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The multivariate statistical analysis of chemical characteristics and influencing
factors of karst groundwater in the northern part of Bijie City, Guizhou
Province
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(1. Chengdu Center of China Geological Survey, Chengdu 610081, Sichuan, China; 2. School of Environmental Studies , China
University of Geosciences, Wuhan 430074, Hubei, China)
Abstract: Cluster analysis and factor analysis were used to identify the chemical characteristics and influencing factors of karst
groundwater samples collected from northern Bijie City in October, 2013. The results indicated that, due to the influence of
geographical factors, water—rock interaction, soil and natural processes and human activity, the karst groundwater exhibited spatial

variability, and there was significant variation in the chemical composition. Moreover, the essential hydrochemical characteristics
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(82%) and geochemical processes of groundwater can be explained by geographical factors, water—rock interaction, soil and natural
processes and human activity. Among them, the water—rock interaction and human activity were the crucial influence factors. The
HCO,, SO;, Ca* and Mg™" in groundwater mainly came from the dissolution of carbonate rocks, and the mining activity was another
source. In addition, the factors of soil and water—rock interactions controlled the concentrations of Mg’*, HCO, and CO.. The
concentrations of Cl', K*, Na" and NO; in groundwater were mainly influenced by human activities, including runoff of fertilizer and
manure, pesticide application and discharge of sewage. The results are instructive for understanding the hydrochemical
characteristics of karst groundwater in southwest China, and hence can improve local government’ s management and utilization of
groundwater.

Key words: karst groundwater; chemical characteristics; water—rock interaction; anthropogenic processes; multivariate statistical
analysis
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Fig.1 Sampling sites in the study area
(Groundwater samples are classified by cluster analysis (see the section 3.2), and then projected to the map)
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Table 1 Statistical results of chemical parameters of
groundwater in the study area

A M BN T ke AR R %

pH 490  8.00 733 036 485
K'/(mg/L) 020 2470 169  2.86 169.39
Na“/(mg/L) 001 3550 286  3.50 122.47
Ca®/(mg/L) 948 44830 7593 43.82 57.71
Mg /(mg/L)  1.05  60.64 1411 13.15 9322
Cl/(mg/L) 095 3216  6.10 457 74.93
SO /(mg/l) 800 92000 7151 9923 138.76
HCO; (mg/L) 497 43248 191.03 7931 41.52

TDS/(mg/L)  67.61 1519.78 35549 181.87 51.16

TH/(mg/L) 3442 116247 247.71 131.33 53.02
CO»/(mg/L) 1.23 43.10 12.88 6.06 47.07
NOs /(mg/L) 0.01 104.00  20.41 17.31 84.84

TE: TH b R /KBTI, COL koK rhifie s — Sk, T I
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Table 2 Correlation coefficients of chemical targets in the study area

pH K Na* Ca® Mg¥ CI' SO HCOy TDS TH CO, NO; SI-Calcite SI-Dolomite SI-gypsum SI-Anhydrite
pH 1.00
K" -0.07 1.00
Na* -0.09 045 1.00
ca™ 006 010 017 1.00
Mg* 0.06 053%* 020 020 1.00
cr 009 061* 038 024 034 1.00
SO, 007 0.1 023 0.89% 026 005 1.00
HCO;y 024 040 018 040 074* 050* 0.16  1.00
TDS 006 035 024 087* 0.57* 035 0.82* 061* 1.00
TH 0.08 030 022 092% 0.58* 034 085* 0.64* 096% 1.00
Co, 005 034 024 055 043 039 049 051*  0.65% 0.63* 1.00
NO;~ 003 039 008 0.12 011 046 -0.03 0.11 0.17 0.14 004 1.00
SI-Calcite  0.87* 0.0 003 040 028 0.19 016 061* 042 045 028 012 1.00
SI-Dolomite  0.81* 020 004 032 052% 023 013 072* 045 048 030 011 096* 1.00
Sl-gypsum 0.14 0.19 031 081* 018 024 076* 030  0.74* 075% 0.50% 0.09 042 0.33 1.00
SI-Anhydrite 0.14 020 031 081* 019 024 077¢ 030  074* 075% 050* 0.08 042 0.33 0.99* 1.00

T PR A OE R BUE SR 5 SI-Calcite ,.SI-Dolomite , SI—-gypsum F1 SI—Anhydrite 73 71| A 5T X AR AL KA IRIRES | [ A1 A1 B AT

