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Fig. 1

Hydrogeology map and distribution of sampling sites in the karst areas of cental Guizhou

1.sampling sites and numbers; 2. carbonate rock zone; 3. clastic rock zone; 4. Quaternary; 5. metamorphic rock zone; 6. the boundary of county; 7. river system; 8.

water area of reservoir; 9. industrial and mining enterprises; 10. industrial solid waste dump (on a scale); 11. industrial solid waste dump; 12. sewage treatment

plant; 13. dumping site; 14. county government site; 15. township site 16. village site
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Table 1 Descriptive statistical results of groundwater in the karst areas of central Guizhou
B2 =y /M /mg- L™ W K AE /mg- L™ ¥ /mg- L™ A 2B % I i
). FoKki 28.58 239.50 56.07 56.40 28.00
Ca
7K 20.17 155.50 57.95 38.50 7.65
Mo FK 6.63 288.00 27.49 151.90 38.33
£ A7k 8.66 326.20 33.72 139.30 38.05
i FIKI) 0.02 2.00 0.08 368.80 41.45
! 7K A 0.02 0.48 0.04 204.30 17.29
. FKI 0.30 12.70 1.74 130.40 14.04
K
7K I 0.40 20.60 1.87 175.30 27.03
. B/ @ i 0.50 90.00 5.02 275.30 36.16
Na
7K I 0.40 115.00 6.10 295.00 33.76
or Vi@ 0.55 27.58 4.44 109.80 11.48
7K 1.47 30.89 5.55 91.70 14.39
sor- FoKki 2.00 220.00 33.23 117.80 11.69
N 7K 2.00 883.00 74.60 176.80 35.61
_ FK 55.40 1 138.00 235.50 65.30 29.53
HCO;
A7k 34.80 1295.00 246.50 72.70 29.03
u FK 6.63 8.37 7.60 430 1.76
P 7K A 6.96 8.44 7.90 4.70 -0.74
oD FEKI 0.02 4.77 0.50 149.80 26.34
7K I 0.02 4.13 0.48 138.20 22.95
kil 0.02 7.84 0.35 404.50 22.66
TP
7K I 0.02 25.50 0.64 603.40 42.97
S0 FKW) 0.21 12.90 3.13 53.20 28.81
1
: A7k 2.14 27.80 4.66 86.90 26.66
- FEKM 0.10 0.80 0.17 92.80 7.56
7K 0.00 0.84 0.13 92.80 27.00
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karst areas of central Guizhou
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Table 3  Eigen values, percentages of variance and cumulative percentages of groundwater in the wet season

3% PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PCY9 PCI0O PCll PCl2 PCl3
FEAFE 7269 2552 1.055 0.661 0614 0329 0.17 0.102 0.095 0.076 0.042 0.03 0.004
T ZE I E % 55918 19.628 8.115 5.088 4.725 2.535 1306 0.788 0.729 0.588 0.324 0.228 0.029
BIMAEESE% 5592 7555 83.66 88.75 9348 96.01 9732 98.10 98.83 99.42 99.74 99.97 100.0
R4 HKHMTKEBEE. AEABSBHERITFEESH
Table 4 Eigen values, percentages of variance and cumulative percentages of groundwater in the dry season
o PC1” PC2" PC3 PC4 PC5 PC6 PC7 PC8 PCY PC10° PCll” PCl12° PC13"
FEIE(H 8971 2.092 0.944 0407 0.194 0.139 0.080 0.069 0.044 0.035 0.016 0.009 0.000
FTEATE 69.01 16.09 7.263 3.129 1492 1.067 0.617 0531 0339 0266 0.126 0.068 0.003
R ZEASE 69.01 8510 9236 9549 9698 98.05 98.67 9920 99.54 99.80 99.93  99.99  100.0
. CIgs
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Fig. 6 Principal component diagram of groundwater in the dry season and the wet season (left: the wet season; right: the dry season)



