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e T E PM, B E NSRRI 5 RFE.
JXU RS V9 B2 SR IR 4
A b oAk AT FamE'
(1. R b T2ERe, JEI, 361021; 2. FgEWHMER, B5E, 330038)

W OE JUSAACOIE-FEE(GC-MS) BRI T 2013 4E 9 ARG E T PM, 1 16 FiiR £ 313542 (PAHs ) &
AR R PAHs BRI FIIE N 17.95 ng-m™ AL 3.55—39.97 ng-m > AR AL IR 58 5 Bk
B Ho ] H KB IMEIR R 25 FR(50.45% ) >4 £(19.32% ) >6 1 (17.99% ) >2 ¥ (6.34% ) >3 3 (5.90%) , K I H
B 5 A L Bh 4 R ACHE ORI BT 13 PAHs M85 [ a ] 8 ( BaP) S Y i MR (9.458—14.454 ng-m ™) , %]
B BT PAHs X AR 70 G F AR AL G LA VR TN o e ik 25 SRR R DLsh R R Ak
WRIE D B A I A TE BT PM, s PAHs () E 25 4.

XA BT, PM,,, ZI55E, 1SHRE, KEETENY, SRIEHT.

Pollution characteristics, risk assessment and source analysis of polycyclic
aromatic hydrocarbons in PM, ; collected in autumn in Nanchang City

ZHAO Yang'?®  LIN Xiaohui' HU Gongren'™ YU Ruilian'

(1. College of Chemical Engineering,Huaqiao University,, Xiamen, 361021, China;

2. Environmental Protection Agency of Nanchang City, Nanchang, 330038, China)

Abstract; Sixteen polycyclic aromatic hydrocarbons ( PAHs) in PM,; samples collected from
Nanchang City in September 2013 were collected by gas chromatography-mass spectrometer
(GC-MS). The average concentration of total PAHs was 17.95 ng-m™, with a range of 3.55—
39.97 ng+m>. The percentages of different ring PAHs to the total PAHs concentration followed the
descending order: 5-ring (50.45% ) >4-ring (19.32% ) >6-ring (17.99% ) >2-ring (6.34% ) >3-ring
(5.90% ) , which showed significant characteristics of vehicle exhaust emission. The risk of PAHs
was calculated by Benzo[ a]pyrene (BaP) equivalent (9.458—14.454 ng-m™) , indicating PAHs
had potential hazardous effects on human health in Nanch ang city. Diagnostics ratios and principal
component analysis (PCA) indicated that coal combustion, vehicle exhaust, agricultural burning and
small amount of petroleum volatilization were the major sources of PAHs in PM, ; in Nanchang City.
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AT, 43 1 A 25 5 R URORE PV, B AT OGTE A48 AL PM, s HATREAR /N | U R T BRUR A9 48
e, S BATEA FEY B, AT WWEE, B EE XAV G Y, Hh 2355 & (Polycyclic aromatic
hydrocarbons, i FK PAHs) A] JL-F-2HBW M AE PM, b, BA S0E | S0mF B3 48 i RRbE | X AR fn Az
AIBE U™ E e E Y PAHs FEORIEFHLE 4 R A ol HEA (AR e R S AR ) s R
T RV JREE) S A be s N 8 e — 28 [ AR5 72 L E AR5 (USEPA ) B4 16 Flof A4 5
BRI Z I TF IR N5 e 44 5%, JF A b AT H G s P2 R 3. AR TR IR & 28 JT IR R R RE DR 45 14
EREE HLSh 4B YIS K, Z IR AT RS G IR B AN A5

VAR [N B AR 23T EAT T X PM,  H PAHSs B9 43 A FRAE KO TR A M AOBIFSE . Liu 251 F1 &
ROBAR €355 (HPLC) 23Tt st PM, st 2 B 5 R, A5t ORI K ML 8l 42RO HE 32 805 e B 5 e
SFUTBE A HUARTR U TR B A A2 R BRI P, HEA TR IR RTT , 25 5B, DK
X PM, s # #Y PAHs 22k A HL3h 4 A MR A 5Tk, H AT RS B R PM, s h 2357k Rk IR
FEAIT AR5 140K F R 43 i B 22 TR [T DA i 5 5 (0 K00 AR SO T g BTl PML s SV T 75
PP Z 07 0 PM, TP 2 BRI R FEA T I B XURS: BV, JF 18 5 4 A AL B ) Lo 1 12 S 32 o3 o3 B ik
WiE PAHs 1Y FEZRIE.

