality Study -
Methods 

Exposures will be developed from: 

• Current industrial hygiene surveys. 

• Historical measurements converted to 
elemental carbon levels using factors 
derived from current side-by-side sampling. 

• Other pertinent data. 
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The Cohort Mortality Study -
Mine Selection 

The expected number of lung cancer cases for 
each mine was derived by: 

• Entering the 1 0% sample of feasibility study 
work histories to a database. 

• Using the OCMAP mortality program to derive 
expected numbers based on the person-years. 

® Adjusting for other causes and extrapolating to 
the full mine employment. 

The Cohort Mortality Study -
Mine Selection 

Mines were ranked by: 

• Expected number of lung cancer cases. 

• Record quality. 

• Availability of past exposure data. 

• Exposure leveL 

• Mine currently operating or not 
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The Cohort Mortality Study -
Mine Selection 

Ten mines were selected: 

• 4 Potash mines 

• 3 Trona (soda ash) mines 

• 2 Salt (halite) mines 

• 1 low-silica Limestone mine 

• 4 back-up mines also selected 

The Cohort Mortality Study -
Mine Selection 

The ten mines: 

• provide excellent power for the cohort and 
case-control studies (see later) 

• have low levels of potential confounders, 
(e.g., silica, radon, arsenic, asbestos) 

• have extensive prior exposure data (seven 
mines) from research surveys by MESA in 
1976 (now MSHA) 
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The Cohort Mortality Study -
Mine Selection 

The ten mines: 

• provide excellent power for the cohort and 
case-control studies (see later) 

• have low levels of potential confounders, 
(e.g., silica, radon, arsenic, asbestos) 

0 have extensive prior exposure data in seven 
cases 

• have good personnel records 

The Cohort Mortality Study -
Mine Selection 

The ten mines: 
0 Average year of dieselization was 1961 

(1950 - 1967) 

• 44% of employees work underground 

® Six mines classified as high exposure, two 
as moderate, and two as low (relative to 
mining operations). 
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The Cohort Mortality Study
Mine Selection 

Past lH data for each mine from 1976- 78 
includes: 

• Between 600 - 940 samples in total 

• About 200 personal samples 

• About 100 area samples 

• About 150 general air samples 

(Above numbers refer to measurements, not 
locations.) 

The Cohort Mortality Study -
Study Power 

On assumption that 50% of workers are high 
exposed, 25% have moderate, and 25% 
have low/zero exposure within the mines, 

- the cohort study has 90% power to detect a 
trend in risk from 1 to 1.4 to 2.0 for 
low/zero, moderate, and high exposure, 
respectively, at a 5% alpha level 
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The Cohort Mortality Study -
Progress Report 

Industrial hygiene surveys: 

® Surveys began in February 1998. 

@ Eight U-I surveys have been completed. 

® Each survey involved the collection of 
about 500 area measurements and 300 
personal measurements over five days. 

• Two mine reports are under review, with 
others to follow. 

The Cohort Mortality Study -
Progress Report 

Record collection and data entry: 

• Record collection began in February 1998. 

• Record collection is virtually complete for 
four mines, and partially complete for five. 

® Over 16,500 records are entered, with about 
9, 000 in hand. 

• Estimated that 3 1% of all miners worked 1 
or more years before 1979. 
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The Cohort Mortality Study ·-
Progress Report 

Mortality follow-up: 

® Has begun for two mines. 

• Additional mines will be started when 
record collection/verification/checking is 
complete for each. 

The Cohort Mortality Study -
Reporting 

Results from the mortality analyses will be 
presented in two phases -

• Phase I - findings based on analysis by 
indirect surrogates, such as tenure and job. 

• Phase II - findings based on analysis using 
quantitative exposure assessments. 
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The Cohort Mortality Study -
Schedule 

0 ,. 
Ycou 

3 

(:oll0t1 lht;o c<>llc'ct;,,n and ~nu: 

Casc
contml 

Exposure 
Assess. 

~!onality f(>)),m··up a11d 
,K<jlll'>itt<JII of de"th <'Cih. }l-

> 
ltlcmit)· ca>c,,.ennt> ols ,1iKI tntctvicw 

)> 

dat,; cdk<'tiott 

1'1""'' f an:dysi> f;; tcport 

"" l'h;t><' 11 anoJ:,is & tqwil 

,._ 
J'ha,;c I an:<iy>i,;& ICJH>II ,_ 

Ph,1Sc ll """l)'i' & rqwH 

The Cohort Mortality Study
Schedule 

• Complete data collection and data entry -
end of 1999. 

• Complete vital status follow-up - end of 
2000. 

• Complete Phase I analysis and report - end 
of2003 

• Complete Phase II analysis and report - end 
of2004 
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A NESTED CASE-CONTROL STUDY OF LUNG CANCER AND m~<:SEL EXHAUST 
EXPOSURE IN A COHORT OF NON-METAL MINERS Debra T. Silverman, Mnstafa 
Dosemeci, Nathaniel Rotlunan, Jacqueline Prince (National Cancer Institute); Michael Attfield, 
Rebecca Stancvich, Daniel Yercb, Patricia Schleiff (National Institute for Occupational Safety 
and Health) 

The National Cancer Institute, in collaboration with the National Institute of Occupational Safety 
and Health, is conducting a case-control study oflnng cancer and diesel exhaust exposure in a 
cohort of about 8,200 non-metal miners. The cohort includes all workers (except administative 
workers) who were employed for at least one year in a study mine from the date of dieselization 
of each mine through 1996. The main purpose of the nested ease-control study is to evaluate the 
association between levels of diesel exposure and lung cancer mortality among non-metal 
miners, while controlling for cigarette smoking and other potential confounding factors. 

The ease series will include all deaths from lung cancer as specified on the death certificate that 
are identified during the follow-up stage of the cohort. Pathology slides of tumor tissue from all 
histologically confirmed eases ofluug cancer will be obtained for review. The objective of the 
slide review is to eoufinn the death certificate diagnosis oflung cancer, as well as to detennine 
the histolo gie subtype. 

Four controls will be selected for each ease by random sampling from among all members of the 
study base who were alive prior to the day the ease died (i.e., incidence density sampling). 
Controls will be individually matched to the ease on mine, gender, raee/ethnieity, and year of 
birth (within five years). Exposure in controls will be truncated at the age that the case died. 

A structured qnestimmaire will be developed to elicit information on the following factors: date 
of birth, date of death, race/ethnicity, gender, history of smoking, exposure to environmental 
tobacco smoke, dietary factors, lifetime employment history, and medical history. Smoking 
histories will be supplemented with relevant information from company medical records and 
smoking data collected during a 197 6- I 978 cross-sectional morbidity survey. 

The qnestionnaire will be administered to next of kin of cases and deceased controls by 
telephone using interviewers trained for this purpose. Direct interviews will be conducted with 
living controls by telephone. Informed consent will be obtained from all respondents before the 
interview is conducted. Based on data from previous studies, we anticipate a 75% response rate 
for the next-of-kin interview. We expect to obtain smoking history data on an additional 10% of 
subjects when the interview data are supplemented with data from additional sonrccs, yielding a 
total response rate of 85%. 

Data from the case-control study will be used to estimate the risk of dying from lung cancer 
associated with several measures of occupational exposure to diesel exhaust (e.g., average 
intensity of exposure, dnration of exposure, and cumulative exposure). Conditional logistic 
regression analysis will be used to quantify the exposure-response relationship between Inng 
cancer and these measures of diesel exhaust exposure after adjustment for confounding factors. 
The role of cigarette smoking as a modi fer of the effect of diesel exhaust exposure on lung cancel 
risk will be evaluated if numbers permit. 
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The cohort of about 8,200 subjects is expected to yield a minimum of about 160 lung cancer 
deaths based on the assumption of a trend in risk of lung cancer from 1 to 1.4 to 2.0 with 
increasing exposure to diesel exhaust. Based on a response rate of 85%, we expect to have a 
minimum of about 140 lung cancer cases and 560 controls, yielding a power of 80% to detect a 
trend in odds ratios of2.0 for high exposure, 1.4 for low/moderate exposure, and 1.0 for no 
exposure, after adjustment for smoking (o: ~ 0.05). 

