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VHIEOFTE  GE IR KBRS RAEE, T 522-8533 W ISR /UK T 2500

E B  ARRATAERMBOFRERTH L HBE DL L OBIEIET 2120w, AR (FEE, TR,
TOY kB Vv EE) BEERRE L. H VY Y IEOPEY A g BRI EE O AN,
¥ 259.7ppbv,  BEEE327ppby, 7 0 Y F ¥ #E12.1ppbv, > 2 77 B£0.77ppbv (parts per billion by
volume) TH 720 74 =L NVHEBLIOTIHEIL, 7)) yE L) b ARIBRIEEICRm L, I
I =i H OBEER X 10ppmy (parts per million by volume) Dl b & &2 o720 LB RFRILEF v 28
Ak & OBEFMFHET A A IR ORI E & O L, V) v AL EIRRE 5 72, HEHUEREER O
B O, B E, GEATERRE & RIS R ST, TS IETIIRERIIEE, T D kg
BLUOHET AGACEBICL WV IGET S EEZ DNz P ATERBORELZ, FLBICBIT 5
Mk, 58, REPAHERROZNEBT 5L, BKEID HEL L ORKPARBOWEZIL IS
EATRE NIz, WIEREEA S, HARENO H B HRE O A RRRE I 54 1k, FH3.0x 10°g yr',
FERRS.3 % 10°g yr', 70 ¥ L Y ER4.6X10°g yr!, T 2w EETIX10g yr' E BEE D bz, & 50—
RALIR R 2 IRIE & L CRAP AR~ O HIHRIEERIROF 5 25158035 &, FH41%, W
18% & 7% -7z,

F—TJ— R HIEEPE A, BEEEHES A, ERISSEE, AR ARSI

]

KEPIIIMETIED 25, L OEMILEVWHPTET 2 EFMOEN TN D, PTLFMPFERE Vo
7oA BRI N 2 RO 7 VR VIR, W Z OFIEER S\ SIS AHRIRIL, TElE, R s v o
TSR IS Z, BEAKOBREALIZES L Twb 2 EFNA SN TE D (Sakugawa et al, 1993 5 LA S,
1995 ; Khare et al., 1999 : =5, 2000), F723 2k ERSTEDO Y B IVER VERIZBEDTE G &2
LEOEME L 725 (Yu, 2000) 7 EREALEINZ S BEELRWETH 5,

KETAREEEOBIEIZE L CiE, & (FRRE) B LW TIUIDOWT R4 ZIGHTCiibh T &7,
KAPEMHBEIZOWTOMEE, AR (Kawamura ef al., 1985; Kawamura and Kaplan, 1987; Grosjean,
1989; Schults Tokos et al., 1992), 734 il (Talbot ef al., 1988 ; EAJII S, 1995), FMMis (Talbot et al.,
1995; Sanhueza ef al., 1996) TATH 41, sub-ppbv ~TE ppbv L XV THEFET %, F72—F, WMHTH S
FEAK (A84%, 1988 ; Sakugawa ef al., 1993 ; EAJI S, 1995 =% 5, 2000 ; FH 5, 2002 ; Fornaro and
Gutz, 2003) <% (Foster et al., 1990 ; 795, 2000 ; #&lE 5, 2003 ; Chiwa ef al., 2008) 122V Tik, % uM
(M=mol dm®) 2S5 TUM BEFRET 5 2 L0 HME SN TWD, TO L) ICHEKRIE, KEho5HM -
AN AU D RERIEBAIIAFET S 2 LM ST B (Chebbi and Carlier, 1996; Khare et al., 1999;
Yu, 2000) o
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and Carlier, 1996; Khare et al., 1999) . @RI/, AiWHh & OF RS L ORI E ORI £ 5%
R REWTD, ABHEEEFICE 2 KAPAEREBENOFG IS EZERECTVEVIRELDH D
(Kesselmeier and Staut, 1999) %%, ZO—Ji#flibic BT, ABEESREAKEL, To0k ) o#s
0L EHE SN TS (Grosjean, 1989) 0 AZHGENEHEOHFTY, BEVIEENRTH 5 HEH R & w56k
T d 5 BEHIFOPEH A G HEERIE FE DWW CEFEEIE L 7280134 7% < (Kawamura et al., 1985; Kawamura
and Kaplan, 1987; Jay and Stieglitz, 1995; Zervas et al., 1999a; Zervas and Tazerout, 2000), Zi15 %% & DFEJE
REPERIRICHG L Twahhy, ZOFMIIOWTIEANTH 5,

AW T, R ERBOELRFECTHL EEZ NS, HBIHEE X OBEEVFEHET A OB (S,
file, JoYt VR o) BEONEERT . FELNEREE, REPSEMB L AR A
BEILIZ BN THEE T, SNOHICHT2HG0ENEHEN L2, S oIllEiERY I, AEEEHET A
5OBERBIFLEORED &, TS ORI ERBANDFG-OHEORBEEZTo720 THET %,
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BEH ADFES &

