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Concentration Characteristics and Sources of Trace Metals in PM, . Durin
2.5

Wintertime in Beijing

QIAO Bao-wen'?, LIU Zi-rui’, HU Bo’, LIU Jing-yun'?, PANG Ni-ni"?, WU Fang-kun’, XU Zhong-jun'",

WANG Yue-si

(1. Department of Environmental Science and Engineering, Beijing University of Chemical Technology, Beijing 100029, China;
2. State Key Laboratory of Atmospheric Boundary Layer Physics and Atmospheric Chemistry, Institute of Atmospheric Physics, Chinese
Academy of Sciences, Beijing 100029, China)

Abstract: To study the characteristics and sources of trace metals in PM, 5 during wintertime in Beijing, PM, ; samples were collected
from December 2014 to January 2015 by a middle volume sampler in the urban area of Beijing for 30 consecutive days. The mass
concentration of PM, ; was measured by filter membrane weighting method, and 16 kinds of trace metals were determined by inductively
couple plasma-mass spectrometry (ICP-MS). In addition, the pollution characteristics and sources of trace metals were analyzed by
enrichment factor (EF) method and factor analysis, respectively. The results showed that the concentrations of five elements (i. e. K,
Ca, Fe, Al and Mg) accounted for 90. 7% of the total metal elements. The concentrations of the metal elements changed obviously
between day and night. Compared with daytime, crustal elements like Mg and Al decreased by more than 30% while anthropogenic
elements like Cu and Pb increased by more than 40% in nighttime. Although the concentrations of metal elements increased by nearly
one time in heavy pollution days compared with clean days, the mass percent of which in PM, ; decreased from 10. 9% in clean days to
4.6% in heavy pollution days. This result suggested the accumulation of metal elements in heavy pollution days had a minor
contribution to the increased mass concentration of PM, 5. As the pollution episode progressed, anthropogenic elements ( Cu,Zn,As,
Se,Ag and Cd) increased faster than crustal elements ( Al, Mg,Ca,Mn and Fe), which showed ratios ranging from 2.9 to 5.3 for
anthropogenic elements and ratios ranging from 1. 2 to 1. 8 for crustal elements, when compared between heavy pollution days and clean
days. In addition, the EF value of anthropogenic elements was also increased in the pollution days, indicating the concentrations of
these elements was further influenced by the anthropogenic sources. Factor analysis showed that metal elements of PM, s during
wintertime of Beijing were mainly from coal combustion and biomass burning, motor vehicle and industry emissions, and re-suspension
of road dust, with the contributions of 34. 2% ,25. 5% and 17. 1% , respectively.
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Fig. 1 Meteorological conditions and PM, 5 mass concentration during sampling periods
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1) SR ) A, BERGAR 1 R ) AR R
— R TS YRR
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Table 2 Metal elements concentration of PM, 5 in winter of major cities/ng+m ~3
25 23] £i(34] g 35 0]
Ml 2(?{:42? j2%1?0 4 sz)g.z 4 gorﬁ 4 J;ojllzlt i

Mg 506. 5 96 210 1220
Al 810. 8 412.2 3260 305
K 2372.4 2776.4 2500 500 700
Ca 1738.3 703.5 1340 6380 200
\4 16.2 12.9 130 9
Cr 7.7 18 140 9
Mn 58.8 49.8 90 34
Fe 1323.1 1051.8 1380 1500 353
Co 8.8 3
Cu 185.2 38.3 50 50 37
Zn 185.3 332.2 480 640 225
As 10.6 41.1 50 100
Se 5.3 53.0 130.0 20
Ag 0.5
Cd 2.8 20
Pb 154.3 112.7 160 400 77

Jent4 g PM, 4 Jm U R Mk BE 1 H BN L LA
K ER T3, 5 H B, H5E o Z7ER i)
W NFE Mg, Al, Ca 1 Mn 2550 K J& 78 5 18] 43 5
TF&46.5% . 32.4% . 6.7% M 4. 7% . N NFICEN]
FHT BT, 2 Cu, Pb, Ag. As Al Cd ZERZ[] 4351

T+ 104.4% |, 40.1%  35.5% . 36.7% F127. 1% . Xj&
AT T AT AR KBRS, KRR Z N, R A
JERAR , R E B, AR T 1 54 42 B Il
MR FEER F2SE RN Tl HE S 1 a] X L8
TG YA & JR TR TR E IR UM T A S
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Table 3  Concentration and enrichment factor of metal elements

in daytime and nighttime during sampling periods/ng-m ~

3

oy : W _ HENT

EES B H L3
Mg 658.0 351.9 3.8 3.0
Al 963.0 651. 1 1.0 1.0
K 1967.7 2 656.5 7.4 14.8
Ca 1875.6 1750.2 9.0 12. 4
v 1.6 1.8 1.5 2.4
Cr 6.8 8.4 7.3 13.2
Mn 51.1 48.7 5.3 7.4
Fe 1336.0 1328.4 3.3 4.8
Co 0.7 0.9 3.4 6.2
Cu 126. 4 258.3 388.6 1175.0
Zn 177.2 195.0 125.3 204.0
As 8.9 12.2 67.0 135.3
Se 5.0 5.7 1483.9 2461.1
Ag 0.4 0.5 129. 4 259.3
Cd 2.3 2.9 2267.4 4263.2
Pb 127. 1 178.0 363. 1 752.5

Table 4 Concentration and enrichment factor of metal elements in different pollution conditions during sampling periods/ng+m ~
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Mg 444.5 477.7 589. 4 3.1 4.1 3.4
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K 1121.6 2163.2 3775.5 5.2 12.1 14.3
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Cr 5.6 7.4 10.2 7.4 11.7 10.9
Mn 53.9 43.9 74.5 6.9 6.7 7.7
Fe 994. 4 1137.7 1786.7 3.0 4.1 4.4
Co 22.1 0.7 1.2 127.0 4.8 5.8
Cu 88.5 207. 4 265.7 335.9 947.2 820. 5
Zn 60. 6 170.0 321.2 52.9 178. 6 228. 1
As 3.3 10.2 18.2 30.3 113.0 136.5
Se 2.8 5.1 8.0 1016.9 2216.9 2366. 6
Ag 0.2 0.4 0.8 101.5 189.5 250.7
Cd 1.3 2.1 4.8 1535.8 3064.2 4 689. 6
Pb 120. 6 152. 4 188. 1 425.4 646. 5 539.5
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Table 5 Rotated component matrix during wintertime of Beijing

A R F 1 o }gnga 1
1 2 3 I[m]

Mn 0.89 0.26 0.08 0. 87
Ag 0. 87 0.38  -0.08 0.90
K 0. 82 0.51 0. 04 0.94
Fe 0. 80 0.24 0.31 0.79
% 0.77 -0.19 0. 20 0.67
Se 0.77 0. 34 0.02 0.71
Co 0. 65 0.57 0.21 0.79
Cd 0.47 0.79 0. 00 0. 84
As 0.35 0.75 0.12 0.70
Cu 0.20 0.75 -0.10 0.61
Zn 0.59 0.74 0.01 0.89
Ph -0.08 0.70 0.17 0.52
Cr 0. 46 0.51 0.22 0.52
Al 0.17  -0.02 0.91 0. 86
Mg 0. 04 0. 04 0.91 0.83
Ca 0.11 0.18 0.88 0.83
75 2% SRk 5.5 4.1 2.7
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