297 



298 Diesel V\Torkshop: Building a Research Strategy to Improve Risk AssnsSlnent 

A NESTED CASE-CONTROL STUDY 
OF LUNG CANCER AND DIESEL 

EXHAUST EXPOSURE 

NCI NIOSH 

Debra Silverman Michael Attfield 

Mustafa Dosemed Rebecca Stanevicb 

Nathaniel Rothman Daniel Yereb 

Jacqueline Prince Patrida Schleiff 

Capri-Mara Fillmore 

PURPOSE OF STUDY 

To evaluate the association between 
levels of diesel exposure and lung 
cancer mortality among non-metal 
miners, while controlling for 
cigarette smoking and other 
potential confounding factors 
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CASE SERIES 

"' AH deaths from lung cancer identified 
during the foHow~up stage of the cohort 

@ 2:160 lung cancer deaths 9 assuming 
doubling of risk in the heavily exposed 

., Pathology review 

CONTROL SERIES 

@ Controls: Cases= 4:1 

e Controls will be selected by random 
sampling from among all members of 
the study base who were alive prior to 
the day the case died 

@ Matching factors: Mine 
Gender 
Race/Ethnidty 
Year of Birth 

@ Exposure in controls will be truncated 
at the age that the case died 

2H9 



300 Diesel Workshop: Building a Research Strategy to Improve N.isk Assessment 

INTERVIEWS 

"' Telephone interviews 

"' Next of kin: Dead Subjects 
(AU cases and dead 

controls) 

"' Direct interviews: Living controls 

DATA ANALYSIS 

"' Conditional logistic regression to 
quantify exposure-response relationship 
between lung cancer and diesel exhaust 
exposure, after adjustment for 
confounding factors 

<~> Measures of exposure: 

Average intensity 
Duration 
Cumulative exposure 



Session VI: Current Epidemiology Studies 

POTENTIAL CONFOUNDING 
FACTORS 

"'Age 

"' Gender 

"' Race/Edmidty 

,. Cigarette Smoking 

" Employment in 
High-Risk 
Occupations 

'" Asbestos Exposure 

" Silica Exposure 

"' Pesticide 
Exposure 

" Medical 
Conditions 

" Diet 

HISTORY OF CIGARETTE 
SMOKING 

., Ever smoked cigarettes regularly 

., Age started smoking 

., Number of years smoked 

., Usual lifetime amount smoked 

., History of quitting 

301 



:102 Diesel Workshop: Building a Research Strategy to Improve Risk Assessment 

EXPECTED NUMBERS OF 
CASES AND CONTROLS 
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Assessment of Current Exposure to Diesel EJ(haust 
in Non-metal Miners and Surface Workers 

Rebecca Stanevich, I\II.S. 
Dan Vereb, M.S., Michael Attfield, Ph.D., Patty Schleif!, M.S. 

National Institute for Occupational Safety & Health 
Morgantown, WV 

Mustafa Dosemeci, Ph.D., Debra Silverman, Sc.D., Jackie Prince, Ph.D., 
Nathaniel Rothman, M.D. 
National Cancer Institute 

Bethesda, MD 

The National Institute for Occupational Safety and Health (NIOSH) and the National Cancer 
Institute (NCI) are conducting an epidemiologic study of mortality (with a focus on lung 
cancer) in non-metal miners exposed to diesel exhaust. NIOSH is responsible for the current 
assessment of diesel exhaust exposure in selected mines for the study. Current exposure 
assessments have been completed in two potash mines, two salt mines, one limestone m·rne 
and three trona mines. One potash mine remains to be sampled. These mines are located in 
New Mexico, Ohio, Louisiana, Missouri, and Wyoming. 

To optimize the surveys at each mine, a variety of information was collected prior to the 
industrial hygiene survey. A one-day walk-through visit was held at each mine to familiarize 
the team leaders with the layout of the facility, the usage of diesel equipment, mine ventilation, 
active workings, shift schedules, etc. This walk-through afforded the company an opportunity 
to ask questions and become comfortable with the safety of our sampling procedures and the 
burden the survey would impose. During each survey, both personal and area sampling was 
conducted and had to be planned for during the walk-throug~l visit. 

Personal Sampling 
The goal of personal sampling was to collect an adequate number of samples to represent a 
majority of the occupations both underground and on the surface. In some mines the number 
of occupations was very limited; in others, we knew that there would be a large number of 
occupations. Therefore, prior knowledge of the mining environment was essential in 
developing the sampling strategy. Sampling every occupation was not usually possible, so a 
good knowledge of mine-specific activities permitted us to group occupations when 
necessary. Prior knowledge of employee shift schedules were essential in developing a mine
specific;_ sampling strategy, especially for planning the necessary equipment and samplers 
required for the industrial hygiene survey. 

Each miner wore a sampler which measured elemental carbon and Palmes dosimeters which 
measured oxides of nitrogen. Our goal was to collect 40- 50 personal samples per day. 
Experience has demonstrated that very few surface workers, even those exposed to diesel 
equipment have significant or even detectable levels of exposure to elemental carbon. 
Therefore, personal sampling of surface workers was restricted to only two days and was 
primarily focused upon those workers with potential diesel exposures. Underground workers 
were sampled during one or more shifts, over a five day period. Our preference was to 
measure two different workers in the same occupation, as opposed to measuring one person 
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on two different days. We also tried not to sample any one worker more than two times, 
simply due to the burden imposed upon him/her by the sampling equipment. 

Area Sampling 
The goal of area sampling was to develop correlations between our three primary surrogates 
of diesel exposure (elemental carbon, submicrometer particulate, and submicrometer 
combustible particulate) and the secondary surrogates (total dust, respirable dust, oxides of 
carbon, and oxides of nitrogen). These surrogates were selected because: they measure 
diesel exhaust exposure; have been included in prior studies (including a large study of seven 
of the mines, conducted in 1976 by MESA); are in MSHA's metal/non-metal compliance 
sampling database; and are readily measurable. Sulfur dioxide, for example, was included in 
the feasibility study conducted in 1992, but because the method was not sensitive enough, it 
was eliminated from the current industrial hygiene surveys. 

Typically, six area sampling packages were placed in pre-selected areas for three of the five 
sampling days. On the remaining two days, two of the packages were placed on the surface, 
leaving four to be placed underground. Since the primary goal of the area sampling was to 
develop correlations between trre various surrogates, the sample packages were placed in 
locations having a wide range of exposures. Our goal was to place about 25% in high 
exposure areas, 25% in low and 50% in the middle range. For this reason, the area samples 
did not necessarily provide representative data applicable to any patiicular job, working area, 
or the mine as a whole. 

Our sampling packages included a variety of samplers. We measured carbon (elemental and 
organic) in three size fractions: total (open face), respirable (cyclone), and submicrometer 
(single-stage impactor). Particulates were measured in the same size range and using the 
same types of samplers. We also measured oxides of carbon using long-term colorimetric 
tubes, both active and passive. Nitrogen oxides were measured using TEA (triethanolamine) 
tubes and Palmes dosimeters. During two of the five sampling days, each of our area 
sampling packages also included an 8-stage impactor, metals sample, silica sample, asbestos 
sample and polynuclear aromatic hydrocarbon samples. 

