The Japan Society for Analytical Chemistry

BUNSEKI KAGAKU Vol. 45, No. 9, pp. 825-835 (1996) 825

B X

HMRBRNEEEZAVI XY ESU—HROY N TS5T7 10—/
HEMMTEICE2ATH U ATDOSBEERRIEKEOIMT

NHEOETFEE, W EBY, &R Bt

Analysis of polycyclic aromatic hydrocarbons in airborne particulates by capillary
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An analytical method to quantify 30 kinds of polycyclic aromatic hydrocarbons (PAH),
including two-to seven-ring ones such as naphthalene to 3,4,8,9-dibenzopyrene, in air-
borne particulates was studied by capillary gas chromatography/mass spectrometry
(GC/MS). Identification of unknown PAH from samples was performed by using their
mass spectra and the programmed temperature retention index (PTRI) value of stan-
dards. Particulates collected on quartz-fiber filters were extracted with benzene/ethanol
(4 : 1) by ultrasonication and their extracts were successively purified on a silicagel col-
umn containing 5% -water with 40 ml of 30% -benzene/hexane. The recoveries of PAHs
with molecular weights higher than phenanthrene were over 68% . Twenty PAH com-
pounds in 22 airborne particulate samples collected from five stations were quantified by
GC/MS (SIM). As a result, the five PAH profiles were nearly identical and showed in-
dependent differences in concentrations among the sampling stations. Even when GC
conditions were different, the PTRI values, which were measured with four types of
methyl silicone capillary column, indicated small coefficients of variation, from 0.6 to
1.4% for thirty PAHs. Ninety-two compounds, including two- to seven-ring alkyl-PAHs
and sulfurheterocyclics, in an airborne particulate sample were identified from their mass
spectras and the standard PTRI values. Therefore, the GC/MS method combined with
the PTRI value was useful for determination of PAH in airborne samples.

Keywords : polycyclic aromatic hydrocarbons (PAH); capillary GC/MS; airborne par-
ticulate; programmed temperature retention index; PAH profile.
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2 IEREHAEBT A ESHELMIZEINT VS,
BaP % &1 PAH 57 1& HPLC %V R BIEESS <
WEXNTVBEHAYTY, HPLC Tl BaP %z FH»
BT 5 ATAERIELHEE T, WCRHERRIME K
UCBEILBNTVWAZEORENSHS. L L, PAH &
B ORI & - TUSE T 2HNFEEVSRLZ0T, H
e B 2ot 0/ Vv— 7T &I 4 470
75 ANCHEREZHBENDH VMY, BIZHEERI
VBRSO AFREPREINTL S, —7,
GC/MS %W BIE T3 PAH DBV TFA 4+ v 24
$oH10, CNEEZY—TH5IECERELZRSD
WASHIRET & 5 75, MEERMKRD PAH 32<HUHE
ARYT MUY — Vv ERTHEENDD.
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U, 17 WEOSIEZAEE (Method TO13) THE
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4= A ML NTHY, KEFICEERD T
EEIZIN S DEESHERIN TS, PAH OEREIC
Bz aMEEIFMET S5 2T, RKEPBEZEELZ
D PAH 7R 7 4 VERALGMIZTHIEMNBOTERET
HrEEZOND, RHRYTIE, EPA RURETOY
A NT v TESBEIZUT, parent PAH & % OREERME
BROZOEFZEPAH (FA7=2VvH) 28T 309
BARBELIEF YT -4 T 5 GC/MS IZLBH
BOEEZRE Uz, X, GC RFEREOEH % HE
Lz FvyavAv7 v A (programmed tempera-
ture retention index, PTRI) {#7% {# > T PAH &R
EREET A HEICOVWTRE L. HPLC D72
DOXUARHSEIC A S A0 VST T 4 —EILEZ
BeimLe, Bors)—-v 7y FEEKY, GC/MS #l
T AHEABEASH CAKER UL, COHEKRICEK
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FI ) A4V IEResizksd c-200 2 U fz. KT
By LY, T =), RyEYRUEAFY V3R
BERSWARE FoeMsEs) 2HALL ) VBK
BwAREIKIE) YBIAKEF MU L 01 M KBRIZ,
Y UAEMNAT pH2 OBRKEFB L 2. RERHMOR
AT IL, % PAH 122V T 100 ug/ml OEEMERIR %z /F
BlL, 2hbd 30 MEEREALTERE 1~500 ng/ml &
A EHFWU 2k, NEERK (1.0pg/ml) 1ml 2
AT 10ml & U7z,

2.2 SAXREF
SITRZERBNE 1991 £ 8 AL 12 AL, RAD 53
ETHRRUBEASH UA 2 2 @ERAL . &8
BRATEBN, A) 2— AT TH Y 77— Model-
120F %% BV CE 1500 1/min T 24 REHEISRALL 72
P Pallflex B JE Mk HE IR AR 2500QAT-UP %
FERU.