Fa3E Hay

T WA BYHETE DX R AR A R IR R B R e P 3R 895

W5 X 7K 1 R 7K 55— = W43 (PCL) 1 7 22
BN 55.9%, BT 5K AVEHZEVIEE R Na',
Mg*'. Ca’", HCO; ., SiO,. K', TP UL [ F & 7254 /)
) A A (8 BT R B A 2R — 3 4w AR X g, BT LA
PC1 RELUKA . A =a b E i mm s A &K
A 505 R K 7K — A RO, 2 FE K R K
B A e R BRI B A (PC2) T 2
HATECN 19.6%, H T 5 NJH: 7= A 16 HES A % DIk
Z % NH! . COD,,, VA K CI By AE AR 53 ik B A, il
PC2 RFF AWM T K52 NFAE A TG 25 G
5 55 = 84 (PC3) 1Y )7 22 H 40 80k 8.12%, Hi
FH SO B FHRAAE(E sk B ALK, ol pH. it
XTI BB A T R DX 85 38 9 7K 14 K 5 Ak 56 43 #r & B,
BB R A T T A AR AE K AL 24 38 A5 A SO 5 1 (5K
PR A K ZR), Bt PC3 AR KM /K Z 850 I
KA TV TR S 2

2 XAl K 0 b 7K 25— 32 40 (PCL) B9 7 22
AN 69.0%, 5K AAERE VIR A Na™, K\
Mg*, SO, TP, HCO; . F . SiO, KA Ca™ B T 24
3 1R R AE A BT AR 3 7 20 — 2 B4 R AR X AR, i LA
PC1R 2 LT A7 A1 A 25 A0 S5 1Y AT PRk R £6
KA 5 1R OK B AE K — AR, IR 5
DX 73 b 7K b A B A e R R U AR AR
43 (PC2Y) Y5 22 B 80N 16.1%, th T H A5 A Zsk =
A HETS A # V18R R 19 CODy,,. C1 LA K NH HHRAE
B TR BE AR, B P2 K 1 b R K 2 A2k
PRI ZRA T AT SRR L T K,
B rh S U DR K T T K A2 Tl AR IS s,
B B2 A K R AR TR A B /N i, i Tk A
27 B S BUDNGN 5 U 719N ¥ At
R A B AN A TN BB Tl 5 Y Wi
I, v A XA K R 7K 2 Tl A =16 sl /N

(1) 8 v 53 DXCH T K K 391 A0 =2 K 391 i 7K 4k
SNBSS F S ) & = )
HCO;(SO,)-Ca(Mg) & 3=, W57 X i T K fb #4143 32
LR UE T Rl T2 X 7T 5 P Al e 2 1) T i AR Tl A
Jriy BB A2 A S A R e {0

(2) B 2 R IX T K K A AR I R 2 J2 H K
f2E 53 fie B IRIEAR, IK A EH 2 & KL

Na', Ca™". Mg”, HCO;. TP, F L) & SiO, % /\ 5 /K
FiAa s, N2 Sh FEZ W ) NH . CODy, M ClI 55 =
K R bR, TR RN 29 K SO B 15

(3) B 2 R IX K W T K 2 252 K A
AR (PCL) . A3 3 (PC2) & Tl A 7= (PC3) 45 =
SR A SR, ARG A M TR K ) 32 2 K AR
R (PCL) MAKIG 3 (PC27) A RE I

S 0k

(1] =i WEVYR A A LSRRl (], AR
5K, 1997, 19(5): 41-43.
YUAN Daoxian. On the environmental and geologic problems of
karst mountains and rocks in the South-west China[J]. World
Sci-Tech R & D, 1997, 19(5): 41-43.

(2] WA, SIS, MR, WA, MRS, X7 5. e IS
LR KA 03 R I R s R g A (0] B 27l 4z, 2013,
58(18): 1755-1763.
YANG Pingheng, YUAN Daoxian, YE Xuchun, XIE Shiyou,
CHEN Xuebin, LIU Ziqi. Sources and migration path of chemi-
cal compositions in a karst groundwater system during rainfall
events [J]. Chinese Science Bulletin, 2013, 58(18): 1755-1763.

