
DRAFT EPA/600/8-90/057C
DO NOT CITE OR QUOTE February 1998

SAB Review Draft

Health Assessment Document
for Diesel Emissions

NOTICE

THIS DOCUMENT IS A PRELIMINARY DRAFT.  It has not been formally
released by the Environmental Protection Agency and should not at this stage 
be construed to represent Agency policy.  It is being circulated for comment on its
technical accuracy and policy implications.

National Center for Environmental Assessment-Washington Office
Office of Research and Development

U.S. Environmental Protection Agency
Washington, DC

ARCHIVED



2/1/98 ii DRAFT--DO NOT CITE OR QUOTE

DISCLAIMER

This document is a draft for review purposes only and does not constitute U.S.
Environmental Protection Agency policy.  Mention of trade names or commercial products does
not constitute endorsement or recommendation for use.

ARCHIVED



2/1/98 iii DRAFT--DO NOT CITE OR QUOTE

CONTENTS

LIST OF TABLES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xi

LIST OF FIGURES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xvi

PREFACE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xvii

AUTHORS, CONTRIBUTORS, AND REVIEWERS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xviii

ACKNOWLEDGMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xx

1. INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-1

2. DIESEL EMISSIONS, TRANSPORT, AND TRANSFORMATION . . . . . . . . . . . . . . . 2-1
2.1. INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-1
2.2. OVERVIEW OF DIESEL POLLUTANTS AND POLLUTANT 

FORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-4
2.2.1. Gas-Phase Pollutant Emissions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-4

2.2.1.1. Oxides-of-Nitrogen Formation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-4
2.2.1.2. Hydrocarbons and Carbon Monoxide Formation . . . . . . . . . . . . . . . 2-5

2.2.2. Particle Formation and Emission . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-6
2.2.3. Gas-to-Particle Conversion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-7

2.2.3.1. Condensation of Organic Matter . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-7
2.2.3.2. Oxidation of Sulfur Oxides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-7

2.2.4. Nitroarene Formation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-8
2.3. PRIMARY DIESEL EMISSIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-8

2.3.1. Gaseous Emissions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-10
2.3.2. Particulate Emissions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-13

2.3.2.1. Diesel Particulate Matter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-13
2.3.2.2. Particulate-Phase Inorganics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-15
2.3.2.3. Particulate-Phase Organic Compounds . . . . . . . . . . . . . . . . . . . . . 2-15

2.3.3. Gaseous-/Particulate-Phase Emission Partitioning of 
Polycyclic Aromatic Hydrocarbons . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-23

2.4. ATMOSPHERIC TRANSFORMATIONS OF PRIMARY DIESEL 
EMISSIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-25
2.4.1. Long-Range Transport and Fate of Primary Diesel Emissions . . . . . . . . . . 2-25
2.4.2. Chemical Transformations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-28

2.4.2.1. Gas-Phase Reactions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-28
2.4.2.2. Particulate-Phase Reactions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-40

2.4.3. Physical Removal Processes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-44
2.4.3.1. Dry Deposition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-44
2.4.3.2. Wet Deposition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-44

2.5. ATMOSPHERIC CONCENTRATIONS OF PRIMARY DIESEL 
EMISSIONS AND THEIR TRANSFORMATION PRODUCTS . . . . . . . . . . . . . 2-45
2.5.1. Volatile Organic Compounds Attributable to Traffic . . . . . . . . . . . . . . . . . 2-47

ARCHIVED



CONTENTS (continued)

2/1/98 iv DRAFT--DO NOT CITE OR QUOTE

2.5.2. Polycyclic Aromatic Hydrocarbons . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-47
2.5.3. Nitroarene Concentrations in Ambient Air . . . . . . . . . . . . . . . . . . . . . . . . . 2-51

2.6. EXPOSURE PERSPECTIVE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-56
2.7. SUMMARY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-58
2.8. REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-59

4. DOSIMETRIC FACTORS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-1
4.1. INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-1
4.2. REGIONAL DEPOSITION OF INHALED PARTICLES . . . . . . . . . . . . . . . . . . . 4-2

4.2.1. Physical Processes, Physiological/Anatomical Considerations, 
and Particle Characteristics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-2

4.2.2. Species Variability in Regional Dose . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-4
4.3. RESPIRATORY TRACT CLEARANCE RATES . . . . . . . . . . . . . . . . . . . . . . . . . 4-6

