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FE LM T A XU T KK A2 R AE DL b T 7K B R IR . KO 3R AT 7 SR AL 4 b T 7K S BiF 58 %t
2T 2017 4F 7 A HORAEM T KEE & 21 1518 ] Gw_chart B Hil 7R K A2 Piper =&l 255 R BAF#EAT
AH A3 AT L 32 LA 4 0k TR 0 BT i S5 B R AT AL BT, D8 RIPFSE XA W i T K K fb 2% 28R £ BN &
-5 K L Ca® i Mg® ' Sy H R oK b R BB 7. HCO; 1 SOT R H Fok b EZHI B 7. HCO; 5 Ca®'
Na® +K™ 5 CI7.SOi™ 5 Mg, .Ca’" AHKMERR EMNZ DT T ALY AL 2% 52 v ok 72 . 38 3k 3 5043 43 7 1 42
BT 3AFMr IR T 91 % U7 22, W LUAR Y M AR 3R IR A BN sl o R - AR s 3 AN A 3R L S iR
BT 862, [ERIAARR R K- EIEMAKAETRIFIESREFESRR AREHBED TEE
fEH .
EEW AT KM R BT
RESES P592 NEMRIRB.A  XEHS:1002-7378(2018)04-0309-08
Abstract:[Objective]In order to understand the chemical characteristics of groundwater and
the source of groundwater components in karst areas, the groundwater samples from Guohua
town of Guangxi Province were taken as research objects. In July 2017, a total of 21 ground-
water samples were collected. [Methods] The Gw_chart software was used to make the three-
line diagram of the water chemistry Piper, and the R software was used to process the data
by correlation analysis, principal component analysis and factor analysis. [Results]The study
found that the karst groundwater hydrochemical type in the study area was mainly bicarbon-
ate- calcium water, Ca®" and Mg"" were the

main cations in groundwater, and HCOj; and

WS B H#:2018-09-02 SO} were the main anions in groundwater.
TE& @9 IR EIE (1993—) . 5 L5k . 2 N3 HCO; is highly correlated with Ca®", Na™ +
A2 5%, E-mail: 2 hlmrxq@163. com., K" and Cl=, SO? and Mg*", Ca’", and they
x [5 52 8 SFE TR0 H (2016 YFC0502402) Ve B undergo a similar chemical reaction process.
© o SEAEME . DALRE (1963 —), B Wi, BIBFsc 6, =M Lhree principal components were extracted by
S IR Ry T RS M B (3 B & 4 BRS¢, E-mail,  Principal component analysis, which explained

mazl@mail. karst, ac. cn 91% of the variance and represented the original

data well. The three common factors extracted
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by factor analysis explained 86% of the variance. [Conclusion]Natural factors water-rock ac-

tion is the dominant factor of water chemical element characteristics and source, and human

activities also play an important role.

Key words: krast, hydrochemical characteristics, principal component analysis, factor analy-
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Fig. 1 Distribution of sampling points
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2 HRESH

2.1 HE-RUEBARBRAZ KU FZHRE LRI

BEAIKAL =G T a5 R 1 Fk 2. N3k
R WF ST X O R UK pH (A B AR I R A Al Y
KT 14~7. 36, N 7. 25, R R A0,
pH E N T T K & 8 7 ik L I A& 1
FE 50 B8 R o 7 AR I B B 0 RE L R b R K Y
pH {8 52 K-FAE R R LKA B HERT A 2S9E 3h AY
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Y B TR B2, Ca® " 5 4 0 s /0 Mok 9 32 28O
FE DR R R 7 Al s K Mg P BH B 1 1 28 5 AR KK
RRUIH S B 0] BB AR # R K

F1 MTRKEMAS FGIHFEE

I 7 & & K /h o HCO; >S07 >Cl, H
HCO; & & 7 P18 7 B 519 94. 83%0, it T K
FEIAET.

Table 1 Statistical eigenvalues of conventional components of groundwater

A ROAM BUME FEI CFSTE AL b 22 R R
It‘ Max Min Mean Percent of mean Standard Variable
em (mg/L)  (mg/L)  (mg/L) 2] deviation coefficient
PR T Na® +K* 1.89 0. 1.04 1.03 0.70 0.68
Positive ion
Ca®* 111. 37 75.08 96. 49 96. 19 11.07 0.11
Mg?* 6.32 1. 2.79 2.78 2. 40 0. 86
41t Total 100
S =
N lﬂ%%. Cl™ 6.55 2.00 3.71 1.21 1. 96 0.53
egative ion
SO? 16. 58 8. 12.58 4.13 3.16 0. 25
HCO3 332.18 236. 14 288. 89 94. 65 30. 23 0.10
A1t Total 100
H
iy F 0. 06 0.02 0. 04 0.02 0.45
Other
COD 1. 50 0. ¢ 0. 84 0.41 0.49
TDS 459. 44 326.19 405. 49 41. 90 0.10