(31 SREMk, 2K, ATAHR, HEBAR. D AR BT oA T Ok IE
HEHLRIESE (7). AP E ML, 2006, 33(6): 1393-1399.
ZHANG Yanlin, LT Shengyong, FU Donglin, CHUI Xudong.
Formation mechanism of karst groundwater in the western Long-
dong basin, Northwestern China[J]. Geology in China, 2006,
33(6): 1393-1399.

(41 RiEJc, AR, 55 By 1T VG g 45 0 1 DXt T 30 22 A
“ROKIE” R S EACIR]. h ERLABEBE AL, 2007, 4: 1-
14.

(51 AWML, Z2MEpk, E2I7, 57, MU, BReemt, xIr st
RSB KRR SR BRI AL D] i A, 2019,
38(5): 653-662.
GUAN Qinghua, LI Fulin, WANG Aigin, FENG Ping, TIAN
Chanjuan, CHEN Xuequn, LIU Dan. Hydrochemistry character-
istics and evolution of karst spring groundwater system in
Jinan[J]. Carsologica Sinica, 2019, 38(5): 653-662.

(61 B, #ar, BOL, ME4, sRIEER. & PG pg b X i U~
TR B SRR (1] IR, 2014, 41(1): 294-302.
LU Mengsheng, HAN Baoping, WU Fan, SUN Dequan,
ZHANG Zhaomin. Characteristics and genesis of high-fluorine
groundwater in southwestern Shandong Province[J]. Geology in
China, 2014, 41(1): 294-302.

[71  JRHk, Z5/IN0U. S5 AR PG X5 DU R KK B R R Y R Y
B30T L] MR SRR, 2006, 28(1): 51-56.
ZHU Lin, SU Xiaosi. Application of R-mode analysis in deter-
mining influencing factors of Quaternary unconfined groundwa-
ter quality in west area of Jilin Province[J]. Journal of Earth Sci-
ences and Environment, 2006, 28(1): 51-56.

(81 FRLELL, S5/, BOLA, MRFEE, M M. SRR 240 LR


https://doi.org/10.3969/j.issn.1000-3657.2006.06.024
https://doi.org/10.3969/j.issn.1000-3657.2006.06.024
https://doi.org/10.11932/karst20190501
https://doi.org/10.11932/karst20190501
https://doi.org/10.3969/j.issn.1000-3657.2014.01.024
https://doi.org/10.3969/j.issn.1000-3657.2014.01.024
https://doi.org/10.3969/j.issn.1000-3657.2014.01.024
https://doi.org/10.3969/j.issn.1672-6561.2006.01.011
https://doi.org/10.3969/j.issn.1672-6561.2006.01.011
https://doi.org/10.3969/j.issn.1672-6561.2006.01.011
https://doi.org/10.3969/j.issn.1672-6561.2006.01.011

896

I

Paxtas

2024 4E

(91l

[10]

[11]

[12]

[13]

[14]

[15]

[16]

TR G R KR A 2SR Y S A AR D] AR R
ChEREFERR), 2007, 37(2): 288-292.

DONG Weihong, SU Xiaosi, HOU Guangcai, LIN Xueyu, LTU
Futian. Distribution law of groundwater hydrochemical type in
the Ordos Cretaceous Artesian Basin[J]. Journal of Jilin Univer-
sity (Earth Science Edition), 2006, 36(3): 391 398.

AR, IR, 2R, SRR, TR 4. MR X TR K
PRI B IR AL A U 3 A D] P A, 2014, 33(1):
15-21.

REN Kun, SHI Yang, LI Xiaochun, LAN lJiacheng, XU
Shangquan. Study of the chemical features and geochemical sus-
ceptibility of the groundwater system in a typical karst trough
valley[J]. Carsologica Sinica, 2014, 33(1): 15-21.

