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Abstract Interest in atmospheric dry deposition results mostly from concerns about the effects of the deposited trace elements entering
waterbody soil and vegetation as well as their subsequent health effects. A microwave assisted digestion method followed by inductively
coupled plasma mass spectrometric MAD-ICP/MS analysis was developed to determine the concentrations of a large number of trace
metals in atmospheric dry deposition samples with a heavy matrix of polyurethane foam PUF . A combination of HNO,-H,0,-HF was
used for digestion. The experimental protocol for the microwave assisted digestion was established using two different SRMs GBW
07401 Soil and GBW 08401 Coal fly ash . Subsequently blanks and limits of detection for total trace metal concentrations were
determined for PUF filter which was used for dry deposition sampling. Finally the optimized digestion method was applied to real world
atmospheric dry deposition samples collected at 10 sites in Jingjinji area in winter from Dec. 2007 to Feb. 2008. The results showed

"' and fluxes of most elements were highest at

that the area-averaged total mass fluxes ranged between 85 and 912 mg- m’: d
Baoding and lowest at Xinglong. In addition the elemental fluxes in urban areas of Beijing Tianjin and Tangshan were measured to be
higher than that in suburb and rural sites . The average fluxes of crust elements Al Fe Mn K Na Ca and Mg were one to three
orders of magnitude higher than anthropogenic elements Cu Pb Cr Ni V Zn and Ba varying from 151 to 16 034 pg- m*- d '

~!. Zinc was the most abundant heavy metal and calcium the highest of the crust elements while the

versus 14 to 243 pg: m’- d
elements Mo Co Cd As and Be deposited less or even could not be detected. The anthropogenic and crustal contributions were
estimated by employing enrichment factors EF calculated relative to the average crustal composition. The EF values of all elements
except Pb and Zn were below 10 suggesting that local soil and/or dust generally dominate in the dry deposition flux.
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Fig.2  Atmospheric dry deposition flux of particulate

matter in winter in Jingjinji area

1
y=1.03x . PUF 2.2 PUF
7-9
15
0.30
a GBW 07401 GBW 08401 2
0251 1:1
0.20 -
L0
H O 100 mg HNO, +H,0,
K 015}
5 + HF
=
008 GBW 07401 Cu Pb
0.05 y=1.03x, B> =0.80 Cd As Mo Ni Ba Tl U 85% ~ 115%
: 1 mLL HF
%9 005 010 015 020 025 030 . GBW 08401  Pb Ba Th U
Mg 50%
1 SRM1648
Fig. 1 Comparison of atmospheric dry deposition mass SRM1649a 2 100
collected by different surrogate surface mg 10 mg
HF 0.5
2 10 ml, 16182 10
PUF 12 ~2 L 10 mg
+
85 ~912 mg- m’- d ! . PUF
20-23 0.2 ¢
PUF 1/20
10 mg