Sampling in an underground environment presents a host of problems not usually faced by 
the industrial hygienist. Foremost among these problems is the ventilation. Large quantities 
of air are forced through most mines. Due to the mine design, this volume of air tends to swirl 
and eddy. Even in the relatively small area being sampled, these ventilatory variations can 
cause disparity between side-by-side samples. Care must be taken in the placement of 
samplers to reduce this effect. In addition, the use of 10 - 15 pumps in this small area creates 
a ventilation pattern of its own, and, in some cases, a starvation effect. To reduce this effect, 
a sampling system was developed that oriented all of the samplers in the same direction, 
spaced them apart from one an other, and moved the pumps farther away from the sampling 
heads than we have done in the past. This has been very effective in reducing some of the 
sampling error seen in previous studies. Other challenges to sampling in an underground 
environment will be discussed in the presentation. 

Currently, the industrial hygiene surveys have been completed in eight mines. Reports on 
these surveys are being sent to each mine as they become complete. We anticipate that the 
data generated from these surveys will become available to the public in the near future. 
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CURRENT EXPOSURE 
ASSESSMENT ofDIESEL 
PARTICULATE IN NON

METAL MINES 

Dan Yereb 

Rebecca Stanevich 

National Institute for Occupational Safety 
and Health 

Field Studies Branch 

Epidemiological Study 

" Cohort Study 

" Case-Control 

" Historical Exposure Assessment 

" Current Exposure Assessment 
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STUDY DESIGN 
" Assess current levels of primary (EC) and 

other surrogates at each mine 

" Conduct mine specific correlation studies 
between the levels of the primary surrogates 
and historical (NOx, dust levels) surrogates 

" Confirm low levels of potential 
confounders, e.g. silica, asbestos, radon 

EXPOSURE ASSESSMENT 
OVERVIEW 

" Mine Information/On-site 

" Sampling Strategy 

" Sampling Methods 

" Sample Analysis 
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MINE INFORMATION 

., Surface/underground maps 

" Number of active working sections 

" Types of diesel equipment 

., Shift schedule 

" Transportation arrangements 

SAMPLING STRATEGY 

" Provide estimates of current exposures to 
diesel exhaust contaminants through area 
and personal measurements 

" Provide comparisons between elemental 
carbon and smTogates with historical 
measures 
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PERSONAL SAMPLING 

" Obtain exposure information for 
each occupation 

-- groups that have no 
historical exposure information 

PERSONAL EXPOSURE 
MEASUREMENTS 

" Elemental Carbon 

- Elemental 

--Organic 

-Total 

"' Palmes Dosimeter 

-NO 

-N02 
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PERSONAL EXPOSURE 
MEASUREMENTS 

® Elemental Carbon 

-Elemental 

-Organic 

-Total 

® Palmes Dosimeter 

-NO 

-N02 

AREA SAMPLING 

® Provide estimates of current exposures to 
diesel exhaust contaminants 

- selection of sampling method 

- evaluation of department~job combinations 

- types of diesel equipment 

309 
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AREA SAMPLING 

" Provide comparisons between elemental 
carbon and surrogates with historical measures 

- carbon monoxide, carbon dioxide 

- nitric oxide, nitrogen dioxide 

-- total dust 

- respirable dust 

AREA EXPOSURE 
MEASUREMENTS 

" Elemental Carbon 

" Submicrometer 
Combustible Dust 

" Particulates 

,. Personal Impactor 

" CO/C02 (passive) 

" CO/C02 (active) 

" NO/N02 (TEA) 

" NO/N02 (Palmes) 

" PAH 

" Nitro-P AH 
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SECONDARY EXPOSURE 
MEASUREMENTS 

., Real Time Measurements 

- Oxides ofNitrogen 

- Oxides of Carbon 

- Datalog/video overlay 

Stratification ofDEP 
Micro-orifice uniform deposit impactor 
(MOUDI) 

., Silica 

"' Asbestos 

., Radon 

"' Metals 

Confounders 
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Relationship between the Average N~ and the Average 

Elemental Carbon Values for Mine Number 16. 
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SURVEY MINES 

CHALLENGES 

" Selection of Occupations/Workers 
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CHALLENGES 

" Selection of Areas 

CHALLENGES 

" Sample/Data Management 
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CHALLENGES 

"' Sample Analysis 

SAMPLE ANALYSIS 

e EGA by Thermal-
optical analyzer 

• Gravimetric 

s Spectrophotometric 

• Colorimetric 

e Gas Chromatography 

• Nitrogen 
Chemiluminescence 

• X-Ray Diffraction 

• Phase Contrast 
Microscopy 

• Polarized Light 
Microscopy 

• ICP 

• Counting GS 
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CONCLUSIONS 

® Mines have different exposures 

® Diesel usage 

® Correlations are different 

" Job to job differences 

JOB to JOB DIFFERENCES 

Comparison of Average Personal Exposures to Elemental Carbon by Occupation 
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Comparison of Average Personal Exposures 
to Elemental Carbon by Occupation 
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U.S. NonmMetal Miners: 
Historical Exposure Asses~ment 

MustafaDosemecl 

Retrospective Assessment nf Exposure to Diesel Exhaust in a Cohort Mortality Study with 
a Nested Case-wntrol Study of Lung Cancer among Non-metal Miners in the U.S. 
Mustafa Dosemcci, Jackie Prince, Debra Silverman, National Cancer Institute; Rebecca 
Stanevich, Daniel J Y crcb, Patricia S Schleif!, Michael Attfield, National Institute for 
Occupational Saf(:ty and Health. 

NCI in collaboration with NIOSH is developing a quantitative exposme assessment method to 
estimate retrospective exposure to diesel for 8,200 mine workers in ten non-metal mines in the 
U.S. Diesel exhaust is a complex mixture of combustion products, and the composition of the 
exhaust emissions depends on the completeness of the combustion. These incomplete 
combustion products comprise thousands of chemicals in the gaseous and particulate phases of 
the diesel exhaust. Because of the complex nature of the diesel exhaust, various surrogates are 
used to represent overall diesel exhaust exposure. We have identified two types of surrogates, 
direct and indirect, that arc being used in the assessment of historical exposure to diesel exhaust. 
The direct surrogates provide quantitative inf01111ation on one or more chemical cmnponents of 
the diesel exhaust and arc obtained by direct measurement of the component, such as elemental 
carbon (EC), organic carbon, respirable combustible dust (RCD), diesel particulate matters 
(DPM), oxides of nitrogen, oxides of carbon, total dust, respirable dust, total hydrocarbons, 
nitrogenated polycyclic aromatic hydrocarbons, and polycyclic aromatic hydrocarbons. Indirect 
surrogates are the current and historical infonnation on diesel exhaust exposure, such as types, 
number and horsepower of diesel equipment used, the amount of diesel fuel used, ventilation 
system, production process and other exposure-related infonnation. 

