C T 3 A g
2022 % 9 A e B i

Pre-pub. online

Sept. ,2022

GEOLOGICAL REVIEW

TKREZXMER RSN SEETN )
— LI TS ‘-

REE IR BRR EXE 5 0

1922 ~ 2022
Pre-pub. on line: www.
geojournals.cn/georev

Hh ] R 2 e e VA MU BRI ST, AR BRI P A T Bl ) e FE e
A EER SCHS E P AR O A s I R G S e R E PRSI T L, TP REERR, 541004

MFRE . T4k, fE NG SEN THT S FKIIE B 4580k, 12 58R9 T K BRI 7 ik R X
SPRIRET FAN TG R0 SENEE RN B i B e MR K B SEBRoR A . B SR Ut R K 3=
SORARETRETT 2087, FAR 25 P T 90520 R 22 STRRAT TS 2 R SRS 20 R e B I TR i T 2R 515
oo LRETP AR WHTE X R OK 2 3 RN 1 N1 1 EEON KRR &SRR S (TRe) , 5 (Mn)
FIER AL T 2 gl B AR T 5 /K S0 S 300 NH 5 5 BB 48 % (COD,, ) #1 NO, @ k%, [ T 3 W RA G A HE
R Uinhy, TR SR A AR 5 12 SR AR BN 25 SR W) 5, 55 5 A AR BE A5 0 BN (SURT LA 1
MR AR SEAR B 3 AT R 5 9 TR 545 RAR 5 A %S R K B SE

SRR KT s T KB 2 s R AR BEA A P 5 KB R 3R U s vk

MR KRB H AR BT, BRI L NS
FKTE R SR XA Bt & R R 4R FE B R 5
UIRE5 M55 B 24614 ( Ouedraogo et al. , 2016) , &
M, B ARG Sh Ry H 42 ], 1R KK B 428
I TS 2 e E (B 2 E 4, 2014 ; Kazakis
and Voudouris, 2015; 5K % EH %5, 2018; Yan Jiaheng
etal., 2022) , Hi /KA BRI Y 24 AR 4,
MR K BB B VA A b T KT Gy B A AR B AN E
TR, R, B E A PE O X 3 T KK B 3R
W T AOKBUE R E 2,

T A AP SC T 1T K BT 255 A ) 7 k4
Z B WA SR A TR B0 (R WA SR, 20115 F 2%
HidE,2021) BIMIZES A (BRMRAE, 2015) K
FRGEE (WA, 2012 0] M 55, 2014) | A T4
Z L8 (RS, 2015 REAT SR, 2016) 45, IX4ET7
AR N A5 P T RAR T 5 X005 0 i
PR EE R R0 1 &R 20K B fE B, T BOK B4
AREA RHAR T8 RPOK % 4 WA REA B0t o A
SRR iR MRS

T KK BT ) PR 2R AR R e K A
FEREFE PR XS 2% 282 M DR 38 R A7 400 70, A4 AN
RZF KSR 2K ( Guo Huaming et al. , 2016; Peng
Cong et al. , 2017) ., H I, 5¢ T 5152 0 K 7K 7K
BRI R R BN F 5, FE T EA BRI R
I3 43 M1k ( Xiang Juan et al. , 2020) Fl
B R (A, 2022) 4, BRHTEEE
JEWCEE T BRI M T KK BT R R A N B R A
AP AR A 7 BT PR ER A 3 X A Y
SR R AT IE A3, DA SR A 2 25 PR 3% 19 52 Ml 155 140
(FRARTAE,2010) o XM EAATE—E AN EW0
P, PP P 2Rt AT B AR 41 A ] DX A 4 A B A 1
Uk, BRSSPI 143 A ) R o XK AR A
SRR PR v I 70 B 38 A A A K
el , MG 05 28 B FR LR PRV BT A A
a H A — 28 G FR AR B 45 A N8I B R AL
E R W H & ( Huang Guanxing et al. , 2013), [H¥
ST S T KA RS 1 532 e AL B 4R
WS R - AR 25 P 7 R AR I RRIE R

ARV S A TR E < SR A B K R BRSO R IR E DI RE A b Bl SR S B B R (4T FERE AB21196026) ;)
PG ARBE LA 1350 H AV ST AL T RS i s B ST (45 :2020GXNSFAA238034 ) ; o [ il JTTFd2 Bie 2
i R ST ARl 55 T H 78 Sl ST A R SR SE (45 : No. 202017) AR