1 #BS 1 ( Materials and methods)

L1 PM, FF & ST 15 LR i R AR

AIFFEAER BTHE T 6 AR RIEALE AN 1 FR. £ RSS20 5158 - R 2242 (Wushu
School, WS) MELAT ( Forestry Research Institute, FRI) | T.224 ( Construction Engineering School , CES) |
44 70 I ( Provincial Foreign Affairs Office, PFAO) | 5 4 B UM ( Jingdong TownGovernment, JDTG ) | £1 1L
(Petrochemical , PC) , It J&IIRE DX 2351 g - KB IX B i DX 20 DX RAE IR & X AR X 3208 DX SR AE I ]
M 2013 49 H 13 HE 25 H (19,2021 HIRARKE) , BELEVERAE 20 h, REERI] 2 9:00 ZIKH7 200
(HP 19:00—21:00 F5HLARE 2 h) SRAEH A [E] 500 5% K XU R EE R MR SE IR SHCR
FEAXAR 9 TH-150A I1 fE H L f UKL SR A (UK A REART) WAL 29 100+1 L min™". 2 ]
90 mm {7 LT AEPENE (Pallflex, 3¢ [ ) | SRAEHTPRF IS HC7EHER 400—500 °C (F27E 5 ) Ht 2 h RAEHT IS Ky
RAEREE ANRE (30£2 °C) AHXREE (40%+5% ) 9 KV-28 Pl 48 h DU 22 2 IRFR A5 A 12 25
AKRT 15 pg, M HTAPRIEBAE/NT 4 CF BB R & .

28°48'N

28°44'N

823

28°40'N

28°36'N

115°44'E 115°48'E 115°52'E 115°56'E 115°60'E
Re

1 FET PM, SRAE S
Fig.1 Sampling sites of PM, ; in Nanchang City

e HE T BT TS YL VR IR AT K e EEA R I K PR A A R T A R AR K
HLR e M XD 2R A 7R AR RAERT A5 PM, LB A AR —2 (2015 4F9 A 11 HZE 30 H) , &
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KAR 6 JEUE 64 3 AF S R M FE Sl 150 B 05 BT Uk, (T FH FB 7 SR A 253 FH A D 2 AR X
FES AT RAE  BUAL B K ARAF J7 X5 PM, FE i — 2L
1.2 FEa AL B 53 b

PRuBRe gy A K A B T HESOE T, A 10 mL F 25 89 S0 b, F R I Ve # (KO-
300VDE ) #87 $2HL 10 min ; 7 3000 r-min™' F &L 10 min, BUEER T 50 mL [BEBSHR A ; B0 TR RN
A 10 mL 5 W AR 10 min 5 FEESC 10 min, & 37 FISW. e 75 & %% (Labtech EV341) W45
(40 °C fiKF# JE 0.02—0.03 MPa) 23f T )5, % A K-D ¥ %5 4 1, B H A WAL (N-EVAP-111 #I,
Organomation Associates Int) X2 0.2 mL. K5 28 0 InAe i A KA 40 mL 1E 2 4%, 100 mlL —44
e+ IE CE (3:7) TR A W BE L, 4 0 15 3] 1E 44 o8 J6 R 22 B4 05 e Ve JBE W, o I V& ) e 2 78 #% Wk 4
(45 C & TH#JE 0.07—0.08 MPa) i T, B A K-D A& H, AR EBE T, N AW RERE
1 mL.

