R 258 Ann. Rep. Tokyo Metr. Inst. Pub. Health, 64, 151-158, 2013

FRALMBECDPF DEIEIZ K 57 4 — B PR T R thA HER IR BE 0D L

FHE ALY, ORHE G, NR RS, PR SRR, i KC

HURHS, BEE, TIER, MSIERO—# =, 20034FE Ik FREE (PM) OPEHEIC X 257 1 —B BT
ZBRMA L, BEHEEA R S AW B IR R 7 BR 25 (DPF) OEEENFEGH T Sz, DPFIIPMBREX F 72 H
BELTWDA, 4 HILHSNTWADPRIE, BUAEEAMEAE DY, PEHH 2 OELHERE % F /- B 7= b il it 2L DPF ©
5. T, ZOBbAEXDPFOREE I L DL T A DG ENERTET DD, PMTF 4 —BLrz Py (HERE
309cc) DHEHAT AZDOWNWT, FHREEH#ILEY, 7Tt N, AERBEEOHSIMEZ oL, Bbitfi=DPFO A HIZ
X BB EIT 72, DPFIEEAE CTRENENSTZOIFFLLTLFTE R, TR b7 LT RTho7273, DPFRERE TIINE
g, XBAFEN-T-. WEERITIE, DPFEEEICLY 747 b REITH/S0IZHE L, AHEITR3fHcsm L=, £
FEECHHREZEITLTND260T 4 —ELE 2 thT v 7, SERITHEEFEMNRGEAS#) 1220 T, 40 km/h TETH
DT AL, REOIT 2707l 25, ERPHWEIT2E L bICHE, FFETHY, WEFER TITAREED
BIED60%LL % HED TV, LLEDREERENS, NHF —Pro Py, Fuo—PLmEE §ic, Bt DPF % 3%
L7580, i X0 R A me b S, BRBAFRERRS ERDERRALNERoT

F—U—F: 7 —BAPRh iR ESEE (DPF), BLMbEE, PeHiA =, R, Fiik

X L ® I APED LB T DML La AL LT, /I

20034F10H, HAHS, BWmER, THER, shRE)IIEo—H%8
SR, T BB L B REEROGERER S BT,
B RP'E (Particulate matter, LN PM) OHEHEIC X
55 4 —VLEOETHEAEZBRG LY. ZoMElicky,
R HIEN TIIPER R A - S R WA O T 4 — L
DOIEFTHNEE R S, HHICIEOEIT D72 DIZIET  —E L
HE R OhL 1 B = 4 &  (Diesel Particulate Filter, UL T
DPF) #¥5T 2 Z EREHEMT N, T4 —ELED
PRI ZICE ERHPMIE, DS AMED MR 2 f OV B3
BINDOEBENER SN TR Y, FCKEE TIEPMA~O ]
DI9904ERTICBRE STV A, EMIZBEWV TS, 2003
R, gra A~ OPEHRHIEEC X0 EiE STV,
FREO—EHZBOEBIC L > TIHROT ¢ —B VB
LHIHIBIMNE AL, PMOBEL SN — @ < 7.
DPFIZ, T A OPMERE R E%EE L LT 25703,
T EEITT 57T 4 —BILEODPFIL, PMIfiE 7 1 L ¥
— I A A DT, —BMLRBLRILKFE DR
KA/ E R bORERKTH DY, Bl DPF %
WA U2 PEH T 21, PMAE T 5 L & big, At &
HBAEREZITALEXBND. DPFESIZL DT 14—
PAEYEH B 2 DS ZEIZ OV T, DPFOEEIC LY
TNT e RESHEBRIRACKEEORE ST 5 Z &0
ESNTNDEY. LrL, BOLEHEARED L S 72
WBICZEL L TWANTHOWTIE, 138 A SHENEN,
Z ZTABISETIE, DPRESICLY, T4 — By

T ¢ — B DT HONWT, bl DPF o 3 35 A
% CHEH T Aoy & 00T L, Wi E1To 7. 7235, DPF¥
EBICLY, BIEMOERBRTRHRINTEZ 0D, FHEIDE
BRI CHEH T A BB EIE DM 21T o 7. F£iz, &
BIZH P 2IET L CWA2EDF 4 —EABEIZHSONT, A
Bl & S Lo W AR OWEZAT 2 7o DT, TN b DRk
RERET 2.

