ISSN 0250-3301 CODEN HCKHDV

(HUANJING KEXUE)

ENVIRONMENTAL SCIENCE

Vol.37 No.7

2016

FE R R AR R L £
# 5 % KB o




3% f"& ﬁ‘ § 378 BT

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2016 4 7 A 15 H

H K

2015 4RV T PR IR 21 {5 T2 1y [a] PM“%?E B+ et
------------------------------------ BAR, KA, KF, FZE, D R ORE, T 20, EA0%, £5, E/(2409)
L HCTTA B R RVEIL 5 FE P, AR TR R Y - P, 0240, B % % U #, £ 540, T 4,(2419)
P AT LLUTE L e 225 by 13 E 3 2% RIS R REE, BT BFE,DAE, K ER(2428)
FRASTILABATE PM, | A BRI BRI - cvveveeveeosseecs KL, G, 74, EiR, EFI, 4 (2436)
TV A TN B T T B B FE T A AT LT BT oo eeeeeeeeemmmmmnmniiiin e e e eeeeeeeeeans X, B K| E AEFHE(2443)
B AN T PR T AR V5 e SRR oovveeeeeeeeenoe W& EEHRR R, RRE, BFH, 0%, L H(2453)
TP X RS Ik S B T ZAMEAE B G I TFRTEHYTETR  wevvevvrrvrenmnrmnereeeeeeretememmiiinns BHEE EE A (2462)

WK SR RV 2GS I ] 5 A A L SN TR oA «+cveeerenmmnmmmmmmmnnns e s et ettt ettt ettt
......................................................... e Hik, HBE, T, BEL, W, M, 2 E K, FHEHE(2470)

TR -H T KA ) 58 B A HBRAL AT . LLTE T E IR TG0+ ottt e e
................................................ kK GFE, FRESEEA, RS EXE FEE,KEH X S8, %0 (2478)
P FAHT BLRLA R K I CO, Sl 1o 28 fHad A B IR B oo FW, G, FAEME, TR, HIX, K (2487)

K 2R = DX SR LS BL DOM A : SEb-PT IO - evevsevessnmssssnssssnin s
........................................................................... ;@fﬁ\’ /I%E, )571:/&, ;%t}j;gi, FEH , %"E%’, 5%5(2496)

WK SR =il g 6 TR0 P 1 BRI DOM HYCIEARAE . BEIEIERE  eeeeeeeeeeee e
........................................................................... A LHG, )E;I;/A’ A E FEF JREFH, EFFE(2506)

AS L X H KB R 13 R AR 0 AT BT R AR BE KU Ty veveeverererrrerereeeemennmnmne
........................................................................ b%E EF HH BEN B FTER KE T, EKAE(2515)
L SOK IR U2 ROV KT - ooveeeeeeomeemcoeccc WA E MM, E5F, R EH(2522)
K] TR A P PSR AR F R AS 22 BRI SR I AT IR oo eeeeeemeeeeemeenens Bk, Bk AT F A, 1L F(2530)
AR B LE AR Tl KA T ) TR R BE S LG EARAIE -ovvoeeeemememe e Ok, 0 RN, E5# (2539)
AU IK TR AT HE | AR IR S A REIE ORI AT oo WIEZ INEN KU, EE ILEA, EH R, R AF K (2547)
W R IR KRB FEN B AR G TS UL «eveererrrrrmmmmmnrsereeeere e 3N E XA, T, % (2556)
[ K ST AT R ZK A T BAM e eeeeeeereernenmmmimiiiii et FESE ANE R, B (2563)
MBI IE R 55 A 38 1 A K 25 52 T S TR LR M I -+ eeeeeeeeeeereemmmmnnnnninan e e e e eeaeeeeeans TR, KU, B £32(2570)
38 RS A R R TIRHB A ) JBRAT R +oveveeeesoeeeeoos B, AT, ME A, AU, B (2577)
ACE BT IR AR B = SRR - eeveeneeseennesnenes KW B KI T, PN, Ke A, X B3, d 2 (2586)
TEHES AR Co, 0, TEALIT —BRIRERFEME A G vovveerereermee FEW MR R, KA, AT, R E(2591)
WAKATTE AL —BERRAR M A G AR LB 12 eeeeeeessee e R, B, $ XL, E AU, # R # (2601)
TR A I FE AT B AL R JET 2 [ R TK G S ZS v vvvrvvemnmrreeeeeeeeeeenneniniiiiian, R, EAN, KR R, XL (2610)