AET YRR R, HAUE W Kb 244 PHREEQC 3.1.7 B P THR3AS
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Table 3 Matrix of rotated factor loadings of chemical
parameters in the study area

i H F, F, F; Fy

pH -0.015  0958* 0072  -0.081

K* 0.049  -0.045 0439  0.732*

Na* 0236  -0.119 0.084  0.553%
Ca® 0.935%  0.124 0.131 0.058
Mg** 0.127 0.116 0.883*  0.166
cr 0.103 0.035 0336  0.781%
S0,* 0.938*  -0.100 0120  -0.055
HCO;5 0.204 0.404 0.792%  0.196
TDS 0.816*  0.124 0.463 0.159
TH 0.832*  0.151 0.473 0.117
CO, 0.531%  -0.013 0526  0.160
NO; 0.005 0.146  -0.127  0.745%
SI-Calcite 0.263 0.933* 0.197 0.059
SI-Dolomite 0.173 0.884%* 0.414 0.061
SI-gypsum 0.909*  0.190 -0.021 0.183
SI-Anhydrite 0.910%  0.189 -0.012  0.183
LSRR 5270 2.920 2.700 2230
TR/ % 32960 18250 16870  13.910

B BTk A% 32.960 51.210 68.080 81.980
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Fig.3 Relationship between the four factor scores of principal
component analysis

Bt T B AL B S B I 5 A R AR T A K A AR
FH SRS Y HIE b 55 S i o o 2 2R
R WFEE XL T 7K Ca™ . SO \Mg” Il HCOs 321

http://geochina.cgs.gov.cn H1E LT, 2016, 43(4)



1454 h &

b J 20164F

WY g VRS2 o DX XTI R o R TE AR Y
87%LA b, HoHh 2 DL =& RERIRER A 1= 3, H
BUAMEN A A & BRCE A 25 SO ik
55 o R SR s R DO TE A R T b
FKkH Ca* SO Mg* FITHCO; [IE AT AL .
343 2IEE A RAZ T A Z A0 TR

T35 A AR NS i H T K CO, Mg il
HCO, B HZ ">, #F 57 X H 4k R 3 7
g A DEERMN 5, X REE KA B L),
VU AR AL 4 39 o K COL AR, 8 i e 28 i T 7K
1 CO, Mg FITHCO: 443 1 . 55 — N+,
CO, Mg FITHCO; #faf (B H 1w , B - 4855 7 4R
- ok 0 O N R Y4 £ a7 45 X [
344 NEEFH T T K%k

RAGHT A T B 34 7R B 28 T /KoK £k
SERMIE IR HiZ2EH R K K Na™ . Cl FINO; i
R AR R . %2 R UK A XN T4
o ARV ST, S IR R R R IR R = A
BARRE K A7 HLAR it B Pl 52 350 R 7K FP K Na' . Cl
FINO, 2l 43 AP, 1M 25 3 B X Ak 1 2l X
BT F AV SR P KT Na'  CUHTNO, W 5l 524K
Z NG AN, I, KK (Na',
CIMINO, stk i E 24 TR IR AR R K
I 25 2S00 4 N 205 B2 .
3.4.5 3% B E 09 AAER

2MOR AT X I ) 7 5 1 R /KR AS 1] g H A2 3
— P R s, K A 2R A A TR R 2 ok R
(), —Fpol AN R Tl R SAEH . X ERAT LR
PR T KR UL, HAb2E A0 R IR T KA EA . £
A SR AR K A 3G TS K, AT
XHIIE A 5 NS0 TR R R 1 AR Ak

4 4 e

BRI M 4 B8 T T AU AV 1l R 7K A B 5 %
% R HZ R R HT AR 720 Bl 58 X T 7K
IR 2 BURRAE B4 i R 2R A TR I AN 03288, RS
WF458 .

(1) Q B JZ R B I v R ok R 43k
425 A A B Boe 4 RZHEAZEHLF KA T
WF 5T X R SR I ey, oK (B 2428 AL
HCO;- SO,—Ca Bl 35 A2 R /KA )12 1E X

PV R BRI R, ok fb 2Rk
RS AL K E 2%, B ZSH T /AKE U T 0F
FEIX PR AA LTS , HoK k2R 40 5 SO B Tk
FE{E 5 s B2 R /K B A TIFST XK &
T b DX, 3 S X gl N 280 Bl ARl i SRR B R, |l
KBS 53 TR R (AR IR AR, KAk 2R
REH . 5 AR T KM, B2b2E414 Ca' .
Mg’ \HCO, M1 SO, Jii i ik B 45 v, AL B 2
7K Ca® F1 SO it f vk BEAH B HA A28 v thiF 2.

