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Abstract: A set of PM,; 5 samples from three sampling sites belonging to the regional air monitoring networks of Kunming
were collected during April 2013 to January 2014, and 16selected PAHs were analyzed by GC-MS. Average
concentrations of PM, s-bound PAHs from the industrial area (Jinding Mountain), traffic area (Dongfeng Tung Road) and
clean area (Xishan Forest Park) were 40.67, 22.64, 22.07ng/m’. High atmospheric pressure and the input of air mass
originated from the Qujing area were the cause of rising PAHs concentration in Kunming. Result of health risk assessment
of PAHs showed, the concentration of BaPeq at Jinding Mountain, Dongfeng Tung Road and Xishan Forest Park was 6.28,
4.00, 2.94ng/m’, respectively, exceeded the national ambient air quality standard (2.5ng/m’) in China. The PAHs in
industrial area and traffic area were mainly influenced by vehicle emission (50.80% and 40.20%), followed by coal
combustion (35.55% and 39.23%), biomass combustion (7.30% and 7.98%); clean area was effected by vehicle emission
(81.84%) and biomass combustion (9.73%).
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Table 1 Description of sampling site
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e HT SRS e i GEE)  IEN) (m)
1¥ FRIRIR % L BRI II BB 102°43' 25924 1900
2" Sl I PE AL S 11 TolkX 102041 25°00" 1920
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S5 0 o A A 1L ) s P, TT DA Y 3R
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FEAZTTT I 5d BEAT KA, HAKE 8] 4
201344 H18~22 H. 7 H22~26 H. 10 H
23~27 H 20144 1 A 9~ 13 H RFERS Ry ulid
RUT TH-1000C HY K 2 S T R A
B BEANRE SRR 24h(9:00~7K H 9:00), B & it
4 1.05m’/min£3%, V) EIRAR A 2.5 m. 58 B
2 2 IR (K x B8 1 18emx23em) HEAT WY B KA, K
FERT K B LT YR PRI E T 450°C 41 T HLKE 4h,
Fo PR B A 4 R 21 o R B D RO A 1 5 .
1.2 FfE SO TAL B R S5 T v

TN 2 FPRKR(Z-D 1o FIEE-D,0;SUPELCO, 52
)5, = E RN FI(HPLC 26, Tedia 77,52
FE]) FRTR A TR (1 1, AR L ) A T 7 AR AR G i
ARG T AR E A 7 B K, 0(99.99%, Ki%E
K, P ENHR E A S ImL T GC-MS 73#7.

16 R 26453610 PAHs:Z5(Nap). JE(AcPy)-
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1.1
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2000-TRACE MS “FJiiliH 1% (Thermo Finnigan,
% H)5E G, (i A 09 DB- SMS & 4 T
(30mx0.25mmx0.25um, Thermo Finnigan, 3¢ [H).
(O S LA 21 2 0(99.999%, K% KRR, H )
HAIEE W 1.0mL/min, A0 IR, BEREE
280°C 2P T Hlk: i 4L EE 70°C fE3 2min, BA 10°C
/min HHETFA 260°C,1HiE 8min, LA 5°C/min
HKIFE 300°C, fREF Smin T 4B, 555
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Table 2  Online monitoring methods of air pollutants
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Table 3 Comparison of average PM, s—bound PAH concentrations with other cities (ng/m")
2L . K, IR, Atlanta, Madrid, Italy,
PAHSs Jbxt, 200816 7
(AF5T) 20131 20138 2009!"! 20122% 201212
Nap 0.27 0.49 1.06 0.17 N.A 0.06 N.A
AcPy 0.94 0.61 0.56 0.23 0.001 N.A N.A
Acp 0.00 0.46 0.17 0.08 0.017 0.003 N.A
Flu 0.04 2.03 0.50 0.21 N.A 0.023 0.03
PA 2.05 7.87 2.00 0.66 0.040 0.136 0.23
Ant 0.18 1.43 0.50 0.29 0.004 0.008 0.13
FL 2.11 7.26 8.85 2.54 0.073 0.208 0.42
Pyr 3.10 7.08 6.43 1.44 0.085 0.261 0.49
BaA 1.91 4.52 5.99 3.37 0.079 0.041 0.47
CHR 3.38 8.76 7.85 5.50 0.106 0.098 0.50
BbF 3.54 38.83 14.16 13.84 0.296 0.067 0.37
BkF 1.65 6.37 2.21 12.15 0.083 N.A 0.32
BaP 3.02 5.73 4.52 6.23 0.167 N.A 0.21
DBA 0.09 7.86 1.65 4.44 0.008 N.A 0.20
BghiP 3.08 4.60 6.74 11.40 0.159 N.A 0.12
IND 2.91 15.70 8.11 12.42 0.290 N.A 0.13
Y PAHs 28.26 119.60 71.30 74.97 1.408 0.905 3.62
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Bl P LR 2 B R AR VR B Y 4
54 0.43~97.43ng/m’. 1.51~115.85ng/m>, 0.65~
124.82ng/m’, *F- ¥ {5 K (22.64+29.58)ng/m’ .
(40.67+34.41)ng/m’. (22.07+32.82)ng/m’. = E )
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2 ey JA e I T A5 AT JE YR PAHs V5 G I 52 .