E B F &

1. A

X, WEfR, Yo A VR, B (T X U, HEE
(N, ~FV U, ~TE R, AT XU,
JFUmE, TAVEE, TV U (RTHUER), FUT
HUE, SVAFUEE (T NTTAVEE), XU ET Y
e, “WLIFUBR (~NFVTHUB), LEER Lk
ik TGRS T ¥R 12-Y 7 ma XY i-d, CDN
Isotopes#d, 7 h=hrU LV @\HREEZa~7T77H
FCHSR T8, A&7 ) —/L R - PCBRBRT
e TR, HERMEAHEIEY (Volatile Organic
Compounds, LAT  VOCs) HEEWNKS T HIEHERIES0
Ky KROTAT e K/ K2 -DNPH Mixls AR 5>

SUPELCO#!, kvt i-dy KREIGYERER Tt
RT3t
2. HEE

TR R AT IE Tt L H — SR BRI R A BR B A LA SRR

169-0073 B AL HRHT1E X I AT 3-24-1

MR AT v & — S BB R A (R B SR

¢ REBRRR 2 T IE T o F — R BRETRL A



152 Ann. Rep. Tokyo Metr. Inst. Pub. Health, 64,2013

VOCs#l] & i : Carbotrap317 (Carbopack-C/Carbopack -
B/Carboxen 1000) SUPELCO#, AH&EAHIEH : ORBO601
XAD 8 SUPELCO#, 7,3 27Q SUPELCO#, 7 /L7
t RHIE : Sep-Pack DNPH XPoSure HA D 4 —# —X
#l 4> A7 F 38— : Sep-Pak Ozone Scrubber HA ™
= — R, U RFERRAE c 2H, 2LL AT v 7
L:08

3. BB

B SEE  ATD-400 /S—F o o ~<—Hl H 27
nv N7 7 7/EESHE (LT GCMS)  GC17A/
GC5000 K TUGCMS-QP2010 il /Eardd, &Rk s
o~ /277 (LLF HPLC) LCI0 SiEflfEprid, 22
KEREUR 7 MP-330 JOMP-X 100H  £E@ A28,
F 4 =B N/pRIe Y NFAD-50-EX ¥ o~ —i#d,
DPF ODP-SO6 A —7 i,

4. BHERRIEEORE

BRF OFHEERE IR ONTE, A Yy —%
MAWTZER A KBIRICANT Y 7L, B A E L1,
A4 ra~ T 7 THITHHE B RN TH .
LinL, ZOHETIIXEE, Bl Ve drmE of
BEO/NSWEERRITRER FRBIER, S TEORE oG
PRI HRE MRS, gLV, F£e, 74— B8k
HAT AR OATERRIC OV T, 2 E THREMTE A S
MoleZ int, ZBOGHBREZRET LD, ¥
(C) ~~XVTh UM (Ce) MOREFBOITHE %
BIERRE L, OFEEICE, D FEOKE RAaHIERICS
WCHBEIEEERGOMSE WD Z & & L. £, A
MR 2 GCMS THHTT 5 720121%, FEK L THhd
BHFENRRENS LTS UL, FERo TRIZ
JEMEZR AR E R £ O 7o, ARBFZETIX, X 0 @R 5%
LT, FEBME LW EORSI A BEE L, ST
N7 bR OHHEE O ERF 21T o 7. AT 7 A3,
WM E DSYHTIZiE 3 5 HP-INNOWAX  (PN££0.25 mm, £
X30 m, FEE025 um, 7L M) K UODB-FFAP (M
££0.25 mm, &30 m, FEE0.25 pm , J&WHE) ZH\,
7 b=k U LTI U7 JIE R R T E OIRA AR
oL, Bonicrsua~ T AR L., E£2, W
EEIZOVWTE, RT3y 7 QKR T'ORBO60I XAD-8 (1
41 HSUPELCORY) & AW CTHRMEIGRER 21T~ 7=, &
BRO7iRIE, Rl—OMEE 2 2ARER L, AiEICHIE Ry
Bl pgx ML (n=3), JEHZER % FH0.5 L/minT2043 M
MR L7t (K& : 10 L), o v — v R OHHER %
HREBREICBL, 7 =YLl mLENZ TL05 RIS
WHIE L7z, 2%, NEEREL LTl2-v /7 rr_ B
> -d,&50 ngfiS L, GCMSOAHTRAREE Lz, %=,
HEEZY vBEELT7E =Y IR (10 pg/mL~
1,000 ugmLV >/ 7% b=k VU )L) TEEEL, ERTA
THE L CTAWEEEORINEICOWN T HRET 21T o 7z,

