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Abstract: From 18 September 2005 to 13 September 2006 in Beijing, 166 TSP samples were collected at three sites in southern suburb,
downtown and northern suburbs respectively. Lead and other 28 elements were determined for those samples by ICP-AES and ICP-MS methods.
The lead average concentration of one year in southern suburb, downtown and northern suburb was 179, 142 and 102 ng*m™, respectively.
Source identification and apportionment were carried out using absolute principal component analysisC APCA) method. Five groups of sources
were recognized. The sources are nonferrous metallurgy (55.6% ); coal combustion(16.9% ), construction dust(11.8% ) and soil dust
(10.2% ), respectively. Major sources of aerosol lead in Beijing were from nonferrous metallurgy industry. Lead associated with coal
combustion and other sources were evenly distributed over three sites. However; industrial lead was apparently at different levels at three sites,
higher in southern suburb and lower in northern suburb. The lead concentration originated from nonferrous metallurgy at three sites from
southern suburb, downtown to northern suburb was 113, 77.0 and 44.2 ng*m™’, respectively, implying that the major sources for industrial
lead were from the south to the Beijing. There is considerable space for reduction of aerosol lead concentration in Beijing. The main object for
lead pollution discharge reduction and environmental management measures should aim at nonferrous metallurgy, especially for the field of lead
metallurgy located at the south area to the Beijing. The calculation result based on the same chemical analysis data also shows that major source
for TSP in Beijing is of soil dust and construction dust» accounting for 72.3% . The other sources such as coal combustion and nonferrous
metallurgy account for 13.4% and 9.5% > respectively.
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Table 1  Average of elements concentration and enrichment factor based on 166 TSP samples
Je5%8 S [ 158 X [
Na 1068 1571 1520 1.4 1.4 1.3
Mg 2061 3286 3349 3.2 3.6 3.5
Al 2784 3768 3873 1.0 1.0 1.0
S 4533 6072 5711 645 572 522
K 1611 2157 2074 2.1 1.9 1.8
Ca 7365 17 180 17970 7.1 11.4 11.5
Fe 4137 6244 5888 2.6 2.8 2.6
\ 7.29 10.6 11.4 1.7 1.8 1.8
Mn 132 185 204 4.7 4.5 4.8
Ni 6.61 10.5 12.6 3.0 3.4 4.3
Cu 153 176 144 115 83 62
Zn 246 449 546 120 156 179
As 15.8 2.7 26.3 305 321 357
Se 4.72 6.14 8.03 3427 2998 3759
Sr 28.7 61.6 58.1 2.5 3.5 3.3
Cd 2.74 5.09 6.56 482 634 791
Sn 4.83 8.65 11.8 89 107 142
Sb 2.03 3.71 4.72 442 468 568
Ba 73.2 128 107 6.1 7.2 5.9
Ce 7.68 10.2 11.1 3.8 3.8 4.1
Pr 0.867 1.06 1.13 3.1 2.8 2.9
Nd 0.867 1.06 1.13 3.4 3.0 3.1
Dy 3.23 3.93 4.07 3.8 3.7 3.5
Ho 0.386 0.504 0.502 1.6 1.6 1.6
Er 0.066 0.090 0.090 2.0 2.0 1.9
Pb 102 142 179 280 267 325
Bi 1.48 2.21 2.34 269 275 270
Th 1.04 1.32 1.33 4.2 3.9 3.9
9] 0.223 0.361 0.326 4.1 4.8 4.2
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Fig.1 Comparison between average of Pb concentration based on one

month data in TSP sample collected from three sites in Beijing
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Table 2 Varimax rotated loadings for the ‘166 sample/6 component’ PCA solution

