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Chemical Characteristics of Groundwater and Material Sources Analysis in

Buckwheat Field, Yunnan Province

ZHANG Yong'?, GUO Chun-ging', ZHU Yan-guang', YU Shi*”"

(1. College of Environmental Science and Engineering, Guilin University of Technology, Guilin 541000, China; 2. Key Laboratory of
Karst Dynamics, Ministry of Land and Resource/Guangxi, Institute of Karst Geology, Chinese Academy of Geological Sciences, Guilin
541004, China)

Abstract: In order to study the hydrochemistry characteristics and material sources of groundwater in the Buckwheat basin, we
collected 32 groundwater samples in the study area in July 2017. The chemical characteristics of groundwater were analyzed by cluster
analysis, factor analysis, and path model analysis. Meanwhile, we qualitatively and quantitatively assessed the sources of groundwater
hydrochemistry in the Buckwheat basin. The results showed that the groundwater in the study area was weakly alkaline, and the major
ions such as Ca’*, Mg**, SO}~ , HCO; , and NO, had high spatial variability. According to the clustering analysis, the groundwater
in the study area can be divided into two categories, namely, class A and class B, and these have the following two subsets: A,, A,,
B,, and B,. From A to B, the chemical types of groundwater become more complex. The hydrochemistry types of class A were all of
the HCO,-Ca type, while those of class B, were HCO,-Ca, HCO,-Na-Ca, and HCO,-Na-Ca-Mg, and those of class B, were HCO,-
Ca, HCO,-Ca-Mg, HCO;-Na-Ca. In order to further explore the influence factors of groundwater hydrochemistry, we determined that
carbonate rocks, human activities, evaporite rocks, and silicate rocks were the main material sources of groundwater through factor
analysis and path model analysis. Among all of the above factors, the dissolution of magnesium sulfate evaporite and the actions of
human activities were found to be important reasons for the formation of carbonate rocks, which served as the main sources of
groundwater chemical components and diverse hydrochemistry characteristics.

