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Influence of Sulfuric Acid to Karst Hydrochemical and 8"C,. in the Upper and

Middle Reaches of the Wujiang River

HUANG Qi-bo"** | QIN Xiao-qun>*,LIU Peng-yu>*,ZHANG Lian-kai***,SU Chun-tian'*"’

(1. School of Environmental Studies,China University of Geosciences, Wuhan 430074, China; 2. Institute of Karst Geology, Chinese
Academy of Geological Sciences, Guilin 541004, China; 3. Kay Laboratory of Karst Dynamics, Ministry of Land and Resources &
Guangxi, Guilin 541004, China)

Abstract: Groundwater and surface water from the Upper and Middle Reaches of the Wujiang River were sampled and analyzed for the
hydrochemistry and Carbon isotope in DIC. Then hydrochemical characteristics and the main influencing factors were investigated, and

** +Mg**) and HCO; were calculated using the stoichiometry

the contributions of carbonate dissolution by sulphuric acid to total ( Ca
method. The results showed that the advantage cations of groundwater and surface water is Ca®>* , which accounted for more than 50% ,
and the advantage anions is HCO; and SO}~ , which accounted for more than 85% . The hydrochemical characteristics of most samples
were of Ca-HCO, type, and a small part of HCO, +SO,-Ca, reflecting a few samples affected by SO;~ from human source. The 8"C,.
of groundwater and surface water, varying from — 12.98%o to — 6. 36%o with a changeable molar ratio between (Ca** + Mg>* ) and
HCO; of 1. 11 to 1. 90, indicated that sulfuric acid has an important influence on hydrochemistry and 8"C,.. The contributions of
carbonate dissolution by sulphuric acid to total (Ca>* +Mg** ) and HCO; in groundwater ranged from 20. 59% to 92. 87% (average
51.50% ), and from 11.47% to 86.69% ( average 36.90% ). While the contributions of carbonate dissolution by sulphuric acid to
total (Ca>* +Mg>* ) and HCO; in surface water ranged from 56. 14% to 94.55% (with an average of 76.89% ), and 39.02% to
89.66% ( with an average of 64.24% ), respectively, demonstrated that sulphuric acid is an important agent of carbon rock
weathering. The results of this study have a great significance for the protection and development and utilization of water resources in
the Wujiang River basin and for karst carbon cycle research.

Key words: Karst groundwater; surface water; H,S0,; 8"C,.; Upper and Middle Reaches of Wujiang River
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Fig. 1 Hydrogeology map and sampling position of study area
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Table 1  Statistical table of distribution area of the carbonate rocks

in the upper and middle reaches of the Wujiang River
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Table 2 Major ion concentrations in the upper and middle reaches of the Wujiang River
T KR oH K* Na * Ca®* Mg?* cl- S03- HCO;
/C /mmol-L™"  /mmol-L™"  /mmol-L™' /mmol-L™' /mmol-L™'  /mmol-L"" /mmol - L~

