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Table 1 Hydrological characteristics of Aha Lake ™
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Table 2 Running conditions of ICP-MS
/W /( L/min) /( mL/min) /( mL/min) /mm /(1/s) /s /
1 600, 18 1, 03 1.20 8.0 0.1 0.1 5
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Table 3 Heavy metal concentrations in water of Aha lake and with respect to the water quality standards wg/L
( ) ( ) WHO* b CSWQS* I CSWQS“ Il
As 0. 689 0.708 2.0 100 10 50 50
Co 7.214 0.278 0.05 - - - -
Cr 0. 151 0.112 0.5 50 50 10 50
Cd 0. 062 0.015 0.07 3 5 1 5
Fe 39. 185 17.526 30 - 300 - -
Cu 1. 546 0. 541 2.0 2 000 1 000 10 1 000
Zn 7.209 2.171 10 - 1 000 50 1 000
Ni 15.774 1.911 0.3 20 - - -
Pb 0. 059 0. 056 0.2 10 10 10 10
Mo 1.599 1.312 - 70 - - -
Mn 875. 14 28.343 5.0 500 100 100 100
Hg 0. 035 0.027 0. 01 1 1 0.05 0.05
Se 0.621 0. 666 - - - - -
ta. i b. (2005) ; c. CSWQS GB3838-2002 “-”. °
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Table 4 Average concentration of heavy metals in each tributary pg/L
As Co Cr Cd Fe Cu Zn Ni Pb Mo Mn Hg Se
7 0.267 12.273 0.104 0.098 60.350 1.127 11.370 25.820 0.056 1.174 1500 0.043 0.502
11 0.202 0.384 0.107 0.018 20.910 0.492 2.946  2.804 0.048 0.779 47.210 0.021 0. 683
7 0. 826 0.100 0.111  0.008 8.649 0.606 0.439 1.428 0.044 1.672 0.265 0.024  0.691
11 1.043 0.064 0.059 0.007 10.350 0.661 0.617 0.512 0.061 1.773  2.788  0.039 0.614
7 1. 960 0.179 0.379 0.014 10.930 4.423 2.813  2.131 0.094 2.980 0.102 0.026 0.934
11 1,979 0.232 0.211 0.012., 16.45C 0, 532 1.784  0.884,, 0.077 2.487 ,0.627 . 0.031 0. 684
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Table 5 Correlation analysis of heavy metals in water of Aha lake in July n=12
As Co Cr Cd Fe Cu Zn Ni Pb Mo Mn Hg Se
As 1. 000
Co -0.413 1. 000
Cr 0.878* -0.391 1. 000
Cd  -0.360 0.964™ -0.338 1. 000
Fe -0.324 0.756™ =0.270 0.898*  1.000
Cu 0. 544 0.012 0.416 -0. 009 -0.077 1. 000
Zn  -0.302 0.907* -0.270 0.985™  0.954™ —0.004 1. 000
Ni -0. 428 0.996™ -0.398 0.979™  0.802™ 0.004 0.933*  1.000
Pb 0. 479 -0. 288 0.511 -0.252 -0. 145 0.797* -0.188 -0. 280 1. 000
Mo 0.863* —0.413 0.730™ -0.330 -0.241 0.418 -0. 266 -0.422 0.291 1. 000
Mn -0.404 0.990* -0.375 0.991™  0.841™ -0.007 0.957™  0.996™ -0.267 -0. 391 1. 000
Hg -0.082 -0. 180 0.014 -0.177 -0. 166 -0. 208 -0.172 -0.172 -0. 080 0. 063 -0. 181 1. 000
Se 0.691° -0.121 0.520 -0.218 -0. 444 0.331 -0.278 -0.174  -0.047 0.626° -0.195 -0.226 1. 000
C ok 0.01 () s 0.05 ( .
6 11
Table 6 Correlation analysis of heavy metals in water of Aha lake in November n=12
As Co Cr Cd Fe Cu Zn Ni Pb Mo Mn Hg Se
As 1. 000
Co -0.284 1. 000
Cr 0.326 -0.345 1. 000
Cd -0.217 0.355 -0.249 1. 000
Fe -0.496 -0.007 0. 107 0.434 1. 000
Cu 0.139 -0.384 -0.016 -0.336 -0.195 1. 000
Zn  -0.078 -0.049 0. 102 0. 449 0.221 -0.177 1. 000
Ni  -0.567 0.804™ -0.123 0.631" 0.346 -0.436 0. 290 1. 000
Pb 0.486 -0.015 0.311 0.093 -0.315 -0.278 0.332  -0.060 1. 000
Mo 0.952 -0.396 0.212 -0.164 -0.430 0. 128 0.022 -0.621" 0.509 1. 000
Mn -0.481 0.694 —0.465 0.875™ 0.420 -0.386 0.230 0.828™ -0.121 -0.478 1. 000
Hg 0.313 -0.204 -0.124 -0.293 -0.157 0.627° -0.310 -0.409 -0. 161 0. 351 -0. 326 1. 000
Se 0. 081 -0. 084 0.357 0. 044 0.071 -0..138 0.758* 0.158 0.510 0.195 -0.129 -0.179 1.000
C ok 0.01 ( ) sk 0.05 ( .
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Table 7 Total variance of principal component analysis of heavy metals in water of Aha lake in July

