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Identification of Sulfate Sources in the Groundwater System of Zaozhuang:

Evidences from Isotopic and Hydrochemical Characteristics

MA Yan-hua', SU Chun-li'", LIU Wei-jiang"*, ZHU Ya-peng', LI Jun-xia'

(1. State Key Labhoratory of Biogeology and Environmental Geology, School of Environmental Studies, China University of
Geosciences, Wuhan 430074, China; 2. Chinese Academy for Environmental Planning, Beijing 100012, China)

Abstract: Karst groundwater is an important source of water supply for the industrial and agricultural proposes and drinking water in
Zaozhuang City. In recent years, with the development of industrialization and increasing of domestic water consumption, the sulfate
pollution of karst groundwater has become a serious problem. 36 samples of surface and different depth of groundwater were collected in
southern Zaozhuang City in August, 2014. Based on the analysis of the hydrochemical composition and the isotopic characteristics of
3D, 8"0-H,0, and §S-SO; ", this paper analyzed the influence of hydrogeochemical evolution of groundwater and human input in the
area, in order to identify the scope and ways of sulfate pollution. The results showed that the basic hydrochemical type was HCO; -

SO,-Ca, formation of geochemical components mainly included the dissolution of carbonate and sulfate minerals, oxidation of pyrite and
the influence of human activities. Moreover, the main recharge of groundwater in study area was the atmospheric precipitation. The
hydraulic connection was closely linked between the surface water and different depth of groundwater. The variation range of
groundwater 85-SO; ™ values was from 0.2%oc to 9.3%c, and the relationship between the 8*S-SO;” value and SO;” value of
groundwater showed different sources of sulfate. The sources of sulfate in groundwater included the dissolution of gypsum, the oxidation
of pyrite, the leaching of fertilizer and infiltration of domestic sewage and industrial wastewater. In addition to the original geological
factors, wastewater infiltration of industrial and mining enterprises was the main reason for the increase of sulfate content in the
groundwater.

Key words: karst groundwater; hydrochemistry; sulfate; sulfur isotope; Zaozhuang City
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Fig. 1 Simplified hydrogeologic map of the Zaozhuang City and location of the sampling points
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Table 1  Results of hydrochemical parameters of groundwater and surface water samples from the south of Zaozhuang City

sobi HETK(n=7) REMTK(n=16) K (n=13)

R/ME SZON] I (E R/ME RKRME R R/ME RKME I
1/°C 17.1 25.0 20.1 17.0 29.5 21.1 25.0 34.6 29.6
pH 6.70 7.43 7.13 6.82 7.43 7.15 6.22 8.77 7.94
Eh/mV 21.5 111.2 73.0 43.7 115.2 88.0 -99.7 89.0 35.6
EC/uS+em ™! 630 1619 1023 641 2042 1181 740 2400 1538
TDS/mg-L.~! 455.0 1244 846.0 411.0 1698 843.0 472.0 1802 1084
SRR/ mg- 1! 372.8 1010 649. 1 280 927.1 591.8 296. 8 843.4 552.1
Cl™/mg-L~! 22.63 246.7 107.1 26. 00 239.6 717.09 32.14 182.4 103.3
NO; /mg-L~! 18.9 357.7 122.9 31.6 418.3 101.2 <0.1 358.4 41.6
S02~ /mg-L~! 83.4 329.6 161.0 21.9 920.2 224.9 70.3 1080 471.2
HCO; /mg-L~! 219.4 468.9 340. 8 243.3 495.5 328.9 97.3 553.0 238.6
Br~/mg-L~! 0.01 0. 62 0.22 0. 04 0.23 0.10 0.04 0.24 0.12
K*/mg-L~! 1. 40 2.90 2.03 1.40 13.70 3.39 2.60 16. 50 10. 49
Na*/mg-L~! 16. 50 67.70 34. 84 13. 60 160. 6 50.57 22.80 343.4 133.8
Ca’* /mg-17! 127.9 358. 1 224.5 89.2 290. 8 193.2 74.9 287.6 162.9
Mg?* /mg-L"! 12.93 28.07 21.43 9.85 54. 86 26.53 20. 02 67.94 35.32
Fe?* /mg-L~! — 0.09 0.04 — 0.25 0.08 — 0.20 0.09
SI(Jrfgfa) 0.22 0.55 0.40 0.13 0.73 0.36 -0.87 1. 60 0.92
SI(AF) —-1.48 -0.72 -1.15 -2.09 -0.41 -1.16 -1.64 -0.47 -0.96
SI(T5hH) -8.22 -6.58 -7.67 -9.26 -5.44 -7.45 -8.57 -5.12 -6.67

1) “—" FR A



12 1] RS . AR BRI [ (07 32 AE 7% B AL T R i T R B 75 e U5 B4 1 4693

AT MBI R V2 M R K AR 2 MR K 1) pH
SERE SR 7. 13 A1 7,15, EC, TDS ., SR L K
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W& TR JZ K. R)Z M R OK AR Z H R K
TDS [ 4% 4k 3 Bl 20 51 4 455.0 ~ 1244 mg-L~" F0l
411.0 ~1698 mg-L~" , SEI{H 53 4 846.0 mg 1.7
F1843.0 mg-L~"; A RE AR 1k 5 Bl 433l Ay 372. 8 ~
1010 mg-L~"F1280.0 ~927. 1 mg-L~" SF-HI{E 435
7 649.1 mg-L~"f1591. 8 mg-L.~".

Xl R K B KA 27 2 AL L HCO, - SO,-Ca Y
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920.2 mg-L ™", 8K T TLA 4121 ( World Health
Organization, WHO ) [E Br ik H 7K T A= #5 o 4 75 {H
(250 mg-L™") . {HAHEE AR, 1Z X b F KRS IR L
EY AR S E N 107.8 mg- L' i
Al3k 418.3 mg-L~".
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Fig. 2 Piper plot of water samples from the south of Zaozhuang
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