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Abstract: Objective To analyze the pollution level and source apportionment of polycyclic aromatic hydrocarbons ( PAHs) in
atmospheric PM2.5 in Hefei city, and to provide a scientific basis for control and management of atmospheric PAHs pollution in
Hefei city. Methods High performance liquid chromatography—fluorescence detector—PDA was used to detect the concentration
of atmospheric PAHs in PM, s samples collected in Hefei city from February 2018 to January 2019. Three kinds of analytical
methods, including characteristic ratio, principal component analysis (PCA) and positive definite matrix factorization ( PMF)
model, were employed to perform source apportionment of PAHs. Results The annual average concentration of %16PAHs in
atmospheric PM, 5 in Hefei city was (9.25+6.72) ng/m’, and the annual average concentration of 7 kinds of carcinogenic ScPAHs
was (4.67+3.88) ng/m’. The results of the source apportionment by characteristic ratio method, PCA and PMF model were
basically similar. Gasoline and diesel combustion, coke combustion, coal combustion and biomass combustion were the main
sources of PAHs in atmospheric PM, 5 in Binhu new district, with the contribution rates being 43.07%, 15.21%, 11.24% and
10.93% , respectively. Gasoline and diesel combustion, coal combustion, coke combustion and biomass combustion were the main
sources of PAHs in atmospheric PM,  in Yaohai district, with the contribution rates being 45.93%, 16.49%, 11.73% and
10. 08%, respectively. There existed some differences in the main sources of PAHs between urban area ( Yaohai district) and
suburban area (Binhu new district) in Hefei city. ~ Conclusions  The total pollution level of PAHs in atmospheric PM,; in
Hefei city is relatively low, and the main sources of PAHs are traffic petroleum and diesel combustion.
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R BRSO R AR 28 B
JE AR BB B s AT o] B IR B SRR
I ] PEE R [ a8, =TI [ o, h ] B ZE I [ g, h,
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(s Y b e O [ o) ARO[ B HIF
(k] K[l B, I (o, h ] EIFF[ 1,2,
3-cd 8 7 FONBEURTE PAHS

PAHs FRIE 220 | AR A AN IR, A AR IR
FE IR FEARNIRBEST | LA & R A&
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L1 AR SRR @5 (1L.C2030C, H A< Bt
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1.1.2 7 16 Fh PAHs JE & br i W FF X N
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1.2 Fi#k

1.2.1 FEARE
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PR 23 AT ok AR £ BRE S el A0 55 975 47 T AE 01
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1.2.2.4 PMF PMF &# US EPA JF R —A~ 2748
SR R AT IR AR AT FRAE R A5 B Y T S
SRHEB SCHE O B, TR RE DRI R AT DTRRAY
PRI | HLA AT B S R o e e
1.3 it F o FHSH k4R SPSS 17.0,



1054

SCHTBTEE 2% 2020 49 A 5527 % 55 9 W] Pract Prev Med, Sep. 2020, Vol. 27, No.9

MRS TR EERD PAHs ARAS I, #2i%Fh PAHs 1/2 i th
BRI, BORAT & E A FER A (cxs) R, 241
BE 2 1] B k25 % ) ANOVA-LSD 00 5 i, #
ki a=0.05,

2 & R

2.1 &R XA PM,, ¥ PAHs #9R EAR-F 4 H
10—16 H 7 d REMFEARIS3HT, LA A 5]
1 d 05 A9 B (R D5 BE T R PM, 5 1 PAHs
MG RURPE AR IR 1, & 1 ek, G AETTR

S PM,, ' PAHs S16PAHs 4F - 2 ¥ J& (9.25 =
6.72)ng/m’ , A1 U KA PM, ;1 PAHs Wk JE . K2
(2—4 A) 7 (8.79+4.54)ng/m> HZ(5—7 A) N
(4.35+£3.48) ng/m’ , Bk 7% (8—10 H ) N (9.81 =
6.01)ng/m>, & & (11, 12, 1 H) H (14.04 «
8.03)ng/m’; 7 Fh BUME PE ScPAHs 4F % ¥ ¥k B 78
(4.67+3.88)ng/m’ 1 UZE K PM, 18U PAHs
W, HEE N (4.76+2.53) ng/m* . B ZHy (2.39 +
2.46)ng/m3\ﬁ(§j§l(5.5913.12) ng/ms\gf%r‘jj
(5.96+5.52)ng/m’,

