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Table 1 Description of samples collection

in the study area (unit; group)

W2 R T X BliEEX WMseEat
F K 3 3 2
X
ik 3 3 2
EY, 8] 2 3 4
AR
HiK#$ - 3 4
FK# 6 5 4
gt
HiK# 6 5 4
E/S | 3 3 6
IR
HiK 3 3 6

& it 26 28 32

BN, AXEHEEREHABBRERITEIN TERARKX
AW T KR, R ERE EXF pH H . B R %,
SRR . TDS.Ca’t \Mg’" % 18 WL HL/K B8 b5 # 17
TREABSW.GEREESSTHENERRE
(CVHZ0. 5. FMEBBEREGNE FH#HTHER
a RIBEE AT A RBEIREX 5 % AL TE S
HRATF.

HR ST R R KRR F B ARRA UK
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2.1 HTRKEESE

XHEFTIX 86 HKEEHY 18 WK 5 2 B/EH# R
Gt BB K R AL RS HIE 2.8 3.
Re, HR2THL BT TR AR T ADEHEE
FEPHmBWE R Ca¥7 > Na” > Mg?t > KT >
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NH{ . &AEFEHYRE®RE N HCO; > S0 > £3 B ETEALSERSEST
ClU>NO; > NO; >1, Bl EERAEEHT K Table 3  Statistics of hydrochemical compositions
FRAE T B %?B@Iﬁﬁﬂﬁfﬁﬁiﬁﬁﬁ'—ﬁlﬂk X 4 in commercial residential areas
. % %4 RSV T K R BB T I IR vk 2 7 BME BAH BE EE ERRK
Lﬁ-ﬁﬁ-wj%m [ﬁ] , ﬁ’ﬁl‘H%?FP Nat \MgH E"J K, W‘J;ﬁ‘ﬁﬁ‘ Min Max Mean Std Cv
£5,EAN Ca* > Mg >Na* > K* > NHY . pH 6.41 7.87 7.15  0.36 0.05
CHSAMRERETRIDTURR AT e, I e
. i . . ) .
ﬂklZﬁﬁﬂkﬁ?%?i%&?%_ﬁ&t,%T7KI1TEE,E’;:$\E& DS 283.00 755.72 537.90 126.44  0.24
BEBE.TDS,Na" \Mg’" .CI”,SO{" \NO; .Mn & & Cat” 60.43 148.25 104.71 26.56  0.26
SRR ERBHRE(E2), MM FARP KH NH/ Mg?* 2,72 33.98 16.24 9.32  0.58
MNO; HERANFLAEXBHE ML EEL KT, K* 0.51 14.16 4.84  4.28  0.88
NO, REXRERK, T X NH FEREEK(E Na™ 5,28 47.03 16,54 10.32  0.62
2), TYREBEMANER, —FESBSNEY R cl- 8.92 53,28 23.23 11.76  0.51
AR A EEMITVEKNHER T EE SO§~ 19.89 212,12 87.43 55.64 0. 64
VB R AL B, H A A Catt Mgt SO HCO37 85.14 446,06 287.31 88.56 0.3l
Cl 71 NO; %8 FREFEAK T2 524 4 HF K. M N()J: 2.51  44.89 18.78 13.63  0.73
i NO3 0,00 299  0.39 0.8 2.05
MEHRZEM T AP EETFRELES TRLEE NH, - 000 1594 128  4ze 342
XFHWS L. MLEEXEFRGK BRHKE - 0.00 006 002 002 0.8
WATIRERM T KF K \NHT M NO; RERE K RER 0.00 4.82 1.44 1.48  1.05
HMEREFEHA, Fe 0.00  0.70  0.07 0.19  2.27
Mn 0.00 1.33 0.12  0.35 2.64
F2 TURKEEFRSESLIT 0. 00" KRR ;R FREANMK uSe ecm™ ', pH TR, KK E
Table 2 Statistics of hydrochemical compositions WEALH mg- L1,
in industrial zones %4 BLESRKLBISRSTST
BAME K Bl EE EREN Table 4 Statistics of hydrochemical compositions in suburbs
Min  Max Mean  Std cv BAME BOAE HE kR BRAK
pH 6.30 7.78 7.15  0.42  0.06 Min ~ Max  Mean  Sud v
CEE 4 403.00 2645.00 781.75 550.17  0.70 pH 5.6 7.87 7.15  0.50  0.07
M (CaCO;) 249.08 552,55 350.88 83.24  0.24 HE 199.00 957.00 486.03 174.47  0.36
DS 403.97 1698.00 614.80 324.37  0.53 BEE(CaCO;) 123.76 404.72 268.40 75.68 0.29
Catt 63.32 178.00 101.30 28.09  0.28 TDS 156.05 663.12 426.35 127.87  0.30
Mgt* 797 48.62 2386 14.16  0.59 CaZ* 33.06 134.30 89.12 24.72  0.28
. 038 1815 366 461 L2 Mg?~ 1.07  28.83 11.18  8.35 0.75
Na* 2.00 375.50 40.31 97.09 2.4l N .39 1072 RSz 289 L o8
Na~ 0.92 35.26 6.73  8.81 1. 20
cl- 4.18 466,88 56,82 120.25  2.11 o a2 558 1279 9.80 075
S0~ 19.45 447.35 103.78 105.53  1.00 ot o34 14680 552 4247 o7
HCO7 201.73 356.20 290.85 41.63 0. 14 HCO 68,42 417.58 249.50 79.30  0.32
NO37 1.22  45.70 17.28 13.63  0.79 NOF L9s 3050 1183 821 0.71
NO7 0.00  6.77 0.83  1.91 2.53 NOZ 0.00  0.38  0.04  0.10 2 49
NH7 0.00 0.89  0.15 0.30  2.38 NH, "~ 0.00 12.45 0.79 3.11  3.91
- 0.00  0.35 0.04  0.09 1.79 - 0.00  0.03 0.0l 0.0l 0. 88
FaR 0.00 19.68  2.41 5.30 1. 74 HEH 0.00  4.38 1. 44 1,22 0. 84
Fe 0.00 0.30 0.06  0.09 1.56 Fe 0.00 0.8  0.08  0.22 2.60
Mn 0.00  3.00 0.28  0.79 2. 86 Mn 0,00 L18  0.09 0.29 2.67

