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Table 1 Concentrations (mean + 1 standard deviation) of organic acids in automobile exhaust gases.

Engine t Engine displacement ~ Mileage ~ Sample Formic acid Acetic acid Propionic acid Oxalic acid
ngine type L km "u:::‘;“ ppbv ppbv ppbv ppbv

(A) Gasoline engine

A 0.65 48237 5 370 £ 102 178 = 56.1 6.1 = 41 039 = 0.18

B 098 52316 4 634 £ 174 1300 £ 615 321+ 82 0.68 £ 0.16

C 0.99 1201 5 84.1 £ 263 388+ 297 139 = 121 12+ 05

D 1.33 61600 5 67+ 19 258 £+ 275 nd 0.11 £ 0.04

E-1* 1.49 77863 5 155+ 279 257+ 196 75+ 90 1.1+ 06
... E2% 1.49 17915 4 67.7 £ 146 668 £ 160 nd.. . R By I \ v
A1 F 1.83 36685 4 403+ 26 46 119 nd 0280
24 G 1.83 74224 5 229+ 95 355+ 356 372 + 432 068 0

nd: Not detected.
a) Before engine oil exchanged.
b) After engine oil exchanged.
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Table 2 Comparison of organic acids concentrations in automobile exhaust gases determined in this study with reported values.

Engine type Formic acid ~ Acetic acid  Propionic acid Oxalic acid References
Gasoline engine 6.7 -155 25.8 - 1300 nd-37.2 0.11-1.7  This study
Gasoline engine 100 - 15000 2000 - 40000 500 - 80000 nd Zervas et al. (1999a)

Diesel engine 410 336 329 54 This study

Diesel engine nd nd nd 10.8 Kawamura and Kaplan (1987)
Diesel engine 2000 - 6000 4000 - 8000 400 - 3000 nd Zervas et al. (1999a)
Natural-gas-fed SI Diesel 0 -600 nd nd nd Zervas and Tazerout (2000)

NOLOTEY Cle S 2 SO —— T2 (ORI S S V=523 =70 Tmmmi()-87Fmmi] ii S d —

nd: Not detected or not determined
Unit: ppbv.
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Table 3 Concentrations (mean + 1 standard deviation) of organic
acids in incinerator exhaust gases.

Sample
number (n)
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Fig. 1 a. Concentration ratios of formic acid/acetic acid and oxalic acid/acetic acid in automobile and incinerator
exhaust gases, precipitation and dew collected in Higashi-Hiroshima, Japan (gray solid diamond, gasoline-
powered vehicles (this study, n=34); solid triangle, diesel-powered vehicle (this study, n=6); open square,
motorcycles (this study, »=9); solid circle, incinerator (this study, n=4); plus symbol, precipitation (Miyake
et al., 2000: n=174) and open circle, dew (Miyake, 2000: n=45)).

00O 1b. The ratios of formic acid/acetic acid in the atmosphere of Higashi-Hiroshima, Japan (open diamond:
Takeno, 1994; Sakugawa et al., 1995, n=23), and emitted directly from various vegetations such as
trembling aspen (Populas tremuloides) (solid square, Martin et al., 1999, n=1), cottonwood (Populas
fremontil) (open triangle, Martin et al., 1999, n=2; and solid triangle, Villanueva-Fierro et al., 2004, n=2),
ponderosa pine (Pinus ponderosa) (gray solid circle, Martin et al., 1999, n=2; and open circle, Villanueva-
Fierro et al., 2004, n=5), Mediterranean oak (Quercus ilex L.) (open square, Kesselmeier et al., 1997, n=7)
and pinus pine (Pinus pinea L.) (plus symbol, Kesselmeier et al., 1997, n=2).
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0 O Exhaust coefficient = C x 10°x M x 22.47x V x rx v* 02M0000000000000
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00000000000 mpmMyvO0000000000kmhr'0000000000000000000O
000000000000000000000000000000000000000000000000
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Table 4 Estimates of annual emissions of organic acids from gasoline- and diesel-
powered vehicles.

Formic acid Acetic acid Propionic acid Oxalic acid
Gasoline 340 2400 110 8.4
Diesel 2700 2900 350 71
Total 3040 5300 460 79

Unit: 10°%g yr*
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Concentrations of organic acids in automobile and incinerator exhaust gases and
their emission rates into the atmosphere
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Summary

0 O The concentrations of organic acids (formic, acetic, propionic and oxalic acids) were measured in
automobile and incinerator exhaust gases, which are one of major sources of atmospheric organic acids.
The mean concentrations of formic, acetic, propionic and oxalic acids in the exhaust gases of gasoline-
powered vehicles (seven automobile models) were 59.7, 327, 12.1 and 0.77ppbv (parts per billion by
volume), respectively. The organic acid concentrations in exhaust gases from one diesel-powered automobile
model and two motorcycle models were higher than those from the gasoline-powered vehicles. The acetic
acid concentrations in the exhaust gases from the motorcycles were particularly high at >10ppmv (parts per
million by volume). The type of fuel, engine, and purification system of the exhaust gas probably determine
the concentrations of organic acids in the exhaust gas. The concentrations of organic acids in exhaust gas
from an incinerator at the Higashi-Hiroshima campus of Hiroshima University (Japan) were similar to
those in the exhaust gas from gasoline-powered vehicles. The concentration ratios of formic, acetic and
oxalic acids in automobile exhaust gas were compared with those of atmospheric organic acids,
precipitation, and dew. The organic acid concentration ratios in automobile exhaust gas were more similar
to those in dew and the atmosphere than those in precipitation. Based on the organic acid concentrations in
the automobile exhaust gases, the annual emission rates from all automobiles in Japan were estimated to
3.0x 10°%, 5.3x 10°% 4.6x 10° and 7.9x 10°g yr" for formic, acetic, propionic and oxalic acids, respectively,
The percentage contributions of formic and acetic acids from automobile exhaust gas to the acid
concentrations in the atmosphere were estimated to 41% and 18%, respectively, using carbon monoxide as
an indicator of automobile exhaust gas.

Key words: annual emission rate, automobile exhaust gas, incinerator exhaust gas, organic acids, organic

acids concentration ratio,





