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(1. Inatltute of Geogrdphlg Sciences and Natural Resources Resédrch Chinese Academy of Sciences, Beijing 100101, China; 2. Key
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Laboratory of Land Sutface Pattern and Simulation, Chinese Academy of Sciences, Beijing 100101, China; 3. College of Resources and
EnVironrﬁent, University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract : In order to study the concentration, distribution characteristics, and health risk assessment of toxic heavy metals, Cu, Mn,
Pb, Ti, V, Cd, Cr, Co, Mo, and Ni, in atmospheric particulate matter (PM) and dust, the PM and dust samples were collected in
all four seasons in 2014 in Beijing using two high volume air samplers ( Echo Tecora Inc. , Ttaly) and a dust tank, respectively.
Selected metals were quantified by ICP-MS. Annual average concentrations of PM, , and PM,, were 153.40 pg-m™ and 232.93
pg+m >, which were five and three times higher than the Ambient Air Quality Standard values ( GB 3095-2012) , respectively. The
average PM, ./PM,; was 0.74, implying that PM, ; predominated the particulate matter concentrations. The results of backward
trajectory analysis suggested that exogenous particles originated from the northwest, north-northeast, southeast, and southeast-northwest
during winter, spring, summer, and autumn, respectively. The order of annual average concentrations of selected metals in PM, 5 and
PM,, was Ti >Mn >Pb > Cu > Cr>Ni >V > Cd >Mo > Co. The sum of the concentrations of Ti, Mn, Pb, Cu, and Cr accounted for
91.93% and 92.49% of the total concentration of target metals in PM, ; and PM,;, respectively. The metal content of dust followed
the order of Ti >Mn >Pb > Cu >Ni>Cr >V > Co >Mo > Cd and Ti (2561.48 wg-g™") accounted for 72.57% of the total metal
content of dust. The geo-accumulation index (1,,,) of Cd, Pb, Cu, and Ni were 4. 03, 2.49, 1. 33, and 0. 43, which represented the
states of heavily to extremely contaminated, moderately to heavily contaminated, moderately contaminated and uncontaminated to
moderately contaminated, respectively, indicating that dust in the target area included significant amounts of Cd, Pb, and Cu. The
health risk assessment suggested that non-carcinogenic and carcinogenic risks of selected metals in PM,; and dust were within safe

limits, but their long-term impact cannot be ignored.
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Table 1  Parameters applied to estimate the intake doses in the heavy metals model
2 r=9"4 L BmSFE FEEOESHH itk
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Fig. 1 Seasonal concentration distribution of particulate matter
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Fig. 2 Back trajectory analysis of particulate matter in Beijing
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Table 3 Annual mean concentrations of ten heavy metals in particulate matter and dust

JLER PM, s/ng-m 3 PM,,/ng-m~* B/ pgg ! PM, s/PM,,
Ti 173.42 £132. 99 238. 66 +158.33 2651.48 £838.88 0.73
cd 3.58 £2.52 6.53+5.75 1.89 +0.53 0.55
Cr 30.92 £ 14.08 30.39 £ 14.47 62.28 +25.26 1.02
Ni 16.77 £10.91 16.24 +9.38 65.03 £31. 08 1.03
Co 2.21£1.03 3.21£1.72 32.00 +36. 17 0. 69
Cu 31.57 £17.03 53.57 £31.93 99.69 =51.99 0.59
Mn 74. 66 £36.51 107. 44 +58. 61 469.99 +54. 83 0. 69
Mo 3.24+1.75 5.16 £3.48 5.77 £2.21 0.63
Pb 64.59 +45.45 85.91 +61.41 217.44 +43.85 0.75
\ 7.13 £4.37 10.76 +7. 14 48.35 +9.32 0. 66
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Fig. 3 Seasonal distribution of heavy metals in PM, 5 and PM,; in Beijing atmosphere
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AR, 5 EABAFIE 73, 35% , HRJE J2 ik 4%
filh 1 OF 0, 43 0 R B A Y 16.45% F
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AREUERA LR H AR B S
H)m FIME brifEZE R FRifEZE FIME PRz
Cd 2.02x1077 1.83x1077 1.25x1077 3.68x107° 2.80x107% 8.24x107°
Co 1.02 x10 7 5.45x107° 2.23 x10°° 2.53 x107° 5.00 x10 7 5.68 x10 7
Cr 9.61 x1077 4.58 x1077 4.31x107° 1.73x107°° 9.65 %1077 3.87 x 107
Cu 1.69 x10 ¢ 1.01 x10°° 6.93 x10°° 3.57x10°° _1.55x107° 8- 00"x"1'0*7_-
Mn 3.40 x10 ¢ 1.85x1076 3.19x10°° 3.73 x197° 7.14x10°° 8 35,3{1-{)17
Mo 1.63 %1077 1.10x1077 3.99 x 1077 L51x1077 o | 8.93x107% 3'.'38_,;%'10-'8
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Table 5 Non-carcinogenic and carcinogenic health risks of heavy metals in PM,; and dust

A 309 B XU -1 EPNEZN J ik fi
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