4.3.1. Tracheobronchial Clearance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-6
4.3.2. Clearance From the Alveolar Region . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-9

4.3.2.1. Alveolar Clearance in Humans . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-9
4.3.2.2. Alveolar Clearance in Animals . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-10
4.3.2.3. Lung Burden and Pulmonary Overload Resulting in 

Impaired Clearance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-13
4.3.3. Role of AMs in the Clearance of Particulate Matter . . . . . . . . . . . . . . . . . . 4-16

4.3.3.1. AM-Mediated Clearance of Particulate Matter . . . . . . . . . . . . . . . 4-16
4.3.3.2. Translocations of Particles to Extraalveolar

Macrophage Compartment Sites . . . . . . . . . . . . . . . . . . . . . . . . . . 4-18
4.3.3.3. Potential Mechanisms for an AM Sequestration 

Compartment for Particles During Particle Overload . . . . . . . . . . . 4-20
4.3.3.4. Physiologically Based Models for Pulmonary 

Retention and Clearance of Insoluble Particles . . . . . . . . . . . . . . . 4-21
4.4. BIOAVAILABILITY OF ORGANIC CONSTITUENTS PRESENT

ON DIESEL EXHAUST PARTICLES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-22
4.4.1. Laboratory Animal Studies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-23
4.4.2. Extraction of Diesel Particle-Associated Organics in 

Biological Fluids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-25
4.4.3. Extraction of Diesel Particle-Associated Organics by 

Alveolar Lung Cells and Other Cell Types . . . . . . . . . . . . . . . . . . . . . . . . . 4-27
4.4.4. Bioavailability of Adsorbed Compounds as a Function of Particle 

Clearance Rates and Extraction Rates of Adsorbed Compounds . . . . . . . . 4-28
4.5. CONSIDERATIONS FOR DOSIMETRY MODELING . . . . . . . . . . . . . . . . . . . 4-30
4.6. SUMMARY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-31
4.7. REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-33

5. NONCANCER HEALTH EFFECTS OF DIESEL EXHAUST . . . . . . . . . . . . . . . . . . .   5-1
5.1. HEALTH EFFECTS OF WHOLE EXHAUST . . . . . . . . . . . . . . . . . . . . . . . . . . .   5-1

5.1.1. Human Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   5-1

ARCHIVED



CONTENTS (continued)

2/1/98 v DRAFT--DO NOT CITE OR QUOTE

5.1.1.1. Short-Term Exposures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   5-1
5.1.1.2. Long-Term Exposures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   5-7

5.1.2. Laboratory Animal Studies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   5-17
5.1.2.1. Acute Exposures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   5-17
5.1.2.2. Short-Term and Subchronic Exposures . . . . . . . . . . . . . . . . . . . .   5-19
5.1.2.3. Chronic Exposures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   5-24

5.2. COMPARISON OF HEALTH EFFECTS OF FILTERED AND 
UNFILTERED DIESEL EXHAUST . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   5-71

5.3. INTERACTIVE EFFECTS OF DIESEL EXHAUST . . . . . . . . . . . . . . . . . . . . .   5-75
5.4. COMPARATIVE RESPONSIVENESS AMONG SPECIES TO THE 

PULMONARY EFFECTS OF DIESEL EXHAUST . . . . . . . . . . . . . . . . . . . . .   5-77
5.5. DOSE-RATE AND PARTICULATE CAUSATIVE ISSUES . . . . . . . . . . . . . . .   5-78
5.6. SUMMARY AND DISCUSSION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   5-81

5.6.1. Effects of Diesel Exhaust on Humans . . . . . . . . . . . . . . . . . . . . . . . . . . . .   5-81
5.6.2. Effects of Diesel Exhaust on Laboratory Animals . . . . . . . . . . . . . . . . . . .   5-83

5.6.2.1.  Effects on Survival and Growth . . . . . . . . . . . . . . . . . . . . . . . . .   5-83
5.6.2.2.  Effects on Pulmonary Function . . . . . . . . . . . . . . . . . . . . . . . . .   5-83
5.6.2.3.  Histopathological and Histochemical Effects . . . . . . . . . . . . . . .   5-84
5.6.2.4.  Effects on Defense Mechanisms . . . . . . . . . . . . . . . . . . . . . . . . .   5-84
5.6.2.5.  Neurological and Behavioral Effects . . . . . . . . . . . . . . . . . . . . .   5-85
5.6.2.6.  Other Noncancerous Effects . . . . . . . . . . . . . . . . . . . . . . . . . . .   5-86