5. /NELF ¢ — B D U R DT

R LI/NF 4 —B Lo O R EER THER 309
cc, DPFI5,000 ccF THIGFIRERFE(LAMER TH - 7.
TV ERIC K o TARE NS, BEREE 2,600
pmilfRo CTIEEE L. NT ¢ —B Lz O Ofi Y
A%, EBRUIZEVKRUERHR L TAT U L ABOF ¢ R
— (HFfElLe m®) ([ZEAL, VOCsfl, 75t FEHA,
BB OIES TR L. ARAZEEKICOWTHIE
OB AT T2, YA A% F ¥ VR —ITE AT SRR
1%, DPFAEET 56D LEELARNE D% L/N—THY
R AT > TN, B, ZOEBRTHERLE
DPFIZ I E B A HERE DN IE s > 7o 720D, HEH T AR,
DPFO AT T Oy - 7. F2ERT ODPFIEE 2 il L
7oL Z A, BRI RIC K VIR S, 191°CTHh -7z,

6.7 4 —E/VEHEH T 2 DT

EBRICHERA L7Z2B50T «—E/LHE (AR, BH) (%,
WOUNRRDLR, Wb RAEIE2 t, RIEREK
3,000 ccd b Z v 7 T, HEHHAER - AR ODPF A
A LT BRI TRERREEG ECh o 7o, Pl A
DEEUE, %88 FVE N BB B A U BR B AL i
FANCBNT, KUY vy = Z A T A—F AN TELT
REETIT o7z, EBITHRMIE, RAEBEO120EY %1
Fx, 40 km/hDEFEIZ Th o7, PR A ZZERIC I Y
FI0fEAMN L, 200 M OEREILZIZVOCSH, 747k
REA, AHBEROMES CHRILLz. ARAZERICD
WTHRBEOMEEZIT- 72, 7ok, T 20,
DPFD HEN A ITE 7= 2 & MR LTV 5.

7.VOCs, TATE N, AHEEOHIE

VOCsIEHfi#E & (2 Carbotrap317% ALY, 0.5 L/min®DiiE T
205 OB ZIT-o7- (=2, 225 & : 10 L). ERHE 0
SEEI, NEEAEL LTS0 pg/mL hLm i dyg A X ) —)L
Wiz 1 pLim L, MEEZEEIZ LD GO/MSIZEA L
THWr L. Wiz Table WA, HIERRITRELR
C~CisDILEt, Ft2E e L, EHEDEZ AV CER
L.

TT e REEIL, 5% 1ZSep-Pack DNPH XPoSure%
VW, 1 Lmin® KT, 2050 B OHH B AT A 4T - 72
(n=2, ZE&E :20L). BREFEICIE, HEFOREIZAY
VAT TGNR=FHE LT, TABRBRGORMER I F=
FULS mLTHEH L, RBEOHEY TS mLICA AT v
7 L CHPLCO /3 #r Akt & L=, HPLCO st %
Table 212779, PIERMRITBV LT LT € R~F I F—)b
EFTCORWESEL, BEWEEZHWNCER L.
BB ONE L, WHEFICY L L 7ZO0RBO601
XAD-8 % 24 % L CAVY, 0.5 L/min® Fiii T2053 [ D22
SEREITo72 (n=2, TEE 10 L). U CEROET,
500 pg/mL Y /72 b= K~ U L5 mLCHER % Beidtk,
BEHAZBLTHIRT D2 LICEVITo7. HER Y AR



o

B2 I3 demo v — VR OEM 2 RBRE 1B L, 7k =
FULT mLAMA TEERME L, PEEEE LT1,2-v
7aaRrRrd,z50 ngfiML T, GC/MSD oA HFE
L L7, &k & Table 3IRT. HESRIT B~ ~F
BT H R OREFBEOITE & L, EEYE % HWT
E'LT.

