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1. Toxic Compounds in Diesel Exhaust
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Table 1 Biological Impact of Diesel Emission Compounds

Atmospheric

Reaction Products Elreliefgjierl Uil peie

Emission Component
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Gas Phase

Carbon monoxide

Highly toxic to humans; blocks oxygen uptake.

Nitrogen oxides

Nitric acid, ozone

Nitrogen dioxide is a respiratory tract irritant and major
ozone precursor. Nitric acid contributes to acid rain.

Sulfur dioxide Sulfuric acid Respiratory tract irritation. Contributor to acid rain.
Carbon dioxide - Major contributor to global warming
Saturated hydrocarbons Aldehydes, Respiratory tract irritation. Reaction products are ozone

(Alkanes, < Cqg)

alkyl nitrates, ketones

precursors (in the presence of NO,, ).

Unsaturated hydrocarbons
(Alkenes< Cj)

Aldehydes, ketones

Respiratory tract irritation. Some alkenes are mutagenic
and carcinogenic. Reaction products are ozone
precursors (in the presence of NO, ).

Formaldehyde

Carbon monoxide,
hydroperoxyl radicals

Formaldehyde is a probable human carcinogen and an
ozone precursor (in the presence of NO, ).

Higher aldehydes
(e.g., acrolein)

Peroxyacy! nitrates

Respiratory tract and eye irritation; causes plant
Damage

Higher aldehydes
(e.g., acrolein)

Peroxyacy! nitrates

Respiratory tract and eye irritation; causes plant
damage.

Monocyclic aromatic
Compounds
(e.g. benzene, toluene)

Hydroxylated and
hydroxylated-nitro
derivatives

Benzene is toxic and carcinogenic in humans. Some
reaction products are mutagenic in bacteria
(Ames assay).

PAHSs (< 5 rings) (e.g.
phenanthrene, fluoroanthene)

Nitro-PAHSs (<5 rings)

Some of these PAHSs and nitro-PAHs are known
mutagens and carcinogens.

Nitro-PAHSs (2 and 3 rings)
(e.g. nitronaphtalenes)

Quinones and
hydroxylated-nitro
derivatives

Some reaction products are mutagenic in bacteria
(Ames assay).

Particulate Phase

Elemental carbon

Nuclei adsorb organic compounds; size permits
transport deep into the lungs (alveoli).

Inorganic sulfates

Respiratory tract irritation.

Aliphatic hydrocarbons
(C1 ~Css)

Little information;
possibly aldehydes,
ketones, and

alkyl nitrates

Unknown.

PAHSs (4 rings and more)

(e.g., pyrene,
benzo(a)pyrene)

Nitro-PAHSs (4 rings
and more), nitro-PAH
lactones

Larger PAHSs are major contributors of carcinogens in
combustion emissions. Many nitro-PAHSs are potent
mutagens and carcinogens

Nitro-PAHSs (3 rings and
more) (e.g., nitropyrenes)

Hydroxylated-nitro
derivatives

Many nitro-PAHSs are potent mutagens and carcinogens.
Some reaction products are mutagenic in bacteria
(Ames assay).

2. Inventories and Exposure
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Table 2 Worldwide Emissions from Natural and Anthropogenic Sources
(data from Lenz (1999), reference 1996)

Anthropogenic
o Natural
Emission Total Passenger Cars Trucks Other traffica

Mt/yr Mt/yr %* %* %*
Carbon dioxide, CO, 770,000 28,000 5.5 6 6.5
Methane, CH, 225 380 0.3 0.2 -
Nitrous oxide, N,O 35 16 1.6 1.6 1.8
Nitrogen oxides, NO, 80 110 9 11 10

a - includes air, open sea, and other traffic
* - relative to total anthropogenic emission

7)o FEefoF & AL, NO, 9 4% AAl 299 5= FolA Aztel 93 vjEo] v ¥t}
= ZAolth ARt & FEEY] AT, dFMEES AdEEe vl AU oR AL HF
S A3 ol AAE AR mEHE e odEH tE Yo e HuARE A
T = 1Atk (Lenz, 1999) Sl FHlEE S o9 Y =S ,

o)t WA wiEE A A= HlFo] wig- & & & Ak kA, dAe giskE F 7oA,
A ate] ok NO, o AL dA 29 F9 50% & #Astal CO 9 A% 70% oS A
A& Rk olugl HC ¢k PM 9] wiE oA st F2S st vt Asatel] ofg wjEw
< A = E o PM10 ¥wlE] oF 70% & TlAN gk Fojth AA oA AxLEA
o] A7]& tiFE 1wum olst= w5 27| o] vlAlo] PM25lA xtA|ehE v o] EHt}t T
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54 /7Y AFol dAAA A=A mEdol vAE AdiHel = E 7F 25 6|
Z19FAl 2ol G AL old] thI £& olE 19979 E=® H 7] (railway locomotive)
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AR R e R
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3. Effects on Health and Environment
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Table 3 Environmental / Health Impact of Diesel Engine

Benefits Drawbacks
e Good fuel economy / high efficiency e High particulate (PM ) mass emissions
e Low "greenhouse gas" emissions, both CO, (relative to SI)
and N,O ¢ High nitrogen oxides (NO+ ) emissions
e Low hydrocarbon (HC) emissions (relative to 3-way catalyst equipped SI)

e Low carbon monoxide (CO ) emissions

e Low cold start and evaporative emissions

o Safe handling of fuel (relative to gasoline, NG,
LPG)
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