A FE-Fenton- 22 5E T. 2 % ekl A= 7= R 7k v AOX ERT TOC P ERBTMIFIT ovvvrvrerrrrrrrenne
.............................................................................. SN I, BRI 4k e, BT, X4 R B E (2618)
Fenton {6 23 B 25 Ml TG HET5 U8 AOX YRURISY +ovevereeremneenseienens BRI, BRI, X BE, 3 B 4 PR B K M (2625)
PRI RS YOI A I S T BB AT HEREITA e vevevvrrmrmmmrererereneeeeeennnn X\ &K R KA ETE(2632)
T CANON T 200350 HABR ST 5 W0 BEBRIIFGY  -rvvvvererrrrrrrr s AR AR , %ﬁ&@ﬁk( 2639)
SIS SRR R BB RFEIISE ovveeeeoeeeeeennens BH DAL E T, AT, R KT (2646)

T BRI ER ABR A G T 285 B 2 A BE TR ERAT AT v vvvvvermememereetteeeteee e
................................................................................. WEE kL, ERE bR, TEY IHEE(2652)
NUA-DAS AL ZS UMM BRI AR AERIETE ooeeeeeeeeeeeeens AR, BT, B, AN, I ROk, K BE(2659)
AT I B S TR 0 B T B K SRR PR R A eeeee e B, T, HMEB, WY, XK P(2666)
LRI sariO1 (0728 BOH R FRRALIFEUR R ILERTE oveveeerevesnessnncscs B, M, IR, & EF(2673)
g IR AL R AL 2 FRT B SLWX, HOFRIE MBLAREYE  ooveeeeeeeermeeeneeeens B, FAKT, S, KH(2681)
SR TSV P B L AL A BRI R IT - oveeeeeeeeeees RHAE, MR, F A, KER, FiEU,F 2Rk (2689)
TR OR AR A WV X L T R ACHE IR AR, oo R PBE T, W ie K B4 (2696 )
MM TR (PLFA ) A I 50y V02 AR TSR PRI A A oo G R, RFAL, B A REA(2705)
R 1 G Ll 0 g8 | N L VAR B, IR, s 22 RAFE M, SRR (2714)
WXV N, O HEBCSCHBZIA A ooeeeeeeeeeeeeeeees FE,FEANE,IKERTR, BY,EEMH, MR (2721)
ANTFL AR DR AR IS B SR HE KA IR R R S SN, OFETBIETE +ooeveeeeeeeeeeees B, R A IR TG, BAMK(2731)
AT PEHENL I B TR - eoeeeeeee e, 5 M BT KA, R, R L, AR B (2738)
SHUAR G (0 1L A DL AR 2 R TR U I S0 ORI - veveveeemseenseeneenns BHE KM, R (2745)
ST HTGE B RS AR B TR X A R - ooeeeveeoe RAE,BER, B, 3% B, K 4% 7 (2756)
IRBVIE AL =W T A S 60 AT LRI LRI - oevooeveeesees s TR, EH M, L, %, BERK(2763)
WA BLIEXT 58 (0 S ML AR -oovvvvveoeo e B0 WYL MR, ETF, KR (2770)

TR AR S AR BT R MR T A A T T R HIAE oo v eer et
................................................ MM B EE KT, FRE,HE A, A, R X B (2779)

