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Concentration, Water-Soluble Ionic and Polycyclic Aromatic Hydrocarbons
Composition and Sources of PM, . During Summer in Hongshan District,

Wuhan

SUN Yan', QI Shi-hua'*, ZHANG Li'*, XING Xin-li', YANG Dan', HU Tian-peng', QU Cheng-kai'

(1. State Key Laboratory of Biogeology and Environmental Geology, School of Environmental Studies, China University of Geosciences,
Wuhan 430074, China; 2. Geological Brigade 4 of Geology Bureau in Guangdong, Zhanjiang 524000, China)

Abstract; Atmospheric PM, ; samples were collected in Hongshan district, Wuhan from June 12" to July 22", 2014. This study

analyzed the characteristics and chemical composition of PM, 5, and the concentrations of Polycyclic Aromatic Hydrocarbons ( PAHs)
were analyzed by gas chromatography-mass spectrometry ( GC-MS) , to discuss the pollution sources and formation mechanism. The
results indicated the total concentrations of PM, 5 ranged from 36. 41 to 220. 02 pg-m~*, with the mean of 97.38 pg-m . and the
exceeding criteria rate was 59. 26% . Furthermore, the concentration of PM, ¢ correlated significantly with wind speed in meteorological
parameters, when the wind speed increased, the concentration of PM, ; showed a trend of decline. The water-soluble ionic components
of PM, ; were SO;™, NO; , NH, and K* which accounted for 40. 67% , and the aerosol partial acid. The influencing factors of
formation process of SO}~ were different from those of NO; , and NH,HSO, and ( NH,),SO, were the main compounds of NH, in

3

PM, ;. The average concentration of PAHs in PM,  was 11. 30 ng-m ™, and the dominant compounds were 4-6 ring PAHs. Industrial
waste gas and vehicle emissions were the sources of PM, ;. The various sources of the PAHs had contribution of 83. 90% from vehicle
emission and combustion of coal, 10. 17% from petroleum sources, and 5. 08% from coking emission. The concentration of toxic benzo
[ a] pyrene equivalent ( TEQ,, ) ranged from 0.22 to 11.19 ng-m ™ (mean, 1.74 ng-m ), and the exceeding criteria rate was
7.41% .

Key words : Hongshan District of Wuhan; PM, 5 ; water soluble ion; PAHs; sources
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Table 2 Correlation coefficient between p( S0~ )/p(S0,) , p(NO; )/p(NO,), p(0;)and meteorological factors
WiH T R A 05 S0, NO,
p(S02~)/p(S0,) 0.26 -0.12 -0.24 0.43* -0.24 —
p(NO; )/p(NO,) -0.14 -0.03 -0.03 0. 04 — -0.32

1) *= /R P<0.05
AHCRY 5 380 H Fif A 0 BE 3G 0 SO, W e Ak =838
{AHRR B IR E] 80% LA -1, 1] A2 LA KB i i
SO, LI K 70% ~80% M i T SO, A4k
FOX JLR K E A K, i A5 9 iE %, Bt
p(S0;™)/p(S0,) HiAMH; 7£6 H 30 HIEH T %
—A/NEY R AR T 7 H 9 HAET/S, 05 B
WREE | KU IR P, 1 B2 O e, 76 6 H 30 H A, W
AW, 7E 6 A 30 Hikg R AME, H O, Fia ik
A, W, X R SO, BYFILIRAL T 44, Rt
p(S0;™)/p(S0,) H 2Tk

M3 A BRI Zp (NO; ) /p(NO,) LT
2 A, R VI BAE T A 14 B, 5 — g
HLEAE6 H 16 H, A RECEAK E R E K E
# NFE2 H,p(NO; ) /p(NO,) 5 p(0;) HHABS
SRFEM R RBARME, TR E. WE . WBE KE
K 0, % NO, FAbrsgm i 2 4%, 0, Al A NO,
(AL, 15 NO, Jefif A8 05, L O, 12X
HAsZm e 2 ) mey. KA A BT RERE NO, ¥
TR =R, FE KGR B FEAE TS e i A

[l 5 2 & i, NO, EZLLVAAS HNO, I A7
T R, A RGR AL VA R T NO;
A AEAF] T NO; B T SAEAE.

