944 % o L EBR Bl 2 Earth Science Vol. 44 No.9
2019 49 A http://www .earth-science.net Sept. 2019

https://doi.org/10.3799/dqkx.2019.201

NEIKT EXEFEBRKKULEENFIELIE S EF

HEEVKREY, R R HISFLEFFLFFALLERNL, BT

1P KSR AFE 222, 7 &7 M 510006
2. /MR FRREIRE TSR, M F M 550025
JELFRIEMFRIE LR R EET L ERE, 5T M M 550025

T OE SNSRI IX M R K — T K S A S T A RN L AR K KR S R R M X K e 4 N AT RS
PA7S 8 7K BRI L 48 v JF 2 XA IR S8 X 4, F 201548 9 A SR EEIKEE 3344 38 FIK Ak 2% A S PE 40 B R 7 U (B OL A5 AT T
ZEAIISE B R R T KL= AR 20 Ca-HC O, B, 5 43 y Ca-SO, B s Hi 2 K K £ 28 Ca-HCO,.Ca-SO, B 7 JF 7K 24 Na-
HCO,, M B 1B 1L HEK g Ca-SO, B sk M Ca®t Mg® FIHCO, 2 W 25 1IE A e, T8 iR IRE A v e il , Na fI K- 328
Sy ik R R A A, C1 R SR IR T A A 115 K NO,™ BZEZ R =R, SO R IRZHE 0L 1 8RB A0 ARl A= 7= 5
M T KR B 2B, M T B0 3 S S TR VA A L K R K b 2 2 R S A O AR A R T DGR ARG h
BRI Bl SR 5 K R GE T KA 2 R AR 1 1 G S B 8 R

SRR IR X S R 5 K AL A AL 3R 8 PR 5 K SO R

FESES: P64l XEHS: 1000—2383(2019)09—2887—12 YriE B H#:2019—06—27

Characteristics and Driving Factor of Hydrochemical Evolution in Karst

Water in the Critical Zone of Liupanshui Mining Area

Ye Huijun'*, Zhang Ruixue”, Wu Pan®?, Han Zhiwei’, Zha Xuefang®, Li Xuexian®, Qin Yingji*, Shi Jinfang”

1. School of Environmental Science and Engineering, Sun Yat-Sen University, Guangzhou 510006, China
2. College of Resource and Environmental Engineering, Guizhou University, Guiyang 550025, China

3. Key Laboratory of Karst Environment and Geohazard , Ministry of Land and Resources, Guiyang 550025, China

Abstract: The surface water and groundwater which are critical resources for daily life, industrial and agricultural production
exchange frequently in Liupanshui mining area. To ensure the security and sustainability of water system in the karst critical zone,
thirty-three water samples were collected from the typical Liupanshui mining area in September 2015. They were analyzed by using
the methods of hydrochemistry, correlation analysis and ion ratios. The results show most groundwater hydrochemical type was Ca-
HCO; type, and some was Ca-SO, type. Most surface water was Ca-HCO, type and Ca-SO, type. Differently, the mine waste
water was Na-HCO; type and the acid mine waste water was Ca-SO, type. There was a significant positive correlation between
Ca”", Mg”" and HCO;  which was mainly controlled by reaction between water and carbonate, and some Na® and K were
controlled by reaction between water and silicate. The sources of ClI° were mainly sewage, most of NO; were affected by
agricultural production, and SO,”” came from multiple sources. Mining activities, urbanization and agricultural production have

affected the compositions of water ions, in addition mining activities have accelerated the dissolution of carbonate. These three
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factors have made significant changes in the hydrochemistry types. Under these compound influences affected by human activities,

mining activities are the key driving factors for the changes of hydrochemical characteristics in water system of the karst critical zone.

