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Fig. 1 Distribution map of sampling points in the study area
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W XA SO, M K 41 §% HCO,-SO,-Ca-Na %I 7K Al
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Table 1 Test data of groundwater hydrochemical indexes in the study area
SH JEYN WX AR IX
BME S RKRME PHME ¢ RAME KA FHE ¢, BME O BRE FHE

BB 9443 400.16 251.09 447 13517 389.10 287.93 4.84 94.43 400.16 238.12  4.85
TDS 116.38 542.00 285.35 380 150.69 542.00 348.67 3.85 116.38 440.94 263.04  4.89
pH 6.30 8.56 7.41 21.15  6.87 8.56 7.48 23.00 6.30 8.17 738  20.69
Ca® 2887 114.08 7595  4.03  30.57 103.32 74.80 398  28.87 114.08 76.36  4.02
Mg™ 0.85 39.88 14.91 1.45 10.01 39.88 24.55 2.98 0.85 36.10 11.52 1.33
K' 0.03 7.61 1.13 1.03 0.35 4.18 1.73 1.61 0.03 7.61 0.93 0.89
Na' 0.34 61.09 451 0.62 0.75 61.09 11.26 1.01 0.34 20.79 2.13 0.79
Cl 1.14 38.15 9.18 1.11 2.62 38.15 18.07 1.74 1.14 22.32 6.05 1.42
SO, 438 221.22 2344  0.75 6.50 221.22 40.17 0.86 4.38 159.10 17.55 0.83
HCO; 91.24 432.58 259.87 444 150.18 432.58 283.91 413 91.24 356.67 25141 4381
I 0.00 0.56 0.02 0.29 0.00 0.56 0.07 0.51 0.00 0.02 0.00 1.44
F 0.00 0.29 0.08 1.55 0.02 0.29 0.06 1.18 0.00 0.23 0.08 1.74
=R 0.00 73.17 5.62 0.57 0.00 73.17 7.86 0.75 0.00 64.16 4.93 0.77
FRJE 000 450.00<10° 7.79x10° 034  0.00 250.00x10° 11.16x10° 048  0.00 450.00x10° 6.65x10° (.34
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W) FNFE B (ST) AT LA S 7S 5 4 7 5 v i
KRB IITE FPIRE . 2 SI>0 B, &4 S i
AR 2 SI=0 W), 9 4 TP AR S5 Y SI< 0 1,
Y EEmRE, NE2aFR, FaMmEs A
{9 SI 5 B 43 514 0.14~1.28 F1-0.32~2.46, V-2 43
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Z T RAT AN AT BT R DLTE R o A7 5 AR
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Table 2 Calculation results of mineral saturation

indexex in the study area

®3 AR TKEFHETER

Table 3  Factor load matrix of karst groundwater

i H F, F, F3 F4
S B 0.972 0.040 0.150 0.141
DS 0.868 0.167 0.423 0.192
pH 0274 -0216  —0.016 0.749
Ca” 0.881 0220 —0.068  —0.155
Mg 0.706  —0.225 0.334 0.446
K 0.075 0.163 0.724 0.241
Na' 0.261 0.321 0.672 0.357
Cl 0.420 0.093 0.636 0.438
SO,” 0.158 0.334 0.849  —0.119
HCO, 0958  —0.130  —0.137 0.133
NO; 0.274 0.242 0.081 0.680
F -0.011 0731  —0.042  —0.187
Mn -0.131 0.138 0.507 0.213
Zn 0.016 0.693 0.293 0.250
Hg -0.093 0.648  —0325  —0.236
As -0.091 0.613 0.045  —0.055
Pb 0.095 0.755 0.302 0.013
cd 0.082 0.697 0.113  —0.058
LSRRI 4.559 3.638 2.621 1.554

TTHkE/% 31.52 25.15 18.12 10.74

ZifsiR/i%  31.52 74.79 49.64 85.53

SIA
W - =
e/ IME I KA FHME
TR 0.14 1.28 0.76
PN -0.32 2.46 1.40
FaE=1 -231 -0.38 -1.21
A -9.69 -5.85 —-8.03
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Y153 BT B AL ML ™, A SCHEER 4 A4~ 3 1 (RFAE
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A543 v (B DX 2 A AT AE R YK, REJE B Y
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PEEFELURZIRM IS . Ana b E, H e Mg™,
HCO; SR trik B =, 5rfa . Ao A B
K. HE, T 1R TS X N BR R SR 6™ 9 1Y
VAR X i A K A2 2 2 B R

KT 2(F,) i 5 ik 4 25.15%, H:d Mn, Zn,
Hg. As. Pb, Cd. F (4B . 5 2 B94550
(B DX 35k 32 250 A5 TR TR DX, AIb X A X, %
X IR T E TR X, FA WK, Wi, Btk #)
T AL 5 E Tolk A, BEK . 8RN i 4 HE A 1) £
— BTN T 9 3 Tk TS5 YR, B S E0m K
B bR, Horh He B br &, S KM AR I
8. DML, I 2R3 T Tolkis Xt & &R 41y
R

