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Abstract: To study the pollution characteristics, sources, and transportation process of PM, s and its chemical compositions in the
Zhengzhou-Xinxiang region, PM, ; samples were collected using a middle volume sampler, in Zhengzhou and Xinxiang urban areas for
30 consecutive days during the winter of 2016. The mass concentration of PM, 5 was measured gravimetrically. 17 trace metals were
determined by inductively coupled plasma-mass spectrometry ( ICP-MS), and 7 water-soluble ions were determined by ion
chromatography. The enrichment factor ( EF) method and principal component analysis were employed to determine the source
apportionment. The results showed that the daily mean PM, 5 mass concentration during the winter sampling period of 2016 in Xinxiang
and Zhengzhou was 223. 87 wg-m > and 226. 67 wg-m | respectively, which indicated that pollution levels were relatively high in
both cities. The concentration of three macro elements ( Al, Ca, and Fe) accounted for 50% of the total metal elements in both cities
while the heavy metals concentration was higher in Xinxiang than in Zhengzhou. The EFs of Cd, Ag, and Pb in Xinxiang were far
higher than 1000, while only Cd was higher than 1000 in Zhengzhou. NO; , SO}, and NH, were the main ions in the two cities.
They exceeded 94% of total water-soluble ions and existed in the forms of (NH, ),S0, and NH,NO,. The principle component analysis
showed that the main contributors to PM, ; were a mixture of biomass combustion and secondary aerosol in Xinxiang, and a mixture of
coal combustion and traffic emissions in Zhengzhou, accounting for 34.94% and 33.99% of total PM, 5 emissions, respectively.

Key words:PM, , ; trace metals; enrichment factor method; water-soluble ions; factor analysis
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Table 1 ~ Mass concentration of metal elements in PM, 5 during the winter of 2016 in Xinxiang and Zhengzhou
- 2016 AT S 4% 2016 AERIN A ZE
s JUE H ¥ /ng-m 3 EF {4 JUE H ¥ /ng-m ? EF {8
Cd 50.72 76 175. 94 2.61 3034.55
Pb 237.24 1345.23 63.42 278.90
Cu 46. 12 260. 18 30. 46 133.28
Zn 135.12 249. 87 97.49 139. 82
As 28.71 279. 87 10. 86 82.08
Ag 1.78 1433.17 0.27 169. 12
Ni 7. 65 31.83 5.65 18.23
Cr 8.67 15. 10 7.99 10. 80
Be 0.12 10. 18 0.29 18.97
Co 0.58 6.43 0.36 3.08
Mn 46. 00 8.83 41.33 6.15
\Y 1.67 1.98 1.92 1.76
Ca 224. 04 1.02 186.78 0. 66
K 117.25 0.75 120. 88 0. 60
Al 570. 46 1.00 735. 49 1.00
Mg 89.38 0.87 114.57 0.87
Fe 217.11 0. 86 301. 87 0.93
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% PM, th SRS VE B 1 11 3 o i e o
127.12 pg-m ™, & PM, B 1) 56. 8% , KRN

pgem 5 PM,  BTEERBE Y 46. 01% , FEAKE T
BT PM, P EE LA Sy B S KR T



54 S EFAR . MR £ 4 ZF PM,,  OCR R EERHE B RS BT 2031

S B - 1 vk B KT = IRBUF S SO > NOy >
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Table 2 Results of factor analysis with varimax rotation

T 2016 “FHT S 4% 2016 FRBIN A F

AT 1 K72 AT 3 K7 4 AT 1 A2 AT 3 AT 4
Ni 0.13 0.81 0.22 0.11 0.20 0.13 0.65 0.32
Cu 0.68 0.49 0.14 0.11 0.72 0.11 0.50 0.15
Zn 0.76 0. 56 0.23 0. 14 0.77 0.38 0.39 0.28
K 0.74 0.55 0.31 0.15 0.67 0.29 0.57 0.28
Ca 0.13 0.59 0.74 0.06 0.09 0. 14 0.16 0.93
Mn 0.67 0.69 0.22 0.07 0.78 0.29 0.40 0.30
Co 0.50 0.73 0.23 0.11 0.48 0.27 0.50 0.64
Be 0.27 0. 66 0.00 0.42 0.82 -0.08 0.19 0.30
Mg 0.25 0.56 0.76 0.05 0.46 -0.07 0.47 0.71
Al -0.03 0.90 0.15 -0.20 0.53 0.03 0.58 040
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