H B HEHE Y 2 O BEEE OFHUL LT O3 TH o 720 7 2 OFIUL, KEEILF R Y 7 20.1mM DFF
TN A HEEREREERE T H37) ¥ ZETl o720 HBEEOMRFEIZI0mL & Lz, ZOHETHOEIL
FF9T% L EEHME SN TS (EANS, 1995) HEX ADEUL, 74 FU ¥ 7 REOHBH TITwV,
LYY UIBREIDS100 U L, TP BRI UY 7 T — ORENS T ER BRI E A L 7. BRI
HOAT VLV AEZBABEOY 77— 122 LAR, PHRAEZRML 720 AT ¥ L AEO—FIZITTFOESS
T450C, IR L, AW E RS LT AMfEAS (7 BNy 7 v 2808, GC-50) 2 WO ), =
DOHENT) Y TE NIy T, Fiehl, T —KRr T (4 7F, AP-032Z) DIEIZY ) 3 v Fa—T T
FlLlzo AT YL AEEAMOETL, T ATOKRGIEHENDL Z EICEVEETLZEZ 720,
TLXF TN =7 —=T50CLU LR L7z /237 78, IR L 2P AL > TNT ) v 7
BNOMERRHEF B L7 — RV FICEROPET AP ND L& 012, 77— EVIZAR,
KTHHL 720 7 BHEH AL TR 1.4~ 1.5Lmin" T455 5 5 I R605 R L 720 FREUER, N7 ¥ 7 EIEE
FRAE (FV YA, BP310S) CHEEAMEL, Hi7 ARG OHE R & OEH SRR % KD,

WEHVFHEN 2 h OB ORI, BB OARBEBHEHET A O E Mk NNT ) v 7 ETIT - 72, HEYE
P 2B LT, BET AR O SRR ERCY, £ OMERE T A, mEE L FHEINz0, il
LR OKERILF B ) 7 235X ImM & L72. HEF 2 OAUL, K B RFE LA B O BEEF I TiT > 720
C OBEHIFIE BEIEY AR CHES AP R IZ1.8 X 10°L hr'' T B A, BEHIEEIIZIA B RFERIEEF v 2 /8 A
NOBEFIFAS0kg he' £ G SNTB D (LB, 2008), FRELEEZ SND, LERNO—ZEETY D
BEHIF OBEFIREI NI BT ~ BT kg he' TH Y (LB, 2008), ARWFZECHMERE % FRI L 2 HHF L, o
105 D1~1005DIRRETH 5o BEEZDOH v FE2HE L TRBICAEEY -V (HEXT I v 7 8) %3k
BDI-AT v L ABEE (RS1L12m) %, BEAFEOMEORIAFT E Tl LAA T, BEEHES A OFRIUE
D& AT VL AEOMBIIFT DR o 7278, BIKGOEEIT L SN2 h o 7ze HE7 AL E15L min'
T, 155755 22T ORM L 720 O, BEEVANOME L, FRIUREE155 ORHE120~240T, 557D
13190~270C 72 - 72,

P, e ATER LT 700 F203R) 2 F L U BY B L, BokRe@EtE L ERRCBEDIZ X B
IRz, zuaskov s (RIS, 5D 2EiRml, HEE THRRELL (ZE5,
2000) o
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2o HKERED D B, FHEB L OWERE, 704 YBRIZA 4 Y HER T I 24 7 F )74 HIVY AT LXK,
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EFEOFMIL, =E5 (2000) 1R Lze RBONOE, TR VO Y — 7 OBEHZICITRBAKE
A4 YO = BFEL, WEEPIEHET Ah AL BFH RO KIBAKEA + v ERETEEN TV
A%, MBI LTI S 370 & e h o 7o AREEOBMIRANE, 3 X2 FE0.5uM, BEEE0.OUM, ¥ =
THR0.03uM, T EF YERIUM 7o 7o SHTREEIY, SEHEMRE 5% T 2o 72,

B

AkEE (KB, BERR, TOYA VR Vo vBR) OfFHEREE LT, FEEF MU YA, FEEES M) A=
KEW, 7OEF ISR YA, YavRF M) T AOWT G IR M L7z OGS EE R
IR FE - Z TN LOMBEDO L O i L7z, FAFEBRICLERERE X OMEOTHIZIE, 14 0%
ad o A &M%, RYEAE (FVAF 7, Model DC-610) % 7213 Milli-Q (Millipore, Milli-Q SP
TOC) 2L o TIHRSEEmMAK (>18MQem) A L7z, #FliE, =5 (2000) 8L =% (2000)
IZRE L7z,