x2 HSEXR BEE.pHEMEEZRITHEE
Table 2  Statistical eigenvalues of electrical conductivity, dis-

solved oxygen,pH and temperature

S 94 'R EL 22 ¥

5t Bk BME P JAERE S RSRRE

. Standard ~ Variable
Item Max Min  Mean LS S

deviation coefficient
pH 7.30 7.14 7.23 0. 06 0.01
T 20.00 15.00 17.43 1.72 0.10
EC(mS/cm) 0.20  0.10 0.11 0.04 0.33
DO(mg/L) 11.02 10.02 10.30 0. 36 0. 04

i &l 2 Piper = £k & W7 KA 55014 BH 25 1 A1 B
B o X RIS X R KK fb 2R 26
R A — 3, YO F R -5 R K . AR X KA A
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Fig. 2 Piper chart of karst water in study area
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Table 3 Loading matrix of principal component

3 B 53 I8 % T By 2
IS s
PCA RCA
Variable R N R . N R
PC1 PC2 PC3 h2 RC1 RC2  RC3 h2
K+ +Nat 0.92 0.32 —0.11 0.97 —0.52 0.81 0.21 —0.52

CaZ —0.88 0.42 0.2 0.99 0.95 —0.2 —0.22 0.95
Mg2+ 0. 46 0.87 —0.01 0.97 0.16 0.97 0.03 0.16

Cl— 0.57 0.81 —0.1 0.99 0.01 0.99 —0.01 0.01
SO —0.13 0.7 —0.58 0.84 0.26 0.55 —0.69 0.26
HCO3 —0.72 0.54 0.41 0.98 0.99 —0.02 0.01 0.99

F- 0.91 0.4 0.09 1 —0.39 0.84 0.37 —0.39

COD 0. 46 0.18 0.77 0. 84 0.08 0.33 0. 85 0.08

SiO2 0.82 —0.36 0.4 0.96 —0.63 0.14 0.74 —0.63

TDS —0.69 0.65 0.3 0. 99 0.99 0.09 —0.1 0.99

% 3 R, PC1,PC2.PC3 N 23 % fif » 78 JR IR
B v A AR R 5 T2 A 0 A DG R T DR R AR R
F AT . h2 REAR R A R AN AR A AR
i Z RE % TH 25 ) b Bl A RS . JEL i WA PCLL PC2,
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PC3 #2, & A% 24y 4 B TC VL AR 7 i g DR I o 28
AT e R e s e 45 R 4 RC1.RC2.RC3 fiR .,
RCI1.RC2.RC3 435l Hy 25 — F W43 55 = 3 L4 A
= T G R R 2 S Bt 2
AE. 52 A S BUSR AR A R X A
LR (R O LA DL .3 A E s
fERET 9 AR EE 95 %0 25, AT LAAR I M AR 3R R R

HlfR 2
x4 BEEFEZESB.BHFEESH
Table 4 Eigenvalue, percentage of variance and cumulative
percentage
= s = Iy
o pep DEEAE RIHEEAR
< . Percentage Cumulative
Component  Eigenvalue .
of variance percentage
RC1 3.78 0.38 0.38
RC2 3.77 0.38 0.76
RC3 1.98 0. 20 0. 95

WAL 3K A HLE — RS RCLERET
38 M 25 Tix E s Ca® \HCO; (TDS %
AR ) STRR BE A K, H i &l 3 AT A, Ca® \HCO; Al
TDS =3 H A Z (8] AH 5GP A 47« 38 I\ R A G P 4
U1 S - H AT A ) 1 R R sl 28 T A [R) 09 b 2 s g
TE AR AT DAHEIN A — sy RC2 AR DLy i A 5
TR £5 Sk 10 B KA T 1) K — 2 S L AN 23 2 5
50 PR 26 0 A W) L A R K B AR B T . AR
T FERUSY RC2 W7 22 A 4180k 3800, 5 HE PIAE O
A A Mg®t \Cl JF M K™ +Na' , i 325k
V5T R DEAE T LA B B 90 2 4 W i VB 1Y g
H AR AL KRB K BE R, =%
B4 RC3 R T 20000977 22 A 438, Hoih COD Y
TR KL 8 = S RC3 AR 26 A 2808 3 i = A=
P ANEERTREF) S0 P 5 AT