#z1 AETHARK PM, 4 PAHs ¥R (ng/m?)
- 53 774 ES
FEA
S 16PATs ScPAs S 16PATs ScPAHs S16PATs ScPAHs S16PATs ScPAHs

| 17.14 7.60 2.50 111 17.24 8.03 5.72 134
2 14. 64 6.79 2.33 1.03 3.62 2.07 4.3 113
3 16.36 9.07 2.32 1.08 12.99 8.26 10.18 154
4 15. 12 7.67 2.27 0.99 3.31 2.11 8.35 0.27
5 .52 7.01 2.30 0.99 3.27 1.97 4.62 1.31
6 15.85 7. 04 2.29 0.81 4.6 2.86 6.45 127
7 11.01 9.21 2.27 1,03 4.59 2.75 12.07 1.79
8 8.56 6.52 2.2 0.97 10. 68 6.78 7.83 1.74
9 7.06 5. 44 2.27 0.91 27.47 14.68 25.96 4.69
10 5.80 2.89 2.62 0.94 15.85 8.12 9.70 1.98
1 7.09 1.81 2. 44 1.09 8.22 4.68 7.80 3.96
12 3.25 2.31 22 0.98 4.34 2.51 9.45 1.60
13 3.51 2.42 2.4 0.81 10.28 5.53 5.00 2.50
14 4.79 1.85 2.41 0.91 7.46 421 25.09 11.15
15 5.57 372 6. 64 3.59 11.54 7.15 21.29 9.60
16 4.88 2.36 8.22 4.98 5.93 3.78 19.48 7.73
17 3.9 2.18 7.70 4.99 6.16 3.89 27.36 1134
18 5.76 272 6.16 3.91 9.94 5.95 27.53 16.42
19 8.53 2.65 8.36 5.50 7.71 4.54 21.33 14.27
20 9.87 6.17 5.29 2.65 11.55 7.05 15.25 13.28
21 4.28 2.45 16.39 10. 85 19.26 10.4 20.01 16.34
4 8.79:4. 54 4.76x2. 53 4.35:3.48 2.39:2.46 9.8126.01 5.593. 12 14, 04:8. 03 5.9615. 52

FIFHR ] ANOVA-LSD St/ Mr & 8. A AR K
UPM, " Z16PAHs W R N HEE>HF (1-] =
4.43219,P<0.05) \FZ= 5 Z= PAHs F o1t ¢ 2
S(I-J=-1.02257,P>0.05) , HE<LE(I-]=
-5.25400,P<0.05) ; E &<k % (-] =-5.45476, P<
0.05) HE<KAZE(I-]J=-9.68619,P<0.05) ; FkZT<
Z(I-]=-4.23143,P<0.05); K< PM,, h 7 Fh
ScPAHs W E R A HF>H % (1-]=12.36952,P<
0.05)(H2EEEKZ(1-]=-0.83048,P>0.05) X%
Zx(1-]=-1.20810,P>0.05) ¥ LG 1425 <k
Z=(1-]=-3.20000, P<0.05) HE<XZE(]-]=

-3.57762,P<0.05) ; #k T 54 F (1-]=-0.37762, P>
0.05) LHIt2EES,
2.2 AET KA PM, F PAHs kiR @AT
2.2.1 FREH(EE AR WnP/(InP+BP) 5 BaA/
(BaA+Chr) Flu/( Flu+Pyr) 55 Ant/( Ant+Phe) P 2H 4%
E FLAE XA BE T K PM, Y PAHs SR IRAEHT

M1 B 3 AT LUE Y B DXORTEE 5587 X KRS
PM, &R Ant/ (Ant+Phe ) >0. 1, 3 H K ZH0kE 5
Flu/ (Flu+Pyr) >0. 4; N& 2 K 4 AT LIE H W8T X
KA PM, RERSMEESL BaA/ (BaA+Chr) >0. 2, 0. 2<IN/
(IN+BP) <0. 5, %R 50 IN/(IN+BP) >0. 5, K . U 4H
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Bad BaleCHR

