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Distribution of Trace Elements in Atmospheric Particles in
Traffic Zone of Shanghai during the Spring

SHI Xue-ping
( Shanghai Zhabei Environmental Monitoring Station Shanghai 200072 China)

Abstract: From March to May 2011 eighteen atmospheric particle samples ( TSP) were collected in traf—
fic zone ( Shanghai Zhabei District) . Fourteen trace elements were extracted by ultrasound water-batch and mi—
crowave digestion and determined by ICP and AAS method. Results indicated that Na.Ca. Fe.Si. Al extracted
by microwave digestion have higher concentration while Ca\Na.Si.K.Mg have higher content. Cd concentration
was both lower in two methods. It was found that Ca.Na.Mg.Ni.K were inclined to exist as soluble state with o—
ver 50% water soluble part while other elements exist at non-soluble state. as Elemental enrichment factor meth—
od and principal component analysis( PCA) method were adopted to identify the source contribution. EF results
indicated that EFs of K.\Mg.Fe.Mn.Ca.Cr \Ni were lower than 10 while EFs of Na.Pb.Zn.Cu.Cd were higher
than 10 implying those elements were obviously concentrated on atmospheric particles. Correlation between ele—
ments and PCA results showed that secondary suspended dusts of soil particle and construction particle are main
sources of atmospheric particle followed by industrial and traffic emission. HYSPLIT trajectory model demonstra—
ted that local sources are important cause of high particle pollution though contribution of external source trans—
portation is not neglected.
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Table 1  The list of sampling days and weather conditions
. o 1% /kPa ime sy
1 3 5—6 178.2 8.6 48.6 102.7 2.3
2 31011 228.7 15.0 41.9 103. 1 1.6
3 3 15—16 368.2 9.1 41.6 102.0 2.3
4 3 2021 117.4 10.2 75.5 101.2 4.3
5 3 25—26 141.4 12.4 27.0 103.3 2.5
6 3 3031 171.6 12.3 41.6 102.7 2.8
7 4 5—6 104.3 14.5 57.5 103.5 2.7
8 4 10—11 280. 1 20.5 27.0 102. 1 1.9
9 4 15—16 380.8 23.3 56.0 100.6 5.7
10 4 20—21 205.4 18.7 45.2 102.0 2.6
11 4 2526 267.0 25.3 42.4 101.3 3.0
12 4 30— 1 281.3 27.2 53.9 101.0 3.2
13 5 56 151.3 21.7 52.6 101.4 2.5
14 5 10—11 175.9 30.8 59.0 100.4 3.2
15 5 15—16 233.9 26.9 45.8 101.7 1.7
16 5 2021 251.0 30.3 54.4 100.7 2.6
17 5 2526 244.9 23.3 59.4 101.3 2.8
18 5 29—30 207.2 26.3 40.5 101.5 2.3
1.3 2 TSP
2 e ICP
1/8 20 mL TSP Ca.Na.Si.K.Mg.Cu.Al.Fe.Zn.
60 min 50 mL ; 1/8 Mn.Ni.Pb.Cr.Cd 14 °
10 mL.30% 2.1
2 ml; 155 C 1 000 W S, ~ S 0
20 mino 50 mL 2
o 1
1.4 2,
Icp o
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Table 2 Content of soluble elements in particle samples pg/m’
Si Al Fe Mn Pb Zn Cu Cd Ni Cr K Na Ca Mg
S, 0.797 0.086 0.080 0.041 0.0023 0.146 0.100 0.00074 0.0091 0.0011 0.648 4.73 5.22 0.580
S, 0.810 0.081 0.095 0.052 0.0019 0.310 0.130 0.00093 0.0137 0.0009 0.685 5.46 7.60 0.633
S3 0.983 0.086 0.074 0.040 0.0024 0.063 0.067 0.00037 0.0084 0.0010 1.176 4.29 7.01 0.735
S, 0.840 0.087 0.058 0.011 0.0004 0.017 0.021 0.00002 0.0049 0.0004 0.371 3.76 3.41 0.571
Ss 1.292 0.074 0.047 0.005 0.0006 0.021 0.023 0.00001 0.0057 0.0004 0.268 1.87 1.90 0.268
Se 0.950 0.077 0.070 0.016 0.0012 0.022 0.073 0.00007 0.0087 0.0008 0.491 3.85 4.72 0.540
S, 0.794 0.072 0.032 0.005 0.0009 0.031 0.042 0.00002 0.0079 0.0002 0.199 5.34 1.52 0.378
Sg 0.987 0.079 0.095 0.046 0.0034 0.105 0.097 0.00048 0.0130 0.0012 0.833 4.74 6.02 0.558
So 0.915 0.114 0.128 0.071 0.0055 0.181 0.122 0.00130 0.0118 0.0022 1.333 6.78 10.45 0.914
Sio 0.964 0.079 0.055 0.009 0.0006 0.019 0.078 0.00003 0.0101 0.0008 0.483 3.54 4.38 0.493
S 0.957 0.083 0.092 0.034 0.0027 0.067 0.108 0.00037 0.0147 0.0017 0.809 4.25 7.40 0.603
Si, 1.188 0.077 0.067 0.033 0.0017 0.046 0.104 0.00028 0.0137 0.0012 0.726 5.51 8.66 0.711
Si3 1.064 0.107 0.066 0.012 0.0005 0.023 0.057 0.00001 0.0100 0.0004 0.328 3.00 3.11 0.359
Sia 0.806 0.092 0.056 0.013 0.0007 0.022 0.095 0.00003 0.0140 0.0012 0.359 3.39 4.61 0.401
Sis 0.756 0.098 0.078 0.033 0.0018 0.033 0.324 0.00017 0.0145 0.0011 0.576 4.03 5.45 0.454
Sis 0.807 0.079 0.084 0.043 0.0021 0.067 0.249 0.00032 0.0198 0.0014 0.712 5.20 7.78 0.668
Sy 0.913  0.079 0.101 0.053 0.0034 0.124 0.237 0.00053 0.0175 0.0020 1.292 4.54 6.78 0.623
Sig 0.907 0.082 0.064 0.029 0.0014 0.027 0.156 0.00010 0.0162 0.0011 0.896 3.53 5.07 0.540
0.929 0.085 0.075 0.030 0.0019 0.074 0.116 0.00032 0.0120 0.0011 0.677 4.32 5.62 0.557
100 - =m Cd
=m o
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Fig.1 Relative contents of soluble elements in particle samples
2. 1 65% ~83% ; Si.K.Mg 2