() GE )RR BRI Es A U0 5T X
TR AL R B A F 2R 37 B R 2 K A A RN
N3 Bl () B SR A5

Q)Y HF ik 2B T 4 > FHFF  F F:
F., REf BRI 5T X 81.98% Y K A 24 K48 , L1 H X
P b 7K Ak 2 2 B A2 BIOKCA VR AR [ AR IR
RN S (IS TS K HER AL AR R Fe
2yt R S04 ) A4 i IR 2R 1 R

()T W SRR BRI ah R —3, i
W 22 J08e 11 5 el FH TR 98 AR X R /KK Ak 244
fiE S Hg i R %

S 3Lk (References):

(1] P18, 2l e, MFA, 45, BER LA i LT KA1 73 ok

VR GEREIEAELT]. Bl i, 2013, 58(18): 1755-1763.
Yang Pingheng, Yuan Daoxian, Ye Xuchun, et al. Sources and
migration path of chemical compositions in a karst groundwater
system during rainfall events[J]. Chinese Science Bulletin, 2013, 58
(18): 1755—1763(in Chinese).

[2] RIS, PG R A A L ARG ST (] R (AR AT S
KR, 1997, 19: 41-43.

Yuan Daoxian. On the environmental and geologic problems of
karst mountains and rocks in the southwest China[J]. World Sci—
tech R&D, 1997, 19: 41-43(in Chinese).

[3] SREEAR, AAEK, PR, A5, B AR 2 VG 0 i o R A Lt

WEE[I]. Th LR, 2006, 33(6): 1393-1399.
Zhang Yanlin, Li Shengyong, Fu Donglin, et al. Formation
mechanism of karst groundwater in the western Longdong basin,
northwestern China[J]. Geology in China, 2006, 33(6): 1393—1399
(in Chinese with English abstract).

[4] LB, B HE, M5 B (b0 PY g 5 A Db R R i R
JRE XS ). R B B Y, 2007, 4: 1-14.
Yuan Daoxian, Xie Yuqun, Fu Jiamo. Suggestion for preventing
underground river to sewer in the karst area of southwest China[J].
Suggestions of academician of Chinese Academy of Sciences,

2007, 4: 1—14(in Chinese).

http://geochina.cgs.gov.cn H1E LT, 2016, 43(4)



H43E 4l

SRR HE T A T AR AR AE B R R R Z T SE T i 1455

[5] Gtk 5652, B, 45 6574 e . DX g U R 7K AREE B AR

I AR, 2014, 41(1): 294-302.
Lu Mengsheng, Han Baoping, Wu Fan, et al. Characteristics and
genesis of high— fluorine groundwater in southwestern Shandong
Province[J]. Geology in China, 2014, 41(1): 294—302(in Chinese
with English abstract).

[6] AT, 70/ IN 0. 3 bR PG T3 4t DX 555 D 22 /K K B i A1 22 19 R R 1A

FIrHr[I]. HhERELE 5 R AR, 2006, 28(1): 51-56.
Zhu Lin, Su Xiaosi. Application of R— mode analysis in
determining influencing factors of Quaternary unconfined
groundwater quality in west area of Jilin Province[J]. Journal of
Earth Science and Environment, 2006, 28(1): 51— 56(in Chinese
with English abstract).

[7] FELELL, S5/, BOLA, 55 SR 240 A R MR KA R 7K

IKALAZE B 3 A U], 75 AROR 222 R GRER B2 R, 2007, 37
(2): 288-292.
Dong Weihong, Su Xiaosi, Hou Guangcai, et al. Distribution law of
groundwater hydrochemical type in the Ordos Cretaceous artesian
basin [J]. Journal of Jilin University (Earth Science Edition), 2007,
37(2): 288—292(in Chinese with English abstract).

[8] Chen Kouping, Jiao Jiu Jiu, Huang Jiaming, et al. Multivariate
statistical evaluation of trace elements in groundwater in a coastal
area in Shenzhen, China[J]. Environmental Pollution, 2007, 147(3):
771-780.

[9] Cloutier V, Lefebvre R, Therrien R, et al. Multivariate statistical
analysis of geochemical data as indicative of the hydrogeochemical
evolution of groundwater in a sedimentary rock aquifer system[J].
Journal of Hydrology, 2008, 353(3): 294—313.