ZHTE Pl AT ZAR TR Ph. Cd . Cu Fl Zn SliALZ ARG PR LEARE - v vvvvvrrrrermemeeereetteee e e e s s
................................................... EER B, BN A A kBRI AR, KT, A, A E(2791)
P (] AT 55 4 SR T A JUARE B AL AR «eevevvmmmmmmmmne e e oo ettt WE Rt BT R HA S (2799)
TAKE PR SRAE R ] 5 y-Fe, 0y JH NH,-SCR {EVERTE  -oooevveeeee WA, BRR R, X, R REE IR A B0 F 46 3 TH (2807 )

(PBIRAVEITIRF(2569)  (HRBERMAMIERIFIN(2576) {518 (2744, 2769, 2790)



5537 BT 7 1% 3 2 Vol. 317,1;18.12
2016 4E7 A ENVIRONMENTAL SCIENCE Jul,

=M KR KMBMALY) P 2 INTE IR TT REFIER KR T

Zegeer! Gk E AR BOE RS Dokt B ot

(1. 22 MR E G A 2 B PR A B S B B S S0 28, 22 M 730000 2.t E Rl B R sE % U5 5 3R 27 B, Jb 5T 100049 ;
3. P EFEREMR B, R A S KU IPAN E K S0 Jh st 100012 ; 4. {5 R EIA R 2= B, AR B0 5 15 4 3 6l [
G RS L E I 100084)

E . 235 (polycyclic aromatic hydrocarbons, PAHs) JE¥EE 2 S b — R H B WA B EW , R IE = M R 40 Bk )
(fine particulate matter, PM, ;) H' PAHs (975 Y HRAE , T 2012 4FAZE M1 2013 4F L Z R 4L 2 017 PM,, JFEA L 60 4, IFE1T T
GC/MS 4rHr. Z55REM 16 Bl PAHs 94 | HZBEH RR B E /510 (191.79 £ 88.29) ng-m > F1(8.94 +4.34)ng-m ~° , 4
G FRRE W 2  FE T RS ECE MRS PM,  H PAHs JUEVR SRR R BRI LN E,; & BF PAHs IREL T
YILL 4 BRI R, 43500 51. 40% F149. 94% |5 ~ 6 IR ILHIE T 41, 04% , 15 T4 24.94% ,2 ~ 3 IRILHIAZR 23.67% , 5 T
KH729.03% ; i1t PAHs F4BRAE LLE AT, 22N KA PM, o PAHSs BYSRIEAZRLIBRIE TR AHL 3 42 B A0 3, Hodr 483 42 Lt 4]
B, BZIRIMEXT PAHs AARXT sTikds K.

LR M PM, ; PAHs; ZTA8Mk; SRIESMT

FESES. X513 XEFRIZE. A XEHS: 0250-3301(2016)07-2428-08  DOI: 10. 13227/j. hjkx. 2016.07. 003

Pollutional Characteristics and Sources Analysis of Polycyclic Aromatic

Hydrocarbons in Atmospheric Fine Particulate Matter in Lanzhou City

LI Ying-hong', RAO Zhi-guo' ", TAN Ji-hua’, DUAN Jing-chun®, MA Yong-liang*, HE Ke-bin*

(1. Key Laboratory of Western China’s Environmental Systems ( Ministry of Education) , College of Earth and Environmental Sciences,
Lanzhou University, Lanzhou 730000, China; 2. College of Resources and Environment, University of Chinese Academy of Sciences,
Beijing 100049, China; 3. State Key Laboratory of Environmental Criteria and Risk Assessment, Chinese Research Academy of
Environmental Sciences, Beijing 100012, China; 4. State Key Joint Laboratory of Environment Simulation and Pollution Control,
School of Environment, Tsinghua University, Beijing 100084, China)