2+3 HEOFRE

KEW U A 2R 2SR Z B 45 mm O
Mgy vEy, ML T 10m HEEICAN, NV
Yy-xH /= (4:1) 5ml ZMATRIEZWOE -
7218, 20 SREBE MM Uz, MK 2ml 25D 10
ml REEIZHEL, 5% KELT b)) 7 LKERE 1 ml
EMAT 1 HERVESES» FEE K, 3000rpm T 10
SREELOTEELS. RWTZORY Y VIE Iml 250
10 ml BEREICHI L, pH2 O VEREEHKEK 1 ml
EMAT 1 HBEBVREELXREE . ZOBKZ 3000
rpm T 10 B0 BE L CKIEE BHEZ REL 72

2.4 HEREROIYU—-T v TRE

9-3 TOMEL 2B RY €V ICEKRET M) Y
LAEMAZTEK, oYX HBRE2ERLAR CRE
U, ~FH Y Iml iCHEMUL. PAH ORI, ~F
HYORBBREE ) AT VAT LA UTA T AT
V=Y Ty TEFo. YUATNVAT LI, 5% &K
S BTN C05g ZH D UDAFHVICERESE
CHEZ lon ODH T A7 T MEICETALED®, K
WEEOAFY VEAKA N T L7 TT MOy FIZAR
L, BUAZYY 15ml (7527 Yav 1) THHULRE
®, 30% NVEY-~FHY 40ml (777V a2,
Ry¥y 40ml (7727 vav3) QETEHLEL. &
EHIK % 32°C ok Ecu—FY) -2 KLV -5 —%
FOCREL, XY ¥YEMAT lml iU, PAH
DEBIZTITZVay |~3 KREBRLMABEILES &
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SWEEAEREZIMA T, GC/MS THIEL /2.

2+5 GC/MS EHEBRUIMri%kH

U772 GC/MS B & &4 %2 RITR L T-.
HENIERE: HAREFE JEOL JMS-DX303, 7' Z
7a=< b7 5 7: HP5890], GC # 7 L: Methyl Sili-
cone (Supelco, Quadrex MS) i.d. 0.25 mm, 25m, 0.25
um film, # J AE: 50°C (2 min hold) — (20°C/min)
—160°C- (5°C/min) —=210°C- (10°C/min.) —300°C, EA
FEE: 270°C, A HE: A 7Yy PLU A, v
Y— A Z: He 90kPA, 4 4 VIEEE: 230°C, 4 v %
7 x— AMWEE: 300°C, 44 VILBE: 70eV, IEE
FE: 3kV, A4 4 V{LEEW: 300 uA, GC/MS IZ k3 ER
BENEND PAH DG FAAVEE= Y — 4 F VIZE
ELT, #ERA A VBREE (SIM) TiT- 1.

2+6 PTRI EDHEIE

PAH 3[R~ FRDOILED I U TEROBERY
ERISTEIEL, AN MRS 2L —KT 5720, B
FOEIICARY M b BERRBITHEST 5 &0
TEV. BIE, GC X GC/MS OHIE F— 5 %A%
TEEMEFEELT, PTRIEAHVSNATNSY

B2, H—RHOBE2ERA LA T A CTR—OEZR
TIELDL, RAYMERECS W TCEELEEICL
BN T, AFALYYIAVERBEET S, B
SROAREPRELZ XY YISV —h T4 4 BEER
WT, 872 % GC & T PAH O GC REFE % BIE
L7z, A7 51 Quadrex MS: i.d. 0.25 mm, 25 m, 0.25
um film (RELAKE), SPBI: id. 0.25 mm, 15m, 0.25
ULTRA-1: id. 0.32 mm, 25 m,
0.17 ym film (HP #), DBI: i.d. 0.25 mm, 30 m, 0.25
pm film (J&W #) 2FER UK. AAFLTHT T4 ¥
D GC/MS BIFE Z1T\, Z OFEER- & O ED 5
PAH @ PIRIfEZ2EH U /2. 4+ BEDOH T LI LB
PAH O PTRI fHEDOFH LA ERFEE ko2,
B, PTRI fHOEHIZ, DTOHERZHW

um film (Supelco #4),

Ta—Ty

PTRI=100 (—h—
T741—T7

%Hmz

Thn: BB ADOYFYY3vs 4

Tz: BB A OEAMKEAHTZRILAKEZEZ DY T
YavdAh

Tz+: BB A DERICIAHT 5RILAE Z+1 0V 5
vavd 4

Z: RILKFR 2 OREBERFH

ANE, W, FR:FYET ) — GC/MS 1L BREH UARDEBEERRIEAEDSH 827

2+7 FRIIEMNRZERR

KEH U A ZERELU 12 GEEMMEFAR > 5 B 45 mm
DOREFHK (86.4m® DRFUTHY) 2P0V, h
ICEEYE 2ug AU 2, 2:3 RO 24 Xt T
il R O R 2 1T - 72, BORNA IS WA TR 0.1 ug
ZMAT Iml EUTHR, 20 1 % GC/MS IZFEAL
TEEUL. 4 BOH0EUERZTY, FHENERE
M ERZEZ RO 2.

28 KXFHUADTDORE PAH NDIEE

B U ABEHZI IS RME LIS EH O PAH 2582
EWEZONBZDT, GC/MS BIEELLBEANY b
T=F IOV TRAMERRZTo 2. BRRY AT 413
R ILIRBRRERE Y~ ¥ — GO/MS BHRMBITERHY 27
LDKAMMERRY A7 L2295 H 1. BRERS
5, AFARELEEYEZKD T GC/MS BIEL 2.
BEMEEEBOEEANRY VKU PTRI % g
UCTHEDREEZT-> fo. BENEOAF S AT
&, PTRIf v F v 7 AF— MW BUVF—F R— 2
139000 ME D Wiley 7 4 75 ) — &AW T 7 — % i@t
Uiz,

3 MRMUEBE

3+1 HREREKRHTIRME

WML TH 5 M 28R PAH ORER I GC/MS
NOEAED 2.5~500 pg DHEIH T BT 72 MR ER %R
U7z BI%E U 72 PAH @ SIM 12 & 5 8 H TR E
($/N=3) 1% 2.5~20 pg DEBETH 7205, BHEE=S
Y ZEFE LTS HPLC 0 BaP i FHRE I
EABELT 2pg THY, GC/MS & HPLC & g
VTR eEEERUL. FHRHTRMEZ 5
pg & U THRBBHEPRER 45 mm (86.4m®) ZHhHER
FHIBER U 2B E, REORTBEICH T 5 H FHRE
1% 0.25 ng/m® ITHY T 5.