0. 00" B RAR Y EFRBMH S eom !, pH EEH. EA4 % 0. 00" R RKKH ;R FRBM D uSecm™ . pH TEHN. HRKXE
WM mge L™}, TREHLH mg e L7},
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T KR AR EBBA 7] FBOKLFIE I
FEA2HLRALHHUBES . EHHERGOE
AEDE . W E RN ERIRAISEKILERIFES
B MBS, ERARRERXYARREAFHE, X
BIMEHEETREmE/D. Hit, 7 ATk
RERTHEFRABCVHEE, ZANEIIERY
AT RETE B AR K, /K b 25 35 AR RO R RR B BE K
HIMARE K ERFP RN BSZALBHEW
MEURE 7, A C®EB CV>0.5 BB F#HTERS
.

2.3 XHSSW

MENREXERRBE KT 0.5 IR HAAT
KMOKR, TR . #lkEEX 2% % &4 KMO
KIEHH 0.54,0.61 0. 77, ETF 0.5,%8
FIRIREIEA BT AR, E A B ER S .
BB X T KA AR B 04 R4 B WL &
5.K6.K 7,

MESATHAREATVREEAE 4 HNERSH
BT ETEREN 76.19%, 7] RBLEEA 76, 19% K
FEE. HP,F—FHA L SO ,TDS.Na® . K*,
CUNE;S - ERSU T FEEE . NO; .NHf H
FE=FHALHBEMXBEFHE; FH MW ER
SEEREETFHER R Fe #1 Mg?*,

x5 IURBEFEHHERE

Table 5 Factor loading matrix in industrial zones

mH B¥1 HF 2 BHF 3 HF 4
G o 0.543 0.031 0.215 0.142
TDS 0. 969 0.093 —0.063  —0.044
Mg?+ 0.221 —0.182 0. 410 0. 643
K+ 0. 942 0. 008 —0.016  —0.147
Na*t 0. 965 0.128 —0.089  —0.129
Cl- 0.914 0. 086 —0.150  —0.128
SO 0.972 —0. 067 0. 001 0. 059
NO7 0. 391 —0. 398 0. 330 0. 202
NOz 0.007 0. 908 0.276 0. 034
NH{ 0. 088 0. 759 0. 430 0. 195
I~ —0. 041 0. 956 0. 207 0.031
HER —0. 090 0. 923 0. 347 —0.003
Fe 0.027 —0.083  —0.122 0. 809
Mn —0.046 0.270 —0.826 0. 284
HERE/ % 33.83 23.18 9.86 9.32
BitHME/%  33.83 57,01 66. 87 76.19