AT, BRIEEAE, AR, SHEERE. 2 2R K RGEK AL U K
[ FRAE L], PP IS, 2019, 38(3): 394-403.

FENG Yawei, CHEN Hongnian, BU Hua, JIA Dewang. Hydro-
chemical genesis and isotope characteristics of Yangzhuang karst
water system[J]. Carsologica Sinica, 2019, 38(3): 394-403.
B, FE [, ARMETE, AL, . B R )1 X R A
VAT KR SCHUIR (=R AR (1] AT, 2017, 36(5): 697-
703.

FAN Lianjie, PEI Jianguo, ZOU Shengzhang, DU Yuchao, LU
Li. Hydrogeochemical characteristics of karst groundwater in
southern Nanchuan district of Chongqing [J]. Carsologica Sinica,
2017, 36(5): 697-703.

W, B 4E, R, PeR. St E TR T /KK R AURHIE
T IT]. AT, 2017, 36(5): 713-720.

YANG Xiuli, LUO Wei, PEI Jianguo, YOU Jun. Analysis of
variation characteristics of karst groundwater quality in Guiyang
City[J]. Carsologica Sinica, 2017, 36(5): 713-720.

WEEAL, WD AR, FEA &, XL, B, B P #RE A A b
DR SCHIER A=A A0 - 3 0] 5 XA e A7 O] o e
¥, 2018, 37(4): 535-544.

YANG Guihua, PAN Xiaodong, YUAN Jianfei, DENG Guoshi,
TANG Yeqi. Response of hydrogeochemical characteristics to
land-use modes in exposed karst areas of northwestern Guizhou
Province[J]. Carsologica Sinica, 2018, 37(4): 535-544.

IR, R, B8, TR, SR, AR, kT ik
XAV K RGeS AL RIS LU D R L2 e i
TR ], A, 2017, 36(4): 541-549.

ZHANG Haiyue, YANG Pingheng, WANG Jianli, LAN
Jiacheng, ZHAN Zhaojun, REN Juan, ZHANG Yu. Effect of
urbanization on the hydrogeochemical evolution of karst ground-
water system: A case of the Laolongdong watershed, Chongqing,
China[J]. Carsologica Sinica, 2017, 36(4): 541-549.

Chen K P, Jiao J J, Huang J M, Huang R Q. Multivariate statisti-
cal evaluation of trace elements in groundwater in a coastal area
in Shenzhen, China[J]. Environmental Pollution, 2007, 147(3):
771-780.

Cloutier V, Lefebvre R, Therrien R, Savard M M. Multivariate

statistical analysis of geochemical data as indicative of the

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

hydrogeochemical evolution of groundwater in a sedimentary
rock aquifer system [J]. Journal of Hydrology, 2008, 353(3): 294-
313.

TRz, XURER, ShHlfk, 4 11r), B AE, M. = m s pem
LA T 7K R BB R AL R X Lo MR A T [T sk
5HEE, 2015, 43(2): 183-189.

HUANG Keyun, LIU Deshen, MA Zhulu, XU Dandan, OU
Mengmeng, YANG Miaoqing. Major ion chemistry and their
source of karst groundwater from the Heqing west mountain,
China during flood and dry seasons[J]. Earth and Environment,
2015, 43(2): 183-189.

TR IE, 2Ll e, WA, ISR, B, R PCE T H T RK
SCHbER AL 2F R B PR R SCLI). KB, 2010, 21(5)
628-636.

PU Junbing, YUAN Daoxian, JIANG Yongjun, GOU Pengfei,
YIN lJianjun. Hydrogeochemistry and environmental meaning of
Chongqing subterranean karst streams in China[J]. Advances in
Water Science, 2010, 21(5): 628-636.

Wi AR, B ROBE, Ml KOH. SRR BT IR A4 [T 2= T 2%,
2006, 13(1): 58-73.

CHEN Jingsheng, WANG Feiyue, HE Dawei. Geochemistry of
water quality of the Yellow River basin[J]. Earth Science Fron-
tiers, 2006, 13(1): 58-73.