Key words: karst mining area; compound influence; hydrochemical evolution; driving factor; hydrogeology.
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Table 2 Correlation matrix between groundwater chemical variables
AB g Ca?' Mg  Na'+K' HCO,” CI SO NOy~ F- TDS pH EC Eh DO T
Ca®" 1
Mg?t  0.647%¢ 1
Na®+K* 0.238 0.092 1
HCO;~ 0.681**  0.759* 0.170 1
Cl 0.435 0.226 0.945%x  0.279 1
SO? 0.725%*%  0.473* 0.473* 0.780%*  0.897** 1
NO;~ 0.657** 0.756*%*  0.213 0.416 0.323  0.597*x* 1
F 0.201 0.646**  ~0.069 0.476% 0.047 0.023 0.347 1
TDS 0.851#* 0.757*x  0.757*%  0.783** 0.715%% 0.886** 0.713**  0.310 1
pH 0.121 0.019 0.449 0.076 0.482% -0.341 0.027 0.123 -0.210 1
EC 0.847* 0.702%x  0.642%*  0.722* 0.754* 0.910** 0.697**  0.246 0.988** -0.155 1
Eh -0.281 0.085 0.004 -0.055 0.032  -0.063 0.106  -0.028 -0.059  -0.494* -0.138 1
DO -0.396  -0.268  -0.379 -0.282 -0.359  -0.466  -0.185  -0.019 -0.426 0.272  -0.461 0.303 1
T 0.206 0.122 0.113 0.093 0.189 0.152 0.050 -0.212 0.261 0.199 -0.096 0.317 1
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Fig.2 Piper diagram of water samples in the study area

Ca-SO, A . £5 2 R K A Ak 27 28 AU (1% 25 (8] 3 A3 4n 5]
3N, WF 5T IX K 43 b 3 7K R M R K K Ak 2
fiIE 2 A — 8 AR U, 57 K R R M 9 1L kK 5 H
T KRR H 2 K 0 K AR A RRAE 25 AR KL 2 Bk I
Bl RN 2805 B O3B T5 7K ) 52 e B 9 25 U R
KK AL 2 2 RN Ca-HCO, B 5 fk ly Ca-SO, 4 Al
Na-SO, B, 1y #h & 7K 7K Ak 7 28 B A Ca-HC O, B!

Ak Ry Ca-SO, B .
32 KEESADHEEST

i 3k R R b AH OGP 4y BT B, HR UK i TDS
5 Ca*" \Mg"" \K'+Na' \HCO, ,Cl" ,SO/ #l
NO,” ¥ H A 8 2 A1 ¢ 1%, #¢ 5 &2 TDS 5 Ca*
(R=0.851), TDS 5 SO, (R=0.886) ; EC 5 F~
ZA A B 5 R E IEAR G (R 2) . MR oK
TDS 5 Mg*" \K"+Na  \HCO, .CI” fil SO, Hf
WOE M P, R R TDS 5 K +Na™ (R=
0.958) . HCO, (R=0.957) , TDS 5 Cl (R=
0.890) ; EC 5k Ca*" \NO, fI F~ Z #h 5y Hofh 55 7
S EIEMK(ERS).

i 5% X 4 T K b K BT IR KRR M L R
K ) TDS & [ 43 5 & 69.07~772.34 mg/L .
258.50~998.11 mg/L I 829.48~1 865.60 mg/L
(FR 1) 3 F /K At R 7K X TDS o3 ik B $5: K 1) BH
B Ca”  HIOE K +Na , 1k Mg® ' Hr,
Hi K Xt TDS 48 T f5 B 35 19 )2 K +Na' L, #h F
KR TDS $28 F fie i 3 19 J& Ca™ ' 5 b 7K il %
K BB F X TDS BT #k B N K #] R )R
HCO, .SO,/ .Cl . NO, M F , H b % K1y
HCO, Ml F /K 5 HCO, 5 SO, %f TDS fy #2
THRCR I B (E4).
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Table 3 Correlation matrix between surface water chemical variables

N Na®+ )