BREEE

BE#EH A AROREBEE

HEYHHE A A O f IR OFG R % Table LR T RE IO BN (n) OFEHTH L. %
BENENOHBEO L Y D v Of&E & MlEROEFTHEIIZOWT L TR L7z,

H) (M AG) FHEEB X OHEREEOEIEIC X - TIREIL, sub-ppby 7* 5 ppmv LNV & X5
DENRKEVDLOD, BBUARMI RO IBEDNE L, KOTFHE VI HRICh 72, FAZHETT T
o YRRV TNORBCHOBRIBBRALT 25720 —F, YavBEISEE»ORBE SN 000, kb
Wb DOTH 1L Tppby & MO FHERRIC LIRS 5 L L CBEDSEY o720 HV ) CHOPET AR EERRE O
AN M (X FES9. 7ppby, BERE327ppbv, 70 ¥ V12 1ppbv, 3 2 7 E0.77ppby Tdh -7z, HILE T
FLr P A A VOO ER (B-1) LB (B-2) CHAWBOMTEEZIT) TN TE I, ZO/RKE, v a
R R A PRER L SSHRRT OB EE AT L, FEEN44%, FEMEA26%, 70t YEBIIBRHBRA LT IZZE R
IR L7ze Y 2 7RI LOMEIRENE A L2 SRO6DZ RS, P AhoFHRIE, =2
YHANDEBA L o TRIEDPKEL B DT LB ho7z,

T4 —ENVEIIOWTE, —HEOA (B H) PE7 A AR 2 W% L7z, MiRidyv ) v &
LR, #Eﬁfraﬁé(ﬁfﬁ#m . RWTEERR, 70 Y d VR, o vBROIRE holze TIE DEEIX
WENRL VY VORI L) L, T —BVEIE T V) VXY S HEN A A RRERIEE ATV S £
RSN,

é%ﬁ:%ﬁ(i@ln-fi PESmS50mL O FEE A & HiRE (AL D) & HFRE250mL o Hi 7 g H
(B ]) IZOWTENENIATOME L e WRIEA VY VHE, T —EVHELERERAR), b0
ﬁﬁih% IR LB N C Ao 7z, T H B LIE AR CHOBEROMR L) E ko
Too BRICFWE EWERR L ppm 4 — 7 — TSN, ZOREOFESVPEETH 720 TLHEMIIZONTD,
FEfRIEB L 2102ppm & H V) YV 74 —ENVE L D30 EEr o 7o FATHREOREHO—D L LT
TOUEF CEEOREENE N ENFITON DL, BT L BT OFEE I EN-E, T0lppby, 523ppbv
EHV) VH T4 =B NVHEOI0~50EU LBV G o SO LIRSS, AV ) VI T —
CIH L) SPET AR ERBIRESEHCEHHO—2 L LTy Y VOBV EZ 5N D, F7219984F F
TERFEOPEHN ANNEH V) Y H, T4 — VO L9 e ARSI < (BRI - B (126~
250cc) JEAS—FE (~50cc) FAIH19984E (ERL104E) 107 1H LARE, Hkbid: i 19994E (CERL114E) 9H
1 PARE, /B8 (251ce~) AT A (51~125cc) #HAIE19994F CERU1I4E) 10H 1H LARE, ks
BEHL20004F CPEC124F) 9 H 1 H LIRE © BREEIT, 1998), HEA A Hh VG G B AR E T &, AV ) VL, 74 —
PUHIZIR L TR 5% 2L ST AR ERBIERETCH L —REEZ 5N,

FoHVY YHOL Y Yy OPFRE B L OIE L7z BB OEATHTEE & PE A A R OISO W
THMR7z (Table 1O7HFE, 87— %), Lo LEAMBOMHMMREIZT > Y V5= & 1£-0.36~0.035,
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Table I Concentrations (mean * 1 standard deviation) of organic acids in automobile exhaust gases.

. Engine displacement ~ Mileage ~ Sample Formic acid Acetic acid Propionic acid Oxalic acid
Engine type number
L km m ppbv ppbv ppbv ppbv

(A) Gasoline engine

A 0.65 48237 5 370 = 102 178 £ 56.1 6.1 = 4.1 039 =+ 0.18
B 098 52316 4 634+ 174 1300 £ 615 321+ 82 0.68 + 0.16
C 099 1201 5 84.1 + 263 388+ 297 139 = 12.1 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
E-2" 1.49 77915 4 67.7 £ 146 668 £ 160 nd 1.7+ 07
F 1.83 36685 4 403+ 26 46+ 119 nd 028 = 0.11
G 1.83 74224 5 229+ 95 355+ 356 372 + 432 068 + 024
(B) Diesel engine

H 343 19499 6 410+ 132 336 + 75 329 + 102 54+ 15
(C) Motorcycles

1 005 5541 5 2960 + 1080 15500 + 2730 701 = 115 79+ 20
J 025 22498 4 571 = 231 10200 + 14400 523 = 827 087 = 0.55

nd: Not detected.
a) Before engine oil exchanged.
b) After engine oil exchanged.