Jolliffe 1. Principal component analysis[M]. New York, USA:
Springer, 1986.

J Edward Jackson. A user's guide to principal components[M].
New York, USA: A Wiley-Interscience Publication, 1992.

Sun Jianguo. A note on principal component analysis for multi-
dimensional data[J]. Statistics & Probability Letter, 2000, 46(1):
69-73.

TR, BAH. — R T (PCA) 1 1], REE T
I 59, 1998, 18(1): 9-13.

WANG Song, XIA Shaowei. A robust principal component anal-
ysis (PCA) algorithm[J]. Systems Engineering-Theory & Prac-
tice, 1998, 18(1): 9-13.

Irie B, Miyake S. Capabilities of three-layered Perceptrons
[Cl//Proceedings of the IEEE Inter Coof on Neural Networks,
1988(1): 641-648.

Hanson S. Knowledge representation in connectionist networks.
Bell communications Research Technical Report[R]. 1987.

John I Marden. Some robust estimates of principal
components [J]. Statistics & Probability Letter, 1999, 43: 349-
359.

Mohamed N Nounou, Bhavik R Bakshi, Prem K Goel, Shen X T.
Improving principal component analysis Bayesian estimation
[R]. Proceedings of the American Control Conference Arling-
ton, 2001: 25-27.

A ERE . 32 3T AT 20 R B A N 1 2 1 ) A
(1], GEitF5E, 1992(4): 86-87.

MRz, RS2 X ZHRPREEE VO I R W i itk
(1], BEitwoe, 1995(1): 35-39.


https://doi.org/10.3969/j.issn.1001-4810.2014.01.003
https://doi.org/10.3969/j.issn.1001-4810.2014.01.003
https://doi.org/10.11932/karst20190309
https://doi.org/10.11932/karst20190309
https://doi.org/10.11932/karst20180407
https://doi.org/10.11932/karst20180407
https://doi.org/10.11932/karst20180407
https://doi.org/10.11932/karst20170416
https://doi.org/10.11932/karst20170416
https://doi.org/10.1016/j.envpol.2006.09.002
https://doi.org/10.3321/j.issn:1000-6788.1998.01.002
https://doi.org/10.3321/j.issn:1000-6788.1998.01.002
https://doi.org/10.3321/j.issn:1000-6788.1998.01.002
https://doi.org/10.3321/j.issn:1000-6788.1998.01.002
https://doi.org/10.3321/j.issn:1000-6788.1998.01.002
https://doi.org/10.3321/j.issn:1000-6788.1998.01.002
https://doi.org/10.3321/j.issn:1000-6788.1998.01.002

Fa3E Hay UL WS B TROE A X R KK A 2R YRR B S i R 897

[30]  falZ&Hk. ST H T 40T M8s G PP T Il (7] 25 (411 Zarde, B/, XUHF, 56T, skiEdl, 75k M. ST B
Geit 58, 1998, 17(2): 22-25. B K 32 T A SRR AR B i R R L] BRBERL A, 2016,
YAN Cilin. On composite evaluation by principal component 37(5): 1779-1787.
analysis[J]. Journal of Applied Statistics and Management, HUANG Qibo, QIN Xiaoqun, LIU Pengyu, LAN Funing,
1998, 17(2): 22-25. ZHANG Liankai, SU Chuntian. Major ionic features and their

(311 OV, BT HE. PCA J5 ik B IUHE 2 Wi W PPA AT o 1%y 1y controlling factors in the upper-middle reaches of Wujiang
(). RGc e 5528, 1997, 17(4): 110-115. river[J]. Environmental Science, 2016, 37(5): 1779-1787.
JIANG Xuping, MA Ninghui. Research on PCA and it's applica- [42]  Z=7E XPAGR, 22000, 220805, £ A, B Chetelat. iR (= i
tion in multicriteria evaluation[J]. Systems Engineering-Theory Tk iR 6 4 X VI /K DIC {3 152 Wi [J]. He sk 1k 2%, 2010,
& Practice, 1997, 17(4): 110-115. 39(4):305-313.