7 3(F,) i 5T lk % 4 18.12%, HiH K, Na',
Cl'. SO, WM #R A o A 3 A4 e (e X 4 3=
ST A AEAN T X, R X L % 2 Lk B
S A M X, 3 4 b X B4 N TT 5 R (1 L X, AT
S5 B0, A T K HE S A I s 3Rk T R A Y Ak
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T IE VL TRV AR A M TN o X 26 3l X M
ik 3 7= X, pH ., NO, iy 8% {8 55 =5 19 I B A 4> 9

D7, — 5 RO TG s B AL | ARGl IR,

73— 77 IS SR AR 1 Bl ) 2 A B HE I
e, AT 4 ARER T AT Bl A i R Kok Ao 4l
ST BRI .

ARG B3 4 A F2 715 23 e (E XU 23 A1 A
A Y R I DR AR 30l DX R AR A S 4 o)
AT A I 255 o HARRIU N 52 3k X
FARIARACZE A S B T E E I AR, BT Y5
e (Clk “ =08 HEHO FA 5 15 5 AR 3% B AR 1
PRIK ) s FU K — Ve, BIBRAR S8 M1 i A

SR DX A A1 2 K -5 T (B R 67 )
IR, OO A 3l (PR R A2 | 3790
A B HEREEHE)

4 MTKEETEN

8 (T /K BT & AR 1E ) (GB/T 14848-2017), F

FHR 2 A PR LD X EEERE . TDS, pH, Na', CI |
SO, . NO, . NO, . NH,", F, Mn. Zn, Hg. Cr"", As.

Pb. Cd. Se. Al I'5§ 20 WS HREATHL T K BT PEAY,
PEM R a3 4 B .

R4 MREREBEMTRKFIFMNER
Table 4 Evaluation results of karst groundwater

quality in the study area

X3} RT3 2 Ko e 451/%
[-M2%&
. ?c 20 64.52
V-V 11 35.48
. -z 84 95.45
e -
V-V2& 4 4.55
s I -T2 104 87.39
&1t N
V-V 15 12.61

A 4 PRl DL Y, RS XAV T 7KK o 8
gty LT - 287K 0 3, ik 87.39%. {HR[E X
BRI 22 SRR, o X Kk e 22, IV -V 20K
) He ) =35 35.48%, bR A 3 EE 50 A ZE A0 JH T A

X WL X ALK, AR F 24 Al Mn, Pb,
Fe. Hg, #FR 5 PR W 7 10, 3205 PR 37 i b X T
JEBIMIAE . MR MR M TS 2 R Tl Ak Y
ST HERCR 2, {H AL Mn., Fe % 85 T brtsn]
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Hydrochemical characteristics and water quality evaluation of karst
groundwater in typical industrial cities
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Karst Dynamics, MNR & GZAR, Guilin, Guangxi 541004, China; 4. Guangxi Karst

Resources and Environment Research Center of Engineering Technology, Guilin, Guangxi 541004, China )

Abstract  As economic pillars of the karst area in south China, industrial cities located in this area play an important
role in the promotion of national strategy and economic development. Karst groundwater, the main water source of
industrial cities in the karst area, is vital for urban development. Therefore, studies on hydrochemical characteristics of
karst groundwater and solutions to water pollution problems have always been working focuses of local governments,
but little attention to the chemical problems of karst groundwater in industrial cities has been paid in previous studies.
This study takes karst groundwater in Liuzhou City, Guangxi as the research object. Based on karst hydrogeological
survey, a total of 119 groups of karst underground water samples were collected, including 31 groups of urban
underground water samples and 88 groups of non-urban underground water samples. Using mathematical statistics,
hydrochemistry method (Piper diagram, Gibbs diagram, ion ratio coefficient, mineral saturation index calculation),
factor analysis and fuzzy comprehensive evaluation method, we analyzed the hydrochemical characteristics and
formation mechanism of karst groundwater in industrial cities, and carried out the quality evaluation of karst

groundwater.