[10] Bl 2, XITEG, ARG, 5. o i DH A iAok 22

T AR TR BRI T D], Bk S FRBE, 2015, 43(2):
183—189.
Huang Keyun, Liu Desheng, Ma Zulu, et al. Major ion chemistry
and their sources of karstic ground water from the Heqing west
mountain, China during flood and dry seasons[J]. Earth and
Environment, 2015, 43(2): 183— 189(in Chinese with English
abstract).

[11] F 5 %, 2 H 8, Chris Groves, 2. F Fi IR T2 Wi o e iw L~
TR GUK BN R 2R [7]. 7K SCHUST T AR, 2009, (4): 1-7.
Jiang Yongjun, Wu Yuexia, Chris Groves, et al. Identification of
influencing factors of groundwater quality variation using factor
analysis[J]. Hydrogeology & Engineering Geology, 2009, (4): 1-7
(in Chinese with English abstract)

[12] YR, XG5k SEME, 5. BT 2 Tu8e it/ i s ik b~ 7K
IR AERIF T — L OS2 T L HR R A AT, o AR A KR K
F, 2014, (12): 40—44.

Lu Shougang, Deng Yamin, Zhang Meiyan, et al. Application of
multivariate statistical analysis to research hydrogeochemistry of
high arsenic groundwater: A case study at Hangjinhouqi, Inner
Mongolis[J]. China Rural Water and Hydropower, 2014, (12): 40—

44(in Chinese with English abstract).

[13] FOLHT, XA, (14, 45, o [ AR RA BT Bt KK AL 24 RFAE

EHASIAET]. KRR R, 2006, 17(1): 20-28.
Zhang Guangxin, Deng Wei, He Yan, et al. Hydrochemical
characteristics and evolution laws of groundwater in Songnen
Plain, Northeast China[J]. Adveces in Water Science, 2006, 17(1):
20-28(in Chinese with English abstract).

[14] VLA, EAEHT. 7K — A AR IS A [ 65 JRe 22 0], SRl

25 R E TR 224, 2002, 27(2): 127-133.
Sheng Zhaoli, Wang Yanxin. Review and outlook of water—rock
interaction studies[J]. Earth Science——Journal of China
University of Geosciences, 2002, 27(2): 127—-133(in Chinese with
English abstract).

[15] SKAR, 22, XVid ¥, 4. BT 2 oege it M b b il X

bR KK A S 3R AT D). A S R EE AR AR, 2011, 11(6):
135-140.
Zhang Dong, Li Chengjie, Liu Yuntao, et al. Multivariate
statistical analysis of the factors affecting the groundwater quality
of agricultural regions in the upper and middle reaches of Huaihe
River[J]. Journal of Safety and Environment, 2011, 11(6): 135—
140(in Chinese with English abstract).

[16] A5, /N0, 504 7%, 5. SR 2 Wb i 5 2 R T K

AKAE 2 ALY Z2 0 e T3 AT 0], ST, 2011, 30(2): 244—
253.
Wu Chunyong, Su Xiaosi, Guo Jinmiao, et al. Multivariate
statistical analysis of hydrogeochemical evolution of groundwater
in Cretaceous aquifer Ordos desert plateau[J]. Global Geology,
2011, 30(2): 244—253(in Chinese with English abstract).

[17] Lambrakis N, Antonakos A, Panagopoulos G. The use of
multicomponent  statistical
environmental research[J]. Water Research, 2004, 38(7): 1862—
1872.

[18] Olmez I, Beal J W, J. Villaume F. A new approach to

analysis in  hydrogeological

understanding multiple— source groundwater contamination:
Factor analysis and chemical mass balances[J]. Water Research,
1994, 28(5): 1095—1101.

[19] Liu Chenwuing, Lin Kaohung, Kuo Yiming. Application of factor
analysis in the assessment of groundwater quality in a blackfoot
disease area in Taiwan[J]. Science of the Total Environment,
2003, 313(1):77—-89.

[20] Mouser P J, Rizzo D M, Réling W F M, et al. A multivariate
statistical approach to spatial representation of groundwater
contamination using hydrochemistry and microbial community
profiles[J]. Environmental Science & Technology, 2005, 39(19):
7551-7559.

[21] Zeng Xiaoqing, Rasmussen T C. Multivariate statistical
characterization of water quality in Lake Lanier, Georgia, USA[J].
Journal of Environmental Quality, 2005, 34(6): 1980—1991.