[32]  VEte, WRARAE, Al FL, 25308, = REPLAlSI TR 7o 00 XK LI Jun, LIU Conggiang, LI Longbo, LI Siliang, WANG Baoli, B
TSR [I]. 1R, 2008, 20(6): 766-772. Chetelat. The impacts of chemical weathering of carbonate rock
FENG Muhua, PAN Jizheng, KE Fan, LI Wenchao. Water pollu- by sulfuric acid on the cycling of dissolved inorganic carbon in
tion of post-mined lands in Lake Fuxian watershed in Yunnan Changjiang River water[J]. Geochimica, 2010, 39(4): 305-313.
Province[J]. Journal of Lake Sciences, 2008, 20(6): 766-772. [43]  Barnes R T, Raymond P A. The contribution of agricultural and

[33]  RFHe, S8R, K, ZE0R, . AR D R X A urban activities to inorganic carbon fluxes within temperate

Hu R KAk 2E U R IR 10D, Hp i, 2018, 37(4) ; 484- watersheds [J]. Chemical Geology, 2009, 266(3): 327-336.
492. [44]  Jiang Y. The contribution of human activities to dissolved inor-
ZHU Danni, ZOU Shengzhang, ZHOU Changsong, LI Lujuan, ganic carbon fluxes in a karst underground river system: Evi-
XIE Hao. Identification of hydrochemical sensitive factors of dence from major elements and 8" Cpyc in Nandong, Southwest
karst groundwater in different functional urban areas[J]. Carso- China[J]. Journal of Contaminant Hydrology, 2013, 152(4):
logica Sinica, 2018, 37(4): 484-492. 1-11.

[34]  Lasaga A C, Soler J M, Ganor J, Burch T E, Nagy K L. Chemi- [45]  Perrin A S, Probst A, Probst J L. Impact of nitrogenous fertiliz-
cal weathering rate laws and global geochemical cycles[J]. ers on carbonate dissolution in small agricultural catchements:
Geochimica et Cosmochimica Acta, 1994, 58(10): 2361-2386. Implications for weathering CO, uptake at regional and global

[35]  Gibbs R J. Mechanisms controlling world water chemistry[J]. scales[J]. Geochimica et Cosmochimica Acta, 2008, 72(13):
Science, 1970, 170(3962): 1088-1090. 3105-3123.

[36] Feth J H, Gibbs R J. Mechanisms controlling world water chem- [46] Sembhi K, Suchet P A, Clauer N, Probst J L. Impact of nitrogen
istry: Evaporation-crystallization process[J]. Science, 1971, fertilizers on the natural weathering-erosion processes and flu-
172(3985): 870-872. vial transport in the Garonne basin[J]. Applied Geochemistry,

[37]  Kilham P. Mechanisms controlling the chemical composition of 2000, 15(6): 865-878.
lakes and rivers: Data from Africa[J]. Limnology and Oceanog- [47]  Cartwright 1. The origins and behaviour of carbon in a major
raphy, 1990, 35(1): 80-83. semiarid river, the Murray River, Australia, as constrained by

[38]  Négrel P. Geochemical study of a granitic area—the Margeride carbon isotopes and hydrochemistry [J]. Applied Geochemistry,
Mountains, France: Chemical element behavior and *'Sr/*Sr con- 2010, 25(11): 1734-1745.
straints [J]. Aquatic Geochemistry, 1999, 5(2): 125-165. [48]  LiS L, Calmels D, Han G, Gaillardet J R, Liu C Q. Sulfuric acid

[39]  VTUE, Z=im, FHETEANF, . SENE A XAk R ke as an agent of carbonate weathering constrained by 8"”Cpc:
SRR AL 2B AR B FL 7% B 21 43 SRR 43 BT (D). SN M5, 2019, Examples from Southwest China[J]. Earth and Planetary Sci-
36(2): 173-179. ence Letters, 2008, 270(3): 189-199.