F %53 (3R 5) AT DL B A 8 RC1.RC2,
RC3 5 J5 78 & 22 [B] ) 0% 5, BAF Y S 1R A B
TRIE S mE E, NI L] REE A RCL 114541
B Ui W 32 B IR R K — A A R SY e A 35 s GHL,
STQ 7E RC2.RC3 " #F A # m 45 43 » Ul W 1Z s 7K 1k
SRR 5 S R A B IR LA S NI Bl 22 ) R G
R A, NG 5 = F il A 8 & MEss.
Wb TSR AE N 23 2 B A v AR A DG

x5 EHAE

Table 5 Score of principal component

Ry MG DL NJ L] GH STQ NG

Component

RC1 —0.46 0.67 5.03 2.3 —0.11 0.58 —8.01
RC2 —1.7 —2.21 —3.5 —3.72 6.14 4.15 0.85
RC3 —2.36 1.5 —1.55—1.95 1.86 —1.23 3.72

2.4 WE-RUEBRBAUZRRHEFSHH
2.4.1 A\ F A4

5 R A 2L, B o3 T A
ke 2 7~ 8. #E R B AL A fa. parallel O
PRVERC, W T 7 I8, A5 SR 5 R,

Bl b B X A5 2 R A I s 2R A
AFFSRNHF e . 5 E WA Hr A R,
TEH F 53 Hrh , Kaiser-Harris #E W) 59 457 1F {5 502 K
FomARZKT 1. Wk, W17 50, 0 A K
B RHEME R T 03X 3 MG 30 75 i AR 3 A
L,
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Fig. 5 Detection chart of common factor number
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Table 6 Factor loading matrix

F i % iy
AR i EFA
Vdrldble

5 Jig e Jei
PA

PA1 PA2 PA3 h2 PA1 PA2 PA3 h2

K*+Nat 0.92 0.32 —0.09 0.95 —0.5 0.8 0.24 0.95
CaZ™t —0.89 0.42 0.18 1 0.94 —0.19 —0.27 1
Mg2+ 0.46  0.87 —0.01 0.97 0.17 0.97 0.03 0.97

Cl— 0.57 0.82 —0.11 1.01 0.01 1 —0.01 1.01
SO% —0.12 0.64 —0.52 0.69 0.22 0.5 —0.63 0.69
HCO3;  —0.72 0.55 0.42 1 1 —0.02 —0.02 1

F- 0.91 0.41 0.11 1.02 —0.37 0.85 0.41 1.02

COD 0.42  0.16 0.6 0.56  0.05 0.31 0.68  0.56

SiO2 0.82 —0.36 0.49 1.05 —0.57 0.13 0. 84 1.05
TDS —0.7 0.65 0.29 1 0.99 0.09 —0.14 1
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Table 7 Eigenvalue, variance percentage and cumulative per-

centage
N [
. Percentage Cumulative
Factor Eigenvalue : h
of variance variance

PA1 3.72 0.37 0.37
PA2 3.65 0.36 0.74
PA3 1.87 0.19 0.92
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Fig. 6 The result of factor analysis
MFAFEE AT LU 1 55— PAL STkE Ny
37% 5 A PA2 BTER R N 36 %, 55 = A F PA3
DIRRA R 1926, 3 AN gk T R8s 920 1y Uy
2. VTR A IF Y X 2252 5] 3 FIN R 1Y
S0, MCETSCM T AT 1, Ca® 't SRk [ R BR SR (0

315
i, RIILEE — AN JE A 7 0 DU ar 4 M B IR 38 A 1E
Cl” . K" +Na™ Mg*" FERH &AM, KW

B2 AN IR TR Dy g o SR E A COD %
Z N 77 A 8 B 3 B A I K HE T 4 A5 5 L PR U
BN IEH T AR S,

3 #Hig

(5T DX P | 7K Ak 27 25 8 DL g i — 5 7Y
K WESE XL R K pH F3ME R 7. 25, 55 K
TDS FH#{E K 405 mg/L, B L E K. HCO; 5
Ca®" \Na™ +K" I Cl SO 5 Mg*" .Ca*" il K1
B L R R AR A A = 0 KR S AR K A
AR R HOK AL = R AR A T F TR, AR R
N F R IS s %A 5T X K AR 2 e
AT —E BRI