5.6.3.  Comparison of Filtered and Unfiltered Diesel Exhaust . . . . . . . . . . . . . . .   5-86
5.6.4.  Interactive Effects of Diesel Exhaust . . . . . . . . . . . . . . . . . . . . . . . . . . . .   5-86
5.6.5.  Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   5-86

5.7. REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   5-87

6. QUALITATIVE AND QUANTITATIVE ASSESSMENT OF NONCANCER
HEALTH EFFECTS—DERIVATION OF THE INHALATION 
REFERENCE CONCENTRATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-1
6.1. INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-1
6.2. DETERMINATION OF CRITICAL TARGET SITE . . . . . . . . . . . . . . . . . . . . . . . 6-2
6.3. APPROACH FOR DERIVATION OF THE INHALATION 

REFERENCE CONCENTRATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-3
6.4. THE PRINCIPAL STUDIES FOR INHALATION REFERENCE 

CONCENTRATION DERIVATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-5
6.5. SUPPORTING STUDIES FOR INHALATION REFERENCE 

CONCENTRATION DERIVATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-8
6.5.1. Respiratory Tract Effects in Species Other Than the Rat . . . . . . . . . . . . . . 6-12

6.6. DERIVATION OF THE INHALATION REFERENCE 
CONCENTRATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-14
6.6.1. Application of the Benchmark Dose Approach to 

Derivation of the RfC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-16

ARCHIVED



CONTENTS (continued)

2/1/98 vi DRAFT--DO NOT CITE OR QUOTE

6.7. SUMMARY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-26
6.8. REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-27

7. CARCINOGENICITY OF DIESEL EMISSIONS IN LABORATORY ANIMALS . . . . 7-1
7.1. INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-1
7.2. INHALATION STUDIES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-2

7.2.1. Rat Studies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-2
7.2.2. Mouse Studies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-19
7.2.3. Hamster Studies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-23
7.2.4. Monkey Studies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-25

7.3. LUNG IMPLANTATION OR INTRATRACHEAL 
INSTILLATION STUDIES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-25
7.3.1. Rat Studies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-25
7.3.2. Syrian Hamster Studies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-28
7.3.3. Mouse Studies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-30

7.4. SUBCUTANEOUS AND INTRAPERITONEAL INJECTION STUDIES . . . . . . 7-31
7.4.1. Mouse Studies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-31

7.5. DERMAL STUDIES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-33
7.5.1. Mouse Studies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-33

7.6. SUMMARY AND CONCLUSIONS OF LABORATORY ANIMAL
CARCINOGENICITY STUDIES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-38

7.7. REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-45

8. EPIDEMIOLOGIC STUDIES OF THE CARCINOGENICITY OF
EXPOSURE TO DIESEL EMISSIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-1
8.1. INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-1
8.2.  COHORT STUDIES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-2

8.2.1. Waller (1981):  Trends in Lung Cancer in London in 
Relation to Exposure to Diesel Fumes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-2

8.2.2. Howe et al. (1983):  Cancer Mortality (1965 to 1977) in 
Relation to Diesel Fume and Coal Exposure in a Cohort of 
Retired Railroad Workers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-3

8.2.3. Rushton et al. (1983):  Epidemiological Survey of Maintenance 
Workers in the London Transport Executive 
Bus Garages and Chiswick Works . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-5

8.2.4. Wong et al. (1985):  Mortality Among Members of a Heavy 
Construction Equipment Operators Union With Potential 
Exposure to Diesel Exhaust Emissions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-6

8.2.5. Edling et al. (1987):  Mortality Among Personnel Exposed 
to Diesel Exhaust . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-10

8.2.6. Boffetta and Stellman (1988):  Diesel Exhaust Exposure and 
Mortality Among Males in the American Cancer Society 
Prospective Study . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-11

ARCHIVED



CONTENTS (continued)

2/1/98 vii DRAFT--DO NOT CITE OR QUOTE

8.2.7. Garshick et al. (1988):  A Retrospective Cohort Study of Lung 
Cancer and Diesel Exhaust Exposure in Railroad Workers . . . . . . . . . . . . . 8-13