Ca>Na>Si>K>Mg>Cu> Al >Fe

>7n> Mn >Ni>Pb>Cr>Cd
5. 62 pg/m's 4. 32 pg/m’s 0. 929 pg/m’.
0.677 ug/m’s 0. 557 pg/m’. 0. 116 pg/m’,
0.085 wg/m’s 0. 075 pg/m’. 0. 074 pg/m’.
0.030 wg/m’. 0. 012 pg/m’. 0. 001 9 pg/m’,
0.001 1 pg/m’ 0.000 32 pg/m’
14 12.50 pg/m’
6% ~ 12% ( 7.9%) .
Ca.Na

Zn

API

74

3

13% ~32% ; Cu.Ni.Al.Fe.Mn,

; Ph.Cr .Cd .
4 15—16
122
1.33 pg/m’
API
1.29 pg/m’.
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Fig.2 The daily variation of soluble element concentration in particles
2.2 3
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Table 3 Content of elements after microwave digestion pe/m’
Si Al Fe Mn Pb Zn Cu Cd Ni Cr K Na Ca Mg
W, 1.29 1.71 3.56  0.104 0.114 0.326 0.286 0.0020 0.013 0.019 0.814 10.22 6.04 1.087
W, 0.88 1.93 3.49 0.111  0.105 0.373 0.313 0.0013 0.014 0.010 1.049 9.05 5.91 0.751
W, 1.77 4.27 9.08 0.213 0.182 0.565 0.373 0.0025 0.020 0.028 1.500 10.59 9.52 1.401
W, 2.69 2.09 3.50  0.094 0.064 0.164 0.203 0.0009 0.018 0.016 1.188  4.40 3.70  0.470
Ws 4.30 2.24 3.05 0.082 0.052 0.161 0.313 0.0005 0.015 0.017 0.820 10.31 5.76 1.182
W 2.46 1.77 2.61 0.074 0.061 0.191 0.237 0.0009 0.012 0.016 0.525 7.37 4.60  0.892
W, 3.83 1.54 1.42 0.049 0.106 0.098 0.298 0.0010 0.009 0.003 0.825 12.00 5.03 1.134
Wg 1.37 3.11 5.41 0.134 0.151 0.466 0.368 0.0020 0.020 0.016 0.967 4.52 4.98  0.903
W, 1.71 4.24 6.82 0.178 0.216 0.618 0.494 0.0047 0.022 0.025 1.508 9.52 8.79 1.229
Wio 3.55 2.50 4.28 0.110 0.078 0.228 0.551 0.0011 0.014 0.011 0.580 3.37 4.20 0.474
Wi 1.98 3.05 4.75 0.143  0.135 0.495 0.498 0.0025 0.021 0.020 0.788 7.23 6.14  0.691
Wi, 1.83 3.15 5.20 0.147 0.137 0.505 0.424 0.0025 0.019 0.018 0.853 9.91 6.55 0.708
Wis 2.52 2.69 3.18 0.077 0.056 0.309 0.369 0.0008 0.015 0.010 0.835 9.42 4.61 1.093
Wiy 2.49 2.39 3.40 0.093 0.086 0.354 0.589 0.0012 0.017 0.017 0.305 9.51 6.17 0.793
Wis 1.72 2.45 3.32 0.099 0.091 0.270 2.425 0.0012 0.016 0.012 1.163 5.50 5.72 0.472
Wi 1.55 2.85 5.34 0.145 0.110 0.465 0.767 0.0018 0.024 0.027 0.599 9.76 7.11 1.026
W, 1.51 2.52 5.27 0.128 0.125 0.466 0.667 0.0018 0.020 0.023 1.989 11.49 8.08 1.195
Wig 2.29 2.60 6.09 0.151 0.107 0.391 0.686 0.0014 0.018 0.022 0.875 8.68 5.80  0.966
2.21 2.62 4.43 0.118 0.110 0.358 0.548 0.0017 0.017 0.017 0.954 8.49 6.04 0.915
3. 3 0.118 pg/m’s 0. 110 pg/m’. 0. 017 pg/m’.
‘Na>Ca>Fe>Al>Si>K>Mg>Cu  0.017 pg/m’  0.001 7 pg/m’s
>Zn>Mn >Pb > Cr > Ni > Cd 14
8.49 ug/m’s 6. 04 pg/m’s 4. 43 pg/m’. 26.8 pg/m’ 2
2.63 pg/m’s 2. 21 pg/m’. 0. 954 pg/m’. cd ; Na.Ca
0.915 pg/m’s 0. 548 pg/m’. 0. 358 pg/m’. Fe.Si. Al 14 5
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Fig.4 The daily variation of elements in particles after microwave digestion
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Table 4 Comparison of element concentrations in water-soluble and microwave-digested samples %
Si Al Fe Mn Pb Zn Cu Cd Ni Cr K Na Ca Mg