Key words : groundwater; hydrochemical characteristics; influencing factors; material sources; multivariate statistical analysis
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Fig. 1 Schematic diagram of sampling points in the study area
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Table 1 Statistical results for conventional water chemical parameters of groundwater in buckwheat field/mg-L ™!
FRE pH EE/C  K* Na* Ca’* Mg?*  HCOy cl- S0:~  NOj Si DO DS
QMSAO01 5.67 15.33 0.3 3.30 6. 86 2.26 46.29 0.45 1.70 1.02 9.86 1.67 47.84
QMSAO02 7.32 15. 14 1.01 1.47  40.62 1.83  126.78 1.20 2.29 7.80 4.80 5.86 104.3
QMSAO03 7.1 12. 54 0.46 1.36  24.68 1.45 78. 49 1.25 2.17 3.57 5.05 6. 66 14. 16
QMSA04 7.27 12.58 0.25 1.72 2.21 0.61 16. 10 0.49 1.24 0.77 9.98 5.89 11.06
QMSAO5 7.07 13. 41 0.54 1.04  48.00 1.68  146.91 0.77 2.10 5.82 4.57 6.78 117.1
QMSA06 7.50 14. 48 0.49 0.98  48.90 .61 149.92 0.71 1.52 6.56 4.48 6.27 120. 1
QMSA07 7.61 12.96 0.36  0.28  42.63 17.89  197.22 0.73 7.43 6.24 1.23 6.26 157. 4
QMSA08 6. 66 9.35 0.44 1.30 3.53 1.25 26. 16 0.41 1.15 0.84 8. 60 9.03 10.6
QMSA09 6.59 11. 54 0. 40 1.38 4.14 0.77 18.11 0.57 1.34 2. 86 8.40 5.38 8. 11
QMSA10 7.06 9.85 0.36  0.66 1.21 0.28 12.07 0.56 1.40 2.30 5.62 5.99 2.77
QMSALl 7.24 9.54 0.34 1.14  28.65 1.34 94.58 0.45 2.05 1.41 3.58 6.5 71.52
QMSAI2 7.14 10.3 0.37  0.65 37.18 1.28 118.73 0.56 1.88 3.08 3.56 6.14 93. 66
QMSAI13 7.19 14. 51 1.01 0.40  55.94 0.91  129.80 0.81 18.54 21.96 2.34 6.11 137.9
QMSA14 7.62 14. 58 0. 86 1.08  46.07 5.92  161.00 1.18 5.71 5.73 3.41 6.71 122.8
QMSBO1 6.38 11.4 0.50 1. 66 4.69 1.36 28.17 0.48 1.26 4.51 8.01 5.86 46.8
QMSB02 7.18 13.34 1.03  2.01 7.84 1. 81 30. 19 1.72 1.55 9.05 6.61 5.7 29.94
(QMSB03 7.23 15.63 0.32 1. 56 7.31 1. 50 36.22 1.34 1. 60 9.11 7.33 6.02 23.27
QMSB04 6.87 11.17 0.38 1.53 4.22 1.22 28.17 0.45 2.07 1.32 7.60 5.97 14.01
QMSB05 6.58 16.33 0.35 1.17 1.77 0.55 16. 10 0.48 1.51 2.25 6.21 5.83 5.45
QMSB06 7.18 13.34 0.57 1.78 7.10 1.97 32.20 1. 14 1.46 8.47 6.79 5.77 29.94
QMSB07 7.63 13.13 0.52 1.36  35.39 2.06 118.73 0.83 1.90 1.28 4.94 6.4 40.74
QMSB08 8.06 15.22 0.62 1.23 37.50 1.90  122.76 0.59 1.67 1.62 4.80 6.45 92.61
QMSB09 7.05 10. 93 0.22 1.59 3.81 1.71 26. 16 0.68 2.22 3.89 6.14 5. 15.54
QMSB10 6.52 13.3 0.16  0.98 1.25 0.45 14.09 0.48 1.51 0.96 5.07 5.7 3.36
QMSBI11 7.62 12.25 0.45 2.00 7.62 2.04 38.24 0. 86 1.70 5.64 7. 68 6. 31.69
QMSB12 7.84 16.39 0.52 1.13 29.48 1.43 95.59 0.69 1.78 4.62 4.75 6.43 78.6
QMSB13 7.79 13.75 0.37 1.22 3.87 0.83 18. 11 0.64 1.42 2.80 6. 06 5.91 13.89
QMSB14 6.85 15.56 0.19 1.32 6.08 1.28 30. 19 0.45 2.19 0.92 5.81 5.65 4.0
QMSBI15 7.84 16.39 0.52 1.10  37.75 1.54  120.75 0.56 1.53 2.84 5.59 6.43 78.6
QMSB16 7.79 13.75 0.38 1.88  31.20 2.96  102.63 1.13 8.93 5.68 5.17 5.91 13. 89
QMSBI17 7.72 11. 41 0.27 0.36  47.52  23.20 229.42 0.92  19.30 0.76 2.34 5.57 181.6
QMSCo1 8.28  23.00 0.40 2.36 23.01 2.38 82.51 0.55 2.60 3.42 6.88 5.53 58.0
BREB/% 7.57 20.01 48.20 44.70  85.86 172.33 77.17 43.04 133.30 94.73 36.38 17.00 91.70
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Fig. 2 Heat map of groundwater hydrochemical indicators in the study area for A, A,, B,, and B,

4.2 T30 5 B AR by
PR BT 2 LR 6 2R 30 [ Sl St e F 5 A o
FERGETTHEAR | it 32 Lo $ URN i K T 25 1 38 Tié
FERFI3Mr, SER b N K BE G K A 24 2 500 R
ForHr, AT LLHR AR o B Y B AR R
TN geAh, RS X 2 AR R e, R
FHAKALZ= 504 PHREEQC 2. 5. 1 %8 T BT BUK
FERIRE A B (SIA) | BRERES (SIC) . F 41 (SID) A0l
H(SIG) RS, ¥ H 5 M T oK F B 2= 4