32 BUADSQOEYIEDKE

PAH ERY ¥ Y RUAFS Y EREETET T2 Y
Y 2T A EEFHERTHEL 1248, Wi
DEEHEBHEEZE X CHNREZRE L2 E 5,
MEE 5 BRND BaP £ TIE 5% NIk 10% Ny ¥ v-~F
Y VIREK 30ml DIBHETROWERRLSESNZH, 6 B
RDOA Y 7T/ [1,23-d] E L VBB, BHEBEESED
LTAWEBINLE P -T2, 22TRYEYOBRES T
T30% NV EV-~"FH4>Y 40ml THTLABH U E
25, Table | WRFHERE2B . 30 WHE D EINE
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Table 1 PAH analysed in this study, PTRI value and Recovery
No.  PAHcompound  Formula Mw? AN Py L9 pTRIY (RSD) Recovery: (RsD)
1 Naphthalene CioHg  128.063 91-20-3 10050 * 1159 0.6l 49.3 9.5
2 1-Benzothiophene CgHgS 134.019  95-15-8 - — 1165 0.66 14.9 17.0
3 2-Methylnaphthalene C, Hyo 142.078 91-57-6 10052 — 1271  0.68 8.0 20.4
4 1-Methylnaphthalene C, H,, 142.078  90-12-0 10051 — 1286  0.72 6.1 14.7
5 Acenaphthylene CioHg 152.063 208-96-8 10059 * 1419 0.89 15.5 18.7
6 Acenaphthene CisHjo 154078 83-32-9 10058 % 1450 0.75 22.1 15.2
7 Fluorene C;sHyo 166.078  86-73-7 10060  * 1548  0.80 45.5 9.0
8 Phenanthrene CH,, 178.078 85-01-8 10057  * 1707  0.89 72.2 2.9
9 Anthracene Cumo  178.078 120-12-7 10056  * 1733 0.88 74.9 4.8
10 Dibenzothiophene CoHgS  184.035 132-65-0 — — 1742 091 67.8 3.3
11 Fluoranthene CiHio 202.078 206-44-0 10061 % 1997  0.99 90.8 1.8
12 Pyrene CieHie  202.078 129-00-0 10062 % 2042  1.09 94.5 2.1
13 2,3-Benzofluorene CiH  216.094 243-17-4 — — 2157  0.99 88.5 4.9
14 Benz[alanthracene CisHpp  228.094 56-55-3 10063  * 2364  1.10 90.3 5.4
15 Triphenylene CisHpp  298.094 217-59-4 — — 9371 L.16 94.2 3.8
16 Chrysene CigHpp,  228.094 218-01-9 10064 % 2372 1.12 95.6 2.1
17 Naphthacene CigHpp  228.094  92-24-0 — — 92395 115 74.1 4.9
18 Benzo[b]fluoranthene CooHo  252.094 205-99-2 10067 * 2671 1.24 89.3 3.8
19" Benzo[j]fluoranthene CooHps  252.094 205-82-3 10068 — 2673  1.19 98.5 5.0
20 Benzo [£]fluoranthene CooHis  252.094 207-08-9 10069 % 2677  1.09 96.9 2.3
21 Benzole]pyrene CooHip  252.094 192-97-2 10066 % 2742 1.32 98.8 3.4
22 Benzo[a]pyrene Co0H;s  252.094 50-32-8 10065  * 2757  1.38 95.5 4.4
23  Perylene , CooHio  252.094 198-55-0 — — 2781 140 99.5 3.0
24 3-Methylcholanthrene Oy Hie 268125 56-49-5 10076 ~— 2877 115 91.1 2.4
95 Indeno[l1,2,3-cd]pyrene  CgoH;o  276.094 193-39-5 10071  * 3063  1.32 82.5 6.1
26 Benzo[ghi]perylene CooHip  276.094 191-24-2 10070 * 3124 1.37 96.0 1.4
97 1,2,5,6-Dibenzanthracene CpoHje  278.110  53-70-3 10072 % 3080  1.16 98.4 2.1
98 1,2,3,4-Dibenzanthracene CgoHis  278.110 215-58-7 — — 3080 1.17 96.1 3.6
29 Coronene CosH;p  300.094 191-07-1 — — 3497 1.21 93.3 5.2
30 3,4,8,9-Dibenzopyrene CosHys  302.110 189-64-0 — — 3541  1.08 71.0 21.6

a) MW is calculated with exact mass. b) CAS. No. means Chemical Abstracts Service (CAS) registry number. c)
PL. No. means Priority List Number in Japan Environmental Agency. d) TO 13 ( * )means PAH compounds
listed on Method TO-13 of EPA in U. S. ¢) PTRI value means average of 4 types of columns.

