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HE BIYTHARBRERURZLGEXRSFNYPEHFRPAH)NAZE, ZHEEE_FFRER.
AL MG - R RS- R A SR E R E B RA G °C); HREFEN LETRKIERY
PM, s PAHs HIREMATMHE. SRFH. FREA PM,sF PAHs Y 3°C BB L FRMOMMMR: 5
B REPHNEME, TR TRENEYRBREOMNE, REXF AL PM, s F 1 PAHs ZRIENE
MRBREAEEATHIHERS . PAHs RARKE. VSERSHEDRBTIS HH 3% - 21%. 29% -33%
1 46% —67%. X—4ERERESNRERAE—B, XPRBEFAMRLEEERGEEXSAPR YIS PAHs

P ST

X%2i8 PAHs, MY, WHA, BREFRALR

fESAS RI122.7, TU3L+T

ERFRPAHs ) B—RHEKR. HEL. 41
= W AEERKEEFIEERAKAEETIEEYD,
£ PAHs EHBUEERY. B THAKFEBRAF
¥, FEFSHH PAHs 2HR TRy £,
BrR AR, #ANKKHSARR, XAEE
BREEHREARR. AP IFER D, <25
um, PM2.5)5H Bk (2.5 pm <D,< 10 pm)tHLL,
BHIURBIRH . PR SE RN, AT
IR E R B AR . KA BRI PAHs 5F
BRBR R AROTIRME, a1 E£ERBH
) PAHs ATEt AR B ERMIEE. FHik, R
MBkih PAHs MEMHBELE. HER, KK
By PAHs BIFFR M ET. W
AU E RS B B ARSI R IR,

HIFIBB YR PAHs REHBA L hett
R¥EBHE(MEE, BEEE, BELaE).
TR, R FEECMB)PIENET ERR
FERIYIW) PAHs KUK, {E PAHs 25 M@YK,
CMB RN A2 5| —EREl. KSBH Y+ PAHs
MEERBERSHRWRNA TSB!, AR
EHREEF= R Y TR . NS RIEEI 24
KL, KRERF PAHs BBk RN 2B
SZARHE, TARRGRIFEHER PAHs MEERE

R s *CUVRE, ) PAHs FBRFEM E4ARK
A REEHRIE. PAHs IR P AN UERIEMILS
RS, THLEYRET TR, #HET"CH
ZRBAFME R R EEME D KEM
B PAHs fIR¥IR. BREX KSFHYF PAHs
TR AR R 5 B 1E 8 Al BB BV R (TSP
PAHs KRR, 5% 5S40 BRI 58 41 Bk
& PAHs RUEHITHIN. AXBITHTSCEE
HERKSMERY T PAHs RERIFE: FHEL
B EX PM, s F PAHs IR,

1 FEEXRE
1.1 BEXFER
KEFHR Y+ PAHs B 5°C T RRN:
8C = [(*C/"*C)sampic/(°C/*Chppp —1]x1000%0 (1)

e, (PCIC)eample FI(PC/Cep 53 HIRF L HE S 1P
PAHs 0 475 # £ 5 (PDB, Pee Dee Belemnite) ]
Be/MC b, KRBk PAHs SR B#E. Pl
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8 BC; =8 “Cicont ficost T8 "Civenicte fivehicte +
8 PCrio e (=1,2) @)
/;oal +ﬁchic]e + ﬁ)io =1 (3)
A, §1°C, RSN BHIEF PAHs 15 °C 14:
8 Cicoats 8 Civenicies 8 “Cavio B HIRKE . HLHNE
BAFEY TR X R PAHs 818°C 18: fooas
Frenictes foio 7B RIRIE. MW ERSHAEY TR LE
XX PAHs FI4r-4EE, i [ARFF PAHs %S,
FEELRHRPABRIBF PAHs #6°C 1, 34
SCER P RO JE A R R B PAHS 95 °C 18, BRQ)~4)
BRARBEHAMER, ®—FhEX AR PAHs 89
mER—EY, BAHBRIEENSERS . AR
PR 440 E Xt BaP. IedP. BghiP S#—#, FHx}
M3 PAHs 8 8§ *C HHTHAA S, BIAFRE
Mo HEERNTE.