Abstract: Polycyclic aromatic hydrocarbons ( PAHs) are a group of important toxic compounds. In order to detect the pollutional
characteristics of atmospheric PAHs in Fine Particulate Matter (PM, 5 ), a total of 60 PM, 5 samples were collected in Lanzhou City
during the winter of 2012 and summer of 2013. The GC/MS measurement results of the samples demonstrated the averagely total mass
concentrations of the most significant 16 homologues of PAHs were (191.79 +88.29) ng-m > and (8.94 +4.34) ng-m~° in winter
and summer respectively, indicating a higher pollution level in winter. In winter, the snowfall was the most important meteorological
factor for the decrease of PAHs mass concentration in PM, ;. The percentages of PAHs with 4 rings were the highest in both winter
(51.40% ) and summer (49.94% ) in Lanzhou. The percentage of PAHs with 5-6 rings in summer (41.04% ) was higher than that
in winter (24.94% ). However, the percentage of PAHs with 2-3 rings in summer (9.03% ) was lower than that in winter
(23.67% ). Based on the analysis of characteristic ratios, we concluded that the PAHs in atmospheric PM, ; in Lanzhou were mainly
sourced from coal and vehicle emissions in winter, especially the diesel vehicles. The absolute contributions of all possible PAHs
pollution sources were insignificant in summer, with relatively higher contribution from gasoline vehicles.

Key words: Lanzhou; PM, . ; PAHs; seasonal variation; source apportionment
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LAF. M 16 Ff PAHs (96 (> PAHs ) K
E, 4% PM,s ' > PAHs KL Bl 47.17 ~
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(180.93 ng-m ) " AL IR, L TN (45. 3
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Table 1 ~ Average mass concentration of PAHs in

PM, 5 during winter and summer in Lanzhou

ZHITI PAHs K7 /ng-m 3 T 5380 % HZ/ng-m > i 5 %
P Nap 0.08 +0. 06 0.04 n.d. n. d.
JE I Acy 0.62 +0. 39 0.32 0.01 +0.01 0.12
& Ace 0.10 £0. 06 0.05 0.01 0. 01 0.09
il Flu 1.17 £0. 66 0.61 n.d. n.d.
E[3 Phe 13.21 6. 65 6. 89 0.17 £0.11 1.90
B Ant 2.59 +1.32 1.35 0.03 £0.02 0.33
W Fla 27.65 +12.63 14. 42 0.58 +0. 35 6.49
e Pyr 26.13 £12.01 13.63 0.53 +0.31 5.97
HIF(a) B BaA 18.06 +8. 55 9.41 0.42 0. 28 4.68
M Chr 21.29 £9.96 11.10 1.06 £0. 57 11. 90
#IF(b) D BbF 27.49 £13.06 14.33 1.87 +0. 89 20. 90
B (k) BkF 5.61+£2.76 2.93 0.58 0. 27 6.50
I (a) B BaP 11.75 £5.79 6.12 0.73 £0. 40 8. 14
Bidf(1,2,3-cd) ledP 15.79 +7. 67 8.24 1.39 +0. 64 15.59
HI(ghi) 3 BghiP 15.34 £7.35 8.00 1.26 0. 61 14. 05
ZRIf (ah) B DBahA 4.95 £2.48 2.58 0.29 +0. 17 3.27
> PAHs 191.79 +88.29 100. 00 8.94 +4.34 100. 00

1) ZZ M FHUEFR R I XM + bRdEm 2 ; T80 B8 PAH
AR R EW R > PAHSs
BHAZMHMERNEZRNRZ—, K2 BR Tk,

di > PAHs BILLG; n. d. FRARMH
FIGHE BE KR SRR Y D PAHs FIZPEAM]
SEAMMTEE I, T 2 N4 TR PM, s D) PAHs
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W E 2 > PAHs % HASKAY N R BN & 2%,
NEZE > PAHs RAK, BT LABR TR 441, 15

WAL JERR AR FTRES R > PAHs i
W5l

2.2 PM, " PAHs fiHE XU PEAT

H 2K (a) B (BaP) #3F B & PAHs B 115
IRV TS R A28 3 0 L5 S R e 4%
il O 00 H A A2 (WHO) A i Y FE PR s
WA BaP BTV BEE B E 0 1 ng-m ™, [ AR
((FREFEE 2 T = AR E(GB 3095-2012) ) #LAE )
¥ BaP W EMEREN 2.5 ng-m ™. 2 KX
PM, s BaP (1% 57 v BE(H 4 22 (11,75 £5.79)
ng-m ", EZHR(0.73 £0.40)ng-m X E
T B A 9 s o, 2 2R T [ BRAn . X
FIREDE I, & 2= 22 KA PAHSs B9T5 Y 12 ¥ L3R
FEH.