R6 BUEEEEFHRER

Table 6 Factor loading matrix in commercial residential areas

HE HF1 H¥2 HF 3 HF 4
Mg?* 0. 246 0. 601 0. 259 —0. 441
K+ 0.733 0. 359 0.374 0. 095
Na* 0. 945 —0.071 0. 169 0.171
Cl- 0. 807 —0.119  —0.254 0.298
el 0.272 0. 156 0. 821 —0. 146
NO37 —0.206  —0.315 0. 541 0. 685
NOz 0.110 0.767 0.002 0. 308
NH7 0.930 —0.270 —0.043 —0.071
I~ 0. 337 0. 600 —0.472 0.310
FREER 0. 709 0. 233 —0.13¢  —0.036
Fe 0. 858 ~0.351  —0.019  —0.159
Mn 0.919 —0.276  —0.103  —0.101
"ERE/% 44,45 15. 90 12. 67 8.71
RitmmkE/ % 44.45 60. 35 73.02 81.73

RT WEEGRBEFEHRER

Table 7 Factor loading matrix in suburbs

W BF1 BFe HF3
Mg?" 0. 492 0. 637 0. 386
K+ 0. 967 0.078 —0.034
Na* 0.973 —0. 039 —0. 055
Cl- 0.934 —0.013 0.101
S03~ 0. 444 0. 483 —0. 420
NO3z —0.115 0. 405 —0.507
NO7 —0. 107 —0.122 0.614
NH{ 0.923 0. 338 —0.083
I~ 0. 604 0. 348 0.419
AR 0.783 0. 357 —0.026
Fe 0. 829 —0.432 —0.111
Mn 0. 920 —0. 369 —0.073
HERE/ % 54, 84 12, 61 9.78
RitsimkE/ % 54. 84 67. 45 77.23

mECAMN BLEERFE 4TRSS HE
HHEFRBMERRE 8L 73%. HE—ER 4+, Na",
NHf .Mn.Fe . ClI” K" HEEBMEFEEME;H
ZERSFEEEEHEFRBENERS SN NO; .
Mg?" I ;B =R SO EH B RS M H Y
EBSNNO; EEERHHRRE.

B3R 7 AL IR & G5 A 0T K IgHR A F 4 /8
EAERS HBIT I ETRBRE R 7. 23%. F—F
BaP, EEBMBEMNIERA Naw K. Cl™,
NH; Mn BEEBR ] ;B _FHH+P M HHE
BE;E=ERALUNO;, HE,
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2.4 BRBRATFLIH

ERSOESE TR IRIREESBRE BT
X, MR RAEAAHEMFEAHRMRE. Bk, TR
& KA FE B F Ok B — BB AT B & U5 P
REMKILFEE XL,

TP KY Nat FTERBEFRADE LT
MATYRER KEEREASER LT YNET
THRER. BAALEF=EEES, mT I FALDE
K= R A BB K MR MRS 2T K
FK* Na* FEWMAF R, BRBREEHBXHBT
K Mg FERBFEAZENER, FAGET
W HFLUARERIVAEFEDHHTIBEBT KP
Mgt IR EEE= 2, CI" RFER. A&2514k
2RI FERBETFEADELHBEREANLE D
(RUFEE . SHEBEFK . DVEERARKERE
) SO FEXRBRTAESRMEBLARY
RBHEE L BT ES P RESRE KO HER, &
RUESPERRS ALY SBULT KT
SOV EMFRS 2, I'fEW AL ENMET
R HEZBHRTAKPHESEEM B I WITURRE
FZ. sz Gt Tk R HEN LR RAM
AES5RA%, BT KPEATEERERETLE . E
MBREEEER. TWAEEBEEK LB ANEEE
o ABHWT KPP Fe.MnELBREFHEER
—BEREFBEANBRCE LK. 2BMITERT
HhE, RSB T =ADRKETERHREFH
KREFERMARRE,