JIANG Feng, LI Qiang, JI Qinkebuzi, ZHOU Ya'nan. The chem- [49]  XUMGR, PR, P & HE, BRARE, 2210052, VO RS s W r e s
ical characteristics of the potable natural mineral water and its B A B IR R0 SRR IEER[T]. Bk 1L, 2008, 37(4): 404-
major components source analysis of the karst area in Guizhou 414.

Province [J]. Guizhou Geology, 2019, 36(2): 173-179. LIU Conggiang, JIANG Yingkui, TAO Faxiang, LANG Yun-

[40] White W B. Geomorphology and hydrology of karst chao, LI Siliang. Chemical weathering of carbonate rocks by sul-

terrains[M]. New York: Oxford University Press, 1988: 103-
1481.

furic acid and the carbon cycling in Southwest China[J].

Geochimica, 2008, 37(4): 404-414.


https://doi.org/10.3321/j.issn:1003-5427.2008.06.011
https://doi.org/10.3321/j.issn:1003-5427.2008.06.011
https://doi.org/10.11932/karst20180402
https://doi.org/10.11932/karst20180402
https://doi.org/10.11932/karst20180402
https://doi.org/10.1016/0016-7037(94)90016-7
https://doi.org/10.1126/science.170.3962.1088
https://doi.org/10.1126/science.172.3985.870
https://doi.org/10.4319/lo.1990.35.1.0080
https://doi.org/10.4319/lo.1990.35.1.0080
https://doi.org/10.4319/lo.1990.35.1.0080
https://doi.org/10.1023/A:1009625412015
https://doi.org/10.3969/j.issn.1000-5943.2019.02.010
https://doi.org/10.3969/j.issn.1000-5943.2019.02.010
https://doi.org/10.1016/j.gca.2008.04.011
https://doi.org/10.1016/S0883-2927(99)00076-1
https://doi.org/10.1016/j.apgeochem.2010.08.020

898 o A 2024 4E

Source characteristics and influencing factors of groundwater hydrochemistry
in the Kkarst areas of central Guizhou

JIANG Feng"**, JIQIN Kebuzi"!, CAO Jianwen™, WANG Ruofan"*, ZHAO Liangjie*
(1. 114 Geological Brigade of Guizhou Geological and Mining Bureau, Zunyi, Guizhou 563000, China; 2. Key Laboratory of Karst Georesources

and Environment of Ministry of Education, College of Resources and Environmental Engineering, Guizhou University, Guiyang,
Guizhou 550025, China; 3. Institute of Karst Geology, CAGS/Key Laboratory of Karst Dynamics, MNR & GZAR/
International Research Center on Karst under the Auspices of UNESCO, Guilin, Guangxi 541004, China; 4. Karst Water Resources and Environment
Academician Workstation of Guizhou Province,Zunyi Guizhou 563000,China )

Abstract Based on the results of regional hydrogeological and environmental geological surveys, this study
conducted comprehensive water sampling and testing at 43 groundwater points across the karst areas of central
Guizhou during the dry and wet seasons. The study utilized three widely-used geochemical diagrams—Piper trilinear
plots, Gibbs diagrams, and ion ratio diagrams (including relationships like HCO;-(Mg’"/Ca”" and [SO2 /HCOj3]-
[Ca’+Mg’"J/HCO3) to identify the sources and characteristics of hydrochemical indicators of groundwater in the karst
areas of central Guizhou. In addition to these geochemical methods, principal component analysis (PCA) was
performed separately on the results of water quality tests completed from the dry and wet seasons to further clarify and
verify the characteristics of groundwater sources during these two seasons, and to pinpoint specific water quality
indicators influenced by various environment and human factors in the karst areas.