Columns used are Quadrex MS (0.25 mm X 25 m), DBI (0.25 mm X 30 m), ULTRAI (0.32 mm X 25 m), SPBI (0.25

mm X 15 m)

(n=4) ¥ 7 xF v ML VYOHEEH (MW) DEOYHE
T 67.8~98.8% Td 0, HWEERZE (RSD%) &
3489- YNV VELVYERNT 1.5~6.1% TH oI
IRV FF T2y, 2AFNVFT Iy, 1-AFF
8Ly, TF7F Ly, TtF 77 vOEEEEZ
6.1~155% L&D 71z, THIEII/NFEL—F —BIEEIC
rAEHEPEREEZON. KETE, 75773y
LIZEIRTVFVRRLKESBHRL, 75732
R E R St ERMED PAH 25, 7727 av 3K
WEYE LS OWEE PAH, S8R PAH RTU7 5V
BT 2T VEOBEHIRD SNz,

33 PTRI {EQOBRMEICOVT

AFNY)AVERST A4 BREICKVRIE L PTRI
BoFHE RSD% % Table 1 IZ7RF. 30 HED
PTRI fE® RSD% 1% 0.61~1.40% Th-o72. BT LI
A—wExERL LSS, BEA-2-HPFv T
V=, AFRT AT L2EEEBIZLEEZ/NS L, PTRI
BEOBRBWHERMESE LN, BEEMAK I EIC PTRI
ErEsBE, 7xF v bLy-TY Ik Y, TVFT
VFV-EL VDL IKELBEERUICLDONHE—
KT, M) T7z=Lyv-70ky, Xy hl7NVt7
VFY-RyY 1IN AT YT, 1256- IRV VT
VTR Y-1,234- VRV T TR U PTRI
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Table 2 Summary of PAH concentrations in 22 airborne particuates
. —31)
Ne. PAH Concentartion/ng m Equqtiorll'of
Range (Min-Max) Average regression iine
8 Phenanthrene 03- 1.7 0.7 Y=0.03X +0.501
9 Anthracene N.D.- 05 N.D. Y=0.01X+0.04

10 Dibenzothiophene " N.D.-N.D. N.D. Y=0.01X+0.04
11 Fluoranthene 0.8 -10.7 3.2 Y=0.263X+1.077
12 Pyrene 08-11.3 3.5 Y=0.292X+1.129
13 2,3-Benzofluorene 04- 5.0 1.3 Y=0.117X+0.389
14 Benz [a]anthracene 0.8-24.4 5.6 ¥Y=0.597X +0.728

15,16 Triphenylene/Crysene 1.2-184 5.1 Y=0.450X +1.396
17 Naphthacene 0.4-19.3 3.4 Y=0.467X —0.406

18,19% Benzofluoranthenes 2.6 -74.7 15.8 Y=1.766X +1.359
20 Benzo [£]fluoranthene 1.0-25.9 5.5 Y=0.573X+0.799
21 Benzo [¢ ] pyrene 1.2 -30.5 6.7 Y=0.755X +0.558
22 Benzo [a]pyrene 1.0-42.4 8.2 Y=X
23 Perylene 0.3-11.1 2.0 Y=0.264X —0.202
24 3-Methylcholanthrene N.D.- 0.7 N.D. Y=0.01X+0.107
25 Indeno[1,2,3-¢d] pyrene 1.0-27.8 5.9 Y=0.669X +0.459
26 Benzo [ghi] perylene 1.4-28.3 7.0 Y=0.688X+1.429

27,285) Dibenzanthracenes 0.5-12.1 2.5 Y=0.296X 1+0.04
29 Coronene 06- 65 1.9 Y=0.147X+0.749
30 3,4,8,9-Dibenzopyrene N.D.- 36 0.6 Y=0.09X—0.186

1) ND means less than 0.25 ng/m®. 2) Equations of regression line and correlation coeficients are calculated for
the concentration of benzo [a] pyrene [X]. 3) The sum concentration of two isomers (triphenylene and crysene) is
indicated. 4) The sum concentration of two isomers (benzo [4] fluoranthene and benzo [j] fluoranthene) is

indicated.5) The sum concentration of two isomers (1,2,5,6-dibenzanthracene and 1,2,3,4-dibenzanthracene) is in-

dicated.

BERUIZ. RRBEOHH TV AF LI YV E
WAHE L7z ULTRA 2 (HP #2) X PTE-5 (Supelco #)
DATALERNTHEIZEUL A, PTRI O—FH T 5
PAH &—F L7\ PAH ODHBIIRI CRHTH Y, &K
FIZIIRTE L 22> > 12, PTRI O—3§ % PAH X iEH
DT HRERITHS THELL 2AFFREZTRLTO
12078 H|AED GO/MS DRI ER M T, £ D
PAH OEERMEERLZPARICSBURE T 5 2 & 13D
THELWEEZONDD, RO %ARINT 5 Rt
rHBE, PIRIMEZHAVTRET A2 &Ik, %<
OEREEF D Z EHAREITZ - 17,

34 U AHO PAH O

3e4¢1 PAH DFEE  Table 2 i& 5 M TERELL
B UARE 22 BikEZ ST LT, [EUEER67% Ll L%
NUTZ PAH OXKHIRE S, BaP BE % X, PAH B
EzYyeilLizisoRBBR2RLTNS, -2 05HE
755 BMEROEE L, —BRITOVRRE > TWVWaRKE
EKOBETRUIZ. R 7Ly ey ORMER
DOEBEFX N 72V Yy OBER, XV hl7vt3