EATHEE L 13 -0.12~0.13TH Y, HEIE OGN o720 T4 HIL B wb o0, Dol trofiy
AR Y, TP CHRRE RGBT & IR & AHBIBIRA v O L sl S Tz,

RWFZETO BB HHET A O FREIBIERG R L, MOWIZEEIC X 545K % Table 212789 HEF A O A F
FRIEFE DB E % 4T - 723D % 2%, Kawamura et al. (1985) B X U8 Kawamura and Kaplan (1987) &%
AzUx 7T 74—, Zervasetal (1999a) 344> 70U b7 74—LHA70uxMTT7 4 —,
X, VY CHETHL FIY - Hu— T OHET AR EEEROWE 21TV, FFER9.30ppby, KERZ31.8ppby, 7
o Y VR1.22ppby, F 72 Kawamura and Kaplan (1987) 1, ¥ 2 W ERIZDOWTIEZ AV 1) Y B4 1ppby, 71 —
YIVEL10.8ppby & HiE L TV %, Zervasetal. (1999a) &, #V ) T v Y VHET AR OB FEBEEEEIZD W
T, FEE0.1~15ppm, FEEE2~40ppm, 70 ¥4 Y [£0.5~80ppm B & N Do A BEEE A S L7z & 3
HELTWoe HOHIE, 74—V VU AP OBERRIZOWVTIEFRR, Bk, 704 Y ROADHR
WE, BEEZFNZEN, 2~6ppm, 4~8ppm, 0.4~3ppm L#E L TWwb, SO DFEENS, KIFED
FERDMMOHTE & ORI 2R EZ R L, BEERDIR S IR SV E W A ILE L Twb 2 Lo
720 TLAMETOBMEOTEA AHREZIL, MBOWETOT Y ) Y H, 71 —LIVEDECHET A A
FRIBE L LNV TH D LD o7, & 512 Zervas and Tazerout (2000) X, KRHT ALY T v DA Ah
A ME L, FHED0~0.6ppm M Sz AT, Bilig, 70 U Vg% oA IR S Lk ho
LT 5,

CNFE CToOHBHHES A A RRERIE LM E O T, B EHHET A A RRER L S A R O R
WARAFT 5 L ENTW 5D, Zervas et al. (1999b) B X U Zervas et al. (2001) Tix, HEF Ao 7o ¥4~
Wiz, REHh O FRALKE (RU¥ Yy, PLVIY, o-F YLy, TFARYEY) HERTHD I &2
AL TS, ZREORINAICH 2 GMEFEARCEM ORI LY, FMREFEMOALRsIML, HTH
A% 7 =)k MTBE (methyl fertial buthyl ester; X F )V tert. 7F VT AT )V) TIEFEEL, =& /-l
2-70% ) — VTN, ENENL D RE SERDIINL 722 L2 ME L TV he & 51T Zervas et al. (2000)
ERIRITAL Y 12BN, BEORRFTAOERFIERAS » (90.6%) L#iEsnTB), 2595
BHEFHBPAER TS EEHHATERWE LSS, SV AT OAEERIEFBROA (0~0.6ppm) i S
NTwb, 20X, BEOESEZOFMFN L > THEF APIZE TN L HRBIRENRE CEASN
b ENGIB

F-HBHEPET A PRI, T Y Y OEFENT A5 =2 X > THEALT b, Zervas et al. (2000)
X, RRHF ALY D 2B TRk, AR, ZRIEO=Z2o0/3F X — 5 — 2B LS, FEkk
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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 -155 258 - 1300 nd-37.2 0.11-1.7  This study

Gasoline engine 100 - 15000 2000 - 40000 500 - 80000 nd Zervas et al. (1999a)
Gasoline engine 93 31.81 1.22 nd Kawamura et al. (1985)
Gasoline engine nd nd nd 4.08 Kawamura and Kaplan (1987)
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)
Motorcycle 571,2960 10200, 15500 523,701 0.87,79  This study

nd: Not detected or not determined
Unit: ppbv.

FEOZEAERRT VDS, T LS EFHICZERILO GRAESAETRORE OGO L& bil, ¥k
WEDRE WAL, FRERICHET AR ORRFZRESEAD L, Y7 RRESHEML T, F72 Zervas
et al. (2001) (%, SI (spark ignition) T X IZBWT, ZZRILOPEN A h G HEIRIEENO B FE L N
NRTWb, HHICLBE, BRUENKREL LLE, FHBBIUEMEALEMOE TN WIRE CREEO
REPREL o7,

Dbz &ao ABEPEA A OF R, FVRERLEL, BRBESE, =0 ¥ RS X OHE Rk
BICHHEINTEOMB, REFPRE-S>TVEEEZONDL, —F, HRIEE & HKE, BT
WAHBID R O N o722 s, ITNOOEROBET A A HEIRIEENOFEIL PR OZERICHE L
ThEWEEZBND, 5%, BEIEPET ABBIOBAL & BEB X OINFI OIS E 2 s 720, HE)
B A A BIRIEEIC D KRE B2 2 L T E N5, Zervas et al. (1999b) B K U Zervas et al.
(2001) D#ERPS, BEHCTVI—VOERENHZ 5 L, e AP OA KRR, 52T, TN
LI ENFREN, SHROFEHL TS ZEDPUEERDESL D,