8.2.8. Gustavsson et al. (1990):  Lung Cancer and Exposure to 
Diesel Exhaust Among Bus Garage Workers . . . . . . . . . . . . . . . . . . . . . . . 8-16

8.2.9. Hansen (1993):  A Follow-Up Study on the Mortality of 
Truck Drivers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-17

8.3. CASE-CONTROL STUDIES OF LUNG CANCER . . . . . . . . . . . . . . . . . . . . . . . 8-22
8.3.1. Williams et al. (1977):  Associations of Cancer Site and Type 

With Occupation and Industry From the Third National
Cancer Survey Interview . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-22

8.3.2. Hall and Wynder (1984):  A Case-Control Study of Diesel 
Exhaust Exposure and Lung Cancer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-23

8.3.3. Damber and Larsson (1987):  Occupation and Male Lung 
Cancer, a Case-Control Study in Northern Sweden . . . . . . . . . . . . . . . . . . 8-25

8.3.4. Lerchen et al. (1987):  Lung Cancer and Occupation in New Mexico . . . . . 8-26
8.3.5. Garshick et al. (1987):  A Case-Control Study of Lung Cancer 

and Diesel Exhaust Exposure in Railroad Workers . . . . . . . . . . . . . . . . . . . 8-28
8.3.6. Benhamou et al. (1988):  Occupational Risk Factors of Lung 

Cancer in a French Case-Control Study . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-31
8.3.7. Hayes et al. (1989):  Lung Cancer in Motor 

Exhaust-Related Occupations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-32
8.3.8. Steenland et al. (1990):  A Case-Control Study of Lung 

Cancer and Truck Driving in the Teamsters Union . . . . . . . . . . . . . . . . . . . 8-34
8.3.9. Boffetta et al. (1990):  Case-Control Study on Occupational 

Exposure to Diesel Exhaust and Lung Cancer Risk . . . . . . . . . . . . . . . . . . 8-35
8.3.10. Emmelin et al. (1993):  Diesel Exhaust Exposure and Smoking:  

A Case-Referent Study of Lung Cancer Among 
Swedish Dock Workers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-36

8.4. CASE-CONTROL STUDIES OF BLADDER CANCER . . . . . . . . . . . . . . . . . . . 8-38
8.4.1. Howe et al. (1980):  Tobacco Use, Occupation, Coffee, 

Various Nutrients, and Bladder Cancer . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-38
8.4.2. Wynder et al. (1985):  A Case-Control Study of Diesel 

Exhaust Exposure and Bladder Cancer . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-44
8.4.3. Hoar and Hoover (1985):  Truck Driving and Bladder 

Cancer Mortality in Rural New England . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-46
8.4.4. Steenland et al. (1987):  A Case-Control Study of Bladder 

Cancer Using City Directories as a Source of Occupational Data . . . . . . . . 8-47
8.4.5. Iscovich et al. (1987):  Tobacco Smoking, Occupational 

Exposure, and Bladder Cancer in Argentina . . . . . . . . . . . . . . . . . . . . . . . . 8-49
8.4.6. Iyer et al. (1990):  Diesel Exhaust Exposure and Bladder Cancer Risk . . . . 8-51
8.4.7. Steineck et al. (1990):  Increased Risk of Urothelial Cancer 

in Stockholm From 1985 to 1987, After Exposure to 
Benzene and Exhausts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-53

ARCHIVED



CONTENTS (continued)

2/1/98 viii DRAFT--DO NOT CITE OR QUOTE

8.5. DISCUSSION AND SUMMARY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-54
8.5.1. The Cohort Mortality Studies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-60
8.5.2. Case-Control Studies of Lung Cancer . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-63
8.5.3. Case-Control Studies of Bladder Cancer . . . . . . . . . . . . . . . . . . . . . . . . . . 8-64
8.5.4. Relevant Methodologic Issues . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-65
8.5.5. Criteria of Causal Inference . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-66

8.6. REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-70

9. MUTAGENICITY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-1
9.1. GENE MUTATIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-1
9.2. CHROMOSOME EFFECTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-4
9.3. OTHER GENOTOXIC EFFECTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-5
9.4. SUMMARY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-5
9.5. REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-7