S; /W, 61.8 5.0 2.2 39.5 2.0 44.7 35.0 37.6 71.6 5.7 79.7 46.3 86.5 53.4
S,/ W, 922 4.2 2.7 47.1 1.8 83.0 41.6 72.4 97.1 8.8 65.3 60.3 128.6 84.2
S;/W;  55.5 2.0 0.8 18.7 1.3 11.1 18.0 14.8 42.2 3.5 78.4 40.5 73.7 52.5
S,/W, 31.3 4.1 1.7 12.0 0.7 10.6 10.6 2.0 27.1 2.8 31.2 85.6 92.3  121.5
Ss/Ws  30.1 3.3 1.6 6.3 1.1 12.8 7.2 1.8 37.2 2.5 32.7 18.2 33.0 22.7
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Si Al Fe Mn Pb Zn Cu Cd Ni Cr K Na Ca Mg
Se/Ws  38.7 4.4 2.7 22.3 2.0 11.4 30.9 8.3 71.9 5.0 93.5 52.2 102.8 60.5
S, /W, 20.7 4.7 2.2 9.5 0.9 31.0 14.2 1.8 89.2 7.3 24.1 44.5 30.3 33.4
Sg/Wg  71.9 2.5 1.8 34.6 2.3 22.5 26.3 23.8 66.2 7.6 86.1 105.0 120.8 61.8
Se /Wy 53.7 2.7 1.9 40.0 2.5 29.3 24.6 27.5 53.6 8.5 88.4 71.2 118.9 74.4
Si/Wy 27.2 3.1 1.3 7.9 0.8 8.4 14.2 2.7 71.3 6.9 83.3 105.0 104.5 104.0
Si /Wy 48.3 2.7 1.9 23.4 2.0 13.6 21.6 14.8 71.3 8.5 102.7 58.8 120.5 87.4
Sp/Wy, 651 2.5 1.3 22.4 1.3 9.2 24.5 11.2 74.0 6.8 85.1 55.6 132.4 100.3
S;3/Wy3  42.3 4.0 2.1 16.0 0.9 7.6 15.6 0.8 66.7 3.7 39.3 31.8 67.6 32.8
Su/Wy 32.4 3.9 1.6 13.7 0.8 6.1 16.1 .9 83.2 6.8 118.0 35.6 74.8 50.5
Sis/Wis  44.0 4.0 2.3 33.2 2.0 12.3 13.4 14.2 91.7 8.9 49.6 73.2 95.3 96.2
Sig/Wis  52.1 2.8 1.6 29.9 1.9 14.4 32.4 17.5 82.2 5.3 119.0 53.3 109.4 65.1
Si7/Wy; 60.5 3.1 1.9 40.9 2.8 26.6 35.5 29.3 89.1 9.0 65.0 39.5 83.9  52.1
Sig/Wig  39.6 3.1 1.0 19.2 1.3 6.8 22.7 7.1 91.1 5.1 102.5 40.7 87.4 55.9
48.2 5.0 1.8 24.3 1.6 20.1 22.5 16.1 70.9 6.3 74.7 56.5 92.4  67.2
2.4 TSP PM,, SUM 5.
TSP PM,,-
5 TSP PM,-
Table 5 The percentage of PM,, mass water-soluble elements and elements by microwave-digestion in TSP
p( TSP) p( PMyp) 2 ( WSUM) (SUM®D)
/(mg + m~’) /(mg +m"?) v p/(mg+m™) o® 1% p/(mg+m™) o 1%
1 0.120 0.053 43.92 0.011 8 9.8 0.024 7 20.6
2 0.157 0. 066 41.83 0.0152 9.7 0.022 8 14.5
3 0.250 0.100 40.17 0.013 4 5.3 0.037 8 15.1
4 0.081 0.051 62. 60 0.008 8 10.8 0.017 3 21.4
5 0.096 0.037 38.19 0.005 5 5.7 0.027 4 28.6
6 0.117 0.033 27.92 0.010 3 8.8 0.020 2 17.3
7 0.071 0.035 49.24 0.008 2 11.6 0.025 4 35.8