FIFHAH 3% - 0 3 GC-MS (QP2010 plus, &), L& Rix-5Sms 41354 (30 mx0.25 mmx
0.25 pm) ,M5E 2 FRAYEE (NaP) 3 FRRTEH (Acy) (25 (Flu) JE (Ace) AE(Phe) FIE (Ant) 4 FRAYZEE
(Fla) \BE(Pyr) Jii(Chr) FIATFF[a] BU(BaA) |5 FFAYZEIF [ b] 98 (BbF) A F [ k] 298 & ( BKF) (% FF
[a]E(BaP) FI 2 Jf[a,h ] (DahA) 6 FRAYARIF[ g, h,i]JE(BghiP) FIEF [ 1,2,3-cd ] 1t (InP ) 55
16 FUSEPA It Se il (4 22 30 05 8 i o Vi B2 #F A 1RLEE 280 °C, A4t h A FHR AR Tl 50 C R4
3 min, LA 10 C-min™' FHEF] 200 °C, FELL 5 Comin™ FHEF] 280 CAREF 8 min. & FIRIEEE 250 °C , Scan J7
RPATEMEFH (m/z 45—400) , SIM 7 k478 S
1.3 Jow s 4 il F0 o g O

SEG 3 T FER AR A 109K i 25 AT 20% H A TRE d , AT RESS SR45 I 7E £30% . IR Rl br o
FEAR 16 R 2 J5 IR IR A FRFE (Accustandard , 52 [F) |, IR ISR i 78 68%—110% Z 8] [R] B FH A M%
TR T R T AT, T SRR Sy By i A BRAR EUSOCR A A, A i oA SIS 3 ok [T fSR AT
MR S BT AL B3 B 45 SR B S BTSSR 5 TR TE 50%—120% 22 1] SC A B8 28 1 23 13 1 TE A [ i %
KIE.

2 5 59718 (Results and discussion)

2.1 PM,,"h PAHs f75 YL 451E

BTG 16 Fhl i PAHs BB {H Acy Flu Ace Al Ant (R TR R AP H (£ 1), £
RI5 95 MYREE ( X PAHs) 254k 3t Rl 3.55—39.97 ng-m™, F-3{H 17.95 ng-m™ , & F 74 B4 S HF5X (0
B EZ PM, b PAHs (UM | M4 2 PAHs WE' | 5 He 25 BFSTI0 X PAHS W JE 1 s &
A TS F TSNS 22— 300, X A R HE AR AR Ak S G S e Jor i o, B 2R TN 22 T B v
sy PAHs B 73 fift 5 30 2 2= X PAHs ¥ B e Il 45 R A 40 X PAHs W3 280, A1k
(23.88 ng-m™) >HHMP(20.50 ng-m™) >H T 245 (18.44 ng-m ™) > R BT (15.89 ng-m™ ) >HFEL
JF(14.72 ng-m ™) SR (14.27 ng-m™) A AR I ASHE X B 2 A5 18 & it dwe ey, MOBH I R 27
T i BB TG Tl 5 e it AE W 5 mT BB 25 2 B B ASE U PAHs V5 4L 9 sZ i Horp BaP 7Em B TH Rk ZR 4R
PF R I35 i P M o B ] (R e 2 AU AR ) (GB3095—2012) ' B E Y 2.5 ng - m Bt A
HLI(WHO) BRIET ng-m™"".

ANFLERFE S 2 38 55 e B A R AE AN ] 2 i, S 390 A BRI N 5 34 (50.45%) > 4 3
(19.32%)> 6 31 (17.99% ) > 2 }£(6.34% ) > 3 FR(5.90%) , 5 5t A ELH X PM, R [RIFR% PAHS 43 #i &%
AR 4 3R 5 BRI 6 R PAHs HLFI2Z F1°H 87.76% , 5 K JFE T RIZ ] PM, o PAHs 4 3£ .5 3£
6 R H 2 F1(89% ) AL Bg B iy X 6] PAHs PRBURfk 22 St a5 /Iy, BT 75,2 3R A0 3 BRA
iAoy F i, HIHL Gk, FELUSIIE XAELE s BEHE O Phe (Flu  Pyr BaA Fil Chr 4% 3 ¥
4 PR FZRUEN s PAHSs DL S B 5.6 BRI LBl ik 68.44% , 3t BaP \BbF BghiP Hl InP 42 %
K EMLB RS FUIE BT PM,  H PAHs IS YR IHLSI £ RS,