. LA A A E A E A E A .
ik T e s e ™
Na 0.4278 0.260 1 0.1907 0.6633 (0.0102) 0.1268 0.743 1 0.040 1
Mg 0.874 1 0.1559 0.0847 0.3523 0.104 6 0.0493 0.9330 0.0205
Al 0.970 8 0.059 4 0.1360 0.097 1 (-0.0019 (0.0153) 0.9742 0.0127
S (0.0090) 0.474 6 0.1436 0.058 1 0.7682 0.2296 0.8922 0.0260
K 0.339 1 0.2299 0.783 1 -0.1427 0.3599 —-0.0449 0.9330 0.0205
Ca 0.6010 0.1957 (-0.0277) 0.634 4 0.1167 (0.0137) 0.8165 0.0339
Fe 0.9378 0.1338 0.0623 0.2367 0.1046 0.0463 0.970 4 0.0136
A 0.9305 0.1501 0.0825 0.2619 0.096 3 0.027 6 0.9739 0.0128
Mn 0.8965 0.2185 0.0613 0.2795 0.0547 0.068 5 0.9409 0.0192
Ni 0.6852 0.3053 (0.0420) 0.5004 0.1035 0.1203 0.840 1 0.0316
Cu (0.0254) 0.3190 0.108 5 (0.0522) 0.1513 0.8605 0.8803 0.0274
Zn 0.1800 0.8733 (0.0398) 0.1855 0.267 4 (0.0334) 0.9037 0.0245
As 0.1895 0.8585 0.0979 (-0.0017) (0.0492) (0.0092) 0.7851 0.0367
Se 0.166 6 0.7207 0.1221 0.166 3 0.5609 0.063 6 0.908 4 0.0239
Sr 0.6229 0.2433 0.5414 0.4503 (0.0334) 0.0573 0.9476 0.018 1
Cd 0.0699 0.9099 (0.0332) (0.0282) -0.1852 0.0420) 0.8707 0.028 4
Sn (-0.0202) 0.9426 (-0.0332) 0.0432 (-0.0405) 0.1890 0.9292 0.0210
Sh (-0.0496) 0.6276 (-0.0485) 0.164 1 (0.0453) 0.5276 0.706 0 0.0429
Ba 0.1340 0.1364 0.933 4 0.167 1 -0.0412 0.1054 0.948 6 0.0179
Ce 0.9787 0.0452 0.0705 0.1134 0.0250 (-0.0191D 0.9787 0.0115
Pr 0.9910 0.0127 0.0713 0.0472 (-0.0019) (-0.0155) 0.989 8 0.008 0
Nd 0.9912 0.0120 0.0759 0.0472 (-0.0051) (-0.006 1) 0.990 6 0.0077
Dy 0.9927 0.026 4 0.0849 0.0324 (0.006 8) (-0.0050) 0.9945 0.0059
Ho 0.9925 0.0183 0.0855 0.0355 -0.0185 -0.0149 0.9945 0.0059
Er 0.9913 0.0221 0.0835 0.0500 -0.0194 -0.0160 0.993 4 0.006 4
Pb 0.1272 0.9209 0.1916 0.118 1 0.2058 0.0869 0.964 7 0.014 8
Bi 0.0828 0.8304 0.2902 0.1229 0.3363 0.107 8 0.9206 0.0223
Th 0.9889 (0.0072) 0.0887 -0.0547 (-0.0089) -0.0213 0.989 4 0.008 1
U 0.8746 0.1728 0.1749 0.1604 (-0.0003) (-0.0052) 0.8512 0.0305
TSP 0.9204 0.186 1 0.1306 0.1043 0.1723 0.0099 0.9395 0.0194
J7 ZE TR 14.38 6.508 2.134 1.869 1.417 1.193

J7 ZETTHRE % 47.94 21.69 7.11 6.23 4.72 3.98
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Fig.2  Comparison between absolute scores of the K-rich factor for 166 TSP samples
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Table 3 Varimax rotated loadings for the ‘164 sample/5 component’ PCA solution

. E EH E 3 E A - .
ik T e
Na 0.4300 0.258 1 0.6642 (0.0284) 0.113 1 0.706 3 0.0430
Mg 0.8607 0.148 1 0.3922 0.1106 0.056 3 0.9320 0.0207
Al 0.976 1 0.060 6 0.1309 (0.026 1D (0.0139) 0.974 4 0.0127
S (-0.0136) 0.443 4 0.1362 0.7407 0.2863 0.846 0 0.0311
K 0.556 6 0.2993 -0.1453 0.6673 -0.0959 0.8751 0.0280
Ca 0.568 1 0.1839 0.6722 0.0805 (0.027 8 0.8157 0.0340
Fe 0.9255 0.1267 0.2779 0.1196 0.055 1 0.9672 0.0144
Y 0.9192 0.1440 0.3027 0.110 1 0.0355 0.970 8 0.0136
Mn 0.8850 0.2140 0.3125 0.064 1 0.0747 0.936 4 0.0200
Ni 0.6636 0.296 8 0.5367 0.0727 0.1359 0.8402 0.0317
Cu 0.0340 0.3142 0.068 8 0.1517 0.8573 0.8626 0.0294
Zn 0.1604 0.8573 0.2174 0.3053 0.0505 0.9036 0.024 6
As 0.1914 0.8557 (0.0273) 0.1228 (0.0063) 0.7847 0.0368
Se 0.1440 0.6943 0.2331 0.588 1 0.09 8 0.9124 0.0235
Sr 0.7442 0.2755 0.5309 0.0938 (0.0355) 0.9216 0.0222
Cd 0.0774 0.9191 (0.0290) -0.1315 (0.0297) 0.869 8 0.0286
Sn (-0.0254) 0.9423 0.0425 (-0.0385) 0.1972 0.9308 0.0209
Sh (-0.0573) 0.6226 0.1487 (0.006 6) 0.5398 0.704 5 0.043 1
Ba 0.6828 0.4344 0.449 1 0.060 5 0.1440 0.8810 0.0274
Ce 0.974 1 0.0434 0.1511 0.0509 (-0.0162) 0.976 5 0.0122
Pr 0.990 1 (0.0126) 0.0809 0.0317 (-0.0154) 0.988 2 0.008 6
Nd 0.990 8 (0.012 1D 0.0806 0.028 8 (-0.0066) 0.9892 0.008 2
Dy 0.9933 0.026 0 0.066 6 0.048 5 (-0.0063) 0.994 1 0.006 1
Ho 0.9942 0.0191 0.068 0 0.0243 -0.0182 0.994 4 0.0059
Er 0.9925 0.0227 0.0820 0.0215 -0.0190 0.9930 0.006 6
Pb 0.1342 0.9238 0.148 3 0.2449 0.0989 0.9632 0.0152
Bi 0.097 1 0.8420 0.167 1 0.3911 0.1236 0.9146 0.0232
Th 0.993 1 (0.0087) -0.0193 0.0383 -0.0236 0.988 8 0.008 4
U 0.8815 0.1733 0.1957 0.0676 (-0.0170) 0.8502 0.0307
TSP 0.9156 0.1775 0.1517 0.2207 (0.0155) 0.9417 0.0192
75 Z Rk 15.05 6.644 2.437 1.834 1.264
J7 ZETTHRE % 50.17 22.15 8.12 6.11 4.21
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Table 4 The ¢-test of main sources for TSP and prominent tracer elements
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Fig.3  Source profiles (in relative concentration units) of five sources
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Table 5  Contributions from the various sources to TSP and the atmospheric concentration of the elements