®8 BERRESER

Table 8 Classification of sources of all indexes

- ERER AN KB
o . REBEEREH TURAOEROESRE
N mywmnm B AE S AR LGRS

BETL . FUFRERLE
P
WML RMER RUEE. FEHEETAK. 3
% MEERERAHFS
. ITUEsPFRKBESBMEKN
S03~ EZ:;:ﬁ%ﬁ HH, BRERBESHPETRA
R4 :0) 9 R
WZGA R Tl B B
BN ARG ETSER
Torisk EFBEBK KB A
EXES

B ERMIERT EHE

Mg?+ BEAMER

Cl-

KKK BK TR
B ¥ £k B 5 o 0]
TR ARG
ER%

BHRY WHIER

i
- §

Fe.Mn

T RXE—FEMSL SO . TDS.Na™ . K™,
Cl-% %, H+$,S0% Na* . K* .CI" a3k B FL
WEAEFERER. Bl B—FEMRT L
Tl EERTROER, FZEMHL 1 %
8 .NO; .NH »F,#£EE .NO; .NH h4&E
BELARERB T KOFERE, I TXATH
AHEEN. A%, 5L 5 _ERsRBRTILEK
AEEGEK BB T KOER., FNERTRER
BEFHIEIRHA Fe Ml Mg® RBRTHBHE. ERIMT
Xt T KRR,

B EERE—FT RS Na* .NHS .Mn,Fe,
Clm K" #EEBNIE. ZAHKHP Mn,Fe W R
FEHEX 0.85 Ll b, FEXEREK Mn . Fe fif 8]
RESK IR T30 X B K % 7 0 CEE B S0 300 B9 bk I
. BEEFYHEIY S EIE A NBR,IE IR %
ABEHTEEPHNEERE T, RERKMKEERT
ZERBABTS BT XERHAABTKPHTE
HMARHBEMSH A, aMELEEXEE
TKH Mn.Fe W H T &I, £KH Mn (0, 056
mg e+ L7') Fe(0.035 mg « L") MFEHREKRED
SBEMRF A Mn0. 193 mg « L™}),Fe(0. 101
mg e L"OME,. XA KN Z2BBENHEBRIERART
HEABKER., B4 £ ERRKENBREBTATS
B F ks Nat \NH; .ClI" K" HEEBHNRFE.
A, F—ERAEERMTHEEXEZEY ST
KW, E_ERSPAAREGEFRROEIF
451k NO7 Mg?" 17 et NO; I — 8RB T4
EER  MZERFRRT EE TS KR AR5 TF K
BER, F=ZFERAP SO RAUBB MR, %8
BREMEEHLEFLES(BA O . XRHUHAXTHEN
EHA; BHER R B RAE, 2 [ E R R
NFZAEEWRBE., TERARXE_BRERM
B, BRE=ERsAARMBZEHENER X
T KR, F0MEHSUNO; BA RN
FEONO; FERETEBB K AERERRLIE
3%, B, FWERIRRTAEBEE K ANEEME
Xt T KB A,

WM EEGLHE—FMA L Nat KT, Cl™,
NH Mn #EEBER T hE.RBTHEEFFK.
REXF T RKOEW, FZEHSP Mg HiRE
BRE WL &8RN M 7, & B8 5 AR
AEEFEOLT KPS Mg MRE. FKBAEBED
WESMTKP M W FHFREBRE (12. 21 mg »
L HESTFHKNE10.15mg- L™, B, B F






492

b

1

2018 4

(17]

[18]

[19]

[20]

[21]

(22]

23]

Abstract

of anthropogenic avtivities on the groundwater hydrology and
chemistry in Tarsus coastal plain(Mersin, SE Turkey) using
fuzzy clustering, multivariate statistics and GIS techniques[J].
Joural of Hydrology.2012,414/415:435-451,

EEL, AN BMER. L EB B TR R R SRS
K—F () MEERIID K30 B T8 4 5, 2016,43(1):
111-116.

s, WML ERE, %, BEEREE X T KL ERHIE R
BRAF RS TI]. P EAERE . 2014.33(1D:15-21.
BESBEMNMIE, % LRBIEREKHE T KAREwEAN
K—EERig AR A [)]. K 30 T8 # R, 2007, 35
(5):37-42.