8 0.198 0.117 59.07 0.0127 6.4 0.021 3 10.8
9 0.275 0.137 49.97 0.019 7 7.2 0.033 7 12.2
10 0.144 0.065 45.37 0.009 6 6.7 0.019 3 13.4
11 0.193 0.101 52.44 0.013 6 7.1 0.0250 13.0
12 0.205 0.107 51.99 0.016 4 8.0 0.028 5 13.9
13 0.108 0.060 55.94 0.007 8 7.2 0.024 3 22.5
14 0.131 0.061 46.76 0.009 5 7.3 0.025 8 19.7
15 0.169 0.082 48.42 0.0113 6.7 0.0220 13.0
16 0. 186 0.088 47.24 0.0150 8.1 0.029 1 15.6
17 0.176 0.089 50.47 0.013 5 7.7 0.031 4 17.8
18 0.150 0.079 52.75 0.010 4 6.9 0.027 7 18.5
0.157 0.076 48.02 0.011 8 7.8 0.025 8 18.0
OsuM ; @p( PMyg) /p( TSP) ; B)p( WUM) /p( TSP) ; p( SUM) /p( TSP) .
5 TSP PM,,
48.0% -6 10.8% ~35.8% ( 18.0%)
5.3% ~11.6%(  7.8%) .
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Table 6  Correlation coefficient matrix between elements mass concentration in TSP
Si Al Fe Mn Pb Zn Cu Cd Ni Cr K Na Ca Mg
Si 1.00
Al 0.77 1.00
Fe 0.08 0.46 1.00
Mn 0.24 0.49 0.92 1.00
Pb 0.41 0.14 -0.12 0.08 1.00
Zn -0.59 -0.18 0.26 0.15 -0.18 1.00
Cu 0.02 -0.08 -0.28 -0.26 -0.15 -0.31 1.00
Cd -0.18 -0.21 -0.04 0.08 0.65 0.25 -0.31 1.00
Ni 0.60 0.80 0.56 0.69 0.05 -0.07 -0.04 -0.18 1.00
Cr 0.12 0.32 0.69 0.72 -0.28 0.20 -0.21 -0.09 0.64 1.00
K 0.53 0.55 0.34 0.45 0.44 -0.25 0.04 0.06 0.62 0.19 1.00
Na 0.76 0.47 -0.13 0.05 0.63 -0.21 -0.05 0.08 0.33 0.01 0.47 1.00
Ca 0.78 0.51 0.03 0.22 0.58 -0.25 0.00 0.05 0.47 0.22 0.57 0.95 1.00
Mg 0.78 0.55 -0.02 0.09 0.56 -0.23 -0.14 0.02 0.36 0.09 0.48 0.95 0.91 1.00
6 Siv Al. Na. Ca- 7
Mg 5 0.8 Table 7 The correlation of particle mass to
S; different extraction species
Na Ca
TSP Si 0.073 -0.598
S Al 0.325 0. 888
- Al Ni Fe 0.751 0.851
0.8 Ni Mn 0.799 0.901
. Fe Mn 0.92 Pb 0.803 0.874
. V4 0.375 0.923
Mn  Ni.Cr 0.7 "
Cu 0.372 0.180
- Pb Cd 0.65 Cd 0.247 0.786
o Na Ca.Mg Ni 0.456 0.737
0.95 Ca Mg 0.91 Cr 0.738 0. 662
K 0.855 0.446
Na 0.564 0.045
) Ca 0.893 0.775
3. Mg 0.809 0.227
70
4
7 Si.Cu.Na
4.1
o Si
K.Ca.Na ° 8
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Table 8 The enrichment factor of elements in atmospheric particles
Si Al Fe Mn Pb Zn Cu Cd Ni Cr K Na Ca Mg