1.2 BRIMoH

1.2.1 ¥ 5

AEH PMys R A T EETEEX T L
BN RAYEFA 102 #ENGI°24'N,
121°17'E), R4 18 m. ZKHIE Lilgdi .04 30
km, BRXRN. AREBBFE, £ B, £
HABHY, R. MEHBLAR, AUBE=/MIE
BRR&RE. BMTER—/NLUEARM BB ER/D
Bk, BEBRAE S 500 m bR — MR KB .

KHEALEE AN PM, -2 BIRIR A B K FE 28 (AL
RERIEE ). REENFHEEHMILERGER
Millipore A®4AF=, fL&2K 022 um, HEH 90
mm), KFEHHN2010E 12 AZ 2011 %3 A,
FIRELFFE 48 h, R FEH 70 L/min.

1.2.2 FMABTIALEE

¥ REEERTRE, MA30mL_& P, @AM
$#220 min(KQ3200E ZYEBAE I EHESR), ER2K, &
HIREE. REGRSRERERNESKREZ I mLE
H, Falifk.

FRERS-EALES 2:1 B4tk PAHs. RERAE
WH&: 1.0 om i.d.x30 cm. KA IE OB EER.
MTEFERANEER 12 cm, FALLE 6 cm, TKBR
BB 1-2 em. KR4S RGN BT EE i,
F 40 mL [ECHtbkik, BEREMWE, MR
HH 60 mL [Fofy/—&Fi LL(V/VkksE, 53
PAHs, WUEMBEHR, FREHEERDIRYEZE 500 pL,
BEFKEFREES.

1.2.3 BT ENTE

1ZH PAHs B E VI ERTRE RIAL &R T
PAHs IR FEIRE, 7 EXT#E f ) PAHs #7404k,
E BRI R, HPi—25 PAHs
FEAUH YR S Bt R 25844 PAHs —
i, TIHAE PAHs BIRERMERNE: ™
BHERAAL, BiLEALSHIBAKER”,
FHEEAMY IR A UCM (unresolved complex
mixture), UCM KW 844 PAHs BRESE AL AR/
WE. Fik, % PAHs #4744 IEE BHEM,

X 20 3 B SR A A A BT B o S Bk B0 3K R
PAHs BIRE R EMEXR, SHIRAXKAEZEIE
B(TLO) Kt — 2 4itk. TLC RIRESBREMES
VREFIIKN—MBEENTRER, FARF
BAEEE. 7ESEG. FEELOORA, B3
ERTERENIILED.

A58 K Glass plates 20 cm x 20 cm, TLC
Silica gel 60 Fys4(Merck KGaA, Germany)i# 2 41,
R A E A, LUAMEY &t 101 UBTT
Flo K22t ATALER FE SR AT PAHS FREEF BILAK K
RAEEEEZES 2 om i, REBAESE L HMEY
ZEFERE 11 BARARERES, FEANRTEHE
BTivwe, BRH, BETFEE UV254nm F, XTEIHE
BEBR LHAE, B mi B aiskisg
R, BERIREAE T, A 30 mL & FRES
20 min, SIEEBREERIBR, REHAKE S0 L,
.

Atk 25 B i GC-MS(Agilent7890GC, 5975MSD)
a4, & HP-SMS BAE AiEH. FHERFA:
80°C ({%#F 3 min), A 3°C/min FEZE 140°CUHEH 1
min), L 5°C/min FHEZ 290°C(fR+F 5 min), #
HARALTHERE, HFRRN 1 uL. EBERA 5
R E#MZEH#IT, PAHs M FEFIEACER
¥. eEMA T B RALE S E.

B 1 ARSLE., SRERSMSUMEERER
TLC ik /G R Ak, o] WKL MR M 2
FEMEASES, CHBRAMSE, HHAHE PAHs
e, ZEEREANERTSERK, EatBHm
B, BEMKARESR, HWHAE PAHs &, W
BATLC 4L, KR RS BAKXREKEEEH
%, PAHs (L &YIRIEREHE. B, TLC XM
BEEREFNALKER, £ TLC Atk f5RIFE ST LUX
BB Aa € RAL E IR E K, RAAARP KA TLC K
AL 5h Y PAHSs.
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Fig.1 Chromatograms of unpurified sample (a), purified by
silicagel column (b) and purified by TCL.