10. METABOLISM AND MECHANISM OF ACTION IN DIESEL
EMISSION-INDUCED CARCINOGENESIS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-1
10.1. PARTICLE-INDUCED CARCINOGENIC RESPONSE . . . . . . . . . . . . . . . . . . 10-1
10.2. METABOLISM AND MECHANISM OF ACTION OF ORGANIC

CARCINOGENIC COMPONENTS OF DIESEL EXHAUST . . . . . . . . . . . . . . . 10-4
10.2.1. Metabolism and Disposition of B[a]P Relative to Diesel Exhaust . . . . . . 10-6
10.2.2. Metabolism and Disposition of Nitroarenes . . . . . . . . . . . . . . . . . . . . . . 10-10
10.2.3. Formation of Reactive Oxygen Species From Organic 

Constituents of Diesel Exhaust and Their Involvement
in the Induction of Lung Cancer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-12

10.3. POTENTIAL INVOLVEMENT OF PULMONARY LEUKOCYTES 
IN THE DEVELOPMENT OF LUNG TUMORS . . . . . . . . . . . . . . . . . . . . . . . 10-13

10.4. DNA ADDUCT CONSIDERATIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-17
10.5. SUMMARY OF METABOLISM AND MECHANISM OF ACTION OF

CARCINOGENIC COMPONENTS OF DIESEL EXHAUST . . . . . . . . . . . . . . 10-22
10.6. REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-24

11. QUALITATIVE AND QUANTITATIVE EVALUATION OF THE 
CARCINOGENICITY OF DIESEL ENGINE EMISSIONS . . . . . . . . . . . . . . . . . . . . . 11-1
11.1. INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-1
11.2. QUALITATIVE EVALUATION OF THE CARCINOGENIC RISK 

OF EXPOSURE TO DIESEL EXHAUST . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-1
11.2.1. Hazard Evaluation Based on EPA 1986 Guidelines for 

Carcinogen Risk Assessment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-1
11.2.2. Hazard Evaluation Based on EPA Proposed Guidelines for 

Carcinogen Risk Assessment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-3
11.3. QUANTITATIVE ESTIMATION OF THE CARCINOGENIC RISK 

OF EXPOSURE TO DIESEL EXHAUST . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-4

ARCHIVED



CONTENTS (continued)

2/1/98 ix DRAFT--DO NOT CITE OR QUOTE

11.3.1. Review of Previous Quantitative Risk Estimates . . . . . . . . . . . . . . . . . . . 11-4
11.3.2. Current Approaches to Quantitation of Human Cancer Risk 

From Exposure to Diesel Exhaust . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-10
11.3.2.1. Dose-Response Estimates Using Human 

Epidemiologic Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-10
11.3.2.2. Dose-Response Estimates Based on Animal 

Bioassay Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-11
11.3.2.3. Dose-Response Estimation Using Benzo(a)pyrene 

as a Dosimeter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-17
11.3.3. Strengths and Weaknesses of Differing Approaches for 

Quantitating Cancer Risk . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-17
11.3.3.1. Dose-Response Estimates Based on Human 

Epidemiologic Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-17
11.3.3.2. Dose-Response Estimate-Based Laboratory 

Animal Bioassays . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-19
11.3.3.3. Dose-Response Estimates Based on the 

Biomarker Approach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-21
11.3.3.4. Dose-Response Estimates Based on the 

Comparative Potency Approach . . . . . . . . . . . . . . . . . . . . . . 11-21
11.4. SUMMARY AND RECOMMENDATIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-22
11.5. REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-23

12. HEALTH RISK CHARACTERIZATION FOR DIESEL ENGINE EMISSIONS . . 12-1
12.1. INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12-1

12.1.1. Scope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12-1
12.1.2. What Is Diesel Exhaust in a Risk Assessment Context? . . . . . . . . . . . . . . 12-1

12.2. HAZARD ASSESSMENT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12-3
12.2.1. Hazard Assessment for Health Effects Other Than Cancer . . . . . . . . . . . 12-3

12.2.1.1. Effects From Acute Exposure . . . . . . . . . . . . . . . . . . . . . . . . . 12-3
12.2.1.2. Effects From Short-Term and Chronic Exposure . . . . . . . . . . . 12-5

12.2.2. Toxicity Mode of Action . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12-7
12.2.3. Carcinogenic Hazard Assessment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12-9

12.2.3.1. Human Evidence . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12-9
12.2.3.2. Animal Evidence . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12-11

