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Characteristics of Atmospheric Dry and Wet Deposition of Trace Metals in the

Hinterland of the Three Gorges Reservoir, China
ZHANG Liu-yi', LIU Yuan’, QIAO Bao-ging', FU Chuan'®, WANG Huan-bo’, HUANG Yi-min',
YANG Fu-mo'*"

(1. Key Laboratory of Water Environment Evolution and Pollution Control in Three Gorges Reservoir, Chongqing Three Gorges
University, Chongqing 404100, China; 2. Key Laboratory of Reservoir Aquatic Environment, Chongqing Institute of Green and
Intelligent Technology, Chinese Academy of Sciences, Chongging 400714, China)

Abstract: In order to investigate the characteristics of atmospheric trace metals deposition in the hinterland of the Three Gorges
Reservoir, the wet and dry deposition samples were collected at an urban area sampling site in Wanzhou during January to June 2014.
Besides, the samples were collected at five other sampling sites in April 2014 for comparative analysis, including factory region, town
suburb, nature reserve, county suburb, and rural area. pH, conductivity, and trace metals (Al, As, B, Ba, Bi, Cd, Co, Cr, Cu,
Fe, Li, Mn, Pb, Ni, Sb, Sr, Sn, Ti, Zn, V) were analyzed. In urban area, the acid rain frequency was 48. 44% , and the acid rain
occurred mainly in the period of January to April. The order of acid rain frequency in various functional areas was factory region > urban
area > county suburb > town suburb > nature reserve > county rural area. All of the trace metals in wet deposition during the sampling
period were lower than the National Environmental Quality Standard for Surface Water Standard of Class Ill. Cd, Cu, Pb and Zn were
found exceeding the standard of class I, and the pollution in factory region was more serious compared to other functional areas. The
extract pH of dry deposition in urban area was in the range of 4. 91-6. 74, with an average value of 5. 79. The order of dry deposition
in various functional areas was factory region > county suburb > urban area > county rural area > town suburb > nature reserve, which
was exactly the same as that of the wet deposition, indicating the similar sources of dry and wet deposition. In urban area, the contents
of Ba, Co, Cu, Cr, Li, Mn, Ni, Sr, Zn in dry deposition were greater than those in wet deposition, but the contents of Al, As, B,
Bi, Cd, Fe, Pb, Sb, Sn, Ti, V showed the opposite trend. Analysis of the enrichment factors showed that Al was in moderate
enrichment, while Bi and Cd were significantly enriched.
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Fig. 1 Distribution of sampling sites of dry and wet deposition
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Table 3 Mean monthly concentrations of trace metals in rain water in the hinterland of the Three Gorges Reservoir/ug-L !
Ay Al As B Ba Bi Cd Co Cr Cu Fe
1 114 ND? 14.9 11.9 0.5 ND ND ND 1.4 84.4
2 47.4 0.6 7.8 7.7 7.4 0.7 ND 1.7 5.9 26.2
3 21.0 ND 0.4 3.3 7.3 ND ND ND 1.7 8.5
T 35.0 0.5 1.0 5.6 8.1 1.1 ND ND 5.9 16.1
S 28.0 1.4 ND 4.1 6.7 2.0 ND ND 49.2 16.9
4 Y 27.9 0.9 ND 5.2 9.5 0.1 ND ND 3.8 15.6
G 25.1 1.1 ND 5.1 7.6 0.1 ND ND 1.4 13.1
D 35.1 0.9 ND 6.7 9.8 0.2 ND ND 3.9 21.9
B 26.0 ND 0.3 6.0 8.5 0.2 ND ND 2.1 14.1
5 31.1 0.7 0.1 5.5 1.7 0.2 ND ND 0.9 16.7
6 15.9 0.6 2.3 4.1 0.6 0.2 ND ND 1.9 10.6
FrifE? 50 500 700 1 1 000 10 10 300
Ay Li Mn Pb Ni Sh Sr Sn Ti Zn v
1 1.5 25.8 22.3 ND 2.4 8.0 ND 3.2 64.5 3.2
2 1.2 4.8 21.8 2.0 4.2 4.9 ND 2.8 31.1 2.1
3 1.0 2.0 3.6 ND 3.0 3.7 1.0 2.0 13.9 0.8
T ND 21.4 1.6 0.6 0.3 6.3 2.6 0.5 28.7 0.5
S ND 9.1 15.0 0.3 0.6 4.2 6.3 0.4 22.3 0.3
4 Y ND 10.6 2.9 ND ND 5.3 3.9 0.2 21.2 0.4
G ND 11.5 2.4 0.2 0.6 6.4 4.8 0.2 21.9 0.5
D ND 17.1 4.3 0.3 0.5 6.3 2.1 0.4 25.2 0.3
B 0.2 14.4 14.8 0.4 0.5 6.3 7.5 ND 40.6 0.4
5 0.2 12.4 1.8 ND 0.9 4.6 0.9 0.3 19.2 0.5
6 ND 7.4 1.4 0.2 0.3 3.8 0.2 ND 27.1 0.4
FrifE? 100 10 20 5 100 50 50
1) 2 BRC A N RICANTE H 32K BRBE T BRI ) GB 3838-2002 T J&/K ihriife; 2) ND Ak
x4 FTMNBERETEEFRAERE mg-m >
Table 4 Dry and wet deposition in first half of 2014 in Wanzhou city/mg-m ~>
JLE Al As B Ba Bi Cd Co Cr Cu Fe
TR 9.84 0.24 0.22 1. 67 2.36 0.29 0.03 0.02 0. 86 6.03
Tk 5.08 0.17 ND 2.45 0. 66 0.24 0.04 0.05 1.40 2.53
RN 14.92 0.41 0.22 4.12 3.02 0.53 0.07 0.07 2.26 8.56
PITEN Li Mn Pb Ni Sh Sr Sn Ti Zn v
MR 0.09 4.44 1.27 0.10 0.36 1.52 0.41 0.25 8.67 0.18
TR 0.12 4.86 0.24 0.32 ND 3.56 0.12 0. 06 16.93 0. 06
RNy 0.21 9.30 1.51 0.42 0.36 5.08 0.53 0.31 25. 60 0.24
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Fig. 5 Amount of dry deposition and percentages of trace metals in dry deposition during the period of January to June in urban Wanzhou
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Table 5 Comparison of atmospheric dry and/or wet deposition of trace metal elements between urban Wanzhou and other regions