1.2.4 BRE&E R E AR E

AEFFLERT 2010 4E 12 A 5 5(101205),2010
£ 12 H 8 2(101208), 2011 £ 3 H 8 £(110308)=
ERER, LuarmpTdp Tt E & TCL kg,
XA 8 ML FH 1A Y): FE(Phe). KB (Flua).
E(Pyr). HFH(a)H (BaA). FH(k)FHRE(BKF). %I
(a)BE(BaP). Bh3F(1,2,3-c,d)#(IcdP). % 3 (ghi)FE
(BghiP), #HTHIRE EMZLLHIE, FTANER
G RS ARG R/ R AL % B (GC/CIRMS).
ZAGEBESMHEE-F A E ARGV
IsoPrime, 1M Agilent 6890 tai{¥), I &
ER 900°C) Mt EH. HPSREENMFER:
J&W DB-5MS ik, ##&A 30 m x0.25 mm

x025pm, S ABMAR, HREAN 12 mL-min”";
HREARAT RS, SRR 2 L, #H0
EEH 280C. EIEFHFBEREFS: 80CEH 3
min, ARG 10°C-min” AEZEAZE 180°C, RFF 1
min; B 3°C-min” 9% % 300°C, fRFF 5 min.
R F R E R EHELEX PDB BT4tH
ERAH, BRI R ESE RO FHK
e RHEFERESD, n=3)TEHN 0.1 %0—0.4 %o,
ISR PR S ER IR R, REARE.

2 #R5HE
21 LEBHASFRYTD PAHs MBI ER R

ST ER PAHs £ 8°C WA 2 R,
Phe. Flua. Pyr. BaA. BkF. BaP. IcdP. BghiP )
§3C Y5 B 4 Bl H~28%o0 ~ — 25%0,~26.9%0 ~ —26.5%0,
—27.1%0 ~ —24.9%0, —26.7%0 ~ —23.9%0, —26.7%0 ~
~25%0, —27.7%0 ~ —26%0, —27.8%0 ~ —26.4%0, —27.7%o
~ —25.8%0. BEESTEKMM, §°C AM/ME
#, %P PAHs 118 °C [ E=FHEHMS "CHZ
A, EHIETFRIERMEYFIRENE, BRRES
SRR EY R RS ERRE X,

w 101208 e 101208 & 110308 v 110308 o 101205
<« 101205  Biomass e Coal combustion a Exhaust

Phe% - L} w aAse A e -
fua | - .. ]
Pyr <wio - -
BaA 1 . * v ¢e4 BO 4
BkF - a - 1
Bap . o o= A
IedP | o * @vae- s
BghiP } . ‘oo A a
L

-32 -30 -28 -26 =24 =22 =20
8°C / % vPDB

B2 L& PM,s F PAHs & & Mo 7E SIS PAHs [ty 8 °C
f, B EIEK H Ref.[20,21]
Fig. 2 The § ’C values of PAHs extracted from PM, 5 of
Shanghai and all kinds of potential pollution sources.

22 L5 PAHs 895 °C 5 H g b LLEE

¥ EE KR ABRYIh & F PAHs K95°C {5
& 3k ch 4R E M AL SRR T KRS BRI R &
4 PAHs I 8 °C E#EITHLE . W 3 B, BIBH
&Fr PAHs 96 °C M MAILFARME. X7T
BEESXHEANTEERBR R, AL IFEHFE
A R <. LS & B PAHs 196 °C B
EipstE i, AR RRBHA)H PAHs
WIsk¥EH —E AR RLE.
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Fig. 3 5 C values of PAHs extracted from PM, s of Shanghai
and atmospheric particulates of Beijing (BJ) and Hangzhou
(HZ).