SO;™ . NO; 5 NH, MyAHC RE 518 0.83
0.31,80;" . NO; 5 NH,; F & S0,. NO, &
NH, 38— R8N N AT . 3 — 20 pF5E T o,
SO;™ + NO; 5 NH, AHICHE R 0.74, FHAH G M5
NO; 5 NH, HISCH:# 8, & SO 5 NH, w5, H
NH,” F1 SO~ 4=k 5 b i 2{E M 0. 66, 15 B
PM,, " NH, 1 SO;~ = Z L NH,HSO, #1
(NH,),S0, ~F".

2.2.3 JKIEMEE RIS B

K EZRIE T AW B be, W M+ 5,
p(K*)/p(Na™) {H R 10.32, % & T 5 4 A0 (H
(0.04)" p(K*)/p(Mg** )il 28. 28, it H T+
B M (1.70) P BEIABFGE X PM, s K Y FREDR
RTAYFRRE. Cl™ FEEJRMER AR PSR , fF 55 X
p(Cl™)/p(Na™) WAHZA Ny 4. 10, KT g Kb I
(1.8 Mk C1- FE R ber=4:, H K 5 Cl1”
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MIFIEZRBCR =0.62,P =0.001 <0.01, it F £,
Pt K* 5 C1- AT RSk H TAEW pkss.

M Arimoto %57 (ST, NO; HI SO~ ¥ JiE
FE AT DA R R AUWORL ) S F N i ¥ ey = 8L
R TR BT YR a0 2 [ 2 15 e . A5 PM,
ek R B p(NOS ) /p(SO27) 1 FH{E K 0. 76,
AN U DA A2 35 el R 3 RAE A T

gaseous precursors and meteorological data

B aGEE S EEE M EH R R L, 1%
DLEEARY N B R BRI, LA T HE
AN, e 3 AL BT T HE Y SO, i B
1 93. 68% , Tk HEmk 9 A A ALY 5 B 61. 46%
BBl ZEHE i A AR 7 B 37, 529% , TR R
SEZEL T HECN R E RS H R 5 — &

£3 RINWESHHE?
Table 3  Tailpipe emission in Wuhan

5 HERS = Tolk HLBh % HoAy
TR/t HAr /% /Tt H /% TR/t Ho /% TR/t HorH/ %
FER AR 5873.201Zm} 100 — — — — — —
bR 9.02 100 8.45 93. 68 — — 0.57 6.32
RESY 13.70 100 8. 42 61.46 5.14 37.52 0.14 1.02

2.3 AR

LIRT5E (PAHs ) 7E PM, BT & o 8 0 BUAR
& EAB P24 PM, 19 0.01% ,{H PM, 5
PAHs 2B EHHEH (R =0.435,P =0.024 <0.05) ,
PRl t3E 3k XF PAHs 53 H7 AT i — 20 4R5E PM, >R 4.
2.3.1 ZAFFRFREIKE T

AT X 25 PM,, P 22 BR 5 0 o e
HUNZE 4 FiR, ZH 55 R BN R R ELE 2.71 ~
53.19 ng-m “*[A] SPH{E N 11. 30 ng-m ™, H: 1 BbF
SRR R e, (N 2. 47 ngem 7 AHES T RN
T2 PM, ' PAHs B F 34 i & W B (21. 48

ng-m ) A AR ). BaP J&— iR EUE M . oy
| BN PAHs /LG W), A8 TR E (IR B 5 X
JEAFRIE) GB 3095-2012"°" PM,, /' BaP 24 h -1
E R HHRUEE N 2.5 ng-m | FEARTFT H BaP ¥
AN 100% , HFRR K 7.41% . F)HEEME Y &K
F(TEF) KX} PAHs Bt Y it ik B ( TEQ,,, ) #EA 71T
AT B 4 T 16 F PAHs (9 TEQ,,, 3
0.22 ~11.19 ng-m >, “F¥MEH N 1. 74 ng-m*, H
7 FREUEPER PAHs B TEQ,, JE [ 0. 21 ~11.12,°F
PIE M 1,72, 5 B TEQ,,, 1Y 98. 85% , [H It £ g M
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PAHs & EE (Y TEQ,,, viikE. MMMt E S ngem )" Ui 2014 4ERIUTT LI X B B H# 5
&L PAHs 1) TEQy,, ik T8 2 TEQ,,, F¥{H (2.99  PM, ;" PAHs V5 4«4 Frigiz.
F4 RNHHURES PM, HEAFERBRERLHM LR/ ng-m