3 EABASE . B BT A PM, TP IR IR 0015 YR AR XU B IR 43T 503

R®1 FFETH 6 1REEL PM, H PAHs FUEIRE (ng-m™)

Table 1 Mass concentrations of PAHs in PM, ; at six sampling sites of Nanchang City (ng-m™)

WS FRI CES PFAO IDTG PC
Nap 1.01+0.04 1.30+0.14 3.47+0.24 3.35+0.33 1.73+0.46 3.56+0.43
Acy ND ND ND ND ND ND
Flu ND ND ND ND ND ND
Ace ND ND ND ND ND ND
Phe 0.99+0.22 0.89+0.22 1.09+0.45 1.25+0.28 1.27+0.34 1.48+0.67
Ant ND ND ND ND ND ND
Fla 0.99+0.21 0.88+0.22 1.09+0.44 1.25+0.28 1.26+0.32 1.49+0.68
Pyr 0.84+0.18 0.84+0.23 1.32+0.15 1.04+0.28 1.05+0.29 1.33+0.62
Chr 0.87+0.20 0.92+0.20 1.33+0.15 1.06+0.28 1.04+0.29 1.31+0.64
BaA 0.88+0.21 0.77+0.22 1.34+0.14 1.08+0.27 1.08+0.31 1.37+0.65
BbF 2.42+0.84 2.36+0.80 2.83+1.22 3.33+0.83 2.67+1.23 3.82+1.51
BkF 1.33+0.31 1.64+0.63 1.75+0.78 1.53+0.39 1.35+0.58 1.83+0.72
BaP 2.67+0.82 2.50+0.86 3.02+1.34 3.30+0.90 2.57+1.01 3.81+1.52
DahA 1.23+0.35 1.32+0.40 1.70+0.59 1.56+0.35 1.40+0.58 1.94+0.74
BghiP 1.50+0.31 1.65+0.86 2.17+£0.94 1.57+0.58 1.40+0.63 2.22+0.91
ledP 1.25+£0.43 1.22+0.41 1.38+0.67 1.62+0.46 1.30£0.59 1.90+0.69
> 16-PAHs 14.3+6.28 14.7£7.10 18.4+10.8 20.5+7.67 15.9£9.58 23.9+12.3

7END, K#H .ND, not detected.

Perecentage/%

A FRI CES PFAO JDTG PC
Sampling sites

2 FEETTREIREE A PM,  h 2 05 R o A FRAE
Fig.2 The distribution of PAHs in PM,  at different sites in Nanchang City

2.2 PM, " PAHs Hfit e XU PEA

PAHs "' BaP e 4 & I EAT SR S0E M RS0 M, " S AR R, PR A AR 41 4T (WHO)
PEH N PAHs S EUREAREY T ABISE T BaP FiEHRE 5 R PAHs R A E 280K 0.9886,
RIIE AT BaP S BRS B1iT PM, sH PAHs BOMEHE XU . 45 PAHs HLAK[Y) BaP B4 24 2 ( Benzo[ a] pyrene
Equivalent, BEQ) AJ3# i 4 PAHs AJEEYE 244 [H T ( Toxic equivalence factors, TEFs) " 54 PAHs ik
FERR R TR, S5 AL UL 3R 20 3R 2 TP AT LUE I 45 SR AR i Y B RE PR 2 i AR AE AN K S Rl 9. 458—
14.454 ng-m™ ,F- 1 11.345 ng-m ™. A 55 ' 12% B9 PM,, £ 5 PAHs /) BEQ #8332 WHO FRH
1 ng-m™ , 25 10%HFE i BEQ i 3 M5 25 ST AR IERR(E 2.5 ng-m™ , Mg BT PM, 5 PAHs
XoF AR B A7 A2 08 A6 £ . 5 B S T AE LE, B B TR ZE PM, T PAHs /9 BEQ & T & B Bk %
(3.914 ng-m™ )" FE B BEIX (2.94—6.28 ng+m™ )" K F KT ( HE 75.5 ng - m™, & [H]
100.0 ng-m™) 2" KT EATEE 217 PM, 5 4h PAHs 1 BEQ(27.50 ng-m ™) ! {HE T2 K AL
K41 (0.57 ng-m™) %!,
2.3 PM, . PAHs HSR T
2.3.1 FHELE YOI