VIFVERVYV[ITINAT VT v DREEROBEEN
Y1 NVA Ty T DRER, 1,256-YV RV VT Y
by E 1,234V T VNI Ry DEMEEKDE
B 1,256-YRVYT Y NI OBERZEELT,
A M) 7z -2k, RIS INVEFT VTV
|, VRV T U TV EHEUTRLEZ., KEHICH
J5FEBEOEV PAH 1&, MW 228 DR V' [a] T
Y b7V 56ng/m’, M) T =L v-2Y) kY5l
ng/m’°, MW252 O R Y V7 )V x5 v 5 v 158
ng/m®, XYV [kl 7NVA T VTV 55ng/m®, X
]V ¥ 67ng/m®, XYV [al €L ¥ 82ng/m’,
MW 276 D4 > 7/ [1,2,3-cd] €V ¥ 59 ng/m®, ~>¥
[ghi] %) LY 7.0ng/m® TH-o12. —F, F75L >
PHTINVFVYETDGTFEDEN PAH (MW 128~
166) WHHanEL -z, KEFRTRYE % 54
BNAR) 2= 2%V 7)) v IHETE, STEOED
PAH i, #h o DB SEBEOEVWESFEIZL > T—
W74 Vy—RBHBLHKEDRE®. LirL, BaP ®
D BHTFEDOKRE D PAH R ELOFNSAMYE I,
KEEETCEBNWICELELTVAZ ENREIATL
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Table 3 The correlation matrix of PAH concentrations in the airborne particulates
No. PAH 11 12 13 14 1516 17 1819 20 21 22 23 24 2728 26 25 29 30
11 Fluoranthene 1.00 095 0.92 0.81 0.78 0.82 0.84 0.82 0.82 0.79 0.76 0.57 0.81 0.75 0.81 0.61 0.76
12 Pyrene 1.00 0.97 091 0.89 0.85 0.88 0.86 0.84 0.82 0.77 0.65 0.79 0.80 0.84 0.71 0.79
13 2,3-Benzofluorene 1.00 0.94 092 091 091 0.88 0.87 0.86 0.82 0.73 0.83 0.81 0.87 0.73 0.77
14  Benz[a]anthracene 1.00 0.97 0.92 0.95 091 091 091 090 0.73 0.84 0.90 0.92 0.82 0.82
1516  Triphenylene/Crysene 1.00 0.88 0.94 0.89 0.91 090 0.85 0.76 0.82 0.89 0.90 0.89 0.8l
17 Naphthacene 1.00 0.94 0.89 090 093 0.94 0.64 0.89 0.83 0.89 0.74 0.80
18,19Y  Benzofluoranthenes 1.00 0.97 0.98 0.98 0.94 0.66 0.93 0.94 0.98 0.83 0.88
20 Benzo [k]fluoranthene 1.00 0.96 0.96 0.90 0.59 0.94 0.95 097 0.85 0.83
21 Benzo [¢] pyrene 1.00 099 093 0.64 095 0.94 0.98 0.84 0.89
22 Benzo[a]lpyrene 1.00 0.95 0.64 0.95 0.94 0.97 0.84 0.88
23 Perylene 1.00 0.56 0.90 0.89 0.94 0.76 0.84
24 3-Methylcholanthrene 1.00 0.56 0.59 0.61 0.59 0.55
27,28%  Dibenzanthracenes 1.00 0.88 0.94 0.79 0.80
26 Benzo [ghi] perylene 1.00 0.96 0.88 0.87
25 Indeno[1,2,3-cd] pyrene 1.00 0.83 0.89
29 Coronene . 1.00 0.74
30 3,4,8,9-Dibenzopyrene 1.00

4) Benzofluoranthenes shows two isomers of benzo[b]fluoranthene and benzo[j]fluoranthene. 5) Dibenzan-
thracenes shows two isomers of 1,2,5,6-dibenzanthracene and 1,2,3,4-dibenzanthracene.

52020 (B TEO PAH PR S hish - 2BEHE,
HHEOEWEINE & R ICHEEICERT 5 & 2588
KEWEEZONSD.

342 KTHO PAH HEOBERICOVWT KK
I % PAH OMKEIS 2 LB 2720, RHE UK
INE T VTR MW L LD PAH 17 B OMEE< b
J w7 A% Table 3 IZRUTZ. 3-AF VATV PLUB
13 EICHLT r=07 RO EF 21X, & PAH &5
HIZ 0.7~09 OFWHBREZR U, ZOXDICK
S EH 5 PAH MEAER-TWAS 2 &, RED
HAEFICHERT A ENEZONS. BEE=I) VT
BIELTWVWA BaP BE (X) 1oL TEH»D PAH B
B (7)) OBfRERO ZERR (Table 2) T, MW
BINA T v F v EOMEE, =09 Dl EOEWIEE
ERTEREEMSE LN, DI &IE, BaP 45 total
PAH @ 5.0%+0.2% K& 720, BaP 24 vV r—F—&
UCTHWAZENERTH S EHRE L TV S Roussel
LW EFEUHEREARLTWVAEEZZONS. BEHL
AH®D BaP BEZBITET S Z&EICE-T, E»D PAH
BEOHENIAFETH 5 EMWRIEB I NI, Roussel H
kBE, BaP DE=F Y v 7 OFERSHEEIE, BaP
BELEBART VY v VEHEO>LDOD—D2THHZ
&, ARlomBIcHV A BESEEEZRI TV E, K
SEECRVESELZE O OBEWMT A0 7Y v
FTHEIEELENWI L, BED PAH OfHVIZ—D
D BaP OHITIIFEEBBEEZD L TER I EFEDA
Dy MBHAEREZFTTNS.