i e YA %Uﬁ/ng'm’3
TCH .. HEIR4 . R . . VRS
15 47,71 ! TN TR A RS AN A Sl = :
e L 77k Tl ok PRI SR el e W5 A L
Na 24.9 11.8 40.3 1.5 5.6 84.1 1145 1363 0.840
Mg 57.3 7.8 27.4 6.7 3.2 102.3 2930 2864 1.023
Al 92.8 4.6 13.0 2.2 1.1 113.7 3907 3436 1.137
S -1.2 29.7 12.1 56.7 20.7 118.0 6309 5346 1.180
40.0 17.0 -10.9 43.3 -5.9 83.5 1518 1818 0.835
Ca 36.2 9.3 45.0 4.6 1.5 9.7 13450 13920 0.966
Fe 65.7 7.1 20.7 7.7 3.3 104.6 5644 5396 1.046
% 70.3 8.7 24.3 7.6 2.3 113.2 10.9 9.65 1.130
Mn 61.0 11.7 2.6 4.0 4.4 103.6 178 172 1.035
Ni 39.1 13.8 33.1 3.9 6.8 9.8 9.43 9.75 0.967
Cu 2.3 16.5 4.8 9.1 48.7 81.4 128 157 0.815
7n 12.4 52.3 17.6 21.3 3.3 106.8 432 404 1.069
As 15.8 55.8 2.4 9.2 0.4 83.5 17.7 21.2 0.835
Se 9.4 35.9 16.0 34.8 5.4 101.5 6.26 6.16 1.016
Sr 47.4 13.9 35.5 5.4 1.9 104.1 49.0 47.1 1.040
cd 9.6 90.1 3.8 -14.7 3.1 91.9 4.28 4.66 0.918
Sn -3.0 88.6 5.3 -4.1 20.0 106.8 8.74 8.19 1.067
Sh -7.3 62.8 19.9 0.8 58.8 134.9 4.58 3.40 1.347
Ba 0.4 21.3 29.3 3.4 7.6 104.1 91.1 87.6 1.040
Ce 83.1 2.9 13.5 3.9 -1.2 102.3 9.82 9.60 1.023
Pr 9.6 0.9 7.9 2.7 -1.2 102.9 1.05 1.02 1.029
Nd 93.5 0.9 8.0 2.5 -0.5 104.3 3.90 3.74 1.043
Dy 89.5 1.9 6.3 4.0 -0.5 101.1 0.468 0.463 1.011
Ho 91.3 1.4 6.5 2.0 -1.4 99.8 0.0812 0.0814 0.998
Er 88.8 1.6 7.7 1.7 -1.4 98.4 0.226 0.230 0.983
Pb 10.2 55.6 11.8 16.9 6.4 101.0 137.7 136.4 1.010
Bi 7.0 48.1 12.6 25.5 7.6 100.8 1.96 1.95 1.005
Th 100.9 0.7 -2.1 3.5 -2.0 101.0 1.24 1.22 1.016
U 60.5 9.4 14.1 4.2 -1.0 87.2 0.260 0.299 0.870
TSP 61.6 9.5 10.7 13.4 0.9 9%.1 312700 325 400 0.961
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Table 6  Proportion of primary source contributed to Pb in three groups of TSP samples based on Pb concentration
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