Time series of total PAHs and meteorological parameters in atmospheric PM, 5 in Lanzhou

WL AT8 AT AE 20 TR 90 4EAR4R H 89 FH
FEME 24 5 A F (toxic equivalence factors, TEFs) PEAft
FE AR PAHs XF N 2 fd JE g Wy %) %l B AE .
Nishet %% F 1992 4F 4 4 1 85 1 24 1t B 1 1P LA
BaP YE N #E AR fEY) o, Hoflh PAHs 5 BaP A b4
KT AR PAHs SRR REME Y R B ( BEQ,,
ng-m ") M PAHs BBV Y E K E (TEQ,ng-m ™),
HREALS R (1) F1X(2).

BEQ, = ¢, x TEF, (1)
TEQ = > BEQ, (2)
Kb e, FRAL S i W E (ng-m ™) 5 TEF, 1§
5y 0 WAERCY R . R 2 & 345 10 5ot
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TEQ #) & 23.86 ng-m >, B & 24 K 1.47
ng-m . HYE TR 59 AR P I T A IR B 5 4d B XU
T B RS, 0l 45 N 2 B 2 8008 XU
R i AAR .
R =g x CA x IR x ET x
EF x ED x (BW x AT) ™' (3)
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Fig. 2 Linear correlations between z PAHs in PM, 5 and daily average temperature (T) ,

relative humidity (RH) , and wind speed (WS) in summer and winter in Lanzhou City
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Table 2 Toxic equivalence factors of PAHs in atmospheric PM , 5 during summer and winter in Lanzhou City

PAHs TEF BEQ( %) BEQ(H) PAHs TEF BEQ(4) BEQ(H)
FI[a]th 1 11.750 0.730 B 0. 001 0. 026 0. 001
% 0. 001 0. 000 0. 000 #HIf[a] B 0.1 1. 806 0.042
JE I 0.001 0. 001 0. 000 M 0.01 0.213 0.011
)i 0. 001 0. 000 0. 000 ztx#r[ k]2 0.1 0. 561 0.058
% 0. 001 0. 001 0. 000 FF[b] P H 0.1 2.749 0. 187
3k 0. 001 0.013 0. 000 ElJ)T[l,Z 3-ed ]2 0.1 1.579 0.139
hy 0.01 0. 026 0. 000 ZTIF[ ghi]dE 0.01 0.153 0.013
W 0. 001 0.028 0. 001 TR (ah) B 1 4.950 0.290
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Table 3  Human respiratory exposure parameters

N IR/m?-h~! ET/h-d ™! EF/d-a™! ED/a BW/kg AT/d
A 16.0 24 30 60. 6 77 x 365
JLE 8.7 24 10 16 77 %365
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L) R A S Y, 3R 51.40% F149. 94% 4
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FEBEER 5 ~6 IR 2 41. 04% W1 T4 2
24.94% 5 /N3 F 8 (2 ~3 BF) B i 19 el
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Fig. 3  Distribution of PAHs with different aromatic rings in

atmospheric PM, 5 during winter and summer in Lanzhou
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Table 4  Diagnostic ratios of PAHs in atmospheric PM, 5 during summer and winter in Lanzhou
e Ant/ ( Ant + Phe) BaA/ (BaA + Chr) Flu/ (Flu + Pyr) IedP/ (1edP + BghiP) BaP/IcdP
Fh FleAi] X £SD 11 il X £8D T X £8D T X £SD Tl X £8D
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