Table 4 Concentration and toxic equivalent of PAHs of PM, sduring summer in Hongshan district, Wuhan/ng+m ~”

A L S [ECYTRNIE=R = e s B = s L
ey ST W pai mkam  F T ﬁﬁf‘ifﬁ i
%= Nap 2 0.12£0.12 n.dV ~0.45 92.59 0. 001 n. d ~0.00 0. 00
& Acy 2 0.01£0.02 n.d~0.06 40.74 0. 001 n. d ~0.00 0. 00
—&AUE Ace 2 0.00+0.00 n.d~0.01 14.81 0. 001 n. d ~0.00 0.00
% Flu 2 0.03£0.04 n.d~0.18 81.48 0. 001 n. d ~0. 00 0.00
E[3 Phe 3 0.55+0.55 n.d~2.33 85.19 0. 001 n. d ~0.00 0. 00
J Ant 3 0.08 +0.08  n.d~0.33 81.48 0.01 n. d ~0.00 0.00
W Fluo 3 0.54£0.39 0.17~1.89 100. 00 0. 001 0.00 ~0. 00 0.00
B Pyr 4 0.82+0.71  0.17~3.39 100. 00 0. 001 0.00 ~0. 00 0.00
HIHF(a) B BaA 4 0.37£0.40  0.05~2.05 100. 00 0.1 0.01 ~0.20 0. 04
B Chr 4 1.40 £1.09  0.46 ~5.04 100. 00 0.01 0. 00 ~0. 05 0.01
HIH(b) W BbF 4 2.47£2.63 0.54~13.59 100. 00 0.1 0.05 ~1.36 0.25
FIF (k) D BKF 4 1.05+1.07 0.31~5.94 100. 00 0.1 0.03 ~0.59 0.10
HIF(a) BaP 5 1.01£1.41  0.08 ~7.38 100. 00 1 0.11 ~7.38 1.01
Bi(1,2,3-cd) Ik InP 5 1.37£1.33  0.14~6.31 100. 00 0.1 0.01 ~0.63 0. 14
T (ah) B DBA 5 0.18 £0.18  0.01 ~0.91 100. 00 1 0.01 ~0.91 0.18
B (ghi) FE BghiP 6 1.32£1.27  0.19~6.56 100. 00 0.01 0.00 ~0.07 0.01
JE¥ | ZmPAHs — 11.30 £10.22 2.71 ~53.19 — — 0.22~11.19 1.74
7 R > PAHs 7.83+£7.83  1.66~41.20 — — 0.21 ~11.12 1.72

1) n.d FRALH

B i it X 2 2 PM, P R 6] B8
PAHs BTt ik B A7 4007, Gni&l 5 ] LRI 4
H>58>6 K >3 3 >2 3 4 KFEEKRER, P
PIfH R 6.63 ngem ™, i PAHs &} i & ¥k & 1Y
58.71% ,H k2 5 3 F1 6 FF, 40 5l 5 22.61% Fi
11.68% . 2 FF13 PR FERAR, 4300 i 1. 46%
M15.54% ,m ot nTRBE A PAHs 2 2P 4%
BAER LY, 725/ AR %) 53 BL 32 18 5 ), 5 2
TR i A R T R AR 4 & 20 <A R ) BLA
PRAEXS im0 25 0 5 4% &, P L AR IK3R PAHs 5 &
RAIK.

2.3.2 CRIEHT

BT HEOIR A Y PAHSs 20 )80 RNk B FEAE — 5
25 AT LAR 4 PAHSs AS[a] B4 ] (1) AR 1 )
SYOR W R sl B Rt X
PAHs F2E K IR THRIE S A A BRBE BB, R
NARITE S AW E R R RS JE PAHs — B %
R 5 [ BB B B Tk M, Tk Ak A Rk
FARBES 7= PAHs, X /& PM, s H' PAHs F %2k
Wz —.

