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Abstract ; To inyestigate the pollution charactéristics and C,ourcf'f,' of elements bonded with PM, ; and PM,; in Linyi, PM, 5 and PM,,
sample collectlom were carried out simultaneously in Linyl from December 2016 to October 2017, and 23 elements were determined by
mductlvqu coupled plasma mass spectrometry (ICP-MS) and inductively coupled plasma optical emission spectrometry ( ICP-OES) ,
with the enrichment factor method and PMF employed to determine the source apportionment. The results indicated that the dominant
elements in PM, ; and PM,, were recognized as Si, Ca, Al, Fe, K, Na, and Mg, accounting for 92.93% and 94.61% of the total
measured elements, respectively. The concentrations of 18 elements ( excluding Ti, Ni, Mo, Cd, and Mg) were highest in winter and
spring, and lowest in summer and autumn. Si, Al, Ca, K, and Na showed the highest levels in spring, mainly distributed in coarse
particles; Cu, Zn, Pb, and Sb showed the highest levels in winter, mainly distributed in fine particles. The enrichment factor results
showed that the enrichment of Cd, Sb, and Bi was significant, mainly originated by anthropogenic sources such as coal combustion,
industrial production, and waste incineration. Based on the analysis results of PMF, coal, and copper smelting, municipal waste
incineration, fugitive dust, vehicle emissions, and industrial sources were the main sources of elements in PM, 5, accounting for
22.64%, 7.49%, 41.22%, 14.71%, and 13.94%, respectively. For PM,,, fugitive dust, coal and copper smelting, vehicle
emissions, and industrial sources were the main sources of elements, contributing 55.47%, 19.80%, 7.48%, and 12.83%,
respectively. Our results suggested that the main contributors to particulate matter pollution in Linyi during the sampling period were
fugitive dust, and coal and copper smelting.

Key words: Linyi; PM, ;; PM,;; elements; source apportionment
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Table 1 Information on the six sampling sites in Linyi
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Fig. 1 Locations of the sampling sites in Linyi
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Table 3 Mass concentration and elemental concentrations of PM,, in four seasons

WiH BFE "7 V& X% Y + brife Ak e 5t %
PM,, 153.17 71.13 102.42 206. 13 154.47 +98. 86 24.65 ~504.65
Na 3390.38 591.50 1475.68 1091.67 1520.28 +1319.47  196. 66 ~ 18 870. 59 1.100
K 2905.02 787.09 1312.73 1928.93 1817.23 £1045.26  235.83 ~7293.58 1.234
v 22.27 11.09 11.88 18.28 16.75 +6.63 2.37 ~43.85 0.013
Cr 40.18 22.05 25.15 33.33 31.37 £14.42 4.51~261.10 0.023
Mn 126.36 30.37 55.18 104.29 87.39 +60. 13 9.78 ~622.25 0.056
Co 2.12 0.52 0.76 1.38 1.27 +0.88 0.16 ~6.08 0.001
Ni 13.53 18.97 13.20 10.78 13.23 +7.37 0.99 ~92.31 0.011
Cu 59.60 11.44 16. 64 81.15 53.81 +60.70 3.30 ~731.09 0.030
Zn 301.99 180. 69 325.01 443.72 349.82 +206.29 49.70 ~1951.71 0.242
As 11.50 8.03 11.48 13.55 11.84 +6.66 1.34 ~156.78 0. 009
Mo 1.37 3.10 5.65 1.85 2.62 £2.01 0.16 ~39.76 0. 002
cd 2.03 3.84 4.16 3.42 3.35+1.88 0.36 ~15.80 0.003
Sh 7.63 2.10 3.90 9.71 6.98 +6.63 0.09 ~55.22 0.004
Pb 121.56 63.12 106.26 150.69 122.15 +75.40 9.94 ~1405. 66 0. 084
Bi 4.12 0.95 2.05 4.36 3.32+3.49 0.19 ~120.63 0. 002
Al 6 066. 98 2 480. 68 3233.40 3596.30 3830.20£2145.72  712.23 ~16124.11 2.779.
Sr 29.05 11.14 10. 43 14.56 16.14 +11.61 CL31~101.15 0011 |
Mg 1867.55 1126.70 1352.24 895.93 1 207.25 +608 [ 254.30 ~10447.63° WL
Ti 293.11 572.21 343.67 . 445.05 422.34£193.13 14.51 ~3173.77 # o gf352=
Ca 7633.74 3023.61 3187.50 | 4#3970.21 4399.49 2 867 66 326.53 ~19829.65 3 Lddey
Fe 3172.98 2555.81 2093.47  3533.08 3055.78 +1785.33 185,20 ~43026.29 u!'1‘236 |
Ba 67.98 44.82 13255 36.89 43.81 £27.17 2,01 ~440. 64 <. Q_}Af""uu..};;}*’
Si 9051 48 2863.20 | 3840.32 4 4472.25 4989.00 +4 005,26 559,11 ~44 666.78  «/73.495
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