https://doi.org/10.14050/j.cnki.1672-9250.2021.49.024
https://doi.org/10.14050/j.cnki.1672-9250.2021.49.024
https://doi.org/10.14050/j.cnki.1672-9250.2021.49.024
https://doi.org/10.14050/j.cnki.1672-9250.2021.49.024
https://doi.org/10.1016/j.jclepro.2022.131434
https://doi.org/10.3969/j.issn.0001-5717.2018.05.013
https://doi.org/10.3969/j.issn.0001-5717.2018.05.013
https://doi.org/10.1016/j.apgeochem.2018.05.011
https://doi.org/10.1007/s11356-015-5838-z
https://doi.org/10.1007/s11356-015-5838-z
https://doi.org/10.1007/s11356-015-5838-z
https://doi.org/10.18307/2017.0507
https://doi.org/10.18307/2017.0507
https://doi.org/10.18307/2017.0507
https://doi.org/10.14050/j.cnki.1672-9250.2021.49.024
https://doi.org/10.14050/j.cnki.1672-9250.2021.49.024
https://doi.org/10.14050/j.cnki.1672-9250.2021.49.024
https://doi.org/10.14050/j.cnki.1672-9250.2021.49.024
https://doi.org/10.1016/j.jclepro.2022.131434
https://doi.org/10.3969/j.issn.0001-5717.2018.05.013
https://doi.org/10.3969/j.issn.0001-5717.2018.05.013
https://doi.org/10.1016/j.apgeochem.2018.05.011
https://doi.org/10.1007/s11356-015-5838-z
https://doi.org/10.1007/s11356-015-5838-z
https://doi.org/10.1007/s11356-015-5838-z
https://doi.org/10.18307/2017.0507
https://doi.org/10.18307/2017.0507
https://doi.org/10.18307/2017.0507
https://doi.org/10.14050/j.cnki.1672-9250.2021.49.024
https://doi.org/10.14050/j.cnki.1672-9250.2021.49.024
https://doi.org/10.14050/j.cnki.1672-9250.2021.49.024
https://doi.org/10.14050/j.cnki.1672-9250.2021.49.024
https://doi.org/10.1016/j.jclepro.2022.131434
https://doi.org/10.3969/j.issn.0001-5717.2018.05.013
https://doi.org/10.3969/j.issn.0001-5717.2018.05.013
https://doi.org/10.1016/j.apgeochem.2018.05.011
https://doi.org/10.1007/s11356-015-5838-z
https://doi.org/10.1007/s11356-015-5838-z
https://doi.org/10.1007/s11356-015-5838-z
https://doi.org/10.18307/2017.0507
https://doi.org/10.18307/2017.0507
https://doi.org/10.18307/2017.0507

598 o A 2022 4

Results show that karst groundwater in the study area is generally medium-weak alkaline water with a small
amount of acidic water. The main cations are Ca’" and Mg%, and the main anions are HCO; and SO,”. In terms of
concentration and variation degree, karst groundwater in urban areas is larger than that in non-urban areas. In terms of
water chemistry types, there are also obvious differences between the two kinds of areas, that is, water chemistry types
in urban areas are mainly HCO;-Cat+tMg type, while those in non-urban areas are mainly HCO,-Ca type. The
proportion of SO,” type water in urban areas is much higher than that in non-urban areas, reflecting that urban areas
suffer serious pollution from more pollution sources than non-urban areas.

The chemical composition of groundwater in the study area is mainly controlled by rock dissolution, industrial
pollution, urban pollution and agricultural activities, with contribution rates of 31.52%, 25.15%, 18.12% and 10.74%,
respectively. Dissolution factors of rock are mainly carbonate minerals such as calcite and dolomite, primarily from
dolomite dissolution in urban areas and calcite dissolution in non-urban areas. The dissolution factors are mainly
distributed in Liujiang district and northwestern Luzhai county of Liuzhou City. Industrial pollution factors are mainly
distributed in Liunan district, Liubei district and other areas of Liuzhou City. The industrial pollution in these areas is
related to the discharge of wastewater, waste gas and waste residue by a number of heavy industry enterprises, leading
to the excessive concentration of heavy metals. Urban living pollution factors are mainly distributed in Chengzhong
district, Yufeng district, Luzhai county, Liucheng county and other areas, and are related to domestic sewage discharge
and domestic garbage leaching. The factors of agricultural activities are mainly distributed in Liujiang river, Luoqing
river, Longjiang river and other river valleys, and are related to the use of chemical fertilizers and pesticides in
agricultural activities and the direct discharge of animal feces from breeding.

Hydrochemical sensitivity indexes of different functional areas are diverse, among which the industrial area is
dominated by heavy metals, agricultural area by trinitrogen, and living area by K', Na', CI' and SO,”. Mineral
saturation indexes show that calcite and most dolomite are saturated, while gypsum and salt rocks are dissolved. The
karst groundwater quality is good as a whole, mainly I-III water, accounting for 86.29%, but the water quality varies
greatly in different areas. The water quality in the urban area is poor, with the proportion of IV-V water as high as
35.48%. The places with water exceeding permitted levels are mainly distributed in Liunan district and Liubei district
of Liuzhou City, and factors exceeding levels are Al, Mn, Pb, Fe and Hg. Reasons for exceeding levels are related to
the discharge of "three types of waste" and geochemical background of heavy industry enterprises. The water quality in
non-urban areas is better, and the proportion of IV-V water is only 6.45%. The places with water quality exceeding
permitted are only distributed in Liujiang river valley and Luoqing river valley, and the factor exceeding levels is

trinitrogen, which is caused by the excessive use of chemical fertilizers and pesticides.

Key words karst groundwater, hydrochemical characteristics, genetic mechanism, water quality evaluation, industrial

city
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