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FIF-HE b 2 AR 39 B — M A 10°~15°, ¥4K 855. 1~
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Horp DL ) BN 2
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Fig.1 Groundwater subzone and sampling sites
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2.1 ¥ TFARAKAF AL

2.1.1  Afb BARARAE

WFFE X 3t T KR e B B AR CTDS) BUE S FE ol
162~2 904 mg/L, #J{H K 552 mg/L, Bk J§ TR
K AHISAL TDS s 1 g/LHZKT 5 g/L.J&
TR, HR KR 2 55 s, pH BUETE R
6.6~8.5, %MEH N 7.5, 1 F/KZE S AL DO ik
W RE B s UL YO R 2,35 ~9. 64 mg/L, ¥{A N
4. 95 mg/ L, B R B AL - A a5 A S AIG 4E0 55 348
B AL IR TR At B IR A5 B 134 ~
408 mV, ¥J(EH K 266 mV, LIY A& A 20
it FEHE THEY A Ca?' (46%)>Na' (38%5) >
Mg (14%) >K* (1 %) . R E FHEF A HCO;
(74%) >S0% (10%) >Cl~ (9%) >NO; (7%),
Ay a] UL B 5T X b R K K Ak 2E 28 R HCO,-Ca
R AN AL SO K Na® & & K P FH 85, R SO,-
Na #I7K
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B X3 IX 1.2 D) AREEA R 2 LIRS
MR K EEA S B K B o A RRAE LR 2, WL
%5 2250 BT 2 B, TDS 2% Bk 8058 19 43 [X 725 S
PE(p<<0. 05) , B[] 43 J2 22 R A 3 (p=>0. 05) . 43
X 3 4 TDS Ht & YIME LR 917 mg/L; 431X 1 K
Z. Yk 426 mg/L; 4y X 2 FAK. 49372 mg/L,
R K pH WIS 43 )2 5 P (p<<0. 05) , %5 (]
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Fig. 2 Box plot of filed parameters and major ions in groundwater
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1 59. 3 mg/L; 43X 3 [y Ca®" Jot it ik B W85 ey, 1)
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A1k 256. 9 F1227. 5 mg/L; 43X 3 HUHRE i ik
FEN s  Y(E 2y 441, 8 mg/L, Cl fA7E# B 3
F) 43 X S B (=<0, 05) Fl 43 J2 S i ( p<<0. 05) -
G301 A 2 CL o et vie B AH X8I B 4843 )
19. 4 F112. 2 mg/L; 40X 3 Y CL o e B2 45 i
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TRIZH T /K 324 Ca-Na-HCO, #1(29%) , Hifth
IR A 53 A

B3 #REMTK Piper Z£E

Fig. 3 Piper plot of groundwater
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4 FFREUTIK Gibbs

Fig. 4 Gibbs plot of groundwater samples
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Fig. 5 Factor analysis of shallow and deep groundwater hydrochemistry
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Fig. 6 Water-rock reaction in groundwater
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B7 MTAkEEBEFHEXXR

Fig. 7 Correlation between major ions in groundwater
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Fig. 8 Spatial distribution characteristics of NO3z

pollution level in groundwater
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Tab. 1 Spatial autocorrelation analysis of nitrate in groundwater

WFKGK SRR =4 pfH AR

MR AX 0. 032 0.74  0.46 BEHL
X1 0. 263 2.28  0.02 R4
43X 2 0. 035 0.92  0.36 BEHL
AIX 3 0. 025 0.57  0.57 Fifi Bl

R KA R A A b . H R K AZRE B4
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Fig.9 Groundwater pH-pe diagram
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Fig. 10 Relation between NO3 and major electron donor and acceptor in groundwater
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Groundwater hydrochemical characteristics and cause analysis in an arid and semi-arid area
WU Chao"? , XUAN Yingxue®* ,ZHANG Han®*,DUN Yu''? , WU Guoqing'? ,CAO Yingjie***°
(1. Institute o f Hydrogeology & Environmental Geology sChinese Academy of Geological Sciences ,Shijiazhuang
050061, China; 2. Key Laboratory of Groundwater Remediation of Hebei Province and China Geological Survey ,
Shijiazhuang 050061,China;3. School of Environmental Science and Engineering . Sun Yat-Sen University ,
Guangzhou 510006, China ;4. Guangdong Provincial Key Laboratory of Environmental Pollution Control and
Remediation Technology s Sun Yat-Sen University ,Guangzhou 510006, China;

5. Southern Marine Science and Engineering Guangdong Laboratory (Zhuhai) » Zhuhai 519080, China)
Abstract: The sustainable use of groundwater in arid and semi-arid regions is related to regional ecological security and food se-
curity. However, with the rapid development of social and economic construction, the exploitation of groundwater resources is
significantly increased, which made severe water supply shortage. Likewise, the water resource problem caused by the water
quality crisis are more serious than the reduction of water quantity. Carrying out research on groundwater chemistry in arid and
semi-arid areas not only had important academic significance for clarifying the origin and formation of groundwater but also had
important value for scientific and reasonable regional groundwater development and protection of groundwater resources.

This research took Wulagai area of Inner Mongolia as the research area,and comprehensively utilized water stoichiometric
analysis, multivariate statistical analysis, spatial statistical analysis,and redox analysis to carry out regional groundwater hydro-
chemical characteristics and causes.

The results showed that the groundwater hydrochemical characteristics had significant spatial zoning characteristics. There
were certain differences in the water chemistry of deep and shallow groundwater in different regions. The shallow groundwater
in Zone 1 was Ca-HCO; pattern (40%) , the deep groundwater was Ca-HCO; (38%) and Na-HCO; patterns (38%) ; shallow
groundwater in Zone 2 was also Ca-HCO; pattern (57%),and deep water chemistry patterns had Ca-HCO; (54%) and Na-
HCO; patterns (45%) . The types of water chemistry in Zone 3 were relatively diverse. The shallow groundwater was mainly a
Ca-Mg-Na-HCO; pattern (37%), other types were also distributed, and the deep groundwater was Ca-Na-HCO; pattern
(29%) , respectively.

Water-rock interaction was the main factor controlling the evolution of water chemistry in the study area,and there were
still certain differences in different regions and stratifications. Among them, zone 3 was also affected by evaporation, concentra-
tion and ion exchange. The weathering of silicate rock was the main controlling effect in the water-rock interaction, followed by
the dissolution of carbonate rock,and the influence of evaporite was relatively weak, which matched the regional geological back-
ground. Furthermore, factor analysis showed that human activities were also an important factor affecting the hydrochemical
characteristics of groundwater. There was a certain amount of nitrate pollution in groundwater. Spatial analysis showed that ni-
trate in the whole area was a typical random distribution pattern,and there was no discrete and aggregation effect at the pollu-
tion point, which indicated that the regional dispersion of agriculture,animal husbandry and human activities become an impor-
tant point source of groundwater nitrate pollution. Redox analysis showed that there was a potential denitrification trend in the
area. The results provided a scientific basis and technical support for the sustainable development and utilization of groundwater
resources in arid and semi-arid areas.

Key words: Wulagai River basin; groundwater; hydrochemical characteristics; hydrochemical formation
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