12.2.4. Weight-of-Evidence Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12-13
12.3. DOSE-RESPONSE ASSESSMENT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12-14

12.3.1. Considerations in Modeling the Dose-Response Relationship . . . . . . . . 12-14
12.3.2. Dose-Response Assessment for Health Effects Other Than Cancer . . . . 12-15

12.3.2.1. Derivation of an Inhalation Reference Concentration . . . . . . . 12-16
12.3.3. Dose-Response Assessment for Carcinogenic Effects . . . . . . . . . . . . . . 12-17

12.3.3.1. High- to Low-Dose Extrapolation and 
Mode-of-Action Considerations . . . . . . . . . . . . . . . . . . . . . . 12-17

12.3.3.2. Estimating the Cancer Risk of Diesel Exhaust . . . . . . . . . . . . 12-19

ARCHIVED



CONTENTS (continued)

2/1/98 x DRAFT--DO NOT CITE OR QUOTE

12.3.3.3. Bounds for Cancer Risk and Margin of Exposure . . . . . . . . . 12-25
12.3.4. Susceptible Subgroups . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12-27
12.3.5. Other Comprehensive Diesel Exhaust Health Assessments 

in the United States . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12-29
12.4. EXPOSURE PERSPECTIVE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12-29
12.5. DIESEL EXHAUST HEALTH RISKS—A PLAIN-LANGUAGE 

OVERVIEW OF KEY INFORMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12-31
12.6. REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12-38

APPENDIX A:  EXPERIMENTAL PROTOCOL AND COMPOSITION OF
EXPOSURE ATMOSPHERES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-1

APPENDIX B:  ALTERNATIVE MODEL FOR DIESEL CANCER 
RISK ASSESSMENT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B-1

APPENDIX C:  MODELS FOR CALCULATING LUNG BURDENS . . . . . . . . . . . . . . . . . C-1

ARCHIVED



2/1/98 xi DRAFT--DO NOT CITE OR QUOTE

LIST OF TABLES

2-1. Major components of diesel engine emissions and their known 
atmospheric transformation products . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-3

2-2. Some nitroarenes identified in vehicle exhaust . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-9

2-3. Emission rates of volatile organic compounds (VOC) from 
diesel and gasoline engines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-11

2-4. Particulate matter emission rates and their distribution between total
carbon (TC) and organic carbon (OC) for heavy-duty diesel (HDD),
light-duty diesel (LDD), and gasoline engines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-15

2-5. Particle phase and gaseous phase emissions from diesel exhaust, 
and their atmospheric reaction products . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-16

2-6. Summary of composition and emission rates (in milligrams per kilometer) 
of airborne particulate matter from on-road vehicles, Tuscarora Mountain 
Tunnel 1977 experiment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-17

2-7. Classes of organic compounds identified in particulate-phase
combustion emissions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-18

2-8. Polycyclic aromatic hydrocarbons identified and quantified in 
extracts of diesel particles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-20

2-9. Emission rates of particle-bound polycyclic aromatic hydrocarbons (PAHs) 
(in milligrams per kilometer) from HDD, LDD, and gasoline engines . . . . . . . . . . . . 2-21

2-10. Concentrations of nitro-polycyclic aromatic hydrocarbons identified 
in a light-duty diesel (LDD) particulate extract . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-22

2-11. Vapor pressures at 25 C for a series of polycyclic aromatic 
hydrocarbons (PAHs) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-24

2-12. Calculated atmospheric lifetimes for gas-phase reactions of 
selected compounds present in automotive emissions with 
atmospherically important reactive species . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-29

2-13. Summary of the nitroarenes produced from the gas-phase hydroxyl (OH) 
radical-initiated and dinitrogen pentoxide (N O ) reactions and electrophilic 2 5

nitration of polycyclic aromatic hydrocarbons (PAHs) . . . . . . . . . . . . . . . . . . . . . . . 2-34

ARCHIVED



LIST OF TABLES (continued)

2/1/98 xii DRAFT--DO NOT CITE OR QUOTE

2-14. Mean particle, gas, and overall scavenging ratios for neutral 
organic compounds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-46

2-15. Concentrations of individual hydrocarbons and aldehydes measured 
in the Raleigh, NC, roadside study . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-48

2-16. Particle- and vapor-phase polycyclic aromatic hydrocarbon 
concentrations for Baltimore Harbor Tunnel samples . . . . . . . . . . . . . . . . . . . . . . . . 2-50