1 ¥E#FIX Ant/ ( Ant+Phe) — B 2 #E¥EEIX BaA/(BaA+Chr) —

Flu/ ( Flu+Pyr) $4F LU IN/ (IN+BP ) $54F LU A1
2.2.2 PCA FIH SPSS 17. 0 Gi i85 f4: pe 4i — 5 14y

BF I 3 X 0 3 X N B VA X 42 4R 4% 84 {3 KE il 16 Fh
PAHs 47T 8080 B 4, e K5 22 T e 10 R 32 il o3 4 B
AT AT 53 16 Fh PAHSs JE: 5 32 B4 8000 A
ULEE 2, MR 2 WIHL, BRI IXORIEE WA BT X 4 4~ 840
Ay NERE T 80. 418% 1 84. 225%11) PAHs Ji b4 725 £ 1Y

TR PC1 Y7 22 TR 3 43.070% , E24
509 BbF (IN \BP DA & 587 sl 73T ok e 13 %2 B < HE
AR R, F A S BORR S B I R B TR . PC2 1Y
T 220 HRE R 15.211% , EEALEE FI, Ace F1 BKF, %
WSR2k AR RLA AR BE . PC3 195 2 sT ikl
11.204% , FEAUFE Py Fl BKF, 2 W] 3= %ok [ 14 5 4
B, PC4 [T 22 5T N 10.933% , Horp Acy T
oy, R T2k A AW TR

FEIFIX PC1 )7 22 DTk A 45. 928% , F 2L AL 4h
) BbF \IN . BP DA Jfy 53 370 A BR B 5 4 e < HE
R R, PC1 2 B 3 B JE S8 il sy BE . PC2
T ZTTHRF N 16. 486% , FEEALEE FI, Ace I BKF,
W 2ok [ M R BE R IR, PC3 7 2= STk R
11.734% , T8 AL3E Py Hl Ant, 2B £ 8ok B %Ak
JH. PC4 J7 ZTTHRE N 10.077% , Horb Acy Jy T8,
i , R 2k A AW Bk IR

2 AMARAE PM, R
16 F PAHSs JEFE f5 35 B 432k 407 6 1

TR SEIEX
PAHs
PCl PC2 PC3 PC4 PCl PC2 PC3 PC4

Nap 0.291 038 -0.346 0.325  0.487 -0.591 0.281  0.290
Acy -0.152  -0.075 -0.032  0.775 -0.208  0.046 0.54  0.837
FI 0.268  0.799  0.367  0.132  0.500 -0.586 0.284 -0.072
Ace 0.38  0.774 -0.071  0.136  0.229 -0.339 -0.055  0.770
Phe 0.411  -0.501  0.498  0.260  0.039  0.711 0.468  0.128
Ant -0.317  -0.359 -0.095  0.639 -0.220  0.315 0.703 -0.040

TR RN A R A Y AR e = A

E ¥ SRR -
B3 WX Ant/ (Ant+Phe) - B4 EWIHIX BaA/ (BaA+Chr) -
Flu/ ( Flu+Pyr ) F:1F HAH IN/ (IN+BP) 454iF o (8
L2
X X

PAHs

PCl P2 PG PC4 PCl PC2  PC3 PG4
Flu 0.651  -0.53% 0.18  -0.046 0.457 0.718 -0.148 0.056
Py -0.039  0.162 0.6 0338 0123 0.079 0.672 0.3%
Chr 0.6 -0.437 -0.09  0.095 0.620 0.500 0.055 0.059
BaA 0.578  0.277 -0.541 0.296  0.693 -0.373  0.130 -0.198
BbF 0.641  -0.048 0.1499  -0.269 0.819 0.125 -0.128 -0.022
BKF 0.462  0.462 0.620  0.025 0.722 -0.166  0.133 -0.300
BaP 0.833  -0.019 0.037  -0.101  0.688 0.310 -0.162 -0.159
DA 0.726  0.340 -0.261  0.010 0.385 -0.105 -0.172 0.501
BP 0.83 -0.304 -0.225  -0.016 0.704 0.374 -0.214 0.313
N 0.405 -0.551 0.088  0.157 0.663 -0.148  0.276 -0.499
FEIEfE 7.491 3074 1793 1,269  7.468 2.638 1877 1.612
FrETME (%) 4070 15210 1L.204 10,933 45.928 16,486 11.734 10.077
FRUTAE (%) 43.070  58.281 69.485  80.418 45928 62.414 74.148 84.225
2.2.3 PMF CKea MO T 9 SR A s A I 54 A AH X 1