343 HAFD PAH OBREO7 1 VOLE
PAH O % MW OEVH DL HEND DIZIEA T2
L %D PAH &S # Mz, HEFO& PAH OFHE
B aMENCE Y, KEFPD PAH 727 4 V% Fig. 1
IR U7z, Roussel 5221%, HFF 0 Soderberg PRIz
& 5 T M CHRELU 728 U A SEFT RS UA D, M
OTEBUIER 7O 7 4 VTH->T, RBEOFHAERIC
HELTWAZEEZHELTWS, BIEINT 5 #m
D, HEPSHIzTaT7 4 VEHEBLTHEY, PAHOD
BRAEUTHHEZZONG. BEMOHIZTOT 4
JVid, station 1 Z& %, station 2~5 BELILTH Y,
station 2~5 @ PAH B VNIV THB I EEBKRLT
N5,

35 K& PAH ORTE

Fig. 2 134 UAHIHEER D 30% XY EY-~FH v
BHRIZOWT, GC/MS BIEZITo1c b—=F WA £
sa< b7 45 (TIC) ZRLTWVS. 2D TIC IZi3,
SHRRED 30 WE LI ZE ORI PAH DX — 7 8
o btz KA PAH ¥ — 7 OB Oz, EHEY)
HIBMUARBTRE PAH D7 972V b A VITk
ZwAvzOv b TIABEB U, BF ALY m/z
166, 216, 268, 276, 278, 302 D<A U~ b7 7 A
iz, 2ROREKOTFEENSRD LN, —KRITTT7 S
Ly, 79%y, ELy0kdicIEBEHRE PAH 3#&<
DBEPETITA T =Y a3y UPRIZV. 52FOH
BRI, BFA A VAR R4 & ¥ OIBEAKE
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Fig. 1 PAH profiles for five-sampling stations
Ordinate: concentrations in air; Lower abscissa: number of PAHs listed in table 1
R.T R.T.
0 10 15 20 25 30 35 0 5 10 15 20 25 30 35
10077¢ 100756 e
801 80/ (b)
3
5 60] 60 £
=
,.g 14
< 40 404
20 201 Hiz N 77
8, |
0! : ' ) ' ' 0 1 L
0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000
Scan Sean
Fig. 2 Total ion chromatograms (TIC) of PAH standards (a) and the

benzene/hexane fraction of an airborne particulate extract (b)

Numbered peaks are listed in table I.
abscissa: retention time (min); Lower abscissa: scan numbers

Ordinate: relative ion abundance; Upper

KBBRBINEERBANRT M3F—UARH LT
B30 BHntl 70~90 ROFME — 271, WEh
LI 2 PAH OBBARY MUNRT—VERLTOD
7z. station 2 DREW U AMHY » 5FE L 72 PAH O
) A b % Table 4 IZ/RY. AEEZBR VL OILEME
BT 27208 BHMMKE 0.2ml T TRMELL. 8

=5 QYEERELT, ZhENEEDOKEIC
k5T, a~c DFEIHEL 12223738 hwFho
V=0 b7 =R~ 2DEEARY bV E—BU T2,
PTRI EAEEHPHEDOFNEESHLIZLD (FEE a)
X85 ¥—2rh 3l ¥—7, 2OBEREREEEIL
5b0 (AEHED) B7¥—2750, BFEHOE—
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Table 4 Compounds identified and tentatively identified by GC/MS in the benzene/hexane fraction of an air-