10 mg HF



556 31

0.2 mL
6 mL HNO, +2 mL H,0, +0 ~ 1 mL HF K Ca Mg .Se
10 mg GBW 07401 GBW 08401
100 mg SeF, =
- HF 6 mL HNO, +2 mL H,0, +
GBW 07401 Be K Na 0.2 mlL HF 10 mg
Al Fe GBW 08401 HF
1 HF GBW 07401 GBW 08401 /%
Table 1 Analytical recovery of trace elements in GBW 07401 and GBW 08401 using different volumes of HF/%
10 mg GBW 07401 +6 mL HNO, +2 mL H,0, n=3 10 mg GBW 084017 +6 mL HNO; +2 mL H,0, n=3
HF O mLL HFO.1 mL HFO0.2 mL HFO0.5 mL HF1 mL HF O mL HFO.1 mL HFO0.2 mL HFO0.5 mL HF 1 mL
Cu 96 +1 102 +4 107 =5 112 7 102 +4 55 +7 85 +11 88 +7 86 5 87 £5
Pb 99 +2 109 £5 104 £7 111 =1 106 £3 29 +3 104 6 115 £ 11 111 £5 118 +9
Zn 91 +1 91 +8 92 +4 96 +3 93 +6 35+3 82 +2 97 +£5 84 +2 95 +9
Cd 106 =1 112 +9 115 +6 117 =4 116 4
As 95 =1 102 +7 98 +6 101 =2 98 +1 84 £9 86 +4 95 £7 88 +4 95 £5
Be 56 +4 80 +4 82 +4 78 +1 73 +£2
K 35 +1 98 +5 96 +4 90 +1 83 +1 14 +1 93 +4 101 =8 91 +3 86 +3
Na 41 =1 102 6 108 =4 103 =1 113 3
Ca 79 +4 99 +5 97 £4 95 +6 84 £2 83 £8 86 £2 92 +6 83 £2 81 £4
Mg 87 4 94 +5 92 +4 76 1 69 +7 60 £5 90 +2 97 £7 87 +1 73 +£5
Al 50 +1 81 +4 90 +3 97 +1 96 +3 49 1 82 +2 87 =7 91 +3 97 +3
Mn' 77 +3 79 5 88 +3 92 +4 99 +1 60 +7 92 +1 855 98 +1 97 +4
Fe' 58 +2 70 £3 89 £3 90 +3 92 £5 54 +7 79 +1 93 £6 97 +1 95 £3
Co 89 5 91 +2 89 +4 100 £ 15 81 +3 63 +4 87 +3 89 +6 86 =3 83 +3
Ni 105 =7 104 5 110 5 115 10 120 £5
v 73 +1 86 5 85 +4 77 +8 75 +1 50 £3 81 £2 86 £7 89 +2 98 +£3
Cr 90 +8 104 +7 103 £9 104 9 109 £5 64 +3 82 +7 102 +6 96 +10 113 £3
Se 42 £3 67 +4 72 +8 67 +5 61 +6 37 +3 56 +2 71 +8 63 +4 71 5
Mo 107 +4 113 6 110 5 120 =8 107 £ 10
Ba 44 + 1 106 +7 106 +5 106 2 106 +1 75 +7 110 £9 108 +9 114 6 110 +3
1 100 2 GBW 08401 Be Na Ni Mo Cd
2.3 151 ~16034 pg: m>- d '
Cu Pb Cr Ni V Zn Ba 1~3
PUF ~243 pg m’- d
20 Zn Ca
PUF Cu Pb Zn
.Cd As Be Zn > Pb > Cu
Co Pb Cu 3
1114 16 pg m d 10
Mo 2
2 -1
13 g d 4
pg: m’e d 10

Al Fe Mn K Na Ca

10
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Table 2 Summary of average dry deposition fluxes of trace elements in winter in Jingjinji area/pug: m*- d '
Cu Pb Zn Ni Cr \Y K Na Ca Mg Al Mn Fe Ba
1 1 9 1 16 26 54 154 304 69 126 2 116 4
2 1 14 2 10 26 28 116 228 69 123 2 95 3
! 6 11 35 3 / / 1319 1253 3404 1613 4115 56 3827 46
12 21 37 5 / / 1752 1425 5130 1193 4 847 57 3463 52
18 59 222 9 13 / 1993 3126 9762 2021 7 664 99 6 026 150
15 18 52 7 / / 1842 1896 6479 1922 7283 78 4074 87
16 22 51 10 11 / 3704 3945 12692 4732 11916 152 7328 178
29 65 153 23 25 / 2599 3297 15300 5265 10088 170 8053 150
66 40 99 19 22 /4956 4933 20770 6198 15811 187 9162 439
44 54 269 18 28 29 4364 5225 26093 7041 17544 216 11296 464
59 74 160 18 32 28 3479 3625 27786 6898 12410 252 23634 273
85 169 262 26 35 85 5660 4335 32926 6474 56593 242 18324 594
Avg® 35 53 134 14 19 / 3167 3306 16034 4336 14827 151 9519 243
SD? 27 46 93 8 11 / 1495 1401 10370 2390 15319 75 6 649 192
2 8 11 40 22 32 1833 2174 1890
1 52 35 289 23 18 6 475 209 25 1542
Seoul S. Korea ¥’ 200 200 110 6 300
Izmir Turkey 2 124 220 1910 129 16 43100 3100 135 12090
Chicago USA % 190 127 730 53 6988 2499 110
1 12 ~2 2 10 12 ~2 3 10 12 ~2
Pb Zn
Pb
2
Al
EF 10 EF
10 Pb Zn 20
* EF 18.3% 10 3
Cr V Mn r> Ca 5.6% Al 4.7% Fe
0.65 p<0.05 3.6% Cu Pb Zn
Cu Cr Ni V 0.2% 80%
10 Pb EF 10
EF =12 EF =48
Pb Pb
33 34
Zn EF
3
5 10
15 18 18 34 <10 Zn 1 PUF
Pb  Zn
Pb
35 Zn

36

37

2 HNO,-H,0,-HF
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