BEEPHEN A OB HREDRE

BEHVFHEAT A A BRI BE % Table 3127890 AMBROMEEL NV E LTIE, AV YHOPET Ay
REELIZIZF LRV EF R Do F2ME L2AHIRO D 6, FEERAR b &, W TR, 70 et Vi, v a
THERE R B RIS L7C o oo HEF AWEE L~V BRI, #RTT - ZBAM IS KA R - BERRIRIE 0 10~100
R < (Khare et al., 1999), BEEFEAERE L COBRNEINKAHEREBEOREE 2 AATEERTH L 2
EAHERR S 720 MOFTE TIE, Jay and Stieglitz (1995) 2SBEREMBEHIFHE T A vh OFFALEW DWIE 21T -

Twd, COPRTIE, ¥k, ke SERTRUTERESNTEY, MREZs7z NS ND,
HIR D &9 (ZARBIZE CHEA A & BRI L 72BEHIE 1L, BIRHEEDEE 3 2 — AR BESEWBEAF 1 I L CHUE
WS L, F BT OIFPIRE H300C LN LK o 720 HET AT OFEERIEIE X, RS L RS,
He U7z WRBE T A L AR BEDILBR 5103 T
Table 3 Cc.)nce.:nt.rat‘ions (mean =1 standard deviation) of organic Ibd2 L #2005, HiZEE L iR

acids in incinerator exhaust gases. ) )

IR FRELD AT AECTHELR TV
Formic acid  Acetic acid  Propionic acid Oxalic acid 7280, BEHUFIAYBEALIIEE IR 2 fiff 2 T
WTOBAA W REEL H Y,
4 124 £ 76.9 337 £ 956 29 +58 13+10 BE S A ASTEAE 1 7 Fo T A R

Unit: ppbv. DFEPFTHLRENE L H 5,

Sample
number (n)
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HEHAB KOKRRHERERRELL O LLE

BET ANZE N L BREED, KRB ERBICHFS T 2865235720, R THONHET ARHE
FERRIERE 20 O BRIRIE L (V) 23R, Iha LB J‘oh‘éjﬁ?\dﬂﬁfﬁ)%]&ﬂ{, BB L OR&T
I AREREEROIREEI & ol U 7o SRAMAHRVRHE, Bk (BRIUBII © 199549 H ~19994:3H, n=174)
E—FEREICRINL (Z£5, 2000), #%F (FRIPUHE : 19964E10H ~ 19984121, n=45) (L BN
REE G EADOT 78 2 Y= N FICER L 72 OFFRNL 72 (Z4,2000), F7zK5 7 ARG (FF
U : 19934E9H, 10A, 12H, n=23) 1I/N7) ¥ 72 > TT7 v ) WIS MICIR L 72 (774,
1994 5 EAJN S, 1995)0 & HICRGHERERD AARRFEDO—>THh LHMIZOWT, HEMP 26 &
N5 FREFERIZOVWTHE SN/ FHHETORE GDbE TR L. HRIE, 9~y (A 5)THhH~y
Pinus pinea L.), £ A 37 A 7X%h 3 (Quercusilex L.), K> 70 —4<> (Pinus ponderosa), />3aY
F X (Populus fremontil), 7 * V) 51 ¥~ 7+ T > (Populas tremuloides) <T& % (Kesselmeier et al., 1997:
Martin ef al., 1999: Villanueva-Fierro et al., 2004) . 5 HEERIEIELIIHERR 7 0 FHCHLY) , FRE P 2 vkl D
WEESR L7z FHE L, ARREIBHRRELT O 7 — & 13720 JE7 A3k & KAGEAHRRNZ D W T
T FER /WERB L O 2 7/ BERO L Z, REFE S PIZ OV TR FER / BERILIC O W TRk 72,

29 LCRIME L7255 % Fig. 1R d o ARSI ILIEFRA R b R E (AR, Flk /BB Lo #3035~
7.83, ¥ 27 B/ WERE L O #iFH120.0056~0.8872 - 720 F 72T BT TR /WM L O #iPHI20.27~2.15, & =
1k / WERR L O HEFH130.0088~0.1872 5 720 KA AREIX FR / BERR L O FEPHIX0.061~1.69, F 72Ali O
PIFE S L ICRE S B o725, 045~11.572o720 ZHUSRL, FV ) HEHET ZOAEBRIEZE I, F
Wi / R L O #FH250.035~1.28, 3 = 7 [ / BEER I O #iFH1£0.00037~0.050, 7 — ¥ )VELIL X / Bk L
730.75~1.43, ¥ 2 7R/ FEEEEAT0.012~0.019, ZEgHLEFER / BEEEA%0.038~0.23, > o R / BRI A
0.000032~0.00077, BEEMFIX, FFE / BEERIL O#EPHIZ0.24~0.52, ¥ = 7 FE / BEFERLIEA%0.0018~0.005872 - 726
VLb &) G ERIBEE L, BT+ —¥IVHED, o7V ) YEOFEMICHENFSEEINIL L ko
TWize HV ) HEOARRBREE IZEL WH#HIE B - 7245, BKL D QEOAP LD EWELT T -7z, K
SPARBROLOMONRIL P >72b 0D, 7)) YHERZWE, BEAE, 774 —EVE, FOLOMAI <,
FERRLHE O & 1 X R EEIL T 720 AREEEO P THIER DL X L FERIZ OV TEZ DIz owTwn
{OMHHEBID B o Talbot et al. (1988) (LXBHYME TR 144 F BRI L 72 KA A HEIR O ik / WEfR L %
WL TwEA, £F (ILA~20) 2wzl cIolbizl i h K&, FRIC4A~5A L8 ~9F 122
Hifh & HFICE o Tz F72 Khare et al. (1999) 12 LU, Mo 2 & KA $8 / Befgix,
ez HEZLERL, HPFIZIE D REL, HEILLTIZR %5, BREREEO HEZLIDoWTIE, Talbotetal
(1988) bEKDOZALE T2 Z LAt L, MICABREROZEND LA T, HITIL DSz
WA EHRELTWbH, Martinetal. (1999) (2X 5 &, NaYFFI2B) 5 FHETEERIZSHIE2.1, 97120.54
T, WMEMICKERMEEIS 2 LG SN Tnb, KAORIUNMIZME ~4F2 05720, L Tw
BWEF~HRETIII) RS GARBRBEL WL WRESER SLb,