Wk H 359 :2022-03-27 ; i8] F 31 :2022-08-28 ; 45 14 & :2022-09-20 ; TEAT 4 : XI5 #% . Doi: 10. 16509/]. georeview. 2022. 09. 091

TEF WA 72, 51982 4E 48 1+ AL S0, EE NG A AR 2# 5 ; Email ; jhliang@ karst. ac. en, IRVEE . 206, 55,1991 4F
Az BYBRBFGE 0L, AT I FIK SCHL BT A AIF 5% s Email : pengeong@ mail. cgs. gov. en,



2 oo

it

2022 4E

K [07g) A 44 7 3
- karst water compressive-torsionate fractures
FLBRA E X 3 ok 43 K 04
pore water regional groundwater watershed
b ) , THER @ Wi
~~ [ underground river falling spring karst pool
. WREHO T K& IR TR R
“wunderground € water-filled underground river
river outlet cave overflow skylight

P 1) PE AR 29 i A S i ]
Fig. 1 Hydrogeological sketch of Huixian wetland,
Guilin, Guangxi
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Fig. 2 Diagram of the water cycle in the Huixian Wetland, Guilin
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Fig. 3 Land use type map of Huixian wetland, Guilin
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Fig. 4 Distribution of sampling points in Huixian wetland, Guilin
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Fig. 5 Piper diagram of Hydrochemistry in Huixian wetland

GEIX 49 21T oK HEAT BRIP4, VA 98 AR A
Na* S EE NH] Fe Cl™,SO2 \NO, NO, F~ pH,
COD,,, .I" LAl Cu.Pb.Zn Cr.Cd Mn As Hg 1 TDS
(AR PE R A i ) 8 22 DR AR, 255 TP 2 R
R R PO . AR R R K0 MR K
BRI K R £, 5 65% , Fk b K, i e h

F 1 ERSRM FERBAMB KA G EES FRERERFIEE (mg/L)

Table 1 Characteristic value (mg/L) of water ion mass concentration of Huixian wetland,

Guilin, in wet season and dry season

Ik K 7R MoK

F1 EELN
B/ME | R | M | ME | RORME | SPISE | M | BoRME | CFIME | fR/ME | RRE | PSE
p(K") 0.2 | 72.3 | 17.6 | 0.2 7.0 2.0 0.5 6.9 3.2 2.4 | 10.3 | 5.6
p(Na*) 0.3 | 22.5 | 8.1 0.0 | 14.3 1.8 0.0 1.9 0.9 0.3 10.2 | 4.6
p(Ca™) 32.0 | 139.5 | 85.5 | 33.4 | 120.4 | 80.3 | 72.5 | 84.0 | 77.1 | 39.3 | 57.0 | 50.9
i p(Mg™) 2.5 | 21.5 | 9.2 1.1 9.8 4.9 1.9 5.4 3.4 4.4 8.1 5.9
. p(Cl7) 3.5 | 425 | 15.6 | 1.9 | 28.6 | 6.4 2.5 7.2 4.9 4.4 | 13.6 | 8.8
p(807) 5.8 | 101.3 | 30.4 | 6.7 | 42.7 | 15.8 | 12.5 | 181 | 156 | 1.0 | 28.7 | 16.6
p(HCO)) 97.7 | 306.8 | 248.3 | 97.7 | 319.5 | 227.2 | 211.0 | 246.2 | 225.7 | 148.5 | 180.7 | 163.1
p(K") 0.1 | 8.9 | 17.3 | 0.1 | 27.3 | 2.7 0.3 7.1 2.8 L4 | 17.1 8.2
p(Na™) 1.0 | 235 | 83 0.3 | 13.1 | 2.2 0.7 3.1 1.7 1.6 | 358 | 10.2
" p(Ca™) 44.9 | 134.1 | 89.5 | 34.8 | 126.1 | 87.9 | 52.6 | 104.3 | 78.1 | 37.8 | 93.2 | 57.0
K p(Mg?) 2.7 | 3.9 | 10.6 | 0.9 | 157 | 6.8 2.0 4.5 3.5 3.8 9.0 6.0
. p(Cl7) 3.4 | 49.6 | 16.7 | L4 | 27.4 | 59 2.2 7.5 4.6 4.1 | 4.6 | 151
p(807) 6.3 | 64.2 | 29.6 | 4.1 | 75.6 | 17.5 | 8.4 | 19.1 | 12.0 | 8.4 | 22.6 | 15.8
p(HCO)) 159 | 354.4 | 273.8 | 142.1 | 317.5 | 259.9 | 164.9 | 277.2 | 226.7 | 133.3 | 277.2 | 183.7
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HTTHRANIRE A B AR, HARFE IR I STk 22 A K
(K6).
3.3 FKREZE

