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Abstract: PM, s samples were collected at four sites of Fuxin city in October and December 2017 to study the pollution
characteristics and sources of inorganic elements in PM, 5 during the autumn-winter alternation period. The pollution characteristics
of PM, 5 were then analyzed by combining the monitoring data with meteorological parameters. The contents of eighteen elements in
PM, s were determined by ICP-MS, AFS-8900 and ICP-AES, and the source apportionment was conducted using enrichment factor
(EF) analysis, principal component analysis and cluster analysis. The mass concentration of PM, s in winter (56.5ug/m’) was 1.5
times that in autumn, and the mean concentration of PM, s was 47.5ug/m3 during the sampling period. Meanwhile, PM, s shared
similar sources with SO, and NO, to a high degree in winter as compared to the situation in autumn. In winter, the total mass
percentage (8.78%) of 12 typical marker elements for anthropogenic sources (V, Cr, Mn, Ni, Cu, Zn, Pb, As, Cd, Hg, Mg, Ti) in
PM, s was 1.45times that in autumn, indicating that PM, s in urban areas was significantly affected by human activities in winter. EF
analysis results showed that Cd, Hg and Zn were heavily enriched, with EF values greater than 100. In winter, EF (Cd) reached as
high as 532.34, which might be related to the smoke exhaust from the spontaneous combustion of large amounts of residual coal in
the open pit 3km south of the city. Moreover, the EF (Cr) in winter was 7.9 times higher than that in autumn. According to the results
of source analysis, coal burning, industrial soot, vehicle exhaust, biomass combustion, and soil dust were the main sources of
inorganic elements in PM, 5. In autumn, PM, 5 had composite sources. The first principal factor accounted for 77.013% of the total
variation, and category lidentified in cluster analysis contained 12elements, i.e., Cd, Hg, Mn, Ni, As, V, Cr, Cu, Pb, Zn, Ti and Mg.
By contrast, PM, 5 had a wide range of sources in winter, showing the complexity of sources. Therefore, comprehensive measures
should be considered to prevent and control PM,; 5 pollution in winter.
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Table 1 Average meteorological parameters during sampling
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Table 2 Mass concentrations of heavy metals in PM, 5 of major cities in China (pg/m®)

i As Cd Cr Cu Ni Pb 7n
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Fimle - 0.0102 0.0075 0.0260 0.0054 0.0723 0.2200
KR - 0.0300 0.0400 0.0400 0.0100 0.1700 0.3800
! 0.0194 0.0056 0.0152 0.1595 0.0105 0.1384 0.7184
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Table 3 Enrichment factors of 18elements in PM, 5 of Fuxin

city

P uEME HEEER{Hmeke) FEEFME  XFEF{H
1 Na 15400 1.44 1.29
2 Mg 7800 1.13 223
3 K 20800 2.10 1.91
4 Ti 4200 121 1.50
5 \ 82.4 2.53 2.07
6 Cr 57.9 5.45 4330
7 Mn 564 6.76 5.42
8 Fe 28800 1.04 1.53
9 Ni 25.6 5.63 6.87
10 Cu 19.8 25.76 18.58
11 Zn 63.5 108.96 144.44
12 As 8.8 17.55 22.11
13 cd 0.108 516.23 532.34
14 Hg 0.037 287.34 420.58
15 Si 562.5 348.59 374.86
16 Pb 214 81.82 82.38
17 Al 60900 - -
18 Ca 8600 6.70 7.75
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x4 BT PM,s R EHTTEM S ERE
Table 4 The inorganic elements composition matrix in PM, 5