FIRIRIRIAE 16 A PAHs HEATRII43, Hrp
2 #3~PAHs 5 Nap,3 #-PAHs 5 Acpy, Acp, Flu,
PA il Ant,4 A:-PAHs 4 FL, Pyr, BaA 1 CHR,5
JA-PAHs 15 BbF, BKF fll BaP,6 #f-PAHs fj IND,
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Fig.1 Seasonal distribution of various PAHs in Kunming
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Fig.3 Typical air mass trajectories in Kunming during four sampling days
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(Hybrid Single—particle Lagrangian Integrated
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Wi B BRI TR 24h, JBERECUG = BE A 250m. 7E
20d MRFEIIN AT 9d(7 H 22~24 H.10 H 23 H.
10 H26~27 H1 H 9~11 YK Pk AR, A 7d
(4 H18~22 H. 7 H 25~26 RSk AR,
7 2d(1 A 12 HA10 A 24 H)sk A 407,4 1d(10

H 25 HYRAAm77,384 1d(1 H 13 HR¥E T4
U5 AR IS8 3/ 5 ik .45 4 R PAHSs 1)
Hle BEAZ AR (] 2) B, PAHS WK A< 1415k
H 245 7 B4 B 7 (193X 4d(10 H 24 .10 H 25 H.
1 A 12 Hy 1 A 13 H)HEUH 21 sé, PAHs 16
10 H 24,25 H 2d BP9 BE LU IR RAFE A
3d MR i 135%,1 7 124 13 H P2k L fa]
—RFEIIHAD 3d FREE S 109%. S ki, K A
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8, T 5K 1 A 7 FAR B 7 AR B 2895 Je P 1 ik
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2 M T = B A BRI B O e ) R X
WA PAHs PR B 25 i, il ah B EORT
PEHLX 3 BaP 13 H 2 5 1A 5.46pg/d, il &
TRRRPET R AR — i 4 2 i P LA
1, SRR T s o X (v G S A N 2 T 8
PAHSs ¥ F5 34 0 ) 85 22 i A,

g5 UG R ER 20 M g5 AR G, R OR A
PAHs W JE ) 70 A0 Z HEBOR =124 . AR
RV AL i S5 25 (R 256 S ot B 25 < A1 A%
0 % R B T BRI A B gy R R YA 2 T BR
AH A b T PAHs & B T i 1 22 J AL
2.3 PAHs #MEVFRY
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Fig.4 Relative contribution of major PAHs to Y BaPeq

BaP J&—FP B AT R E0 . Bowy, BRIk
) PAHs, 3% BT IRIA 5 02 st S AR A 2 ,PM
t BaP & RASEN 2.5ng/m’ P A A 5T
H1,PMys o BaP AN [R5 ARG H AR AR 5
Sl Pl ARAR A B 1) BaP #2753 J)] BaPeq
HEATAH N SR A7 31 S B %k 2 5 (Y BaPeq). 25 R 4
B AR S dl, PHILARMR AT 3 AN REE
MY BaPeq [IVKIE A 3.35,6.28,2.94ng/m’ 38
H e ] BRI 205 A fE BR (B Y BaPeq 1Y 2%
OIATHRFIE S PAHs — 550 B4 511> 48 KA > 7
AR AP, &> H > H K 4 45T
3 ANRKE S T2 8 B PAH W) Mg 24 B 1)

pifk.BaP [ =1, ¥ PAHSs 1) 9.23%~11.50%,
B BaP /& 2P Tsk i K (R, 1 ¥ BaPeq (1)
68.28%~73.36%, 7k BbF Al IND,% 7 /7
BaPeq ] 7.75%~9.92%H 6.42%~7.28%.1% 5 Li
SR ST 45 SR

2.4 SRUGHT

241 PAHs 58 MKW RYH M K o
e KR 1) PAHSs W 5 oAt y5 424
Z I ARG E— e PR RN T e 3L )
KU E ST PAHSs 5 A H LR K5 4
Y1 Pearson AH G R EL, AT DUHE KT 25 K AE 511
PAHs 1] BEFI K.