TEXHRIE 5% X R 47 7K 3 PEAr il JE b | 07 3k 1
NH] TFe,COD,,, .1 Al Mn NO, B it i B 55 7
A EFR A 5T X b T K K 5 B 8 AR R AT R4
M, B JHEICT 3 N FER T, Bl Z iR
k1 89. 022% , W] LA A 4T ) At R 9 IXC 1) 358 43 B
(F2) ., RS HEF IR RE, 7T LK 52 i [
Bk 32, —RERAE T 55 E Fe Mn I
Al ZRAO S ERIR G N R E AR 3 15
3.3.1 BAF 1. XASE=5EMNS Fe Mn 7 Al

T F B4 E T8 PR Fe Mn Fl AL H 5 22
fERERR 44.98% , Hor  WF5E X M R 7K H Fe K
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Fig. 6 Groundwater quality in Huixian wetland, Guilin
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Table 2 Rotating component matrix

R (mg/L) A+ 1 AT 2 A3
p(NH}) 0.028 0.988 0.053
p(TFe) 0.959 0.207 0.117
p(CODy,) 0.235 0.953 -0.023
p(17) -0.134 -0. 080 0. 893
p(Al) 0.962 0.043 -0.082
p(Mn) 0. 634 0.202 0.473
p(NO,™) 0.102 0. 625 0. 356
AR 2.143 1.976 1.223
Bl 2(%) 44. 984 69. 420 89. 022

M 28K 5 0 GW22, 1% 55 i K, A T8 BE T T
#Bo Al7KHE TFe 1Y 5T ik Wk B AR AR E FEIHE 3~790 pg/
LT 28K SA 8 b, o Wk B e 5 5 GW06,
W RESTEK AT H B RS, H R /K T Mn 327K 5
TR EASALTE RN 0. 6~ 1540 wg/L, Hirb i B 5 s
RUOR GW28 iz s T2 e AU . Ak Mn Y T i
e s A AL VL BB 7E 0. 6 ~ 961 /L, W i 25 K
GWOS, o7 T S A PY LS, Mo Rk AL A9 327K
JE R BE T I 1~ 466 we/L, e f5 e s A T3
BET TR AR GW22 WTRLK o Al ZK 30 o ik B A2 Akt
FRI7E 0. 6 ~2460 peg/L, ¥ fi e 5 A AL F 40 1L 2R A9
GW50 K,

THREETF 1R 3 MERLRE 15 E R 5,
R G AT 4 4b R T2 m i SRS
IR T AP R A RN E— KA T T8 — 4 (
7)o PEVRA AT, 2205 i A S P R A b X Y
FHMA X NS SRR BERAR, T RN 2R 3 i)
K—RAT—4 10— 1 DX A7 FHEHE X, HAHR 43
SHEHE, 1T K A2 it AR A 5 R AR (B 7)o &5
BATHT 4 Kb A543 55 1R Y ML IX R B R R K Y Fe
Mn F1 AT ¥ A X425, 4 Ak DX ek B3 o0 A ZE0h
s (BR800 Fe Mn Fl Al 3 NEFRAYETATS
e [N, FEATTHIWT Fe Mn F AL 3RS 8BS N K
R ROE I, AR, PR A3 X oK
HHULAETE Fe Mn Fl AL AR LG, HE A5 i R 2 22
RRIR T gk (CF SR, 2012 B 44 2014)
ST X B AT B K2R IE 3R T G 7R i I8 41K
FHEKIZ(D,d) BB 5K IZ (D) R ik &
"R A A HTKZECy) (B 1), BFA
W9 RWT AR VU A I L X A 4 AL Fe