of Fuxin city

s *E A%
WA 1 BRI 2 By 3 WA 1 By 2 B 3
Na 0.633 0745 0.155 0700 0309  0.370
K 0.691 0619 0348 0553  0.558  0.430
\Y% 0.425 0734 0520 0325 0261  0.792
Cr 0.797  0.566  0.003 0232  0.021 0937
Mn 0.844 0462 0226 0442 0271  0.808
Ni 0.461 0828 0.114 0512  -0.645 0.292
Cu 0730  0.582 -0.138  0.740 0317 0238
Zn 0960 0.137 0232 0950 -0.051 —0.009
As 0.840 0511  0.031 0974  0.144  0.298
Cd 0.878 0375 0230  0.704  0.033 0249
Pb 0.862 0480 0.114 0946 -0.137  0.133
Al 0316 0.861 0397  -0.009 0967  0.110
Mg 0.764 0.194 0599 0223 0926  0.236
Ti 0519 0797 -0.079  0.067 0618  0.664
Ca -0.014 0.660  0.700  0.101 0910  0.156
Fe 0.471 0831 0229 0268  0.838  0.370
Si 0.439  0.681 0558  —0.044 0957  0.097
Hg -0.088 -0.027 -0.871 -0.088 —0.027 —0.871
RO 13.826 1.969  1.283  13.826  1.969 1.283
GUk#(%) 77.013 10937  7.126  50.536  26.540  8.511
Fib vk

o 77.013 87950 95.076  50.536  77.076  85.587

MFAE,EHD | MBETERLTEM
50.536%, 41 7 # Aar = 1% K /N HES A As(0.974)>
Zn(0.950)>Pb(0.946), 5= F iy 1 1 F 240N
TG 7 B A [R] AR AR R A e AR IR R
(AR DG 2R, s 1 AR Ay R A RS )
P RO 2 MR T AR 251 26.54%, Ry 2
AR B Y 0 #E R AL(0.967)>8i(0.957)>Mg
(0.926)>Ca(0.910),34) 52 - 3847 41> F MUk K U5 1 e
METCE, ER 2 AR N TIEAE; E B 3 1
BT AR T 21 8.511%, 2 Cr(0.937)Mn(0.808)
A V(0.792)8 A i, Cr Mn 4 T 2083 2R (R AE T
.,V EEORIE TR A, R 3 NARRE A Tl
T FEHE TSR . 45 3R HH - 4 25 R AL BRI HE I 2 B2
WAZE PMys SH—RIUE AR, (1 152 2T b B R
IRV BT 1 5, 428 T3 A6 B30T PM s 1)
DURRR AT K Z N SR AK TR 2.5 £i5).

2.4 RIS WTEKIEMEHT

M Al SR 1) 22 AR B g ik o ik,
HA s AR T 2 EORT AL 3R 0K R R 2R 1 T
REAWFFCR M “KIMEE RS ” % 55,1811 SPSS

22.0 TS TEHLICE Z AW 2, 45 I P 2 N I
PR TEHLTCER 2328, FI ] MEANS BEH T4 28
YA, P F ] FACTOR AR B % 1 4 {1 2 8] 22
St R ETERER Sig 400 % I8 B W VKP4 R R
W BT 9 X RK A 1 2 PML s HH B LG 38 SRR 4 R AL
N AAE.
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Fig.4 Cluster analysis of inorganic elements in PM, s of Fuxin

in autumn and winter
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e B FRIRIT R Mn Al As 2RI e
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PR R ASHEONTD A VA R R AIE T
F BT UL PMy s 55 1 U5 HLAT I S )R
ARV, TR SR b S BRI 2 KWL 8 %R RS
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#,Ca FER A TEFUKIRA, LU 3 JEnl il h
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FH ] 4(b) A] A, BB T 425K PM s R IEZE )
FEAKZ T 2 HAE 4 PM, s T IEHLIT 2 kU5 il 4
4 25,5 1 2055 Cd. Hg. Zn. Pb. As. Cu,H:
1 Cd. Hg REEYL,E As 1 ZORIE T IREHE
JZn. Pb AR EY),E Cu ¥ BRI THLEh 4 8%
PR THEBGHT LSS 1 ] R A AR AR AL
SEHEE;EE 2 2254 Nay K. Cr. Mn. V. Ni,
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F MR AR R -3 = k3R v Ni =Bk
Y5 RRE I BT R A (R 2R 1O B A
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