K441 T PAHs 5 8 FRSI5 RMIAHIC R
AR IRIREE AN L AR A [ PAHS 5 B )
SEIAS ) TEAH DG, ELG LR A el A DG
SIF T AR IR B — RO U0, Ik i B A = 2 5 L
B4R A HA O, Bt v 0 0T, R AR i A
Ll AR 2 [l 52 BB 25 HE R . A 4 250 1 )
&LPAHs 105 O5 SEIVREF I TUAHICHE, S5 HAt 5 4%
WIIAH DCHESS AN B A2 32X 0] BB DA A 4 4 Ll K<
Pl R, BRI R b B HERATS G5 )
FHFAE L3 ANRAE 55 PAHSs 5 O3 24 S IR S (1 f7AH
IR, Sz e i b DS B )i 58 4 M IS T PAHs
(RGN RSO A2 A AU E ] 225

%4 BRI PAHs 5EMKRSSEYBIKEHEXRE
Table 4 Pearson’s correlation coefficients of conventional

air pollutants with PAHs

— IRAR Gl P LR AR 2 [
bS]
PAHs PAHs PAHs
SO, -0.217 0.142 -0.161
NO 0.630" 0.343 0.672"
NO, 0.174 -0.053 0.616"
NO, 0.491° 0.324 0.685"
PMo 0.125 -0.078 -0.09
co -0.378 -0.395 0.067
0; -0.617" -0.771" -0.481"
PM, 5 0.245 0.173 0.136
A AEP<0.0 17K (OB - I3 35 A 56, ** 5 P<0.05 7K ~F- (AUl A%
ITE 7P

242 WEY: KA PAHs FESRIE T-HREHRLE
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LR, TR RAMRGE 25 AR AN ], B SR HETR
YRR PAHSs FOZL AT S SRAAAE € 2252, A
UERT LU PAHSs AN [l SR a] (0 BU ARG S Gk
RS B 3 ASREE RS Bl LU A RN 5 iR

#=5 B3 ANFEMHS PAHs $HELLE
Table 5 Ratio of PAHs at each sampling sites in Kunming
X N BaP/(BaP+ PA/ Ant/(Ant+
IiH  BaP/BghiP Pyr/BaP
CHR) Ant PA)
I 0.90~6.60%" <1.002 0.07~0.24
R 0.30~0.4021 0.491
SEkEE 0.46~0.81% 1.0~6.0%"  0.68
TR 0.234
b 5.1
Mﬁg% 10~30t"%1 >0.30'
KRR 094 0.9 0.45 12.75 0.07
Sl 0.95 0.96 0.5 12.15 0.07
Al 1.1 133 0.44 10.04  0.09
AR

WF5T 2,24 BaP/BghiP ({18 4E 0.90~6.60 i,
5715 PAHS 3K FIRABE3 AR AE £ BaP/BghiP (FI1i
5314 0.94,0.95,1.10, H St 4 BBy 55 A RIS AT 9G4
Pyr/BaP UAE<1.00 I/~ BABEE, EEAE A 1.00~

6.00 W FR7R SR TGE, DR A T 4 i LR 2R KU R
% PAHs SZJRMEHE O W, 4 LR AR el ) 52 4
TMBREERZNN. 3 AN KAF A BaP/(BaP+CHR) 3l
H0.45,0.50,0.44, 55 Jhy F 30 VR A Joe 1A AR AIE AL
0.49. FE L AE B[ PA/Ant FFAEAE K 10-30, K1k )
Wr 3 ASRAE S PAHs 252 25 W) T Bk b 5% i ;
Ant/(Ant+PA) LEAE /N 0.3 BN A AT R R
B VG YR I T 0.3 g Jeds il 2k
W) IR B, R I A 3 A KA 1 PAHS DAL A R
BRI b 32, P8 1L R AR 2 Bl 8 v 1 L AR o] R
KBS I AE AT R GeHE TSR K.