728, LA EOIETHE O IER R QR T 2 O
RERLY, JRF —B LoD O H A2 T

Table 1. Operation Conditions of Thermal Desorption System
and Gas Chromatography/Mass Spectrometry (GC/MS)

for VOCs Analysis
Thermal desorption system
Desorption temp. 280°C
Desorption time 10 min
Desorption flow 50 mL/min
Transfer line temp. 200°C
Cold trap temp.
low-high 10°C-230°C (5 min)
Cold trap adsorbent ~ Tenax TA
Out split ratio 1:10
GC/MS
GC Column DB-1 0.25mmid.x30m, 1 um film
Carrier gas He, 50 kPa
Interface Temp. 250°C

40°C(3 min)-12°C/min-220°C-
(2 min)-20°C/min-300°C(1min)
SCAN mode

Column temp.

Acquisition Mode

Table 2. Operation Conditions of HPLC for Aldehydes Analysis

Column ZORBAX Bonus RP
4.6 mm i.d.x5 cm, particle size :
5 pm

Column Temp. 40 °C

Flow rate 1.0 mL/min

Injection vol. 10 uL

Wave-length 360 nm

Acetonitrile 50% : Water 50% :

Mobil phase solution A Tertahydrofuran 0.1%
Acetonitrile 80% : Water 20% :
Mobil phase solution B Tertahydrofuran 0.1%
Gradient program
Time(min)  A(%) B(%)
0 70 30
14 70 30
17 0 100
26 0 100
27 70 30
35 70 30
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Table 3. Operation Conditions of GC/MS for Organic Acids
Analysis
DB-FFAP
GC Column 0.25 mm i.d.x30 m, 0.25 um film
Carrier gas He, 70 kPa
Interface Temp. 250°C

Column temp. 60°C(2 min)-10°C/min-120°C-
20°C/min-250°C(6 min)

Acquisition Mode  SIM

Acids Quantitative lons ~ Monitored Ions
(m/z) (m/z)
Formic Acid 46 45
Acetic Acid 60 45
Propionic Acid 74 72
Butyric Acid 60 73
Valeric Acid 60 73
Hexanoic Acid 60 73
Heptanoic Acid 60 73
Octanoic Acid 60 73
Nonanoic Acid 60 73
Decanoic Acid 73 129
Undecanoic Acid 73 129
Lauric Acid 73 129
Benzoic Acid 105 122
Tridecanoic Acid 73 129
Myristic Acid 60 73
Pentadecanoic Acid 73 129
Palmitic Acid 73 129
1,2-Dichlorobenzene-d, 150 —
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Fig. 1. GC/MS Chromatograms of Organic Acids Standard Solution
C1:Formic Acid, C2:Acetic Acid, C3:Propionic Acid, C4:Butyric Acid, C5:Valeric Acid, C6:Hexanoic Acid, C7:Heptanoic
Acid, C8:Octanoic Acid, C9:Nonanoic Acid, C10:Decanoic Acid, C11:Undecanoic Acid, C12:Lauric Acid, C13:Tridecanoic
Acid, C14:Myristic Acid, C15:Pentadecanoic Acid, C16:Palmitic Acid.
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Fig. 2. Recovery of Organic Acids from XAD-8
Cartridge  treated  with  Different
Concentrations of Phosphoric Acid /
Acetonitrile Solution

Graph legends: refer to Fig. 1
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Table 4. Recovery of 17 Organic Acids from Phosphoric Acid -
treated XAD-8 after 10 L Air was passed through

Recovery Detection Limit

Acids (%) (ug/m’)
Formic Acid 872 £ 5.6 10.0
Acetic Acid 922 =+ 83 30.0
Propionic Acid 958 =+ 9.2 3.0
Butyric Acid 96.6 = 52 3.0
Valeric Acid 983 £ 88 2.0
Hexanoic Acid 9.8 £ 7.1 2.0
Heptanoic Acid 969 =+ 84 1.0
Octanoic Acid 979 £ 6.9 1.0
Nonanoic Acid 952 £ 46 5.0
Decanoic Acid 93.0 £ 6.6 1.0
Undecanoic Acid 91.0 =£ 8.7 1.0
Lauric Acid 955 £ 6.1 5.0
Benzoic Acid 859 =£ 53 3.0
Tridecanoic Acid 874 £ 9.7 2.0
Myristic Acid 788 *+ 34 5.0
Pentadecanoic 743 £ 1.7 5.0
Palmitic Acid 803 =£ 9.6 10.0
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Table 5. Concentration of Organic Acids, Aldehydes and
VOCs in Diesel Exhaust Gas with and without