DEDZENORDEHIZEZ LI ENTE D, BRI OB BRI S H B HHET A b O H BRI
JFEIICE D ENZ s, KA TORAKL ) BZEOHD, FRADH LY WRMEOKRKDFZE L
WL, SNOSOFERIRIZIE, KL D O RELEGTOHHFHT AOERBOFGTNH L LERL TV
LEZONL, RAEWBFIHPOIERENOT— 4 Th L7090, KRR 26 % T A AW IRO Sk T
BREDFGAVNE L, HBIEL X OBEAFOHET ADGFG0PREL Bofctcw b HEZ bND, — )7 ITEH
ERT 5720, BEOHFHI X 2L U8 TER L -G RO 513, BKICHBL TN 2L EER
b5, BEAPFMLREESTIAEHmTH Y, FEOERT 2N BT STRE AT S, HhERf)
T CREIGFDE TR LR T W EHE SN TEBY (Tsuchiya and Naemura, 1998), D Z &6 b FEDIL
SR, BKICIE L T RO AR OREEY L) = j"?"Tb‘; EWEZBNDL BT OB BRI
b, ABEESEBOEREOFT OEZ NS (ZF5, 2000) 25, TEEHBLCXYILHFHIZHZDY,
Lok LT/\?.%iﬁ?ﬂﬂ?ﬁﬁﬂ@ﬁ%@%@%%?ﬁ@%ﬁﬁ“ﬁ‘ﬁhflﬂ% LEZDLIENTE D,
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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, 7=34); solid triangle, diesel-powered vehicle (this study, #=6); open square,
motorcycles (this study, n=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)).
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 ef 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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BHEDISOBEHRRFEEENREY
NESEBRIEOHREIRD D B, FHIRE W E DN L REFEEIE O ABHEIET A5 OFEETED EOFLE
Thobo, AL —HIZABHED S OHEMEOPELEIZLTONX (1) THFZ LA TE S,

Emission rate = Exhaust coefficient X N X Mileage (1)

Z 2 C Exhaust coefficient : #FHAREL (g km™), N: HBIHAH, Mileage : FERMFHETHH (km yr') T
b 5o FEMAREITHEIH O ESTIkm 472 ) OFHZEWEOHENE TH 5, AWTEOE, HHEMRICE L TiE
TAR) Y TIROREE LTL2RD TV, 22 TUTOR (2) L )RR L7

Exhaust coefficient=C X 10°X M X22.4"'X V X r X v (2)

Z T, C: A AREREEELE (ppbyv), M HREEEOSTE (gmol'), V: =y Y roFHiisE (L),
1 2P v OFEAER pm), v ABEOFEEEE (kmh') ThH Do HE7 AR ERERRE I V)~
FUZOWTRF VY YHOTPHE, 714 —ENVHIZDWTIET 4 — VIO RE I L7 GHEROS T
1L FWE © 46.02g mol”, HEME : 60.05g mol”!, 7' YA Yk 74.08g mol”, = Uk 1 90.04g mol' TH B,