2.43 TR MEPCA) TR T
5ok AR 8 TR A R — 4B 1 LA TSR LA
SR 7 o [ SRR S5 B 9 2 M m A HE LA
B2 AR o RURT BE 22 Hb S W i R AR A R
(R GEvH 2707 v AR R B T VA TR AR
PRI A5 BAE R R SR AT TN R AT
REAE SR AR ERBERE Sl AT 23 R0, 40
KA5 YR B 3 AR AU PAHSs JE4T T2 B
SR BRBURFIEE KT 1. B3y ZstkR kT
85% I IR -, 2R FH g5 K 22 Jid B o0 BRI 7 3
MEREAT RS, 45 Rk 6 P

R6 EMDANEFHEENERRRL

Table 6 Matrix of load factor of principal component analysis

PAHS RRIR Sl VG LI AR 2 el
A1 ESEa H¥ 3 SR BHr2 FF 3 HF 1 BHr 2
Nap 0.587
AcPy 0.995 0.957
PA 0.859
Ant 0.863
FL 0.897
Pyr 0.871
CHR 0.997
BbF 0.902
BKF 0.994
BaP 0.993
DBA 0.950
BghiP 0.831 0.994
i ZE TR (%) 50.80 35.55 7.30 42.20 39.23 7.98 81.84 9.73
SR ZE vk (%) 50.80 86.35 93.65 42.20 81.43 89.41 81.84 91.56

IRNIR R PCA IR 70 BT 4 R AR T ARk )

I PAHs 93.65% AU, $EH T 3 AN T o A1
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35 %

D7 1R T BB 50.80%, T AL m Ak &
)k DBA, DBA JER 4 B HF i PAHSs [ 5 2245
PP R K R 7 1 e SR LS 4 HE G
2 fRRE T RMAT RN 35.55%, B B AL A )
BbF, BbF SRR A 4k 547 CP R 2 B b Rk
(R AL A4 BRESAE B R 1 v 8 A A1, BT LA
R 2 58 SONIRBEE R 7 3 ke T VAR =
7.30%,AcPy [¥I#fm i i, FE o RS AT A bR 2
AR S 78 1 PAHS! 34 R 4 R 7 3 5
SR A TR

Sl PCA #5487 3 AN FERF,
R T AR (1) 89.41%. 55— LN AR AT B R I
“h Pyr Fl BghiP, HH BghiP & 42 3l 75 43 1 RF1E
AP R IR T 1 AR T WLB) 4 H O, fi %
T IAAR R 42.02%; 8T 2 T E ok PA.
Ant. FL,ZERRIE . £ AL P= RUR M R IR EAEAR
Frh LT Ant™Li PA R FL S A BEHES b
AP0 R BEIR 7 2 A T RS O AR T
AR 39.23%; K1 3 P B o AcPy, £

VUL AR A FE ) PCA 25 A2 T 2 N ER
TR T RAT R 91.56%. 5 1 1 iR T RASE
f) 81.84%,CHR . BbF. BaP. BghiP &4 =,
DR 7 1 AR T WA A=A s I 1 2 fil e T
9.73%,Nap [F#fur i, N 1~ 2 ARER T 290k
FEHE

25 L PTIR, R IR B FN b Ll 1Y) PAHs kU8
— 3, R BRI TN A R A BRI
A TR B IRG PE L LR R A T PAHS = ZERYR
THLBN A4 RS HE ORI A ) ke

3 4t

3.1 16 Bl PAHs fE R WIZR R ES . &4l 74
L BR AR 2 7 SR B R PR IR B2 43 30l A 22.64,40.67,
22.07ng/m’.

3.2 ERUIX A AL PAHs AR ET
BT R A [A] 14 PR -PAHs(36%-39%)>5 ¥ -PAHs
(28%-30%)>6 A —PAHs(17%-23%)>2-3 ¥, -PAHs
(11%-16%).

3.3 TR = B R AR AR

5 1) T 1, KA s AT SRR T o b X 1< 12 i
NAE SE W] PAHSs WS FTFI R AL

3.4 PAHs HIEEPEVEAL R, R NRES . &0
s P9 LARAR A FEl (1Y BaPeq [ 4 3.35,6.28,
2.94ng/m’,3 ANRAE AL RAE 1 P S48 Hh k[
543 T bR UEFRAE . BaP &%) 751k Tk A KT
Yy#p, X BaPeq 1 68.28-73.36%.

3.5 RS o TV IR A AT 4l SRR W AR AR
P 14 L K PAHSs R IE T HLsh 4 R SR
(50.80% 1 40.20%) « %% #5 HE Jik (35.55% F
39.23%) AW JFIREE(7.30%H1 7.98%); 75 L1 AR AK
25 P 3 252 BIHL BN 45 HETR(81.84%) A= 4y Jo 44
$(9.73%) M.
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