CDPF
Compounds Exhaust Gas Exhaust Gas
without CDPF* with CDPF*
(ng/m’) (ng/m’)
Organic Acids
Formic Acid 2,340 5,350
Acetic Acid 1,770 6,120
Propionic Acid 138 900
Butyric Acid 47 691
Valeric Acid <39 619
Hexanoic Acid <39 366
Heptanoic Acid <20 185
Octanoic Acid <20 102
Nonanoic Acid <98 346
Decanoic Acid <20 75
Lauric Acid <98 <98
Benzoic Acid <59 180
Aldehydes
Formaldehyde 11,900 280
Acetaldehyde 5,160 110
Propionaldehyde 782 28
Crotonaldehyde 335 <10
Acrolein 2,090 <10
Aromatic Hydrocarbons
Benzene 1,610 84
Toluene 415 240
Xylenes 229 30
Ethylbenzene 111 26
Styrene 123 <10
Ethyltoluene 188 11
1,2,4-Trimethylbenzene 161 10
Aliphatic Hydrocarbons
Hexane 30 400
Octane 109 16
Nonane 437 49
Decane 360 41
Cyclohexane 228 270
Methylcyclohexane 254 350
Hexene 937 310
Heptene 726 350
Octene 155 110
Ketones
2-Butanone 398 525
Acetone 302 735
Esters
Ethyl acetate 31 200
Butyl acetate 54 14

* CDPF: Catalyzed Diesel Particle Filter
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Fig. 3. Comparison of Diesel Exhaust Gas

Composition with and without CDPF
Classified by Organic Functional Group
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Table 6. Top 10 Compounds in Diesel Exhaust Gas emitted from 2-tons Trucks at 40km/h Speed with Half of the Load

Capacity Fright
Compounds Truck A Compounds Truck B
(mg/km) (mg/km)
Acetic Acid 34.9 Acetic Acid 9.7
Formic Acid 31.9 Formic Acid 4.7
Acetone 223 Acetaldehyde 4.4
Acetaldehyde 8.2 Formaldehyde 1.2
Propionic Acid 6.1 Acetone 0.71
Formaldehyde 4.2 Cyclohexane 0.44
2-Butanone 1.9 1,2,4-Trimethylbenzene 043
Nonane 0.96 Ethyltoluene 037
Butyric Acid 0.82 Xylene 0.34
Heptanoic Acid 0.67 Hexene 0.26
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Comparison of Organic Acids in Exhaust Gas from a Diesel Engine with and without a Catalyzed Diesel Particle Filter

Ikue SAITO?, Aya ONUKI?, Akio OGATA?, Mitsugu HOSAKA?® and Dai NAKAE?

In 2003, the prefectural governments of Tokyo, Saitama, Chiba and Kanagawa implemented traffic restrictions on particulate matter
emissions from diesel vehicles. Automobiles that emit more than the standard amount must be equipped with a diesel particulate filter
(DPF) to reduce particulate matter emissions. A type of DPF that is currently widely used is a catalyst DPF (CDPF), which is equipped
with an oxidation catalyst to decrease carbon monoxide and hydrocarbon concentrations in exhaust gas. In this study, volatile organic
compounds (VOCs), aldehydes and organic acids (81 compounds in total) in diesel exhaust gas emitted from an experimental small
diesel engine (displacement volume 309 cc) with and without a CDPF were analyzed. The highest concentrations of formaldehyde and
acetaldehyde were observed in the exhaust from the small diesel engine without a CDPF. On the other hand, acetic acid and formic acid
were the major ingredients of the exhaust from the engine with a CDPF. The comparison of compounds classified by functional groups
showed that the use of a CDPF decreased the amount of emitted aldehydes 1/50 and made organic acids increase 3 times. In addition,
the exhaust from two diesel vehicles, i.e., two 2 t used trucks that met the Japanese 2005 fiscal-year long-term exhaust emission
regulations, were sampled while the vehicles were being driven at 40 km/h, and 81 chemicals were analyzed. The highest
concentrations in the exhaust gas from the two vehicles were for acetic acid and formic acid, and the organic acid content was more
than 60% of the total ingredients investigated. Thus, organic acids were shown to be the major components of diesel exhaust gas

emitted from a small diesel engine and diesel truck engines equipped with a CDPF.

Keywords: diesel particulate filter, oxidation catalyst, exhaust gas, formic acid, acetic acid
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