HIAHHE A US EPAPMFS. 0 # - rhita i A
2 AR R 00 1)V B R/ N BT T Uk,
s ARSI B AN R TG HH BRI, AN 5 B DA HE PR Y5 /6
TEEL, YRR SR R TG H BRERE, A 209 B i 0 i ¥
BETES

T X R T 1 ALHE T DA s iR 4 R
SFE878%) BbF IN BP DA | 32 K 5 46 3 ol 7 T R b
P AT 2 FEEALIE FI, Ace 1 BKF, W13k [ 44 B
AACIRBERIR ; 7 3 E2ALEE Py 1 BKF, Kk A
JRORIRBEI R T 4 EZHE Acy, BIIE ALY R
WRBESRIR , PRI, WA B X KA PM, 1 PAHSs AR TR
HRYIH RN SE TR BE TR R R TR AR A SR BE TR

PRI IX T 1 BB S sl ik b 7 A 7R 4
FAH8R Y BbF [ IN BP DA, KWK T 52 il s A
WA, HT 2 EZAFENY Phe Al FI BAERFIED)
FeE IR T 3 LA Ant Py 880 , RS2 B
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FEAE L T 4 Acy  Ace W ER TSR, SRR AR W
REE, BRIGIX KA PM, , HH Y PAHs S T H 43 73
FRAE SRR R FEVR AW TR e IR

3 it i

WG L5 HT 2018 4 2 H—2019 42 1 H&HE
T DRI DX 0 5 K< H PM, 5 PAHSs B9 75 G4k
M, ZFLA BETH KRR PM, o PAHs 216PAHs 4E -1
WP (9.25+6.72) ng/m* , 7 M EUETE ScPAHs 4E -1
WePEAE (4.67+3.88) ng/m’ . F| FHK F ANOVA-LSD
Gt LB A IR RS PM, 1 S16PAHs Mk JE R
HAEFE>HE FELE HEFEME HEFAZE,
K <42, K PM, 1 7 Bl ScPAHs W R BN
F>HF AREFESUERLEN LG ¥ES H
T T HE<AR MEHEFELGEIT 2R, X —
MR 544 M0 SRR, KRR EAF T4
ARG AMFSR, AT RS H PM, ;PAHs ¥k
551 Py AR T A L, A AR RS S 16PAHs IR TA7
FE (2511 ~ 34.99) ng/m*™ | & (29.33 ~
229.75)ng/m’ ™ ¥k BH (71. 5 ng/m’ )P I
(24.27+ 9.15) ng/m*'™ & K (19.02 ~
29.92)ng/m*"" | 5T (1.28 ~55.22) ng/m* " fH
(12,2111, 09) ng/m’ " Fed 23T, K b A BE T K
A PAHs V5 Q4K PAMTEBAR K-

IR A FU B Y PCA T PMF 3 Ry a4
HEATAIET K PM, o PAHS SEIRFR#BT | & 30 = Fbfit
M7 X IR A BT o3 R A A — 2 WA TOAR []  fH 2 =
iS5 43 A1 45 SR SE A — 2, 1 18 X KR PM, 5 h
PAHs 5238 V5 7 I RTS8 S R 08 R L o A TR R A
U5 A=W TR be IR s 350 X K PM, 5 PAHs £2K
PRS2 VIR S TR ARETR R AR AR TR TR
AR08 DX TR X = A Y 1) J2 YT R0 S T YT RN 5 3
BREUR EE R R A A, IR R A PM, 5
PAHs SR TEARML ", L 9 W0 565 — o o V5 W1 4 A
B2, AT RE 5T X R BE R X O 28 TH Tl DX, A B3 4 3
I3 R BENT FHBRIEAT G | BEAME Sk R B e 1 B AN 25 22
PR, TARI DX YR T8 DX Ry X, B BB LA I AR
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