£5 PM, 1 PAHs B4SMELL{E
Table 5 Value of molecular diagnostic ratios of PAHs in PM,

15 - ety Hf RIE ik
BaA/(BaA + Chr) 0.21 ALAREIRA IR (28]
12 L Fluo/ ( Fluo + Pyr) 0.40 fbrkRHRbe [29]
InP/(InP + BghiP) 0.51 ARG [28]
ol BaP/Pyr 12 % [30]
BaP/BghiP 0.76  LEHMAbE [30]

J Ak e i ng-m =

0| == é % I_TI_I
23F 3FF a3F SEF 6FF

Es5 AEABSAHRFREERE

Fig. 5 Concentration of PAHs with different rings

I FE B3 18105 43 B 5 HE PAHSs SRR, #% F
AR B BURE SR BT 3 AN %4y (FRE(E
> 1), R KTy 22 T 1 1 %F PR 28 A 46 o 2R 1 7 T
e 25N 6 PR,

M6 MM 1 14,5, 6 7 PAHs 5%k
ﬁiﬁ%—,,ﬂ;qj Fluo, Pyr, BaA Fi BaP FEE BRI
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WYY InP | BKF ., BbF, BaP J% BghiP &4l
SEHEB AR 2 R A 1 AR SRR K
HEHE T 9. T4 2 T AbB 4 Nap, Acy,
Flu, Phe T 5 #4855, Nap . Acy M Phe 52 A1 i3}
TISHA I R A HERR 76 B Z i i 4 1R 45 ot
AR, HF 4 2 ARFRATMIR, £ 3 thEY
Ant, Ace It i LHEEOR, Ant | Ace JEAMBER AR HR K
MRFIEAL A AR R 2 R Ak, @l 3
HEWSr15 50 5 PAHs AR fE(E K SEAT 19103 534, [l
HARE: Y =0.99X, +0.12X, +0.06X,, PAHs >R Ji
FRRIE R R RS0 83.90% , £1 ¥R 5 10. 17%
AR 5.08% , R PAHs 2 2SR T Tl
BRIE ROR RS PAHs RVR /AT 5 /K 1 2 7ok
TR Br 4 R FEA — 2
#6 WMHREX PM,H PAHs ER A5
Table 6 Principle components analysis of PAHs in PM, s

wEY Fisr 1 %) F i3
Nap 0.03 0.84 0.27
Acy 0.18 0. 81 -0.17
Ace -0.17 0.33 0.58
Flu 0. 08 0.92 0.07
Phe 0.02 0. 70 0.59
Ant 0.33 -0.07 0. 80
Fluo 0.92 0.19 0.18
Pyr 0.95 0.11 0.08
BaA 0.98 -0.02 -0.01
Chr 0.93 0.28 -0.04
BbF 0.99 0. 06 -0.07
BkF 0.98 -0.04 -0.06
BaP 0.98 -0.06 -0.08
InP 0.89 0. 08 0.32
DBA 0.93 0.08 0.20
BghiP 0.98 0. 05 0.03
FRIE(E 9.25 2.97 1.62
TR/ % 57.84 18.54 10. 12
3 &g

(1) BTt I X Z2 RS PM,  [-F- 34 o1
WEEH 97.38 pgem ™ AR HE N 59.26% , PM, 5%
FIEHERBYF ), XS PM, 5 5 FAH G, B
& KGH PRI ok B S A

(2) BTt X S AR R 7, PM, 7K
WAPEE b SO2T . NO; . NH, Fil K* & f i g
W, di PM, (#Y 40. 67% . % SO.™ . NO; AYIE i 7
ST R I 3Z 5% 0 R 2 B WL R R], SO~ 1T
A EAZ B K | YR 0, BYRZI,NO, AYIE 3
BUZBNREE B O KRR A BB
NH, &1 E % &L NH,HSO, F1(NH,),S0, f1E.

TV HEB R R St PM,, s 1Y F2 8875 YLl [ RS 4R

SRS Z AL
(3) R X E Z PM,  H PAHs H ¥ i &

WA 11.30 ng-m ™, FERELI4, 5, 6 FFRE,HE

1o PO B S A3 1A 23 B AT 2, 32 e ok IR T

TP RRIRE KR 4 R R, b A SR 4 B R

i 83.90% , £1 IR 10. 17% ,RAEHER A 5. 08% .

PRI I S PM, K ¥ 14 2 5~ F1 PAHSs R I8 73 At vl Al

PM, IR T TR AR Bk, B

TEIE WG R vh 32 B SR R R (1 52
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