Tl Yy OFEHFREE, AV ) YEIXISL, T —EIVEII30L & Lz, =Yy ORI hEEE
132,000rpm & L, BB OFEEHEIZ30km h' e L7z Db X Y sk 28R Eu, 7)) Y8 FlE 0.74
mg km”, FEEE 53mg km’', 7O EF UEE 024mg km', ¥ 2B 0.018mg km', 7 — YL H ¥Rk
10mgkm”', FEEE 1lmgkm', 70 Y42 13mgkm', =27 026mgkm’' & 7% -7, Ko 7zHEHR
Bl BEEGHEEMTEETEMYS, RO BB S OFHRPET L HE L7z, BEEAHEE
e TR, EHEIC OV T/ EIEME (4,392,2087, 6,756km yr') & E#EFEMHE (40,772,325%,
10,538kmyr'), hJ v 72OV N T v 2 (12,026,161F, 7,116kmyr') LT v 7 (8,855,1257,
20,125km yr''), /N A (247,794%, 27,982km yr') Ofii% M L7z GEEGA, 1999) DEOX G095,
FeRE ATV ) vH FRLANE T —BLEE L CHRREE SR L, BEET o . DLEoRED2 515
HNTZ19934F 1251 B HARENTO HEIEI & 2 IR O 4 FHkH O HEE % Table 412773, FIRE ¥ 2
TERICOWTET A —EVHEPSOHFEDIRE L, 2EDO0U LN T 4 — ¥ VHEFETH S 2 &350
Bo T APHEESREI VW EHESNARERIIT V) VE, T — PV PRI AR L HEE X
Too V) YHEE T4 —BIVHE SR LEIL, FEE3.0x10°g yr! (3,000ton yr'), FEEES.3 x 10°g yr' (5,300
ton yr'), 70U % LfEE4.6%x10% yr' (460ton yr'), ¥ 2 VEE7.9x10'g yr' (79%ton yr') TH o7z, HEHE
RIFEO AR O A D 1L, Grosjean (1989) %% Los Angeles # %% & L TiTo Tk, THIZLAE, H
TR JE O A IR, FH6.5% 10° day” (2,400ton yr'), FEME9.0% 10°g day” (3,300ton yr'), 70 ¥+
1.37x10°g day” (500ton yr'), = v E8.7x 10'g day”' (32ton yr'), HHEEREE (£ HIVKR VB ¥
HIVREEB L OFHFEN VAR CEE) T1.98%10°g day” (7,200ton yr') & #Rk#5 L Cv %, Los Angeles & H
RCIFHH OB (NOBXOHHZ L) 87255, BIEEOEIZ Los Angeles D AR R K EWETH 5
EEZOND, FoHARLEKELE OB AHH OEN b FERIZAND LIS H A9 o Grosjean (1989)
W& B RRED T, HBERFEO AR X FEE1.0~13x10° day”' (360~4,700ton yr'), HEEE 3.0~15X%

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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10° day™” (1,100~5,500ton yr') O#HPHIZH 2 & L TWb,

Grosjean (1989) (&, HBHEFOAKEO WY 2179 L &, ABEEFOIMEE L L C—RbikFErH
VT D, FRICHRT IR BV TR RS O — ML R F I RSSO EBE T ARBELE S Db TWS
(Russell and Cass, 1986), 72— bRz IT RGBT, @EHBIEY (NO,) ML (S0, 2
Wl U CRBICHET b0 £ 2 CHBIHRIFO AR 5154 % H CHBEREO—BILRFZEOEZ 515
L, RAHOEREED ) b B L EDORENHBTRITCTH 2 O »IEE L TH,

Tonooka (1997) X Uk (2000, FE) 12X 5 &, 19934ED HAREMNIZ BT 5 NBIGEHEIR O —ERAL
REOEPILEII3,104871 b > TH D, —F, Z0H L HBHGEEO —ERILRFEOPFL=132,460,152 F ~
LR LT (BH, 200000 —77, HARTMREMEERO—BRAL KR O T 130.6ppm (19934,
— I REMER OFHMHE) TH Y, T T1980FERLBEIZIZMITNTH S (BT, 1997), TITh5H, KA
FO—BLRFEDH B, HEIGEFIC X 2RI, 048ppm L% b, IhEHBIEPEY A ICHKT L, AR
ENO KRG — BRI E TR S L, AL —BLRFOABHIC L 2EHPHEEOWERE (mol) 1t
ORGP AR HBEHEFORENFHETE S, 22T, HEENL HBHGREO ALY & 13, —
FAbRFE R IRIE L T 20, KA COBEH»—FILRE L Ak L IGE L CUTORHE 21T 72,

Organic acids from automobiles = 0.48 (ppm) X (E,,./M.W. ,,,.)/(E,/M.W.,)  (3)