ViR E RS iy EPQINE IvE: g i IS CEUDOE:
K K*, Na*, Ca’", Mg’*, Cl™, SO; . HCO; .,
NO; | Si, SIA, SIC, SID 1 SIG 4§ 13 I FZK {2
febrck HH SPSS 24. 0 AT 773 b, #4EHL T KAk
LSRR A O RBGE T (R 2) AT, Ca’t
Mg’ HCO; . SO™ . Si. fiF . BRERESFIH = A1t
R (AT 3 ARG, SRS 8z
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Table 2 Correlation coefficients between groundwater chemical parameters in the study area

K* Na* Ca2* Mg * al- S02- HCO; NO; Si SIA sIC SID  SIG
K* 1
Na* -0.50 1
Ca?* 0.453 " -0. 478 ** 1
Mg>*  -0.104 -0.383" 0.409* 1
cl- 0.575™ 0.084  0.224 0.153 1
S03~ 0.196 -0.431" 0.545™  0.648™ 0.190 1
HCO; 0.292 —0.485" 0.944™  0.668 0.208  0.593" 1
NO; 0.671™-0.167  0.382* -0.054  0.504* 0.458*  0.208 1
Si0,  -0.249  0.758* -0.777" -0.508** -2.01 -0.565* -0.781* -0.314 1
SIA 0.404* -0.343  0.916*  0.536™ 0.334  0.716™  0.904*  0.438* —0.741** 1
SIC 0.386* —-0.340  0.862* 0.387* 0.339 0.399*  0.835™  0.280 -0.676" 0.851** 1
SID 0.345 -0.329  0.826™  0.473™ 0.422* 0.422*  0.837"  0.244 —0.667™ 0.841™ 0.991™ 1
SIG 0.404* -0.343  0.915*  0.538™ 0.717* 0.717"  0.904™  0.438" —0.742" 1.000* * 0.850 ** 0.841* 1
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XFFFE X 32 LK FE K AL 2E A8 Bl KMO Al
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INRFRKFER AR, AR, 854 Q MUKy
B4l 2 i T 7K 4 AN F bAoA e e R R
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Table 3 Rotation factor loading matrix for groundwater hydrochemical indicators in the study area

ARt . 7 AT 7, 7 NI 2%
K* 0.299 0. 837 -0.171 -0.032 0.820
Na* -0.232 0.031 -0.190 0.893 0. 889
Ca®* 0. 862 0.238 0.159 -0.333 0.935
Mg?* 0.365 -0.179 0. 844 -0.082 0. 885
cl- 0.222 0.712 0.192 0.331 0.703
S02- 0. 259 0.294 0.790 -0.323 0. 882
HCO; 0. 856 0. 061 0.377 -0.254 0.943
NO; 0.076 0. 896 0.106 -0.235 0. 874
Si -0.613 -0.143 -0.284 0. 625 0. 868
SIA 0.814 0.299 0. 404 -0.164 0.942
SIC 0.951 0.175 0.075 -0.090 0.949
SID 0.938 0.139 0.157 -0. 046 0.926
SIG 0.813 0. 300 0. 407 -0.164 0.943
T 22T % 41.207 18. 765 15.828 13. 105

Bt oiEk R/ % 41. 207 59.972 75. 801 88. 905

i Ca®" | HCO;, | WA B AR A8 5, kR 45 10 145
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Fig. 3 Main factor score relationship diagram
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Fig. 4 Network diagram of each main factor PLS-PM
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Fig. 5 A scale diagram of carbonate rock,

human activity, evaporite, and silicate rock ions
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