In this study, we have been focused on EC, RCD and DPM as the primary surrogates for diesel 
exhaust. We have conducted an extensive monitming survey at each shrdy mine to establish the 
relationship between these primary surrogates and the other direct and indirect sunogates of 
diesel exhaust exposure that were available historically. First, together with NIOSH industrial 
hygienists, we have conducted walk-through surveys at each study mine to collect historical 
exposure information on direct and indirect sunogates, using standardized exposure infonnalion 
abstraction tools. The initial standardization of original job titles and departments (work areas) 
has been ca!Tied out based on the infonnation obtained from walk-through IH surveys and fi"om 
personnel records. After the initial collection of the work histories, we identified preliminary 
unique mine/department/job title/calendar period (M/D/J/C) combinations using standardized 
dcpartmeut/job titles and historical iufonnation on the level of direct and indirect surrogates. 
Final combinations will be identified after the full scale work history collection is complete and 
will form the basis of our retrospective assessment of exposure to primary surrogates of diesel 
exhaust. The full scale lH monitoring survey at each mine has been conducted to measure the 
current levels oft he srmogates and to conduct mine-specific correlation studies between the 
levels of primary surrogates and historical sun"Ogates. Both current and historical exposure 
information is being documented in a computerized exposure assessment software progrmn 
developed by NCI and NlOSH. Statistical calculations and individual estimates of intensity 
levels for each M/D/J/C combination are being calculated using this software program. After 
estimation of the intensity levels~ various quantitative exposure indices (e.g., cumulative 
exposure, time-weighted cumulative exposure, average exposure, and highest exposure) will be 
calculated for each individual study subject in the cohort study. 
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Michael Lipsett, Chair 

Bert Brunekreef 

Thomas Sandstrom 

David Diaz-Sanchez 

The workshop's final session considered health outcomes other than lung 

cancer that might be associated with diesel exhaust exposure. Presentations 

included ongoing research on respiratory health in children, inflammatory 

airway effects, ami human allergic responses. 



DIESEL: OTHER OUTCOMES 

~Which health outcomes should be 
considered for quantitative risk 
assessment? 

~ What research approaches would be 
most useful in providing relevant 
exposure-response data? 

AMBIENT DIESEL PARTICLE 
CONCENTRATIONS 

Various U.S. 

California 

Austria 

Urban hotspots 

Occupational 

1- 3 flg/m3 

0.2- 3.6 Jlglm3 

11 flg/m3 

up to 15 flg/m3 

Severalflg/m3 to > 1 
mg/m3 
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DIESEL EXHAUST AS A 
COMPONENT OF PMlO/ PM2.5 

Ambient PM has been repeatedly linked with: 

® Daily and long-term cardiopulmonary mortality 

® Hospital and emergency room visits for cardiac 
and respiratory illness 

® Acute and chronic respiratory symptoms 

® Transient lung function decrements 

® School absenteeism 

~ Medication use and symptoms in asthmatics 

DIESEL EXHAUST: ACUTE 
EFFECTS 

~ Symptoms reported include eye and 
mucous membrane irritation, cough, 
phlegm, dyspnea, headache, light
headedness, nausea,odorannoyance 

~ Cross-shift changes in lung function 

~ Inflammatory changes in 
bronchoalveolar lavage fluid after 
controlled exposures 
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DIESEL EXHAUST: CHRONIC 
EFFECTS 

~Human occupational epidemiological 
studies generally not informative 
because of cross~sectional designs 

~ At high levels of exposure, animal 
studies indicate pathologic changes 
consistent with chronic inflammation 

~ DEPs exert numerous effects on allergic 
inflammation, and as allergy adjuvant in 
animals and humans 

DIESEL • PRIOR RISK ASSESSMENTS 
FOR NON CANCER EFFECTS 

~WHO, U.S. EPA and Cai/EPA all 
calculated chronic RfCs or guidance 
values based on animal toxicology 
studies 

~ WHO guidance values and benchmark 
concentrations based on chronic 
alveolar inflammation, impaired lung 
clearance and hyperplastic lesions: 

~ WHO range ::::: 0.9 - 14 1!g/m3 
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DIESEL - PRIOR RISK ASSESSMENTS 
FOR NON CANCER EFFECTS 

e U.S. EPA and Cai/EPA both relied on 
ishinishi eta!. (1988) rat study 

e U.S. EPA used NOAEL +uncertainty 
factor to arrive at Rfc of 5 !-Lglm 3 

e Cai/EPA used benchmark dose 
approach based on hyperplastic lesions 
in female rats: range 2- 21 !-Lg/m3, 

recommended 5!-Lg/m3 
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Environmental diesel exhaust exposure and respiratory health 

of children in the Netherlands 

Bert Brunekrcef, PhD, Nicole Janssen, PhD, Patricia van Vliet, MSc, Francee Aa1ts, MD 

University of Wageningen, The Netherlands 

The contribution of motorized traffic to air pollution is widely recognized, but relatively few studies 

have looked at the respiratory health status of subjects living near busy roads. 

In a study conducted in 1995, we studied children in six areas located near major motorways in 

The Netherlands. Schools situated at less than l ,000 m. from major freeways in the Province of South 

Holland were asked to participate. The selected freeways carry between 80,000 and 150,000 vehicles per 

day. Separate counts for truck traffic indicated a nmge from 8,000 - 17,500 ttucks per day. On a total of 

13 schools, 1,498 children were asked to participate. Lung function was measured, and exposure to 

traffic~related air pollution was a..;;sessed using separate traffic counts for automobiles and trucks, and 

measurements of air pollution conducted in the schools of the children. Lung function was associated 

with truck traffic density, but less so with automobile traffic density, The association was stronger in 

children living closest (< 300 m.) to the motorways. Lung function was also associated with the 

concentration of Black Smoke, measured inside schools, as a proxy for diesel exhaust particles. The 

associations were stronger in girls than in boys. Chronic respiratory symptoms reported in the 

questionnaire were analysed with logistic regression. Distance of the home from the freeway and traffic 

intensity were used as exposure variables. Cough, wheeze, runny nose and doctor .. diagnosed asthma 

were significantly more often reported for children living within 100m. from the freeway. Truck traffic 

intensity in particular was found to be associated with chronic respiratory symptoms. 111e results suggest 

that exposure to traffic-related air pollution, in particular diesel exhaust particles, may lead to reduced 

lung function, and increased respiratory symptoms, in children living near major motorways. The results 

of this study have been published in recent years (Brunekreef et al., 1997, van Vliet et aL, 1997, Roorda~ 

Knape et a!., 1998). 

The results of this first study prompted us to implement a new study to look into these issues 

further. The new study was conducted in 1997 and 1998, and results are currently being analysed. In the 

new study, we selected 24 schools all located within 400 m. of busy motorways. All roads in the 

Netherlands are equipped with automatic counters, located between all exits so that for each stretch of 

road, the exact number of vehicles passing through is known. Moreover, by measuring the length of the 

passing vehicles, they are also being classified into light traffic (vehicles less than 5.1 meters) and heavy 

traffic (vehicles longer than 5. I meters). This corresponds closely to cars and trucks respectively. In the 

Netherlands, practically all trucks have diesel engines, whereas only about I I% of (he passenger car 
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fleet has diesel engines. In view of the much smaller diesel exhasut emissions of passenger cars with 

diesel engines than of trucks, the traffic counts provide an opportunity to separate gasoline exhaust from 

diesel exhaust fumes. The mean weekday car count on the roads we studied was 89,544 (range 30,399-

!55,656). The mean weekday truck count was 13,146 (range 5,190- 22,326). The correlation between 

car and truck counts was low (0.31). 

We measured PM2.5, filter reflectance, N02 and VOC including benzene inside and outside of 

all schools. In selected locations, we measured elemental carbon, particle composition (XRF for 

elementa and GC for PAH). We questioned the children using the symptom questionnaire developed by 

the International Study on Asthma and Allergy in Children (ISAAC). We measured serum lgE and skin 

reactivity to common allergens to document the atopic status of the children. We measured lung 

function using heated pneumotachometers. We also measured bronchial reactivity to hypertonic saline. 

Altogether, about 2,500 children participated, although not all of these particpated in all modules of the 

study. 