[22] Helstrup T, Jorgensen N, Banoeng Yakubo B. Investigation of

http://geochina.cgs.gov.cn H1E LT, 2016, 43(4)



1456 r 5|

H

iy 20164F

hydrochemical —characteristics of groundwater from the

Cretaceous— Eocene limestone aquifer in southern Ghana and
hierarchical  cluster

southern  Togo

Hydrogeology Journal, 2007, 15(5): 977—989.

using analysis[J].

[23] W P16, 2238 G, 7 SCR, A5 DL PCA 48 /% [ R 3 i) 7 b 7k

SCHLER L2 BB IRI]. B8 412, 2010, 55(9): 788—797.

Yang Pingheng, Yuan Daoxian, Yuan Wenhao, et al. Formations of
groundwater hydrogeochemistry in a karst system during storm
events as revealed by PCA[J]. Chinese Science Bulletin, 2010, 55
(9): 788—797(in Chinese).

[24] R, AR, 155, 45, B ATAE A VR KK S R

SERFIE)]. K SO TR, 2016, 43(1):12-21.

Yuan Jianfei, Deng Guoshi, Xu Fen, et al. Hydrogeochemical
characteristics of karst groundwater in the northern part of Bijie
City[J]. Hydrogeology & Engineering Geology, 2016, 43 (1):12—
21(in Chinese with English abstract).

[25] A FELAL:, FEV L, 208 7, 58, 2521l X1 5 07 i1 iRk SO

JFR A5l B R A  [R]. AR o ] b B R A 3 ] A
Hly, 2015: 176-177.

Deng Guoshi, Tang Yeqi, Li Pengyue, et al. An Investigation
Reports of 1: 50000 Hydrogeology and Environmental Geology
Survey in the Wumeng Mountain[R]. Chengdu: Chengdu Center,
China Geological Survey, 2015: 176—177(in Chinese).

[26] Yadav I, Devi N, Mohan D, et al. Groundwater classification

using multivariate statistical methods: Birimian Basin, Ghana[J].
Journal of Environmental Engineering, 2010, 136(12): 1379—
1388.

2008, 33(8): 666—673.

(28] SKABAL, PRGEM], IR I, 2. W AC i i X R AR 2R IE K

Wil R 2R 1) R AR 4T [0]. e 5B TR, 2010, 17(1): 1-5.

Zhang Weijing, Sun Xiaoming, Liu Futian, et al. Application of
R—mode analysis on chemical characters and influential factors of
Quaternary groundwater in Caofeidian area[J]. Safety and
Environmental Engineering, 2010, 17(1): 1— 5(in Chinese with

English abstract).

[29] B, YL, 1 B, 45, HE T SPSS AR R K B ARk 1 HisY

M PRl 3R —— L T P 4 LU 3R 2 a8 R A S 0], 90 R DY
K BAREEAR, 2012, 35(2): 82-87.

Cao Min, Shen Licheng, Xiao Qiong, et al. Application of factor
of influence factors of Kkarst

analysis in the assessment

groundwater quality[J]. Journal of Natural Science of Hunan
Normal University, 2012, 35(2): 82—87(in Chinese with English

abstract).

(301 ARFFH, ATIEZE, T, A5, SR TT R WA X IR Pl 55 7 K

BRI AL FERFSE[)]. T EIAT, 2014, 33(4): 425-431.

Hao Chunming, He Peiyong, Wang Yi, et al. Study on the
evolutionary process of sulfate concentration in Ordovician karst
water after coal mining in Fengfeng mine[J]. Carsologica Sinica,
2014, 33(4): 425—431(in Chinese with English abstract)

311 ¥, (I, EARA, 5. BT 20 Ir ik i R AR

REAE AT LATK PR T 2 B ER T K U5 b A 91 [0, BLACHRJ, 2013,
27(2): 440—447.
Sheng Yang, He Jiangtao, Wang Junjie, et al. Hydrochemical

[27] Omo~—Irabor O O, Olobaniyi S B, Oduyemi K, et al. Surface and characteristics of groundwater based on multivariate statistical
) ’ ’ analyses: Taking the Liguanpu Ripanian wellhead area in
Shenyang city for example[J]. Geoscience, 2013, 27(2): 440—447

(in Chinese with English abstract).

groundwater water quality assessment using multivariate
analytical methods: A case study of the Western Niger Delta,

Nigeria[J]. Physics and Chemistry of the Earth, Parts A/B/C,

http://geochina.cgs.gov.cn H1E LT, 2016, 43(4)