1 Mn TG 198 SC0E A X5 R (R, 1997) , %2
IK—EAHEAE R, R K H 2 B Al Fe \Mn
mE RIS, WM, RS W38 Al
GW43 1 Fe F1 Mn HAEFRIFA 3 0 IV 20K | 2% X 5k
AL L FT B3 3225 1 Fe FI1 Mn 5 15 5520, S35k
R 7K Fe F1 Mn 1) J57 62 0 B0 i, e 2%, TH LI
HFRYA 0 TE 2 m 3 i B T MV R (B, 256
B, BT 1 EE R RAR ST =TS Fe Mn Fil
Al,
3.3.2 EAF2: RUREFETKEIMSHEL
NH;,COD,,, #1 NO, #B#x

BT AL E MFEFR 0 NH, COD,, FINO_,
Hy bR H Ny 24. 43%, o W98 X LR K
NH, 7€ 4 7K 91 B Jo d5k ¥4 B2 9 0. 02~ 8. 66 mg/L,
HFR AP 308 GW14 F GW24 , R
4 1.04 mg/L F18. 66 mg/L, Ak Hk G
FI7E 0. 02 ~ 12. 96 mg/L, # A5 5 A DAL, 43 5] K
GW06 .GW07 .GW14 FI GW56, Ji 5t i B 4331l Jg 12.
96 mg/L.1.8 mg/L.2.24 mg/L F11.93 mg/L, #b5r

7t [ -0.75~0.50 [ -0.50~0.25 [ -0.25~0
0~0.25 [_]o2s5~050 [_] 0.50~0.75
I 0.75~1.00 [ 1.00~1.25 [ 1.25~1.50

|;| MK & surface drainage —_— 4% 7K 4 watershed
7/ RRIX residential area <O % & Zcontour line
B 7 HF 1 g RS

Fig. 7 Score chart of factor 1 influence degree
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TR RLIIL TR I, A FRNE S 5265 MR 78 43 WA
PIRASER 43 N B K i S BOK TR NH,
FEERR, HUTF Ko COD,,, 78 F /K 3 0 S5 kv 7
Bl 0.5~2.74 mg/L, JTCHBAR 5, FEAG K ik
PEASAILFE A 0. 5~4. 17 mg/L, #b5 s A WAL , 5351
4 GWO1 1 GW50, 5t V& B2 43514 4. 17 mg/L Fl
3.34 mg/L, MBFRAYPHALK s, —Ab K, —
BE SR IR 53 500 32 B 1 B A A A 35 T 7K R e 54 v
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Fig. 9 Score chart of factor 3 influence degree
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Fig. 10 Score chart of comprehensive impact degree
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irrigation applicability of surface water from wet, normal, and dry

Identification and quantitative evaluation of influencing factors
of groundwater quality

——A case study of Huixian Wetland, Guilin, Guangxi

LIANG Jianhong, PENG Cong, PAN Xiaodong, JIAO Youjun, ZENG Jie, REN Kun
Key Laboratory of Karst Dynamics Laboratory, Ministry of Land and Resources & Guangxi;
International Research Centre on Karst Under the Auspices of UNESCO ,
National Center for International Research on Karst Dynamic System and Global Change; Institute of Karst Geology,
Chinese Academy of Geological Sciences, Guilin, Guangxi, 541004

Objectives: The groundwater environment of wetland has been deteriorating under the strong interference of
human activities in recent years. Because of the traditional evaluation methods for groundwater quality do not
distinguish the effects of high natural background and anthropogenic pollution, the evaluation results can not
represent the real state of water quality comprehensively, faithfully and reliably.

Methods : In the study, the principal component analysis was developed for factor analysis. The scores of each
sampling point were calculated based on the score and variance contribution of each factor. The comprehensive
score under the influence of factors was calculated.

Results; The comprehensive evaluation results showed that there were three main factors affecting groundwater
in the study area. Factor 1 contained high Fe, Mn and Al caused by natural high background. Factor 2 contained
NHZ, CODy, and NO, exceeding the standard caused by agricultural and domestic sewage. Factor 3 was I°
pollution caused by a combination of natural and anthropogenic influences.

Conclusions; The calculated comprehensive impact degree was consistent with the results of traditional water
quality assessment. The score chart of comprehensive impact degree can not only evaluate groundwater quality, but
also the natural and anthropogenic impacts on groundwater quality based on the identified factors.

Keywords: factor analysis; groundwater quality; Huixian wetland ; score chart of impact degree; influencing
factors of water quality; recognition method
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