Data are currently being analyzed. First results indicate a close correlation between filter 

reflectance and EC, suggesting that the simple filter reflectance measurement is a good proxy for EC, 

which in turn is a proxy for diesel exhaust. N02 concentrations were found to depend on total traffic 

density, distance from the road and percentage of time the school was downwind from the road during 

the measurement weeks. The level of filter reflectance was primarily related to the density of truck 

traffic, and to distance from the road and percentage of time downwind. These findings are similar to the 

findings of our earlier study, 

Health data analysis is still very preliminary. First unadjusted analyses suggest a relationship 

between several respiratory symptoms and truck (but not car) traffic density, as in our first study. First 

unadjusted analyses of lung function fail to show that car or truck traffic density is associated with lower 

lung function. In view of the preliminary nature of these analyses, they should not be interpreted as 

supporting or refuting an effect of traffic exhaust on respiratory health of children living near busy 

freeways. 

References 

Brunekreef B, Janssen NAH, Hatiog J de, Harssema H, Knape M, Vliet P van. 

Air pollution from truck traffic and lung function in children living near motorways. 

Epidemiology 1997; 8: 298-303 

Roorda-Knape MC, Janssen NAH, Hartog JJ de, Vliet PHN van, Harssema H, BrunekreefB. 

Air pollution from traffic in city districts near major motorways. 

AtmosfEnviron 1998; 32: 192J..l930 

Vliet P van, Knape M, hartogJ de, Janssen NAH, Harssema H, Brunekreef B. 

Motor vehicle exhaust and chronic respiratory symptoms in children Jiving near freeways. 

Environ Research 1997; 74: 122-132 

333 



334 Diesel Workshop: Building a Research Strategy to Improve Risk Assessment 

Study design 

• 24 schools, located near freeways with 
varying traffic density 

• monitoring ofPM2.5, BS, N02, Benzene 
indoors and outdoors; EC, P AH and 
elements (XRF) in selected samples 

• health measurements in approx. 2,500 
children (7-12 yrs old) following ISAAC-2 
protocols 

Association between truck traffic 
and symptoms 

Prevalence ratio for> 10,000 
vs < 10,000 trucks 

lilll asthma 

D hayfever 

lilll phlegm 

lilll HD allergy 

ll!!l pet allergy 

ll!!l wheeze last 

······~·······~(ll!L~·-~· 
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Background'". 

• Several studies suggest that living close to 
busy roads is associated with impaired 
respiratory health 

• A study from the Netherlands suggests that 
truck traffic density (diesel exhaust) on 
freeways is associated with reduced lung 
function, and increased prevalence of 
wheeze in school children 

Study design 

• 24 schools, located near freeways with 
varying traffic density 

• monitoring of PM2.5, BS, N02, Benzene 
indoors and outdoors; EC, PAH and 
elements (XRF) in selected samples 

• health measurements in approx. 2,500 
children (7-12 yrs old) following ISAAC-2 
protocols 
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Methods (exposure) 

• PM2.5: Harvard Impactor 

& BS: reflectance measured of PM2.5 filters 

• N02: Palmes' tubes 

• Benzene: charcoal tubes, GC 

• EC: thermographic (VDI-2465) 

• PAH: GC 

Methods (health) 

• Symptoms by ISAAC questionnaire 

• Lung function by heated pneumotachometer 

• BHR by hypertonic saline challenge 

• Sensitisation by SPT (ALK) and total and 
specific IgE (Pharmacia) 



Session VII: Non-Cancer Health Endpoints 

Truck (Y) and car (X) traffic density of 
freeways near participating schools 

.. 
~ 

. ~ + 
~ ++ 
~ 

+ ~ 
~ + ~· + 

+ 
~ + 
~ 

Association between car traffic 
and truck traffic in restricted data 

Percent of children in 
high truck traffic 

category 

li1l! Low car traffic 
0 Hi h car traffic 
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Association between car traffic 
and symptoms 

Prevalence ratio for> 100,000 
cars vs < 100,000 cars 

ll!ill asthma 

D hayfever 

IIIII phlegm 

ll!ill HD allergy 

ll!ill pet allergy 

IIIII wheeze last 
year. 

Relation between PM2.5 absorbance (Y) 
and EC concentration (X) 

0 =outdoor 
R= 0.92 

I = indoor 
R = 0.85 

<ro 

3J)J 

0 

1[}) 
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Association between truck traffic 
and lung function 

FVC FEV! PEF MMEF 

Mean air pollution concentrations 

• PM2.5 outdoors: 

s PM2.5 indoors: 
0 Absorbance outdoors: 

• Absorbance indoors: 

• N02 outdoors: 

• N02 indoors: 

24.8 IJ.g/m3 

23.0 IJ.g/m3 

1.60 m·1 

1.86 m· 1 

39.21J.g/m3 

19.1 !J.g/m3 
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Distance of school to freeway, 
and traffic density 

e Distance to freeway (m): 209 

• Car traffic/day 

• Truck traffic/day 

(47- 377) 

89,544 

(30,399- 155,656) 

13,146 

(5,190- 22,326) 

Determinants of PM2.5 

Outdoors (estimate, se): 

lOk trucks 

50 k cars 

In( distance) 

%downwind 

4.23 (0.83) 

-0.93 (0.50) 

-2.08 (0.56) 

-0.42 (0.84) 

Indoors (est, se): 

3.40 ( 1.57) 

0.16 (0.95) 

-2.36 (1.08) 

1.48 (1.15) 
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Caution!!! 

• Results are very preliminary at this stage 

• Associations with symptoms unadjusted 

• No difference between boys and girls 

• Not explained by response rate per school 

• Associations with lung function only 
adjusted for height, weight, gender, age 

Some restrictions in preliminary 
analyses: 

e Children & parents born in the Netherlands 

• Schools located at less than 200 m from 
freeway 

• Distance of home to freeway not yet 
available 
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Detenninants of Absorbance 

Outdoors (estimate, se): Indoors (est, se): 

10k trucks 0.23 (0.07) 0.21 (0.12) 

50 k cars 0.02 (0.04) 0.11 (0.07) 

In( distance) -0.22 (0.05) -0.32 (0.08) 

%downwind 0.25 (0.04) 0.36 (0.09) 

Determinants of N02 

Outdoors (estimate, se): Indoors (est, se): 

lOk trucks 2.69 (2.38) -3.09 (2.49) 

50 k cars 2.66 (1.45) 4.10 (1.51) 

In( distance) -2.65 ( 1.57) -0.67 ( 1. 72) 

%downwind 5.87 (2.26) 3.31 (1.22) 



INFlAMMATORY EFFECT OF DIESEL EXHAUST ON 
HUMAN AIRWAYS 

Thomas SandstrOm. 

Dept of Respiratory Medicine and Allergy, University Hospital, Umdi., Swcder1; 

Particulate matter (Pl\1) pollution is of considerable concern for airway health. Diesel 

exhaust (DE) is an important source of PM pollution. Airway effects have been 

demonstrated in work place- and epidemiological studies. Airway inflammation by 
ultrafine particles and DE, have been well established by the work of ObcrdOrstcr, 

Mauderly and colleagues, as well as several od1cr groups. 

More detailed information as to, to what extent and through what mechanisms 

humans respond to DE, has long been lacking. Through multidisciplinary 

collaboration, it was therefore developed a carefully designed and validated exposure 

set up, which has been used for controlled studies of DE effects in humans. 

Following basic technolObl"f evaluations, symptoms and bronchoconstrictivc effects 

have been studied in healthy subjects. This was followed by the addition of 

bronchoscopy studies evaluating aitway inflammatory effects of DE. Reactive airway 

effects were found involving neutrophils, mast cells and suppression of alveolar 

macrophage phagocytic functions. 