/% /% /% /%
1 6. 630 50. 999 50. 999 6. 630 50. 999 50. 999
2 2.971 22.851 73.850 2.971 22.851 73.850
3 1.335 10. 267 84. 117 1.335 10. 267 84.117
4 1. 032 7.936 92.053 1.032 7.936 92.053
5 0. 629 4.839 96. 892
6 0. 302 2.325 99.218
7 0. 061 0.470 99. 687
8 0. 030 0.228 99.915
9 0.010 0.078 99. 994
10 0. 001 0. 005 99. 999
11 0. 000 0. 001 100. 000
12 0. 000 0. 000 100. 000
13 0. 000 0. 000 100. 000
8 11

Table 8 Total

variance of principal component analysis of heavy metals in water of Aha lake in November

1% /% /% 1%
1 4.709 36.224 36.224 4.709 36. 224 36. 224
2 2.743 21. 104 57.328 2.743 21. 104 57.328
3 1.616 12.427 69. 755 1.616 12.427 69. 755
4 1.234 9. 496 79. 251 1.234 9. 496 79. 251
5 0.924 7.109 86. 359
6 0. 740 5.689 92. 049
7 0.438 3.371 95.419
8 0.326 2. 506 97. 925
9 0. 165 1.268 99. 194
10 0. 100 0.770 99. 964
11 0. 005 0. 036 100. 000
12 0. 000 0. 000 100. 000
13 0. 000 0. 000 100. 000
Fe.Mn
50.999%  36.224% 3 1
. 9 10
22.851%  21.104%
Cd.Zn.Ni.Co.Fe Mn
( 1) o As.Cr.Mo  Se
( 2)
355 ) ® As( As 0.1% ~10%
. As ) Mo Mo
. ( Mo
) 37 40 ) Se(
Cd+Zn. Ni. Se Se
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Table 9 Loading matrix of principal component analysis of heavy metals in water of Aha lake in July
1 2 3 4 1 2 3 4
As -0. 662 0. 689 0. 159 0.116 -0.273 0. 894 0.276 -0.032
Co 0. 920 0.298 0. 103 -0.030 0.952 -0.121 —-0. 094 -0.131
Cr -0.610 0.613 0. 061 0.246 -0.250 0.799 0. 309 0.123
Cd 0.934 0. 344 0.053 0. 080 0.994 -0.092 -0.038 -0. 026
Fe 0. 846 0.284 -0.114 0. 199 0. 895 -0. 149 0. 087 0.132
Cu -0.244 0. 749 —-0. 444 -0. 168 0. 055 0. 425 0. 781 -0.228
Zn 0.903 0.377 -0. 005 0. 147 0.986 -0. 066 0. 028 0.043
Ni 0.938 0.291 0. 068 -0. 003 0. 967 -0. 145 -0.071 -0.098
Pb -0. 404 0. 489 -0.762 -0.030 -0. 200 0.182 0.954 0.016
Mo -0. 607 0.582 0.270 0.287 -0.243 0. 879 0.110 0.133
Mn 0.941 0.312 0. 061 0. 024 0.981 -0. 127 -0. 057 -0.075
Hg -0.137 -0.332 -0. 056 0. 855 -0. 162 -0.028 -0.138 0.903
Se -0.439 0.510 0. 646 -0.216 -0. 164 0. 815 -0.244 -0. 407
10 11