w  I(pgemg™) 17.67 17.44 28.46 0.77 0.72  2.24

3.60 0.010 0.116 0.113 6.60 61.89 41.05 6.57

EF 0.296 1.00 2.40 3.82 270.0 150.7 308.6 244.2  7.30 5.34  1.49 12.37 4.67 1.33
8 SivAl o
<1
. 12 .
Fe.Mn.Ni.Cr. Ca.K Mg <10 SPSS17 TSP
; Na 14 9,
12.37 Pb.Zn.Cu-
Cd 150.7 ~308.6 9 Tsp
Table 9 The maximum variance factor of elements in TSP
FI F2 3 F4
Si 0.844 0.257 -0.043  0.352
° Al 0.585 0.599 ~0.155  0.163
Fe -0.110 0.911 0.002 -0.196
30 km . ? Mn 0.036 0.939 0.148 -0.118
Cu Cd Mn Ph 0.515 ~0.080 0.821  0.060
Cr . Mn.7Zn Zn -0.292 0.109 0.034 -0.768
Cu -0.123 -0.161 ~0.181  0.734
Fe Cr cd ~0.063  -0.058 0.887 -0.292
o Ni 0. 404 0.810 ~0.124  0.133
(1) 5 >0.03 mg/m’ 3d(3 Cr 0.057 0.770 -0.245  -0.297
15 4 15 5 25 ) K 0.441 0.530 0.348  0.374
L Na 0.966  -0.038 0.159 -0.008
Ca 0.921 0.157 0.147  0.052
° Mg 0.967 0. 040 0.087 —0.049
(2) 1% 39.49 22.94 14.12 7.17
9 4 F1.F2.F3.
° F4 83.72% »
(3) F1  Si.Na.Ca.Mg 4 . Si
Pb <1 ; CasMg
Pb /n 2 .
N o B Na
(4) >10 .
Ca o F1
4.2 39.49% TSP o
F2  Fe.Mn.Ni.Cr 4 o
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