'l1uough collaboration of UK -Scandinavian groups, the mapping of the respiratory 

responses to DE has taken additional steps. Through antioxidant measurements the 

oxidative stress caused by the particles within the human airways have been 

confirmed. Recently it has been shown that exposure to a DE concentration of 300 

~g/m3 PM10 induced a pronounced airway inflammation in healthy subjects. This was 

reflected not only in bronchial washes and BAL hut even more so in the bronchial 

mucosa, as reflected in immunostained biopsies. 'The use of PCR, and 

immunostainings for cytokine proteins, cell identity, activation, reactive enzymes and 

adhesion molecule expression have increased the understanding of the mechanistic 

aspects. The usefulness of nasal lavages and induced sputum, as complementary and 

less invasive techniques to study DE effects, have been confirmed. 

Since the level of PM 300 ~g/ m3 is a relatively high busy street curb side 

concentration, it was of importance to address whether the effects would also be 

present at lower levels, or restricted only to higher. To address this 25 healthy 

subjects and 14 mlld asthmatics were exposed to DE (100 ~g/m:~ PM10) and air for 2 

hours, in an exposure chamber on two separate occasions, in randomised sequence. 

Bronchoscopy with bronchial wash (BW), bronchoalveolar lavage (BAL) and biopsy 

sampling were performed six hours after exposure. Biopsies were processed in GMA 

and immunostained for cells and vascular adhesion molecule expression. Data for 

healthy subjects were completed at the time of abstract submission. 

It was found that also exposure to diesel exhaust containing PM 100 ~g/n} induced 

inflammatory reactions in the airways of healthy subjects. '!11e acute cytokine and 
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chemokine presence with IL-6 and IL-8, together with enhanced expression of the 

vascular adhesion rnolcculcs P-sclectin and VCAM-1 in the biopsies, suggest an early 

state of recruitment of inflammatory cells. Mechanisms for neutrophil migration into 

the ait\Vays were present, though not fully developed at 6 hours after exposure. 'l11c 

inflammatory changes showed qualitative similarities, but were less pronounced than 

in the 300 llg/m3 diesel study, performed with identical protocol. 'l11c profile of the 

inflammatory markers suggests a slower development of airway inflammation after 

100 ).lg DE PM/m', than after 300 ).lg/m3
• A later time point of bronchoscopy, 12-18 

hours after exposure, may have reflected a more established state of inflammation, 

The material from the similarly investigated asthmatics is expected to yield additional 

understanding of diesel exhaust effects in this potentially more sensitive group. 

In summary, studies using controlled chamber exposures with DE in human subjects 

give support to the epidemiological studies, suggesting PM pollution to be of 

importance for airway health, The reactive and irritative effects within the airways 

found in healthy subjects occur after moderate levels of DE PM, A level below 

which no biomedical effects occur in healthy individuals has not yet been identified, 

Information on sensitive groups behaviour are furthermore of importance to clarify, 
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Airway inflammation by 
Diesel exhaust 

Thomas Sandstrom 

Dept of Respiratory Medicine & Allergy 

Univ Hospital of Umea 

Sweden 

PM pollution 

e Are there any effects within the 
airways and vascular system 
corresponding to the 
epidemiological findings ? 
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Chamber exposures 

Selected populations 

healthy, allergic, asthma, COPD 

Exposure situation mimicking real life 

Controlled exposure concentrations 

(Rudell eta/, lnt Arch Occup Environ Health 1994) 

Predetermined work load I ventilation rate 

Randomised sequence - filtered air I air pollutant 

PM and Airway Inflammation 

~ G Oberdorster 

- Ultrafine particles 

~ J Mauderly 

- Lung damages by diesel exhaust 
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DE set-up 

e Exposures validated 

e Constant concentrations 

e Rapid steady state 

e Components and ratios kept 

e Particle size kept 

Rudell et al Int Arch Oeeup Health 1994 

Evaluation of health effects 

Symptoms 

Lung function test 

N asallavage 

Bronchoalveolar lavage 

Bronchial biopsies 

Induced sputum 

Peripheral blood 
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Diesel exhaust 300 ~g/m3 PM 10 

Material & methods 

e Eight healthy subjects 

e One-hour exposure 

e BAL 18 hours after end of exposure 

Rudell el a/, J Aerosol Sci 1990 

Diesel exhaust 300 ~g/m3 PM 10 

Results 

• Bronchial wash + mast cells 

e BAL + PMNs 

+ in-vitro phagocytosis by AM 

Rudell eta/, J Aerosol Sci 1990 



Session VII: Non-Cancer Health Endpoints 

Diesel exhaust 300 JlQ/m3 PM 10 

Results 

~Symptoms 

unpleasant smell, eye and nasal irritation 

~ Lung function (FEV1, FVC) 
unaffected 

Rudell eta/, lnt Arch Occup Environ Health 1994 

Diesel exhaust 300 JlQ/m3 PM 10 

~ Three randomised exposures in all subjects 

~ Air, filtered and unfiltered diesel exhaust 

~ Particle trap 

~ 12 healthy subjects 

~ Bronchoscopy with BAL 18 hours after end of 

exposure 

Rudell eta/, Occup Environ Mcd 1996 
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Diesel exhaust 300 f.1Q/m3 PM 10 

Results without particle trap 

~ Symptoms 
t unpleasant smell, eye and nasal irritation 

~ Lung function t airway resistance 

~ BAL 

l 
PMNs 
AM 
AM phagocytosis in-vitro 
CD3/CD25 + 

Rudell eta/, Occup Environ Med 1996 + in press 

Diesel exhaust 300 f.1Q/m 3 

PM10 

Results with particle trap 
~ Despite the 46 % reduction in particle 

numbers, effects on symptoms, lung 
function and airway inflammation were 
not significantly attenuated 

Rudell eta/, Occup Environ Med 1996 + in press 
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Diesel exhaust exposure 

• 15 healthy non-atopic subjects 

• 300 )lQ/m3 particles for one hour vs air 

• Bronchial biopsies and BAL six hours 

after end of exposure 

Salvi et al, Am J RCCM, in press 

Exhaust particles 
interact with airways 

Epithelium 

Submucosa 

Mucosal 
blood vessel 
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Diesel exhaust 300 ~g/m3 PM 10 

• Oxidative stress 

t 
• PCR on biopsies 

IL-8 and IL-5 

• Immunohistochemistry on biopsies 
IL-8 and GRO-a in the epithelium 

Salvi eta/, Am J RCCM, in press 
Salvi et al, submitted 

Adhesion molecules 
• Sialyl-Lewis-X 

• P-selectin 

• E-selectin 

• ICAM-1 -2 -3 ' ' 
• VCAM-1 -2 ' 
• CD1la-b/CD18, LFA-1 
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Diesel exhaust 3 00 ~glm3 PM 10 

AIR DlESEL p-value 

(Median, IQR) (Median, IQR) 

ICAM-1 48.9 (27.6-58.6) 93.2 (83.8-95.8) <0.001 

VCAM-1 0.6 (0.0-3.5) 2.2 (0.8-5.6) <0.05 

E-selectin 24.5 (16.0-33.3) 23.5 (10.6-35.0) liS 

P-selectin 25.0 (17.2-35. 7) 30.7 (19.3-40.2) IIS 

Salvi eta/, Am 1 RCCM, in press 

Diesel exhaust 300 ~g/m3 PM10 

AIR 
(Median, IQR) 

LFA-1+ cells 
- Epithelium 0.09 (0.0-2. 7) 
-Submucosa 1.4 (0.0-16.6) 

VLA -4+ ceBls 
- Epithelium 0.0 (0.0-0.0) 
- Submucosa 0.6 (0.0-5.9) 

DIESEL 
(Median, IQR) 

5. 7 (3.0-22.4) 
43.9 (10.3-76.9) 