The research findings reveal that the hydrochemical characteristics and influencing factors of groundwater in the
study area are relatively consistent during the dry and wet seasons. Hydrochemical types of groundwater in this area is
predominantly characterized by HCO;(SO,)-Ca(Mg). The Gibbs diagrams show that the groundwater chemistry across
the study area aligns closely with the rock weathering type, with only minor deviations of a single mine water sample
(H6). A comprehensive analysis using Gibbs diagrams confirms that karst groundwater in the study area is primarily of
a rock weathering type, with its hydrochemical composition predominantly derived from rock weathering and leaching
dissolution processes. Further analysis using the [(Ca+Mg)/HCO;]-[SO,/HCO;] diagrams indicates that the molar ratio
of [Ca’+Mg*'J/HCO; in groundwater during both the wet and dry seasons is largely below 0.5. This finding is
particularly concentrated in the areas dominated by carbonate rocks, with some samples showing a trend towards
gypsum dissolution. Particularly, certain samples, such as Spring S214 in Yongjing town of Xifeng county, and Spring
C8 in Longyanpo village of Jinzhong town, Kaiyang county, are located either to the right or near the gypsum
dissolution line. These positions indicate a significant influence of gypsum dissolution on groundwater chemistry,
suggesting gypsum dissolution plays a crucial role in shaping the hydrochemical profile in parts of the areas. A
comprehensive analysis of ion ratio correlations suggests that the soluble carbonate rocks in the study area are
primarily affected by carbonate weathering and erosion processes. However, significant impacts from gypsum
dissolution are also observed in some samples. This suggests that while the majority of the groundwater chemistry is
shaped by carbonate dissolution, there are distinct pockets where gypsum dissolution contributes markedly to the
groundwater composition. During the wet season, groundwater composition is mainly influenced by three principal
factors: water-rock interactions (PC1), human activities (PC2), and industrial production (PC3). Together, these factors
explain 83.7% of the variance in groundwater chemical composition. In contrast, during the dry season, groundwater is
primarily influenced by water-rock interactions (PC1*) and human activities (PC2*), jointly accounting for 85.1% of
the chemical composition variance. This seasonal variation highlights the dynamic nature of groundwater chemistry in
response to both natural and human factors. Water-rock interactions emerge as the predominant factor influencing the

hydrochemical composition of groundwater in the study area. These interactions significantly affect the concentrations
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of major ions such as potassium, sodium, calcium, magnesium, bicarbonate, total phosphorus, fluoride, and silica.
Human activities, particularly agricultural and domestic activities, mainly influence the concentrations of ammonium,
chemical oxygen demand (COD,,), and chloride. Additionally, the impact of phosphate mining is evident in its
contribution to elevated sulfate ion concentrations, particularly in areas near mining operations. The research findings
provide valuable insights into the complex hydrochemical dynamics of karst groundwater in central Guizhou. The
consistent hydrochemical characteristics observed during the dry and wet seasons, alongside the predominant influence
of rock weathering and dissolution processes, underscore the importance of geological factors in shaping groundwater
chemistry in karst areas. However, the notable influence of gypsum dissolution in certain samples also highlights the
need to consider localized geological variations when groundwater quality and developing management strategies are
assessed. Moreover, the identification of human activities and industrial production as significant secondary influences
on groundwater quality points to the need for targeted management interventions. These interventions should aim to
mitigate the impacts of human activities on groundwater resources, particularly in the areas where agricultural runoff,
domestic wastewater discharge, and industrial effluents contribute to the groundwater contamination.

Overall, this study enhances our understanding of the hydrochemical characteristics of karst groundwater in
central Guizhou, revealing the sources of groundwater ion components and their influencing factors. The findings have
significant implications for the rational development and conservation of groundwater resources in karst areas.
Effective management strategies should consider both natural geological processes and human influences identified in
this study to ensure the sustainable use and protection of groundwater resources in the karst areas in central Guizhou.
By integrating hydrogeological surveys with geochemical and statistical analyses, this study provides a comprehensive
framework for understanding groundwater systems in karst environment, offering valuable guidance for future research

and water resource management.

Key words the karst areas in central Guizhou, groundwater, hydrochemical characteristics, principal component

analysis
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