(2) BT HTREWENG 8 A SRAE AT 10 /K Ak
FRAF AR B TR 45 AR 3 M A K Ak 2 R AE 1 32 8 49, AT
DA B H0KE 3 A 32 20 M A B IR A VS L B A
ARMAMARKIES), 3 A FER MR T 95 % T
22, I T R 25 5 A3 22 8] 11 R G 1 (o 445 SR 0 4 3
KRBT BRI ALE B H W,

(3) 38 33 PR 7 43 1 v 1 B HES 42 1l A ATF 52 XK £k
HERM 3 AN T IR T 9200 B s S
B BEF T RE U AR G 1 g B 5 IX KA 2= I B 4
P2 S 45 R 15 e i, O X4 AR R A
IR 22 P2 LR 24 4l

SE k-

[1] WANG J,JIN M,JIA B,et al. Hydrochemical charac-
teristics and geothermometry applications of thermal
groundwater in northern Jinnan, Shandong, Chinal J].
Geothermics,2015,57:185-195.

(2] BN AEd [, AL 55, 7 P9 L0 K T i
Ei’ﬂTﬂ(iﬂlﬁkﬂia’— RFAELT]. AR HL BT, 2015 (4) : 958~
966.
FAN L J,PEI ] G,DU Y C,et al. Geochemical charac-
teristics of groundwater in Chengjiang area of the
Honghe river in Guangxi[ ] |. Geoscience,2015(4) ;958-
966.

[3] f‘szt+ B SE L X T T P AR MR Bl A5 T AR

AT KE B LT LT L T A 2017, 36 (1)

67-74.
CHEN Z H, ZENG L, LIU Y. Discussion on karst
groundwater law under mining conditions in the Yu-
tianbao coalmine of Chongqing[J]. Carsologica Sinica,

2017,36(1):67-74.



316

JITRERE AR 2018 A 11 A 5 34 % 5 4 ]

[4]

[5]

[6]

7]

(8]

XA 5805 UM A AT W PO i IX 7K 3
M ERAE 2 RFAT L) ], M BR5 FR 35,2015, 43(1) :55-65.
LIU S H,GUO F,JIANG G H,et al. Karst plain area
hydrogeochemical characteristics peaks of Guilin[]].
Earth and Environment,2015,43(1) :55-65.

B VA8 T BB AL R BRI R K R 4
K SCHLER AL 2 R AR S [T 0. FRBE A 2, 2014, 35 (4) ¢
1290-1296.

YANG P H,LU B Q,HE Q F,et al. Hydrogeochemi-
cal characteristics of a typical karst groundwater sys-
tem in Chonggqing[ J]. Environmental Science,2014,35
(4):1290-1296.

FRAGEREZ N FREE ML BT THAR
AR AL . 1996.

Pingguo County Annals Compilation committee. Ping-
guo county annals [ M]. Nanning: Guangxi People’s
Publishing House,1996.

IR PR X = A P 2 A R AR S
[D]. K¥ . K¥,2012:8.

CAO ] Y. Study on distribution and fractal geometry of
delta channel in Pingguo orefield, Guangxi[ D]. Chang-
sha:Central South University,2012:8.

BRENOT A, BARAN N, PETELET-GIRAUD E, et
al. Interaction between different water bodies in a
small catchment in the Paris basin (Brevilles,France) :

Tracing of multiple Sr sources through Sr isotopes

(9]

[10]

(11]

(12]

[13]

coupled with Mg/Sr and Ca/Sr ratios[J]. Applied Ge-
ochemistry,2008,23(1):58 -75.

NEGREL P, PETELET-GIRAUD E. Strontium iso-
topes as tracers of groundwater-induced floods: the
Somme case study (France)[ J] . Journal of Hydrolo-
gy»,2005,305(1):99-119.

ATUPPA A,BELLOMOA S,BRUSCAB L,et al.
Natural andanthropogenic factors affecting groundwa-
ter quality of anactive volcano (Mt. Etna, Italy) [J].
Applied Geochemistry,2003,18(6) :863-882.
CONRAD ] E,COLVIN C,SILILO O,et al . Assess-
ment of the impact of agricultural practices on the
quality of groundwater resources in South Africa[ R].
Pretoria, South Africa: Water Research Commission
Report,1999,641/1/99.

BASAK B,ALAGHA O. The chemical composition
of rainwater over Biiyitkcekmece Lake, Istanbul [J].
Atmospheric Research,2004,71(4) :275-288.
KABACOFF R L R i 5 S M. & . 1 Al PR
PE LR NRMBH R, 2013,

KABACOFF R 1. R in action (data analysis and
graphics with R)[M]. GAO T,XIAO N.CHEN G,
trans. Beijing: People Post Press,2013.

CRER LS T