0.0 (0.0-5.0) 
5. 7 (0.0-] 6.6) 

p-value 

<0.005 
<0.05 

ilS 

0.0343 

Salvi eta/, Am 1 RCCM, in press 1998 
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Diesel exhaust 300 ~g/m3 PM10 

AIR DIESEL p-value 
(Median, JQR) (Median, liQR) 

Neutrophils 
0 Epithelium 0.83 (0,0-2.5) 3.69 (UH-6.71) <0,05 
0 Submucosa 21.8 (1'7.7-35.3) 59.9 (32.4-90.9) <0.005 

Mast cells 
0 Epithelium 0.0 (0.0- 0.44) 0.0 (0.0-0.0) II§ 

- Submucosa 8.8 (7.'7-14.9) 32.7 (]4.'7-46.2) <0.005 

Salvi eta/, Am J RCCM, in press 1998 

Diesel exhaust 300 ~g/m3 PM10 

AIR 
(Median, IQR) 

CD3+ ceHs 
- Epithelium 3.8 (0.0-13. '7) 
- Submucosa 5.9 (1.2-18.5) 

CD4+ cells 
- Epithelium 0.3 (0.0-0. 7) 
- Submucosa 3.2 (0.'7-10.6) 

CDS+ cells 
- Epithelium 2.4 (0.0-5.5) 
-Submucosa 2.3 (0.2-15.5) 

DIESEL 
(Median, IQR) 

23.5 (9.9-31.9) 
24.9 (9.3-59.9) 

2.9 (1.4-6.0) 
13.1 (5.1-35.3) 

'7.2 (2.9-20.4) 
17.4 (2.9-37.1) 

p-value 

<0.05 
<0.05 

<0.005 
<0.05 

<0.05 
0.09 

Salvi eta/, Am J RCCM, in press 
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Diesel exhaust 300 JlQim3 PM 10 

• Bronchial wash and BAL 
PMNs 

CD19+ 

histamine 

fibronectin 

• Peripheral blood 

t Thrombocytosis 
Salvi eta/, Am J RCCM, in press 
Salvi eta/, submitted 

Diesel exhaust exposure -
induced sputum 

• 300 ~-tQ/m3 particles for 1 hour vs air 

• 15 healthy non-atopic subjects 

• Induced sputum 6 and 24 hours after 
exposure 

t IL-6, IL-8, histamine and PMNs 

Nordenhall, submitted 
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Diesel exhaust 100 JJ,g/m3 PM 10 

25 healthy subjects, two-hour exposure 

~ Immunohistochemistry on biopsies 
tP-Selectin, ICAM-1 

~ Bronchial wash and BAL 
tll-6, IL-8, PMNs, lymphocytes 

~ 15 atopic asthmatics 
Biopsies and lavages currently evaluated 

Adhesion molecule expression 
in bronchial biopsies 
Air Diesel exhaust p-value 

ICAM-i 63.6 (58.0-71.2) 66.4 (59.3-79.4) ns 

VCAM-i 4.8 (2.1-10.4) 8.8 (4.5-12.6) <0.05 

E-selectin 20.2 (i 1.3-27.2) 20.2 (i 5.1-30.4) ns 

P-selectin 52.4 ( 45.6-64.1) 66.7 (58.2-75.8) <0.01 

% of submucosal blood vessels stained positive with pan-endothelial antibody (EN4) 

Data are given as Md and 0 1-0 3 
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Cells in bronchial biopsies 

CD3+ 
lymphocytes 

Air 

epithelium 1.7 (0.4-3.1) 

submucosa 30.3 (21.1-87.0) 

Neutrophils 63.6 (58.0-71 .2) 
submucosa 

Mast cells 16.5 (11,6-16,5) 
Submucosa 

Diesel exhaust 

3.0 (1.5-6.1) 

30.5 (18.5-74.6) 

66.4 (59.3-79.4) 

16,9 (12,3-1 6,8) 

Additional coun!ings in epithelium and submucosa ns. 

Data are given as Md and 0 1-0 3 

p-va!ue 

<0.05 

ns 

ns 

ns 

Bronchial wash and BAL 

BW 

IL-6 pg/ml 

IL-8 pgiml 

Air 

3.3 (1 .8-5.4) 

42 (28-58) 

neu!rophils x104/ml 1.5 (0.7-2.2) 

neutrophils% 17.2 (11.2-22.1) 

BAL 

lymphocytes x10'/ml 1.5 (1.2-1.8) 

Data are given as Md and 0 1-03 

Diesel exhaust p-value 

5.1 (1.8-9.2) <0.05 

54 (30-75) <0.05 

2.0 (1.1-3.1) =0.069 

22.0 (16.6-30.1) p<0.02 

2.0 (1.3-2.6) p<0.05 
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Diesel exhaust 100 JJ,g/m3 PM 10 

® The acute cytokine and chemokine presence, in terms of IL-6 and 
IL-8 in BW, together with enhanced expression of the vascular 
adhesion molecules P-selectin and VCAM-1 in the bronchial 
biopsies suggest an early recruitment of inflammatory cells. 

® The reduction of CD3+ lymphocytes in the bronchial epithelium 
together with appearance of increased numbers in BAL, indicate 
ongoing lymphocyte migration into the air spaces. 

® Mechanisms for neutrophil migration were present, though not fully 
developed at 6 hours after exposure. 

Conclusion - DE 100 JJ,glm3 PM 10 

~~a Exposure to diesel exhaust containing PM 100 flg/m3 induces 

inflammatory reactions in the airways of healthy subjects. 

® The changes showed qualitative similarities, but were less pronounced 

than after 300 ftg/m3 (Salvi et al). 

~~a The profile of the inflammatory markers suggests a slower development of 

airway inflammation after 1 00 fig PM /m3 compared with 300 11g/m3 (Salvi 

et al). 

~~a A later time point of investigation, 12-18 hours after exposure, 

may have reflected a more established state of inflammation. 
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Diesel exhaust 

~ Pro-inflammatory effects on epithelium and 
immunoregulatory cells 

~ Pronounced inflammation in healthy subjects 

- data from asthmatics coming 

~ Mechanisms of possible importance in asthma, 
allergy and COPD 

~ Connections with Cardiovascular disease ? 
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Allerg~c .Resp~n~e to·.Di~~el Parti~l~s 

Davidi!Jiaz .. sal?tchez 

Human Allergic Responses to Diesel Exhaust 
Particles 

David Diaz--Sanchez 

Division of Clinical Immunology and Allergy, University of California Los 

Angeles School of Medicine, Los Angeles, CA 90024-1680, U.S.A. 

"Large numbers of the people have been transferred from the 
country ... to the town, and have thus been placed in circumstances where 
the predisposition to hay-fever would be most rapidly developed" This 
description of the growing epidemic of allergic disease and its clear 
association with urbanization was written in 1873 only fifty years after the 
first ever report of a case of hay fever. Since that time, many 
epidemiological and correlation studies have provided indirect evidence of 
an increased incidence of asthma and atopy linked to airborne pollution. 
The dramatic rise in expression of human allergic airway disease in the past 
two hundred years parallels the increase in fossil fuel combustion -- airway 
allergic disease was even called a disease of industrialization as early as 
1907. Burning of fossil fuels generates a variety of xenobiotic compounds 
among which the polyaromatic hydrocarbons (PAH) and monofunctional 
inducers of oxidative stress (MIOS) are of particular interest. This type of 
pollution has increased 1000's of fold since the industrial revolution began. 