ZZTE,,: HEH 2O OAEBROEMPHE (ton), MW.,, : FEEEOS TR (gmol), E,: HEjHA
5 O—AbEOER PR (2,460,152 ton), MW. , © —BRILFE D5 T= (28.0lgmol’) TH A, FlE
OFER, BETERFEOAREEO KA PIRE L, FH:0.35ppby, FEEE0.48ppby, 71 ¥ »FR0.034ppby, > =
7 1%0.0047ppby & % 57z, T I THARENTORKHPAREEDOWEEIZOWT TH SH75, HARENTORKR
rhoA R EE O EBNE A 7 <, B 21E Schults Tokos et al. (1992) 12 & 2 #Bli bl T 24 (BRI
T8H : ¥WE7.3ppbv, WEE3.8ppbv, 10H : FMk4.4ppby, FEREL.4ppbyv) =2, EAJIS (1995) 12X 5 aBat
IO FL B (F34 T X[ER0.86ppby, BERE2.6ppbv) 7% & CTdh 5o MHEMIZHLTH, Khare ef al. (1999) (2
£ 2RI T ORE L om i) & EB I T o RGP A BRI L, ¥R 0.2~19.8ppby, FERE : 0.2~
17.8ppbv TH V), LFELOBEEIZNTNE COWEFPICE TN L. RITEANS (1995) OUERHRIZH
TIEFDTEET S &, HARERNTOI993F 12 81T 2 FHEE O BB P ZRIEOE G 1E 22N FHk41 %,
WEIR18% & 72 %o Lh b X 9 Z2aHHIC X o THBYHHET AR IFEOF RS KT ARG L, 24ahs
FTHEGETLIEDBHOE L oz LALIOLD) REHEIE, HEHEPETZ B L OKRAPAERRO 7T — 428
WL ThHDLIENOLEELZATVD EEZ BNDL, FHIEFOHEHEOPET 2B H D5 L2 6, FfE
S b A Lk L FICHBIEHET AREO RGBSR OUES R O TB ) (B4, 2010), ZOHO
ERO VIS ) A RFELERETOUE DS &, HWET — 5 DEMPLET NVOHMEPLELEZ HND,

w

NETGERIEO G REEOF -4 AR S 720, HBIHE L OBHIEHET A O A HIBROME L To 720 2D
#ik, sub-pptv~ppmv DOIEL WE#HIPH THREERIIML S 7z, BEFHET 2 ICB W, HELHT V) U H,
T4 —PVEH, TEREOEVIZL > TH, ARBEREIIRE RECE BE, AREEO T T b ERERO R )
TA—EVEERE, KbEPo72. —H Y 2V BRIE SRR Mo AR X ) K ECH 572 A
V) O A AR O RIS M) X, F/&S9.7ppby, EEER327ppby, 70 ¥t vk
12.1ppbv, ¥ 2 [0.77ppby TH o720 T4 —ENVHEBLOTEEIZ Y V) VHE LD O ARIBIEREIEE <,
PCH TEEIE 2 O HE Th Y, FERRIZEIE L7228 & b 10ppmy BL 1725 7z, BERE, EATHRRE
(RIS RO N e o 722 e D5, TS OREOPET A EERIRENO BTN S W EHEE S,
HEVEHES A h oA R L, TACHREHI (=2 2 U #8%) B & OHET A b3 128 S T2 DML,
BERRE S TVD EEZOND, —T, BEHFHED A oA EERE, BB L CFo[EmE, F ) v
LRIBECTH o 72
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PEW A PRI IOV T Z OREILZ R, TNERILBICBIAHK, % KaHERHEEES L O
PPEIEOEEILE ML ChzE A, HET A —BNEFEWEZRY), FLoRKETV) VERPEOL
DI o720 SO EIL, MEMIORAOFELZ ML, BARKLD LHES L ORGP T3,
B HET ADOEREBEO TSGR H A L 2R L Tnb EEZ BNz,

ElZIKI_W\W)ﬁiﬂﬁﬁ’%@ﬁﬁ%@%@ﬂiﬁﬂii%ﬁﬁLf:ﬁ"*% FE3.0x10° yr' (3,000ton yr'), FEAES.3 %

0’g yr' (5,300ton yr'), 7\3111‘/@146><108gyr1 (460ton yr''), ¥ 2 7 EE7.9x10'g yr' (79%tonyr') TH -
f:_o ELILINEORATARBNOFG %, —MRILRFE L BEHPET Z0ER L L, RRSOREHEZ T

ICBBEDPICEE LR, ZNENFIRAL%, BERRIS% 725720 20 X 5 2 HBYHHET 2 25K A B
@5«&ﬁb/}&ﬁ‘%ffvﬂ—?—%l,“(b\%ptﬁ*ﬁﬂfoﬁ‘tt@ot%@@, KR, PFTAWM S OT — 5 OFEARER,
ETWVEHOTEOTRR PLETH B L BbNiz,

F24RIEAE D 217 o 72O HBIHE B X OVNBUBBEAIA A S RN S N5 AR E CTh B AL THENE
A5 ORI WA D 51218, TNSITINMA TRDFEET 2% ERBE L FIERER» S OFERR, N7
WERIR O JALKTE, 7T e FED S LRSI & > THERT 2 HHEEE (Grosjean, 1989) b E[E 3
HT LT, IDIEMIIRDZEEZEZLNS,

E

—HALRFOPELEIZH LTI, WERAREFFEINE S EIR I HEBoR L Tl &, $aRERT -7
EREL TV EE L, 2L, bE#OEEERLI T,

AWFZEIE, FHABAEAREESER (ST, BIRM AR iRERE), Mgy LR JedEE S E (CREST), B
BEMBOHEY AT L L) T2 TIThIe, E 72 CFH AR e mlibh & (WHoe s
14380244) B & U H @ERHFIRBLG H172> 5 b B & 21 72,
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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

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
3.0x10%,5.3%10% 4.6 x 10* and 7.9 x 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,