2-17. Average ambient concentrations of polycyclic aromatic hydrocarbons
measured in Glendora, CA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-51

2-18. Maximum concentrations of nitrofluoranthene (NF) and nitropyrene (NP)
isomers observed at three South Coast Air Basin sampling sites . . . . . . . . . . . . . . . . 2-52

2.19. Estimated annual ambient concentrations of diesel exhaust particulate
matter (µg/m ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-573

4-1. Predicted doses of inhaled diesel exhaust particles per minute 
based on total lung volume (M), total airway surface area (M ), or 1

surface area in alveolar region (M ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-52

5-1. Human studies of exposure to diesel exhaust . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-12

5-2. Short-term effects of diesel exhaust on laboratory animals . . . . . . . . . . . . . . . . . . . . 5-20

5-3. Effects of chronic exposures to diesel exhaust on survival and 
growth of laboratory animals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-25

5-4. Effects of chronic exposures to diesel exhaust on organ weights and
organ-to-body-weight ratios . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-27

5-5. Effects of diesel exhaust on pulmonary function of laboratory animals . . . . . . . . . . . 5-31

5-6. Histopathological effects of diesel exhaust in the lungs of 
laboratory animals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-35

5-7. Effects of exposure to diesel exhaust on the pulmonary defense 
mechanisms of laboratory animals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-46

5-8. Effects of exposures to diesel exhaust on the immune system of
laboratory animals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-56

ARCHIVED



LIST OF TABLES (continued)

2/1/98 xiii DRAFT--DO NOT CITE OR QUOTE

5-9. Effects of exposure to diesel exhaust on the liver of laboratory animals . . . . . . . . . . 5-58

5-10. Effects of exposure to diesel exhaust on the hematological and 
cardiovascular systems of laboratory animals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-59

5-11. Effects of chronic exposures to diesel exhaust on serum chemistry 
of laboratory animals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-62

5-12. Effects of chronic exposures to diesel exhaust on microsomal 
enzymes of laboratory animals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-64

5-13. Effects of chronic exposures to diesel exhaust on behavior and
neurophysiology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-68

5-14. Effects of chronic exposures to diesel exhaust on reproduction and
development in laboratory animals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-70

5-15. Composition of exposure atmospheres in studies comparing 
unfiltered and filtered diesel exhaust . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-72

6-1. Human equivalent continuous concentrations from the principal studies . . . . . . . . . . . 6-9

6-2. Definition of benchmark response levels for endpoints important 
in the diesel exhaust BMC analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-19

6-3. Results of benchmark concentration analyses using the 
polynomial model and data from the ITRI study . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-20

6-4. Results of benchmark concentration analyses using the 
polynomial model and data from the HERP study . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-22

6-5. Results of benchmark concentration analyses using the 
polynomial model and data from the GM and Nikula studies . . . . . . . . . . . . . . . . . . . 6-23

6-6. Comparison of benchmark concentration calculated using the 
polynomial and Weibull models for selected endpoints . . . . . . . . . . . . . . . . . . . . . . . 6-25

7-1. Summary of animal carcinogenicity studies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-3

7-2. Tumor incidence and survival time of rats treated with 
fractions from diesel exhaust condensate (35 rats/group) . . . . . . . . . . . . . . . . . . . . . 7-26

ARCHIVED



LIST OF TABLES (continued)

2/1/98 xiv DRAFT--DO NOT CITE OR QUOTE

7-3. Tumor incidences in rats following intratracheal instillation of 
diesel exhaust particles (DPM), extracted DPM, carbon black (CB),
benzo[a]pyrene (BaP), or particles plus BaP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-29

7-4. Tumorigenic effects of dermal application of acetone extracts 
of diesel particulate matter (DPM) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-34

7-5. Dermal tumorigenic and carcinogenic effects of various 
emission extracts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-37

7-6. Cumulative (concentration × time) exposure data for rats exposed 
to whole diesel exhaust . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-41

8-1. Epidemiologic studies of the health effects of exposure to diesel exhaust:  
cohort mortality studies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-19

8-2. Epidemiologic studies of the health effects of exposure to diesel exhaust:  
case-control studies of lung cancer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-39

8-3. Epidemiologic studies of the health effects of exposure to diesel exhaust:  
case-control studies of bladder cancer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-55