Allergic rhinitis (hay fever) is a common illness involving the nose, 
throat, and eyes. Often, persons with this allergic condition of their upper 
airway have allergic reactions in their lungs (asthma) as well. These 
reactions are caused by the presence of a particular protein called allergic 
antibodies (immunoglobulin E or IgE) which reacts to foreign allergy 
material (i.e. pollen). The severity of allergic symptoms normally correlates 
with the levels of these antibodies. Previous epidemiological studies have 
shown correlations between total air pollution, pulmonary function and 
allergic airway disease and have suggested that the pollutants act by non
specific mucosal inflammatory effects. 

We have employed human systems to investigate the effects of 
Diesel Exhaust Particles (DEP) and the chemicals contained therein upon 
allergic inflammation as measured by IgE production. We initially 
demonstrated that DEP induced enhanced IgE production both in vitro and 
in vivo. We performed a series of in vivo experiments on human subjects. 
When the nasal passages of subjects were sprayed with 0.3 mg DEP there 
was a significant rise (generally 4-5 fold) in local production of lgE four days 
later. Combined challenge with pollen (ragweed) and DEP led to a marked 
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increase in local IgE production specific for ragweed and to the production 
of key proteins that promote IgE production that are made only by a certain 
subpopulation of immune cells (TH2 cells). DEP have recently been shown 
to directly bind allergens molecules and thereby provide a mechanism for 
natural co-administration. These results indicate that DEP can exacerbate 
pre-existing allergic responses. 

We next determined that DEP, could induce primary sensitization, 
that is make an individual allergic to a protein they had not encountered 
before (i.e. a neo-antigen). One such protein is Keyhole Limpet 
Hemocyanin (KLH); it is found in the blood of a certain mollusk which is 
inedible. When subjects were challenged with KLH they made no IgE, but 
when it was administered in the presence of DEP, IgE antibodies to KLH 
were detected. Thus, DEP may act as mucosal adjuvants to not only 
enhance but also initiate allergic responses to inhaled proteins or materials 
in humans. 

A key question in these studies is what are the pathways by which 
DEP drive allergic inflammation. Whether it is the particulate nature of 
DEP, the associated chemicals or both that account for the mechanism of 
action of DEP is still uncertain. However, we have found that the organic 
extract of DEP can enhance IgE production from B cells in vitro, as can 
phenanthrene, the major polyaromatic hydrocarbon found in DEP. 
Additionally, following challenge of allergic subjects with phenanthrene an 
increase in IgE is observed but little or no inflammation as characterized by 
cell influx. Obversely, when subjects are sprayed intranasally with carbon 
particles lacking the chemicals, a large influx of cells in the nasal mucosa 
was detected but no increase in IgE was apparent. These results suggest that 
while the particles themselves cause local inflammation and may act as an 
irritant, it is the chemicals that act on the immune system to promote an 
allergic antibody response. These data establish important activation 
pathways for P AH in the human immune system and provide potential 
molecular targets to modulate the effect of environmental pollutants on 
allergic inflammation. 
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DEP augments allergen-specific lgE in vivo 
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WHAT IS HEI? 

The Health Effects Institute (HE!) is a public-
private partnership established in 1\JHO 
to provide decision makers, scientists, and the 
public with high-quality, impartial, and relevant 
scientific information about the health effects of 
air pollution and other environmental contami
nants. The intent of HE! has been to develop the 
facts concerning health dfects carohrlly and 
credibly so that controversy about the facts them
selves will he removed from the adversarial agen
da and the debates over clean air can instead 
focus on national and international policy issues. 

HEI is an unusual model of government-indus
try collaboration in support of research. The 
Institute has historically recoived half of its core 
t\mds hom the U.S. Environmental Protection 
Agency and half horn worldwide manufacturers 
States. HE! also receives funding from other orga· 
nizations to supplement funding for specific pro
jects. For example, the European Chemical 
Industry Council (CEFIC) and its U.S. counter· 
part, the Chemic<Jl Manufacturers Association, aro 
contributing to 1,3-hutadiene bimnarker studies, 
and the California Air Resources Board and the 
Engine Manufacturers Association arc contribut
ing to new dinsel epidemiology studies. 

Tho Institute regularly consults with its spon· 
sors and others to help focus its research priori
ties. None of tht:! contributors has control over the 
snlection, conduct, or management of I--lEI studies, 
hownver, and HEI makes no recommendations on 
how to apply research to rogulatory policy. 

'T'lw Institute's autonomy is supported, even 
beyond tho statements in its charter, by the 
integrity and comrnitment of both its scientific 
leadership and its Board of Directors. In addi· 
lion, HE! staff work hand in hand with two 
external and indepnndent conunittnes for 
research and review, each consisting of distin
guished scientists knowledgeable about the sci
entific issues inherent to investigating the 
health effects of air pollution. 

HOW DOES HEI WORK? 

Research Selection and Management 
After seeking advice from HEr's sponsors and 
others interested in its work, the HE! Research 
Committee detern1ines the research priorities of 
the Institute and solicits applications from the 
scientific community. Applications are 
reviewed first for scientific quality by an ad hoc 

panel of appropriate experts, and are then 
reviewed by the HE! Research Committee for 
both quality and relevance to the goals of the 
research program. Applications ultimatnly 
undergo final approval by the Board of 
Directors, which also reviews the procedures, 
independenco, and quality of the selection 
process. 

During the course of each study, the Research 
Committee and scientific staff maintain close 
contact with HEI·funded investigators by means 
of progress reports, site visits, workshops, and 
the HE! Annual Conference. At tho annual con· 
ference, HEI investigators, Research Committee 
and Review Committee members .. HEI staff, rep· 
resentatives of sponsor organizations, invited 
guests, and other participants meet to share 
information and develop new ties to strengthen 
the HEI community of scholars. 

Independent Review Process 
In order to fulfill its mission of providing time· 
ly, high·quality research results for decision 
makers, HE! has developed a rigorous review 
process to evaluate results of the research it 
funds. A separate HE! Review Committee, 
which has no role in the review of applications 
or in the selection of projects, assesses tho sci~ 
entific quality of each completed study and 
evaluates its contribution to unresolved scientif
ic questions. The investigator's final report, 
extensive summary data, and a commentary by 
the Review Committee are published together 
by HE!. 

THE HEI RESEARCM PROGRAM 

Since its inception, the HE! research program 
has addressed important questions about the 
health effects of a variety of pollutants, includ· 
ing carbon monoxide, methanol, diesel exhaust 
particles, nitrogen oxides, and ozone. 'fhe cur·· 
rent research program focuses on air taxies, 
ambient particles, and oxygenates and metals 
emitted from fuels added to gasoline. As part of 
the assessment of these pollutants, HE! has 
funded studies to increase our understanding of 
the mechanisms of diseases, to develop better 
methods of assessing health effects, to deter· 
mine exposure and dose, and to address issues 
conunon to many pollutants. 

The program has included theoretical, in 
vitro, animal, controlled human exposure, and 
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epidorniology studies. The choices of which 
pollutants to study or scientific questions to 
investigate have been based on 1nany considera
tions, including evaluation of issues raised by 
sponsors, analysis of regulatory needs, and 
uncertainties about health effects of specific 
pollutants. HE! has, on some occasions, pro
duced special reports to evaluate the state of 
existing science in areas related to policy and 
to determine research needs in new areas. HEI 
has also conducted or participated in special 
workshops on the health effects of specific 
pollutants such as fine particles, tho subject 
of this Communication. 

:J79 

To guide its research efforts, HE! produces 
and regularly updates a Strategic Plan for the 
Heahh Effects of Air Pollution. In 2000--2004, 
tho Strategic Plan will focus on key areas that 
are broadly relevant in the United States, 
Europe, and Asia. These include understanding 
the air pollution mixture (particulates, gas(.:;ous 
pollutants, and taxies), assessing the health 
effects of enwrging technologies and fuels, and 
measuring the health results of environmental 
regulation. 
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