AR Ca’ Mg K+ HCO,; Cl- SO2 NO,; F TDS pH EC Eh DO T
Ca?" 1
Mg 0.313 1

Na®+K" 0.062 0.660%* 1

HCO; 0.251 0.507 0.939%* 1

Cl 0.310 0.629*  0.860** 0.812%* 1

SO,2 0.411  0.928%*  0.586*  0.459 0.548 1

NO; 0.143 0.003 0.053 0.001 0.023 0.177 1

F 0.069 0.575 0.096 0.066 0.051 0.650%  -0.549 1

TDS 0.343  0.714#x 0.958*x (0.957**% 0.890**  0.675* -0.003 0.116 1

pH 0.351 0.065 0.277 0.148 0.292 0.108 0.301 -0.456  0.144 1

EC 0.359  0.767** 0.947*x 0.928*%* 0.875%* 0.739** -0.008 -0.172 0.995**  0.140 1

Eh 0.317 0.394 0.206 0.262 0.209 0.528 0.101  0.661* ~0.086 0.540 -0.028 1

DO -0.612% -0.224 0.129  -0.005 -0.072  -0.176 ~ -0.284 -0.047 -0.069 0.438 -0.057 -0.355 1
T 0.340 0.022 0.146 0.251 0.175 0.069 0.016  0.168  0.226 0.032  0.222 -0.083 0.121 1

T R IRTE 0.0L K (AU ) - i 35 A5G 5 3 7R 78 0.05 7K UL ) b 8 35 MK
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Table 4 Mineral saturation indices of groundwater in the

study area

G ) . . . T,

e T Haf w4 AF BaE A Ea
M-S1 0.16 -0.27 -2.62 -1.19 -1.44 ~7.45 0.01
M-S2 0.10 -0.88 -2.27 -1.99 -2.23 -9.94  -0.05
M-S3 0.39 0.22 -1.74 -22 -2.44 -9.97 0.25
M-S4 -1.34 -3.01 -342 -2.79 -3.03 -10.21 -1.49
M-S5 0.35  -043 -297 -1.63 -1.86 -8.96 0.20
M-S6 0.54 0.66 -2.35 -1.80 -2.04 -9.2 0.39
M-S7 0.40 0.51 -2.06 -1.26 -1.50 -8.26 0.25
M-S8 0.67 0.96 -4.81 -1.85 -2.09 -9.95 0.52
M-S9 0.57 1.11 -1.12 -1.61 -1.85 -8.70 0.42
M-S10 0.50 0.26 -1.92 -1.78 -2.02 -8.97 0.35
M-S11 0.51 0.58 -2.51 -1.96 -2.19 -9.67 0.36
M-S12 0.37 1.19 -2.58 -1.35 1.59 6.77 0.52
M-S13 0.54 0.44 -2.51 -1.62 1.86 8.47 0.39
M-S14 1.87 3.88 -3.84 -2.93 3.41 11.21 -2.01
M-S15 0.13 0.38 -3.21 -1.81 2.05 9.2 0.02
M-S16 0.05 0.47 -2.90 -1.78 2.02 9.13 0.09
M-S17 0.15 -0.31 -2.34 -1.99 -2.23 -8.96 0.00
M-S18 0.24 0.11 -2.31 -2.16 -2.40 -10.3 0.09

3.3 HiTR/KMEFNIEL
H PHREEQC #4315 7 WF 58 X R /K 9 77
B oA ME AN

¥ EINE VI C ARk N Fa)

AR R (R 4).

4 g

4.1

KUEE FHS BREKIR

HAR MR, Mo /K i 36 7K I 28 [A) 1) b )2
R KR B P Ca”t Mg?t HCO, f1SO,” % %

7 F (Hendry ez al., 1986; Han and Liu, 2004;
Sutton et al., 2014; Rashid ez al., 2019) , i 15 M1 3
IR AN T K R P AR A S (R 4) . Horp Ca™
Mg” " MITHCO, HAA R FHCHE(F2,%3), 4 HE
SRR T 7 A RN = A A R RO G 1 AR 2
A4 [Ca? +Mg? 1/l HCO, J7EBRE ERiZ1:16
Z A0 [) B A7 7 A0 B A e (B =X 3) , [ Ca®' +
Mg”" J/[HCO, + SO/ [N & 1: 1 X R (Wu et al.,
2009;Pu et al., 2014).
CaMg(COy), + 2H,0 + 2CO, - Ca*" +