BRGEFN IS TN 2 A AN TR] , 25 30 PAHs 7E 4L S AT o5 LB 5 164G BT 22 57, DR I mT AR % AS [ ) PAHSs
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FEAE AR RE MBS R HE O U Y 58 8 AR AF L (E 145 p (BaP ) /p ( BghiP) .p(Phe)/p(Ant) |
p(Ant)/p( Ant +Phe ) .p (Fla)/p (Fla+Pyr) . p (BaA)/p (BaA + Chr) . p (InP)/p ( InP + BghiP ) |
p(BaP)/p(BaP+Chr) &5 ASHFFT 1945 FERAE HUAE N 3 BT,

®2 AT RFRAE A PM, T PAHs M3 & (ng-m™)
Table 2 BEQ of PAHs in PM, ; of different sites in Nanchang City (ng-m™)

TEFs WS FRI CES PFAO DTG PC
NaP 0.001 0.0010 0.0013 0.0035 0.0033 0.0017 0.0036
Acy 0.001 — — — — — —
Flu 0.001 — — — — — —
Ace 0.001 — — — — — —
Phe 0.001 0.0010 0.0009 0.0011 0.0012 0.0013 0.0015
Ant 0.01 — — — — — —
Fla 0.001 0.0010 0.0009 0.0011 0.0012 0.0013 0.0015
Pyr 0.001 0.0008 0.0008 0.0013 0.0010 0.0010 0.0013
Chr 0.01 0.009 0.009 0.013 0.011 0.010 0.013
BaA 0.1 0.088 0.077 0.134 0.108 0.108 0.137
BbF 0.1 0.242 0.236 0.283 0.333 0.267 0.382
BKF 0.1 0.133 0.164 0.175 0.153 0.135 0.183
BaP 1 2.671 2.500 3.021 3.301 2.571 3.815
DahA 5 6.173 6.173 6.173 6.173 6.173 6.173
BghiP 0.01 0.015 0.017 0.022 0.016 0.014 0.022
InP 0.1 0.125 0.122 0.138 0.162 0.130 0.190
. 16-PAHs 9.458 9.716 12.307 11.898 10.239 14.454

R3 PM, BRSBTS YU PAHSs BUARAE LS

Table 3 The characteristic parameters of PM, 5 samples and potential sources

WFFE Ak p(BaA)/ p(BaP)/ p(Fla)/ p(InP)/ p(BaP)/

Reference p(BaA+Chr) p(BghiP) p(Fla+Pyr) p(InP+BghiP) p(BaP+Chr)
PM, 0.49—0.57 1.10—3.18 0.51—0.59 0.35—0.60 0.74—0.82
AFK IR A 0.39—0.42 1.53—3.29 0.50—0.52 — 0.77—0.83
E A 0.38—0.43 0.72—4.40 0.50—0.54 — 0.35—0.60

LN A T 0.39—0.41 0.91—2.21 0.50—0.53 — 0.37—0.46
BaRHERE 0.40—0.42 1.09—3.69 0.50—0.51 0.36—0.39 0.35—0.65
PALER 0.40—0.41 1.47—2.67 0.5 0.49 0.52—0.58
IR IR — — 0.51—0.53 — 0.27—0.84
SemEAR 0.30 0.46—0.81 0.35—0.45 0.06—0.32 0.73
RiMEAR 0.40—0.60 0.3—0.4 0.39—0.65 0.21—0.43 0.49
RIRIRBE 0.24—0.54 — 0.31—0.68 0.15—0.49 —

TR HE R L15-25-20] AT 0.27—0.65 0.9—6.6 0.36—0.78 0.19—0.77 —
A BERR e 0.21 — 0.35—0.67 0.24—0.60 —
iy 3 o — — 0.42—0.56 0.31—0.39 —