iR/ mg-m 2

HuIX (BIFFET B ) - o cd o i Sk
Lake Superior (1993 ~ 1994 4F) — 3.10 — 1.50 8. 80 [52]
Lake Michigan (1993 ~ 1994 4F) — 1. 90 — 1. 60 6.0 [52]
Lake Eric (1993 ~1994 ) — 4.20 — 1.80 17.0 [52]
North Sea (1993 ~1994 ) — 1.24 — 3.52 6.50 [53]
Creteil (1999 ~2000 4F) — 10 0.34 9.5 15 (6]
Chatou (1994 ~ 1995 4£) — 8 0.34 31 76 (6]
F Uk (2001 ~2002 4E) — 22.5 0. 045 6.75 117 [54]
BRYL =9 (2001 ~2002 4F) — 18.6 0.07 12.7 104 [54]
K PEHT (2008 ~2009 4F) 0. 81 — 0.17 15.71 78. 81 [55]
K4 (2006 ~2007 4F) — 8.22 0.25 12.31 48.15 [15]
L5 (2005 ~ 2006 4F) 4.28 — 0.19 45.69 — [39]
AEJLHIX (2007 ~2010 4E) 12.75 45.3 1.62 79.5 106. 5 [1]
AR (2004 ~2005 4FE) 4.94 — 4.04 106. 7 — [16]
K7 (2009 ~2010 4F) — — 0.34 7.57 101.0 [30]
FRIRIX (2011 ~2012 4F) 4.50 13. 00 0.44 30.25 76.26 [56]
T MIRIX (2014-01 ~2014-06) 0.41 2.26 0.53 1.51 25.6 N
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