D1 15.4 7.77 0.014 0. 050 1. 347 0.245 0.053 0. 191 2.764
D2 16.0 7.85 0. 080 0.716 1. 658 0.341 0.252 0. 833 2.851
D3 17.1 7.56 0.030 0.587 1.935 0.276 0. 084 1. 008 2.937
D4 18.5 7.50 0. 057 0. 396 2.078 1. 089 0.359 1. 166 3.974
D5 16.7 7.67 0. 064 0.184 1. 894 0.410 0. 148 0. 445 3.628
D6 13.5 7.71 0.016 0.027 1.420 0. 408 0.057 0.299 2.764
D7 14.0 7.48 0.019 0.072 1. 816 0.228 0. 068 0. 606 2.678
D8 17.2 7.37 0.153 0.813 2.503 1. 103 0.531 0.957 5. 140
D9 14.6 8.76 0.014 0. 020 1.319 0.174 0.051 0. 101 2.678
D10 16.8 7.83 0.010 0.047 1. 541 1. 307 0.097 0.239 5.010
DI1 13.3 7.89 0.011 0.031 1.222 0.197 0. 049 0.206 2.419
D12 18.1 7.27 0. 060 0.326 1. 697 1.301 0.293 0. 447 5.010
Rk D13 16.9 7.83 0.043 0.097 2. 660 0.267 0.118 1.031 3.801
D14 17.3 8.21 0. 044 0.157 2.418 0.383 0.125 1.024 3.715
D15 15.0 8.16 0.014 0.028 1.385 0.350 0. 046 0. 435 2.592
D16 14.7 8.27 0.019 0. 696 1.373 0.213 0.052 0.874 2.030
D17 16.8 7.74 0.019 0. 186 1.522 0.216 0.109 0.397 2.678
D18 14.9 8.33 0.015 0.033 1.383 0.238 0. 068 0.256 2.678
D19 15.4 7.73 0.015 0.083 1.277 0.198 0. 062 0.212 2.332
D20 14.9 7.36 0.038 0.516 2.428 0.314 0.115 1.393 2.937
D21 14.3 8.07 0. 025 0. 063 1.728 0.276 0. 085 0.377 3.196
D22 16.5 7.41 0.053 0.203 2.823 0. 647 0. 150 1.279 4.103
D23 16.0 8.77 0.030 0. 045 1.615 0.512 0. 063 0.279 3.542
D24 16.8 8.07 0. 081 0.171 2. 808 1. 045 0.197 1.128 4.751
D25 16.4 7.45 0.011 0.035 1. 623 0.198 0.043 0. 169 3.196
D26 16.0 7.41 0.034 0. 054 1. 811 0.553 0.079 0.294 3.628
W1 15.4 8.70 0. 069 0.528 1.879 0.915 0.581 0. 808 3.455
w2 19.5 8.85 0.072 0.381 1.376 0. 680 0.193 0. 969 2.203
W3 19.5 8. 14 0. 131 0.615 1.723 0.765 0.263 1.038 3.024
W4 17.9 8.77 0. 040 0.193 1.922 0.713 0. 095 0.811 3.283
W5 19.7 8.06 0. 066 0. 355 1.785 0.411 0. 136 0.914 2.376
w6 20.1 8.30 0. 047 0. 348 1.783 0. 425 0.134 0.921 2.332
w7 16.0 8. 14 0.023 0.135 1.619 0.299 0.090 0.537 2.419
W8 16.9 8.37 0.033 0.320 1.774 0. 426 0.128 0. 845 2.592
W9 17.6 8.47 0.030 0.251 1.729 0. 409 0.114 0. 749 2.89%4
w10 17.4 8.24 0.030 0.240 1.742 0.399 0.112 0.723 2.592
Wil 20.9 8.32 0.042 0.274 1. 550 0.425 0.142 0.817 2. 160
Wk W12 20.3 8.32 0.048 0.417 1.723 0. 407 0.137 0. 964 2.246
W13 17.3 8.50 0.081 0.755 1.702 0.374 0.276 0. 886 2. 808
w14 18.6 8.95 0.075 0. 866 1. 769 0. 385 0. 266 0.970 3.024
W15 17.3 8.33 0. 057 0. 694 1. 686 0.356 0. 186 0.938 2.505
w16 19.9 8.17 0.053 0. 556 1.634 0.372 0.154 0.957 2.246
w17 21.5 7.49 0.054 0.519 1.734 0.385 0. 148 1.034 2.289
W18 20.0 8.25 0.052 0.434 1.702 0.385 0.143 0.956 2.246
W19 16. 1 8.77 0.035 0.072 1. 301 0.975 0. 080 0.584 3.196
W20 18.5 9.33 0.034 0.077 1. 200 0.763 0. 081 0. 462 2.764
w21 19.9 8.69 0. 062 0.229 1.343 0. 640 0. 145 0. 549 2. 808
w22 19.7 8.55 0.117 0. 470 1.617 0. 700 0.351 0.730 2.937
w23 19.9 9.18 0. 109 0.413 1. 605 0. 805 0.310 0.724 3.110
w24 20.5 9.11 0. 105 0.399 1. 564 0.793 0.292 0.708 3.391