ARWF5E PM, 1 p(BaA)/p(BaA+Chr) WAE N 0.49—0.57 , ¥ K T 0.35, F Bk A BRBEIR > (H HAY
T Seh RS SR SEBRBE AR, DR I W] PAHs 325k [ BRIE IR S .p (BaP ) /p ( BghiP) H{H
1.10— 3.18 7EXAMHE 0.9—6.6 JUlE P, H 5160 S Ak B cb B3, U TR PAHs B EE 2k
U8 p(Fla) /p (Fla+Pyr) (EAETINR R KRR BE  BRIERIA SRR D (i 7 1Bl P, 3 W] 3 S Sfe Y5 i T
PAHs.p(InP)/p(InP+BghiP ) &, W7 H A i A= 9 B K AL 30 42 B R 25 k. AR b MR e AE KT
H R ORI R 5 K ZE A7 AR 4 R 3 3 ) 45 B B AR VE W A X R VR 285 A AR A, T I R ) T R B
PM, 5" PAHs F2 24 I8 FRERAR Y SR8 B — i 1A 733 2 AR HE TR
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2.3.2 EMSHTE

FRAFAEACA ) LA H B PAHSs BORTE AL, 325353 BTk ( Principle components analysis, PCA) H Hif
W2 B TG B YRR BN AT 5T LR AL R 60 A PM, A CAFEA BRE R 12 Fh 230051,
B 12 At R SPSS19.0 A AT R B il 70 Br , FE 1 I A DI SG B B RRAE (B R A ofE, [ 1
AT R P ) 8 4R T 7 25K (Varimax ) BEFEVE: | 2o A B S s 3 > B 0PI AR 5 1) 2R
FUS R %A 2 96.99% , v f# A PM, . PAHs BY £ ZOR TR S 450 L3 4.

R4 HEET PM, 2GR RS AR
Table 4 Principal component analysis results of PAHs in PM, 5 of Nanchang City

HF 1 Factor 1 [AF 2 Factor 2 HF 3 Factor 3

BaA 0.812 0.431 0.357
Pyr 0.789 0.468 0.359
Fla 0.774 0.483 0.367
Phe 0.774 0.484 0.365
Chr 0.769 0.474 0.380
BbF 0.752 0.513 0.403
InP 0.735 0.530 0.402
BaP 0.709 0.574 0.386
DahA 0.663 0.629 0.352
BghiP 0.460 0.809 0.289
BkF 0.481 0.779 0.319
NaP 0.416 0.328 0.848
T ETTHRE % 47.78 31.14 18.07

MR A4TEE, HT 1 £25 4.5 % PAHs AR AIAHICH: , BaA  Pyr Fla,Phe Chr f& KSR
BEREROARE AL 3 Horp Pyr T Chr SORAEY) ARSI BeFE R 90, LR 7 1 AR R BRI Be TR
W1 2 Al e SHLsh 4 HECA 5%, N H T 5.6 ¥R PAHs fif 2R H %05, H BghiP 2Vl & LR S HERL 48
gyt BRE MIFESEm R P S AR AL 2 3R NaP 75 T 3 EAEE A, KPSy
A BB A A R 1 B I 3 A B T e B T RKEE PM, 5T PAHSs HERCIR 2 2R MR IR LBl 4
RAH, Saba mRD RN R Y B A ie— L

3 %51 ( Conclusion)

M E T B PM, 1 16 B PAHs SR EARILIE RN 3.55—39.97 ng-m™ , & F SCHRHRIE 1Y 5 IR %
Erip KT A TR & AEFRBUME |, DL 5—6 31 PAHs( 5 68.44% ) S &, HL3h 4 B S HEMURE B 5.
BaP HYBEVE Y AR TR A 12% R T WHO BRAE(1 ng-m™) 2047 10% R it i PR3 25 U5
HHRUE(2.5 ng-m™) , KRG BT PM, 1 PAHs X AR{EFEAA7E 76 15 R PAHSs FIEL S 9 oM
oM, K BT PM, 51 PAHs IR TR LN 4 R SHER ALk be 1 /b 8 ) A A% & .
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