borne particulate extract

No. Sl\(I:an Retention prpy  GC Relative MW  Compound identified Identification
o. time temp. intensity method
1 1476 9.81 1563 170.60 0.15 166  Fluorene a
2 1516 10.08 1588 172.00 0.11 169  Diphenylamine a
3 1770 11.76 1724 180.40 0.07 184  Dibenzothiophene a
4 1823 12.11 1749 182.20 3.40 178  Phenanthrene a
5 1845 12.26 1759 182.90 0.63 178  Anthracene a
6 1907 12.68 1789 184.90 0.82 167  Carbazole a
7 1981 13.16 1822 187.40 0.10 204  1-Phenylnaphthalene a
8 2000 13.30 1830 188.00 0.19 210  Tetramethylbiphenyl *
9 2071 13.76 1861 190.40 1.09 192 3-Methylphenanthrene b
10 2081 13.83 1865 190.80 1.43 192  2-Methylphenanthrene a
11 2113 14.05 1879 191.80 1.22 190  4H-Cyclopenta[def]phenanthrene  a
122122 14.10 1883 192.10 0.90 192 2-Methylanthrcene a
13 2133 14.18 1888 192.50 0.95 192 1-Methylphenanthrene b
14 2161 14.36 1900 193.40 0.28 181  Methylcarbazole *
15 2234 14.85 1930 195.80 0.63 204  2-Phenylnaphthalene ] a
16 2335 15.51 1972 199.20 0.27 206  1,2,3,4-Tetrahydrofluoranthene a
17 2351 15.63 1979 199.70 0.54 206  3,6-Dimethylphenanthrene a
18 2380 15.81 1990 200.70 0.27 206  Dimethylanthracene b
19 2393 15.91 1996 201.10 1.19 206  Dimethylanthracene b
20 2440 16.21 2015 202.70 26.68 202  Fluoranthene a
21 2492 16.56 2036 204.40 2.25 202  Acephenanthrylene c-33
22 2556 17.00 2061 206.60 25.59 202  Pyrene a
23 2578 17.13 2070 207.20 2.08 204  4,5-Dihydropyrene c-28
24 2590 17.21 2075 207.70 2.47 218  Phenanthro(9,10)imidazole c-28
25 2624 17.45 2089 208.80 1.16 218  Benzonaphthofuran c-28
26 2662 17.70 2104 210.80 1.74 218  Benzonaphthofuran c-28
27 2735 18.18 2137 215.60 3.51 216  Methyl(fluoranthene/pyrene) c-28,31,32,33
28 2785 18.51 2160 218.90 13.66 216  Methyl(fluoranthene/pyrene) c-28,31,32,33
29 2825 18.78 2178 221.50 9.77 216 1,2-Benzofluorene c-28,31,33
30 2838 18.86 2183 222.40 4.62 216 2,3-Benzofluorene a
31 2885 19.18 2205 225.50 4.30 216  Methyl(fluoranthene/pyrene) c-28
32 2899 19.26 2213 226.50 3.47 216/232 Methylpyrene/1,2,3,4-Tetra- c-28
hydrocrysene
33 3030 20.15 2282 235.10 5.05 230  m-Terphenyl a
34 3042 20.21 2288 236.00 2.05 230/246 o-Terphenyl/Cs-Phenylnaph- a/c-32
35 3075 2045 2306 238.20 3.83 230 thalene a
36 3100  20.61 2321 239.80 6.87 234  p-Terphenyl c-31
37 3120 20.75 2333 241.10 12.54 226  Benzo[b]naphtho[2,1-d] thio- c-33
phene c-31
38 3141 20.88 2346 - 242.50 0.99 234/246 Benzo [ghi) fluoranthene
39 3178 21.13 2368 245.00 1.87 234/246 Benzonaphthothiophene/ c-31
unknown PAH
40 3204 21.30 2384 246.70 4.48 226  Benzonaphthothiophene/ c-33
unknown PAH
Cyclopenta[cd ]pyrene
41 3220 21.40 2393  247.80 49.74 228  Benzola]anthracene a
42 3233 21.50 2401 248.70 61.96 228  Triphenylene/Crysene a
43 3268  21.73 2425 251.00 8.08 228  Naphthacene a
44 3278  21.80 2432 251.70 0.59 258  3,3"4,4"-Tetrahydro-1,1- *
binaphthyl
45 3294 2190 2442 252.70 1.65 217  Benzocarbazole c-28
46 3320 22.06 2460 254.40 4.46 242 Methylbenz[a]anthracene c-28,32,33
47 3363 2236 2489 257.30 1.94 241/256 Dibenzo [4,def] carbazole/ */ %
Dimethylbenzocrysene
48 3392 2255 2509 259.20 2.05 242  Methylcysene c-28,32,33
49 3404 2263 2518 260.00 2.00 242  Methylcysene c-28,32,33
50 3417  22.71 2527  260.90 18.47 242 Methylcysene "¢-28,32,33
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No. Sgan Retention prpy tfng)_ ﬁf(li?ltsll\;; MW Compound identified Identification
51 3428  22.78 2535 261.60 9.27 242 Methylcrysene c-28,32,33
52 3441 22.88 2545  262.50 5.93 240  Tetramethyldibenzothiophene c-32,33
53 3463  23.01 2561 263.90 15.11 240/254 Tetramethyldibenzothiophene/ c-32,33/b,c-28,31,33
Binaphthyl
54 3484  23.16 2576 265.30 2.39  242/254 Methylcrysene/Phenylanthracene — ¢-28,32,33/c-31
55 3508  23.31 2593  266.90 3.53 254  Phenylphenanthrene c-31
56 3537 23.51 2616  268.90 1.31 241 Dibenzocarbazole *
57 3582  23.81 2652 271.90 1.84 256  5,8-Dimethylbenzo [¢] phenan- *
threne */ %
58 3612 24.01 2675 273.90 1.98 256/268 Dimethylbenzo [a]anthracene/
Hydroxybenzo [a] pyrene a
59 3668 24.38 2711 277.60 100.00 252 Benzo [4 ] fluoranthhene &
Benzo [ j]fluoranthene a
60 3700  24.60 2725 279.70  17.47 252 Benzo[k]fluoranthene
61 3754 2496 2748 283.30 68.22 252  Benzo[e]pyrene a
62 3770  25.06 2755 28440  75.96 252 Benzo[a]pyrene a
63 3794  25.23 2765 286.00 18.72 252 Perylene a
64 3827 2545 2780 288.10 8.97 266  Methyl(benzofluoranthene/ c-28,33
benzopyrene)
65 3842 25.55 2786 289.10 3.52 266  Methyl(benzofluoranthene/ c-28,33
benzopyrene)
66 3860  25.66 2794 290.30 16.71 266  Methyl(benzofluoranthene/ c-28,33
benzopyrene)
67 3895  25.90 2919 292.70 7.14 266  Methyl(benzofluoranthene/ c-28,33
benzopyrene)
68 3916  26.03 2939  294.00 2.51 266. Methyl(benzofluoranthene/ c-28,33
/ benzopyrene)
69 3924  26.08 2946 294.50 0.67 266  Methyl(benzofluoranthene/ c-28,33
benzopyrene)
70 3937 26.18 2958 295.40 7.85 264  Methylene-252 c-33
71 3968  26.38 2987 297.50 1.10 264/280 Methylene-252/ c-33/ %
Diphenylnaphthalene
724009  26.65 3025 299.10 3.12 280  1,7-Diphenyl-naphthalene *
73 4047 26.90 3060 299.20 3.23 278  Dibenz[a,/]anthracene a
74 4066  27.03 3078 299.20 2.04 284  Dibenzonaphthothiophene c-33
75 4100 27.26 3108 299.20 10.68 276  Indeno[l,2,3-cd]pyrene a
76 4130 2746 3133 299.20 39.38 276  Indeno[l,7-ab]pyrene c-33
77 4175 27.76 3171 299.20 6.48 278  Dibenzophenanthrene c-28
78 4210 27.98 3200 299.20 33.06 276  Benzo[ghi]perylene a
79 4249 2825 3228 299.20 6.91 276  Anthanthrene c-33
80 4347 28.90 3299 299.20 1.77 290  Benzobisbenzothiophene *
81 4379 29.11 3319 299.10 1.62 290  Benzobisbenzothiophene *
82 4446  29.56 3362 299.20 1.28 290  Benzobisbenzothiophene *
83 4656 30.95 3479  299.20 443 302  3,4,8,9-Dibenzopyrene a
84 46883  31.16 3496 299.20 3.37 302  Dibenzopyrene b,c-28,31
85 4857 32.30 3572 299.20 4.39 302  Dibenzopyrene b,c-28,31