Mg?" + 4HCO, (1)
CaCO, + H,CO, > Ca*" +2HCO, ,  (2)
CaSO, - 2H,0 — Ca’" + S0O,> + 2H,0 . (3)

AIF 5% DX KB 43 R K b oK K (5
JK AT AMD) FE & S AR AR 25 1014k (B 5a.5¢.5d) , %
WIBIF 9 X 4% 28 UK (R Ca? " \Mg?' (HCO, #1 SO,
S B TR IR AN R B — A A A N Y 4
Wk 25 A R AR Y Ca® s 4 K 4 b R K RIS 43
o FKIIETE 1126 b RIS )5 il A A = 4 K A
S0 B B e 45 R B — Bk (18 5b) . Sk E R BT,
KICAB KM EEZETRAEHZRRE S
K — R 25 R

Wl Se i s, KR 43 B b s ER V& AR [ Ca® +
Mg 1/[HCO;™ Ty 1: 126 M, i B A B ok iz £
HEH5WAKA RN Z MY Ca® 5 Mg™ fii A (Tou-
hari et al., 2014) ¥ A 8 & VA, K 5 s
oK R ML R oK KR V& fE T [Cat Mgt I/
HCO, +SO,/ 1=1:1% I (& 50), B % 4b /Y
Ca™" \Mg*" ] i Hi F /K 8 b R K 5 4 8 5 )2 R
P2 (Wu et al., 2009 ; Touhari ez al., 2014).
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KR R K o NO, R TR A4 06 157K, & 43 7T g
sk B T Ak it iR K+ 3% 4% 4 fk (Hosono et al.,
2014) , AL T Al X 9 M-S7 F1 M-S13. Hrh M-
ST HH R & 1t 29 5 WHO F5 #E FR {8 19 3 /% (World
Health Organization, 2008) , 52 4%\l 1% 3l 52 Wi # K .
PRI, AIF 9 DX bR 7K i 2 7K K AR B 2 2 31 T
ANV Bl 52 1

SO R 2 73 B W) i b, 8 0 R I8 T
W 2R o B2 A B BT B S Ak (Hendry et al., 1986;
Massmann etz al., 2003; Cheung et al., 2010; Pau-
wels et al., 2010a, 2010b; Hosono ez al., 2014; Sun
et al., 2017) J A& b A 77 i # (Pauwels ez al.,
2010a, 2010b) M-A1R IR T IELK IR FERER K,
e B SO BT IF R 5 Bk 1y A fk
A BRI M-R3 520 5 2 20 5T XRG4
EEAK” M-R5 HAFR G )5 i1 45 M-R4 3 B 450
JE K FA T 5 K B REAIE K AR 27 25 8 2 Na-SO, B
ZUERER X M-S1 A M-R12 32 8\ JF & 5%, 7K 4k
FRAN Ca-SO,. 7 A 16 15 7K XM K 19 52
AT ,M-S12 i M-R11 2 # F Na-SO, H . ¥
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ZERR R £ 2 L IX R M-R7 \M-R8 Fll M-R9 % 745 oy it
R Ca-HCO, B 7K A4, 36 WA 8™ b 3 sl in 2 7 4 iR 6
U R L L Sy v 07 AR O B A b X — o R A O B UK
(K 4).

CaCO; + H,SO, — Ca’" +S0? +

H,O + CO, 4 . (4)
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DX, 22 AR 1 2l 52 ) 58 A, JHG e e R R ) TR AR A
AL RE SRR F Ak A =i

1S4
w

5 kg

(D TEWE 4 A SR AL E T, K b 2s 26
AR Z H Ca-HCO, B, & 53K Ca-SO, &L 5 b F2 oK 1k
2RI R Z R Ca-HCO, #1 Ca-SO, T 5 5 H 7K i Na-
HCO, &, MW 1L E K Ca-SO, B BF 5T IX & 28
RUZR AR IR AL 22 AR 22 S5 W 1
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