Kumar P J S. Evolution of groundwater chemistry in and a-
round Vaniyambadi Industrial Area: Differentiating the natural
and anthropogenic sources of contamination[J]. Chemie Der
Erde-Geochemistry,2014,74(4) :641-651.
BRSPS, F. ERARERE T KRE KIS
BRICEFER LI A ,2014,35(4):1290-1296.
Marghade D, Malpe D B,Rao N S. Identification of controlling
processes of groundwater quality in a developing urban area u-
sing principal component analysis[J]. Environmental Earth
Sciences,2015,74(7) :5919-5933.

Kaitantzian A, Kelepertzis E, Kelepertsis A, Evaluation of the
Sources of Contamination in the Suburban Area of Koropi-

Markopoulo, Athens, Greece[]]. Bulletin of Environmental

[24]

[25]

[26]

[27]

[28]

(29]

[30]

(31]

Contamination and Toxicology,2013,91(1):23-28.

Zhou ] W,Zhang Y P,Zhou A G. et al. Application of hydro-
chemistry and stable isotopes (delta S-34, delta (-18 and delta
C1-37) to trace natural and anthropogenic influences on the
quality of groundwater in the piedmont region, Shijiazhuang,
China[J]. Applied Geochemistry,2016,71:63-72.

KR, RFEE, AER KSULREFERERIM]. JER R H
M3, 1993:140-142.

FRE.ENLBHE .S ABBEHIVNEFTREXER
WTFKAEEHRFETEAZE]] KIRSFRSHE,
2007,16(4) :54-518,

BWERGE,FTAE.F ARLUTERRBRK-RERT
AR RE]. AAHT,2015,29(2): 229-237,

Han D M, Song X F, Currell M J. Identification of anthropo-
genic and natural inputs of sulfate into a karstic coastal ground-
water system in northeast China: evidence from major ions,
delta C-13(DIC) and delta $-34 (SO,) [J]. Hydrology and
Earth System Sciences,2016,20(5) :1983-1999,

KRz EWE. % SRR TRKERETRRENE
R RREL]] BB P E R KESER,2012,37(2);
350-356.

KA. R PRWEFERLSRREMERNRE(D]L. K
#.HHKE, 2012

ERF. TSR SAIM] LR & F8F iR, 2007,
14-17.

Identification of hydrochemical sensitive factors of karst

groundwater in different functional urban areas

ZHU Danni'?, ZOU Shengzhang'?, ZHOU Changsong'?, LI Lujuan'?, XIE Hao'*?
(1. Institute o f Karst Geology , CAGS, Guilin,Guangxi 541004, China;
2. Key Laboratory of Karst Dynamics , MNR8-GZAR, Guilin,Guangxi 541004, China)

With the development of urbanization in Southwest China, the environmental pressure of karst

groundwater has increased rapidly in urban areas and the water quality has deteriorated significantly. To fur-

ther address this issue, this work collected 86 sets of groundwater samples from four typical cities(Zhunyi,

Guilin, Guiyang, Loudi)in the karst areas of southwestern China mainland. Analyses of descriptive statis-

tics, variation coefficients and principal component were conducted to reveal the chemical characteristics of

karst groundwater and sensitive factors susceptible to human activities. The results show that the concentra-
tions of electric conductivity, total hardness, TDS, Na* ,Mg**,Cl™, SO%, NO; and Mn are highest in in-

dustrial zones, the second in commercial residential areas, and the lowest in conjunctions of suburbs, While

the contents of K™, NH; and NO; are the highest in commercial residential areas. In the study areas,

chemical compositions of groundwater generally have higher spatial variability. The sensitive factors of in-

dustrial zones include SO3™, I~
NO; and NOj , while the main sensitive indicators of suburbs are Na*, Mg?*
Key words

and Fe, and the sensitive indexes of commercial residential areas are Na™ ,

, and NO; .

karst groundwater, urban functional area, hydrochemistry, sensitive factor
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