Table 10 Loading matrix of principal component analysis of heavy metals in water of Aha lake

in November

1 2 3 4 1 2 3 4
As -0.734 0. 366 0.438 0. 086 -0.250 0. 882 0. 057 0. 171
Co 0.676 -0. 049 0.528 -0.171 0.728 -0.035 -0.254 -0.414
Cr -0.337 0. 457 -0.451 -0.321 -0.628 0.070 0.378 -0.295
Cd 0.707 0.283 0.216 0. 450 0. 806 -0.112 0. 406 -0.032
Fe 0.525 -0.017 -0.567 0.242 0. 147 -0. 694 0.388 0. 043
Cu -0.498 -0. 426 -0.190 0. 493 -0.281 -0.033 -0. 108 0.785
Zn 0.283 0.723 -0.276 0.39%4 0.193 -0.025 0. 890 -0. 067
Ni 0. 906 0. 141 0. 097 -0.044 0. 694 -0.379 0. 158 -0.448
Pb -0.215 0.79%4 0.318 -0. 098 -0.014 0. 692 0.430 -0.350
Mo -0.735 0.414 0.382 0.227 -0.229 0. 867 0.178 0.270
Mn 0. 909 -0. 003 0.296 0.245 0.922 -0.299 0. 083 -0. 164
Hg -0.513 -0.393 0.132 0. 541 -0.088 0.217 -0.199 0. 796
Se -0. 005 0. 799 -0.315 0. 141 -0.135 0. 139 0. 826 -0. 194
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Characteristics and Source Analysis of Heavy Metals in Water of Aha Lake
during the Rain and Dry Seasons

FEI Zhijun' WANG Zhuhong' TANG Yang’

( 1. School of Public Health Key Laboratory of Environmental Pollution Monitoring and Disease Control Ministry of
Education Guizhou Medical University Guiyang 550025 China; 2. State Key Laboratory of Environmental Geochemis—
try Institute of Geochemistry Chinese Academy of Sciences Guiyang 550081 China; 3. Key Laboratory of Karst

Environment and Geohazard Prevention Guizhou University Guiyang 550025 China)

Abstract: Aha lake a seasonal anoxic lake and a drinking water source in southwestern China was selected for this research. Summer
(July rain season) and winter ( November dry season) water samples were collected from 12 locations around the reservoir. Thirteen
trace elements (As Co Cr Cd Fe Cu Zn Ni Pb Mo Mn Hg and Se) were determined and compared with different water
quality standards furthermore the distribution characteristics and possible sources were analyzed by correlation analysis and principal
component analysis. The results showed that the order of heavy metal concentrations in summer was: Mn>Fe>Ni>Co>Zn>Cu>As>Cr>
Cd>Pb>Hg while the order in winter was: Mn>Fe>Zn>Ni>As>Cu>Co>Cr>Pb>Hg>Cd. The temporal variations of heavy metal con—
centration was influenced by the seasonal Fe-Mn redox reaction. Youyu River as the main tributary of the reservoir was significantly
impacted by the coal mining activities that contribute a lot of Fe and Mn in the water system. Baiyan River and Jinzhong River were
mainly influenced by the agricultural cultivation and urban domestic sewage respectively. Correlation and principal component analysis
showed that Co Cd Fe were significantly positively correlated with Zn Ni and Mn in summer and As was positively correlated with
Cr Mo and Se. Besides there was a distinct positive correlation between Cu and Pb  while insignificant correlation was found between
Hg and other heavy metals. Cd Zn Ni Co.Fe and Mn were the main heavy metal elements around the reservoir and had the same ori—
gin that was influenced by the mineral exploitations.

Key words: Aha lake; heavy metal; distribution characteristics; source