23 L& PAHs KB EERHA

PR 202 gk 2 SR P O & PAHS F18 °C
HHFAT THRAICE, BE 1. A LUEH, 8 7 PAHs
#, BaP. IcdP. BghiP HI&FEHFH 6C
Bise . Bk 5 BUX 3 # PAHs & 2 FhEI5E,
Wik B (BaP, IcdP), Hi{# (BaP, BghiP), 8% (IcdP,
BghiP)#g & #EMF Y §1°C , RARQ2)4), K
BEZAANREHSHEENE, EAEMESEERN
B,

LRI CABH, BT R SR SATHD P
PAHs HI4HEEN 3%-21%, FLEHERSHITERA
29%-33%, EYIRFERITEIRE R, H 46%—67%.
A Y BRI 7 48 2 B K IE 57 R N HH SRR i TR
¥, FGE L CARAN AR RN BYER S IR BR
i,

%1 HRREMHIFEFR PAHs #95°C
Table 1 The 8 *C values of PAHs extracted from samples and all kinds of potential pollution sources.

AW LK FE&h Samples (n=6) YRR RIE VshERS
Compound PHHE ffak‘/ﬁﬁ%:; ' Bion.lass Coal Vehicle
Mean Standard deviation burnings combustion exhaust
Phe ~-26.0 1.1 —_ -23.1 -23.7
Flua -26.8 0.2 — -224 -23.5
Pyr ~26.4 0.8 - -23.2 -23.0
BaA -25.2 0.9 -28.0 -23.4 —
BKF =254 0.8 — — -
BaP -26.7 0.7 -278 -30.4 -22.8
IcdP -27.3 0.5 -29.1 -31.2 -22.3
BghiP -27.0 0.7 28.8 -29.9 -22.1
3 g &% ik
. . 1  Diana J F, Frank C R A. Wood burning gas a source of
W T MR SR & TPARSHI T I%, & atmospheric  polycyclic aromatic  hydrocarbons{J].

TLCALfE, FEMAREEXKBEKAUCME A
%, PAHs{tL&YIBIE+ 290 8.

FH i EEX K PM,s % PAHs 11 8°C
BEAE 7 FEFIE TR SHENEETSRIEP 5
§BC I, RUMHE §C MEZETRENEY
IR HIAANAE, RARFERL PM,s 1 PAHs
ZIRIE R Y R K THLEZE RS .

I ERAMEREFE, PMysH PAHs 3k
B, VESHERSHEMFEM TR A 3% -
21%. 29% — 33%F1 46% — 67%. X—% R 55X
BRI E—B, RAKBERVELRBER
HE X STFHY+ PAHs BISRIR.
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Source identification of polycyclic aromatic hydrocarbons in fine atmospheric particulates

using stable carbon isotopic analysis

YAO Jian GENG Yanhong WANG Guanghua LIN Jun LIU Wei
(Key Laboratory of Nuclear Analysis Techniques, Shanghai Institute of Applied Physics, Chinese Academy of Sciences, Shanghai 201800, China)

Abstract In this paper, a method is established to quantitatively partition fractional contributions of polycyclic
aromatic hydrocarbons (PAHs) in fine atmospheric particulate matters by using stable carbon isotopic analysis.
Dichloromethane extraction, TLC purification, and gas chromatography-combustion system and isotope mass
spectrometry (GC/C/IRMS), are used to measure the stable carbon isotope compositions (& '>C). The fractional
contributions of coal combustion, vehicle exhaust and biomass burning to the PAHs in the fine particulate matters
(PM,5) collected in Jiading district, a suburb of Shanghai, are estimated. The results show that the §'*C values
increase with decreasing molecular weight. The coal combustion and biomass burning play bigger role than vehicle
exhaust in the PAHs, compared to the &'*C values of PAHs in all kinds of potential pollution sources. The estimated
contributions from coal combustion, vehicle exhaust and biomass burning to PAHs of PM, 5 range from 3% — 21%,
29% — 33% and 46% — 67%, respectively, which agree well with the surrounding condition of the sampling site,
indicating that it is feasible to estimate the fractional contributions of PAHs quantitatively by using stable carbon
isotopic analysis.

Key words PAHs, fine particulate, source identification, stable carbon isotopes
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