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Abstract: During April July October 2009 and January 2010 daily (24-h average) PM, s samples were collected at urban sites in
Beijing and 29 metal elements were analyzed by the ICP-MS. The characteristics of 7 carcinogenic heavy metal mass concentrations

enrichment and possible sources were discussed. The annual average concentrations of As Cd Co Cr Ni Pb and Se were (11.6
£14.0) (2.6%2.4) (1.0+0.7) (11.3+9.4) (4.0+2.4) (142.5+98.9) and (3.3 £2.2) ng*m ™’ respectively. Only
annual average concentration of As exceeded WHO standard by a factor of 0. 8. Higher enrichment factors of As Cd Pb and Se were
found and their enrichment factors exceeded 500. Their enrichment factors in summer were much higher than those in other seasons.
The local coal combustion and vehicle exhaust should be the dominant sources for the above four carcinogenic heavy metals in spring

autumn and winter while regional transportation contributed more in summer.
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Fig. 1 Daily variation of carcinogenic heavy metals in PM, 5 in Beijing
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Table 1 ~ Concentrations of carcinogenic heavy metals in PM, 5in China/ng'm’3
( -) () As Cd Co Cr Ni Pb Se
2009-04 ~2010-01 120 11.6+14.0 2.6 +2.4 1.0+0.7 11.3+9.4 4.0+2.4 142.5+£98.9 3.3x2.2
2009-04 29  11.4+£12.9 2.9+2.7 0.9+0.5 9.1+5.5 4.2+2.6 132.9£92.2 3.8+2.6
2009-07 30 19.5+21.7 2.7+2.6 0.4+0.2 8.3+3.7 2.3+1.3 122.5+74.2 3.8x1.7
2009-10 31 7.9+6.4 2.5+1.7 0.9+0.5 17.1+13.1 3.8+1.7 146.7 £99.1 2.7+1.9
2010-01 30 7.6+6.1 2.4+2.6 1.6+0.8 10.4+9.8 5.8+2.6 168.0£122.8 3.1+2.4
2008 10 2 — - — 91 —
2007 %3 19 3 — - — 169 — 2
2006 22 4 — - — 191 —
2005 12 2 — - — 139 —
( ) 32 +27 4.6 £3.21.1 £0.5 58 + 39 20 + 14 149 + 122 4.5 +2.8 25
( ) 2004-03 ~2005-03 52 28 £ 19 3.7 +1.90.8 £0.5 15 =10 8 = 143 + 117 3.1 + 1.9
( ) 36 £28 1.7 £1.60.4 +0.2 19 £ 17 6 = 75 + 74 2.5 +2.2
( ) 27 £24 1.6 +1.00.5 0.3 17 = 15 + 67 = 51 1.6 £ 1.3
( ) 8 41 = 12 9 +3 — 38 + 11 — 261 + 76 18 £5
( ) 2004-08 ~2004-09 8 81 + 17 14 £ 3 — 51 = 11 — 373 + 80 34 +7 2%
( ) 8 46 = 10 11 £ 3 — 68 + 16 — 304 + 69 25 + 6
( ) 8 64 + 28 17 = 8 — 64 + 28 — 403 = 178 27 + 12
( ) 200011 ~2001-02 3.93+3.44 — - 2.43£1.65 5.34+2.74 76.86 £33.90 — 27
( ) 5.07 £3.99 — 4.51 £3.67 6.00+5.14 91.62 +£50.11 —
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Fig. 3 PSCF spatial patterns of higher enrichment carcinogenic heavy metals in Beijing
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Table 2 Correlation between higher enrichment carcinogenic heavy metals in different seasons in Beijing

As Cd Pb Se Al S0, NO,
As 1. 00
cd 0.69** 1. 00
Pb 0.82%* 0.90** 1.00
Se 0.79** 0.86** 0.98** 1. 00
Al 0.21 0.21 0.19 0.15 1.00
S0, 0.74%* 0.81%* 0.87%* 0.88** 0.43% 1.00
NO, 0.41%* 0. 42% 0.65** 0.66** 0. 09 0.68** 1. 00
As 1.00
cd 0.73** 1.00
Pb 0.64** 0.70** 1. 00
Se 0.47%* 0.47** 0.82%* 1. 00
Al -0.09 0.06 0.03 -0.03 1. 00
S0, -0.02 0.15 0.43%* 0.52%* 0. 44 1. 00
NO, -0.07 -0.06 0. 00 -0.02 -0.09 -0.10 1.00
As 1.00
cd 0.89** 1. 00
Pb 0.81%* 0.95** 1. 00
Se 0.70** 0.85** 0.95** 1. 00
Al 0.05 -0.11 -0.19 -0.27 1. 00
S0, 0.50** 0.69** 0.80** 0.80** 0.02 1. 00
NO, 0.68** 0.83%* 0.86** 0.84** -0.17 0.87** 1.00
As 1. 00
cd 0.91** 1. 00
Ph 0.96** 0.83** 1. 00
Se 0.94%* 0.78** 0.98** 1. 00
Al 0.10 0.18 -0.03 -0.04 1. 00
S0, 0.82** 0.69** 0.86** 0.89** -0.13 1.00
NO, 0.74** 0.61** 0.76** 0.83** -0.16 0.83** 1.00

1) * % a=0.01 ) ¥ a=0.05 ( )
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