11-1. Estimated 95% upper confidence limits of the lifetime risk of cancer 
from inhalation of 1 µg/m  diesel particulate matter (DPM) . . . . . . . . . . . . . . . . . . . 11-93

11-2. Incidence of lung tumors in Fischer 344 rats (males and females 
combined) exposed to heavy-duty engine exhaust . . . . . . . . . . . . . . . . . . . . . . . . . . 11-13

11-3. Incidence of lung tumors in Fischer 344 rats (males and females 
combined) exposed to heavy-duty engine exhaust . . . . . . . . . . . . . . . . . . . . . . . . . . 11-13

11-4. Incidence of lung tumors in Fischer 344 rats (males and females 
combined) exposed to diesel engine exhaust . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-14

11-5. Unit risk estimates per µg/m  of diesel exhaust based on the 3

Yu et al. (1991) dosimetry model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-15

11-6. Relative importance of particles and organics at different exposure 
concentrations assuming either threshold or nonthreshold effects 
of particles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-16

12-1. Particle-phase and gaseous-phase emissions from diesel exhaust 
and their atmospheric reaction products . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12-4

ARCHIVED



LIST OF TABLES (continued)

2/1/98 xv DRAFT--DO NOT CITE OR QUOTE

ARCHIVED



2/1/98 xvi DRAFT--DO NOT CITE OR QUOTE

LIST OF FIGURES

2-1. Typical size distribution of diesel exhaust particles . . . . . . . . . . . . . . . . . . . . . . . . . . 2-14

2-2. Vapor-/particle-phase polycyclic aromatic hydrocarbon distribution in 
samples collected in Baltimore Harbor Tunnel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-25

2-3. Diesel-derived pollutants: emission-to-deposition atmospheric cycle . . . . . . . . . . . . . 2-26

2-4. Mass chromatograms of the molecular ion of the nitrofluoranthenes (NF) and 
nitropyrenes (NP) formed from the gas-phase reaction of fluoranthene and 
pyrene with the OH radicals and present in the ambient particulate sample 
collected at Torrance, CA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-54

2-5. Mass chromatograms of the molecular ion of the nitrofluoranthenes 
and nitropyrenes present in ambient particulate samples collected in 
Torrance, CA, and Claremont, CA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-55

4-1. Deposition distribution patterns of inhaled diesel exhaust particles 
in the airways of different species . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-5

4-2. Clearance of insoluble particles deposited in tracheobronchial 
and alveolar regions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-8

4-3. Short-term thoracic clearance of inhaled particles as determined 
by model prediction and experimental measurement . . . . . . . . . . . . . . . . . . . . . . . . . . 4-9

4-4. Physiology-oriented compartmental kinetics model of retention of 
inhaled insoluble particles in rats. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-15

7-1. Cumulative exposure data for rats exposed to whole diesel exhaust . . . . . . . . . . . . . 7-43

8-1. Lung cancer and exposure to diesel exhaust in railroad workers . . . . . . . . . . . . . . . . 8-68

8-2. Lung cancer and exposure to diesel exhaust in truck drivers . . . . . . . . . . . . . . . . . . . 8-68

ARCHIVED



2/1/98 xvii DRAFT--DO NOT CITE OR QUOTE

PREFACE

This draft health assessment was prepared by the National Center for Environmental
Assessment-Washington Office, which is a risk assessing program in the EPA’s Office of
Research and Development.  This assessment has been prepared for EPA’s Office of Mobile
Sources which has mandates to consider the health hazards associated with diesel engine use in
vehicular transportation.  As diesel exhaust emissions also affect air toxics and ambient particulate
matter, other EPA air programs also have an interest in this assessment.  An earlier draft of this
assessment was released for public comment in December 1994, and the Agency’s Clean Air
Scientific Advisory Committee (CASAC) met in public session in May 1995 to review the draft. 
This February 1998 draft builds on the 1994-1995 history. 

The scientific literature search for this assessment is generally current through December
1997 for the health chapters and is generally current through early 1995 for the background
chapters dealing with emission characterization.  The health assessment document series is not
intended to be encyclopedic, rather the focus is on key studies and thus, the health assessment
series is less comprehensive than some other types of assessments prepared by EPA. 

This February 1998 version of the assessment will be reviewed a second time by CASAC
and then EPA will finalize the document.  
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