a:

identified with PTRI and mass fragment of standard injected on GC/MS; b: identified as a isomer with mass
fragment of standard injected on GG/MS; ¢-28: tentatively identified with mass fragment in reference 28, c-31:
tentatively identified with mass fragment in reference 31; c-32: tentatively identified with mass fragment in refer-
ence 32; c-33: tentatively identified with mass fragment in reference 33; * : tentatively identified with mass frag-
ment in Willy data base
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JRBETHIENTE . BREPE L 2~7 BRO
PAH T» Y0, #ONRIZEREZF 245\ PAH3S Y
B, AFN, VAFNV, v FaF Yy VEOERELHT
A PAH 31 ¥HE, BAKMBEN IERZ ECHEARIL
B (A=, FAT 2 VE) 1TYERTED
thOFEEILEY (€7 2= V) 6 WETH 12,

BEARGH AL S PAH ZHHL, ¥vE7 ) —
GC/MS CTHIEYT 2 HEZKBET LT, parent PAH o a
OEMHEE T 5 I PAH BOSHI A RTEEIZ/S -
fo. BEXEVEBEOHUAZRAELRLEIA, ZHO
PTRI (f & BEAXRZ VT —F»HE 517z, PTRI B
ZRELULEESEE, SEORNMERR CER /K
BEBonslEEHsIC U, —&%IZ PAH
HPLC 525 % W5, BEAMEICRE L EIETH Y,
K40 PAH F CIAL RENSHRE LT AkE L Tid, B
£ GC/MS DH—DRTETH 5. BESTOFE T
$IZ PAH &, PTRI [EEHRZMKLIZEHEANT bV
F— 7 DEREHSTHTRVWERIZH 545, ZhITEER
DAFWAAHE, PAH £ ORISR, 77—
D PTRI SHENOAEHI R EDBENEALZLNS.
AFETE, AELR 85 ¥—2s 31 ¥—2d PTRI
H—HFLTHBY, GC/MS BIE & HH{TL T PTRI fE%
HWIZERT 5 2 &5, BERBICEEN S PAHRAE
OlEoR LIz REEEEZLNE. T4 —EVHT
IEEND PAH DPOWEPAMLZ L7259 2 &EHHE
LizoTHY, PAH S DRI TEHEEIIKEL LT
W52, PIRIEZEAL LD S GC/MS BIE #2175
EENSHELTVEEBDNS.
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FrE7Y—GC/MS ZHNVT, RKEMULAHFOHER 2BRDOFT 7L s 7 BAD 3,4,8,9-
IRYVELVET 30 BOESRAERER(LAE (PAH) 2EE 45 2B L. BERSHICE
HET BMOKRM PAH OFEEIZ, BEBAXRS MV EEEZD)TFYYarv{vFy s X (PTRI) {#
ERWTCIT- . GEBHPEICBELIZB LA ARV XY/ H /=) (4:1) T PAH # B
HWHU, 5% KOOIV ATFNAT LA N TTT 4 —%F-T 30% Ny LY /~FH Y 40ml T
JY=V Ty 7 Uk, #0LE0EPNRE7 2 F Y FLYOERK (MW) LILED PAH < 68% LI I
Thol, 5HRTHERUREASEH CA 22 8B DV T PAH 20 MEZTER U SR, Mo 8
U7 PAH 7u 7 4 V3B b h, THAIEREMAOBEOZEITKEL LV EMXALPITE 1.
PAH 30 D> PTRIfHIX, AF VIV aAVRF+ET U —HhF 4 4 BETHAEL EESOBETEER
Z (RSD%) 7 06~14% THotzl &b, B GOEBETTE LL—HL TV, GC/MS
WCEAUERROER AR ML e PTRI EZHWTKREN CAOHEY» S 2~7 BRO T VF I
PAH LEMBERBREMEES G N YWHEZREL. HEAXRS P& PIRI EOMAEDEIT &
% GC/MS BIEREE, REHBO PAH AWMCERTH 5 2 EHL DI - 1.
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