9 1) WA . BT VT _EWRBC A Kb & 87C,), IS I 3225
242
TRERIE AR R ﬁz;fz‘zi@ﬁwj'é@ﬁ
- 13 FINCIE 4 e g
B/ % /%
D1 0. 049 —11.65 0.16 2483.13 3.25 3.25 -0.03 91. 83 95.74
D2 0. 059 -12.98 0.30 2103.78 4.79 4.83 -0.36 54.24 70.33
D3 0. 163 -11.90 0.10 4295. 36 5.04 5.20 -1.56 42.51 59. 66
D4 0. 193 -9.48 0.19 6 668. 07 6.79 6. 86 -0.52 31.71 48. 15
D5 0.379 —11.55 0.31 4092. 61 4. 86 5.05 -1.93 68. 48 81.29
D6 0. 225 -11.58 0.08 2773.32 3.70 3.64 0.73 64.79 78. 64
D7 0.171 -11.18 -0.06 4 570. 88 4.18 4.13 0. 60 41. 42 58.58
D8 0.434 -11.74 0.23 11 402. 50 8. 18 8.02 0.98 48.73 65.53
D9 0. 194 -11.47 1.07 224.91 3.02 3.13 -1.73 99. 46 99.73
D10 0.244 -9.79 0.50 3854.78 5.75 5.83 -0.65 85.71 92. 30
D11 0. 135 -11.11 0.15 1610. 65 2. 88 3.02 -2.33 90. 74 95. 14
D12 0. 305 -11.16 0.00 14 321. 88 6. 38 6.50 -0.95 75.97 86. 35
MRk D13 0. 158 -10.35 0. 60 2924. 15 5.99 6. 14 -1.20 36. 89 53.90
D14 0.223 -12.00 0.92 1172.20 5.80 6. 11 -2.56 40. 09 57.23
D15 0. 100 —11.05 0.50 924.70 3.51 3.61 -1.35 63.44 77.63
D16 0.111 -10.54 0.48 555.90 3.89 3.94 -0.70 41.37 58.53
D17 0.075 -10.51 0.17 2 606. 15 3.68 3.66 0.32 68. 64 81.41
D18 0.171 -11.41 0. 69 639.73 3.29 3.43 -2.08 82.09 90. 16
D19 0.192 -12.05 0.03 2306.75 3.05 3.01 0.58 76. 13 86. 45
D20 0.172 -9.09 -0.06 6591. 74 6. 04 6.01 0.23 13.33 23.52
D21 0. 246 —11.48 0.58 1389.95 4.10 4.28 -2.22 72.40 83.99
D22 0. 220 -9.27 0.22 8 260. 38 7.19 7.03 1. 15 23.62 38.22
D23 0. 202 -12.05 1.27 285.76 4.33 4.37 -0.43 79. 20 88.39
D24 0.414 -11.70 0.91 2023.02 7.96 7.62 2.16 28.34 44.17
D25 0. 080 -11.15 -0.01 6039. 48 3.69 3. 66 0.41 91. 31 95. 46
D26 0. 289 -10.97 0.03 7430. 19 4.73 4.51 2.40 63. 89 77.97
Wi 0.238 -7.63 1.21 322.11 6.19 5.89 2.45 30. 67 46. 94
w2 0. 085 -17.55 1.09 149. 28 4.56 4.42 1.61 15.59 26.98
W3 0. 150 -9.8 0. 65 1161.45 5.72 5.51 1.87 29.31 45.33
W4 0.195 -8.68 1. 30 263. 63 5.50 5.20 2.87 32.13 48.63
W5 0. 265 -9.28 0.51 1116. 86 4.81 4. 60 2.23 16. 12 27.76
W6 0.282 -9.00 0.74 620. 87 4. 81 4.59 2.34 13.36 23.58
w7 0.238 —12.45 0.53 909. 91 3.99 3.82 2.22 36.78 53.78
% 0.128 -11.9 0. 80 563. 64 4.75 4.54 2.32 26. 44 41.82
w9 0.216 -10. 81 0.94 497.74 4.56 4.72 -1.78 45.58 62. 62
W10 0.213 -10.95 0. 69 776.25 4.55 4. 36 2.12 30. 18 46. 37
Wil 0.312 -6.36 0. 68 557. 19 4.27 4.25 0.21 18.32 30.97
ik W12 0. 253 -8.88 0.73 572. 80 4.72 4.56 1.73 13. 44 23.70
W13 0. 063 -12.54 0.94 447.71 4.99 4.92 0.71 45. 80 62. 82
W14 0. 000 -12.07 1.39 154. 88 5.25 5.23 0.18 50. 95 67.50
W15 0. 195 -11.16 0.73 603. 95 4. 84 4.76 0.77 32.38 48.92
W16 0. 206 -8.95 0.56 818. 46 4.62 4.52 1.09 21.04 34.76
W17 0.216 -9.16 -0.06 4168. 69 4.81 4.72 0.94 16.26 27.97
W18 0.239 -9.42 0. 65 676. 08 4. 66 4.54 1.29 16. 01 27.60
W19 0.061 -8.93 1.12 257. 04 4. 66 4.50 1.67 50. 39 67.02
W20 0. 059 — 1.49 49. 66 4.04 3.83 2. 66 52.49 68. 85
W21 0. 103 -9.72 1.06 289. 07 4.26 4.15 1.22 53.22 69. 47
w22 0. 235 -9.31 1.02 421.70 5.22 4.98 2.35 35.50 52.40
w23 0.207 -9.15 1.54 83.95 5.34 5.08 2.57 37.61 54. 66
W24 0. 207 -9.28 1.52 112.72 5.22 5.31 -0.83 53.64 69. 83
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