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Fig. 1

Water sample distribution map in Jinci spring area



ERVE R ]

T YLAE 2T EOF Al M-K A E 4 SR80 3 3 T 2K OK Ao i 28 A AR AR AiE 70 A7 693

3.1 KK EZESETREFESH

T ] SR S T L Y A K R G . BT LT
P4 5 N K SCHl BT S5 R 25 5, KAk 2R 3 Th 4 BE R A R
N A AR A LA B S A DX ek A A RRAE . R Mat-
lab B AR FE R (1) — (2)XF 2001 — 2014 F i) IR 5l 7
WHLTF KR 7 RABHE F (K" +Na' ,Ca”" \Mg*" |
HCO; .SO% .Cl7).pH {4 Lk} TDS #4171 EOF 4%
fife RAEAE X BTSRRI S R E 1. g1

AL R KT+ Na® S, KB 2R 1 FF1E W)
W 2ZTTERR AR T 84 % L s KT+ Na' B R
2 AFRIE ) BT 2 TTEROR IR B 91, 94 %6, 5 1
YR 7 Z TR 77,67 %, W R E IR, K2 K
BT EER AR 1 RRAE 1] B 19 28 (8] 40 A R AR R T rp %
R 1 RIE ) Y R IR R R E RS R
SRIT N 1) 23 18] A Ak R S AH TR

®1 ERTEHESRITR

Table 1 Statistical table of cumulative contribution rate
pH Ca?t Mg?+ K* 4 Na" HCO3 cl SO7 TDS
R 8.43E+03 2.29E+06 2.21E+05 4. 49E+05 9. 13E+06 2. 75E+05 1. 19E+07 6. 47TE+07
3.33E+00 1. 84E+04 2. 28E+04 8. 26E-+04 7.36E+04 7.03E+03 2.04E+05 1. 28E+06
BURR A Dy 99.92 98. 32 84. 80 77.67 98. 22 95.91 96. 63 96. 23
0. 04 0.79 8.76 14. 28 0.79 2.45 1.65 1.90
BHTEER G 99.92 98. 32 84. 80 77.67 98. 22 95.91 96. 63 96. 23
99. 96 99.11 93.56 91.94 99. 02 98. 36 98. 28 98.13

A& 2 AT pH (A B 55 1 4R AF ) 2 AP Jb 38 1)
T T2 T R /0N, AE L HE S DX F 2R b ) R P A T
AN BTG R R A DXy 38 BT SR Al AR X, R
A bR 7K H PR K R M K B . Cat Al Mgt )
23 (] 3 A FUAEEARAL , HE 2 i 24 2 b b 1m) e 2 B R
AR AT HE DX 2R b ) 7Y R O RS R, Ui b
it AR X, S SR AL Ay e (B X, W ¥ o B DA A 7l A8
b X A5 T B M DX e 5 K+ Na™ fl 74 1) 2R 8 9 T
TR 43 DX S0 B S - B B A A TR SR el B
Ab i EEFIVEHE W TR . BT HCO, i
P Ib ) 2R e 2 B T e e e A AR AL ER ok
S, DX i A AR, AR A LR v DX v L
FTRE m (E DX BUAE VS %€ — 47 s SO 1925 8] 43 A7 ¢
fiE5 Ca™" A1 Mg AHARL, B J2& i P9 b 1] 7R 7 38 T
1o s FLAR AR XA U 9T b R K R 68 X, fBL X AL T
SRt s CL Y23 8] 3 A 78 7l 32 DL K PG AR 5t Ak 52 9
(B, 76 H A DX 3055 3 WA IC . TDS e b ) w28 W 4
KSRl B ik B 5 =, U T B2 DA RS 1l A8
DX 2 5 L DX

WA i R K B K AR A i A H AR A
DA NZETE S 7 1 R A2, M LR E R
25 (8] o3 A R AE S S AL R AT LU L Ca®' L Mgt

HCO; .SOT {23 [ 28 Ak S S5 A0 L, H T 7K i 2l o 72
T AT A DL B SN W A i
B ik el b ) R R A5 (2R A 58— R A
] b DX T 5 33X 2 T 12 b DX 3 YT b R K X A
IKIZEAE HAE B I ANA AN B R SR B2k E
A v ZUH ZE B [ W g I e om k. CL py E 2k
T2 2B T TR K T A v U R Y R A K Y
PETESE K +Na FHENEEFERE, Hd
BUIE pH E H BUACE X2 i T9% KIS 7 £ 4k
JZ L ¥4 3 B SR A AS [R) J2 067 19 )2 1 B 98 K Gl Al il
S IRt B TP R T HTK I ACE T &K 2 pH E
ph It 1 g 32 /0N 7 AR Ak D DR R B A T K Y
T B B K 2 SR A T IR KA IR A8 1 T ok
55 . 7K Bl 1 A AR B 22 L bR K H 4R A BRBE 1 OA J
IR, bk Ca™ \Mg®™ JHCO; |
SOT 1728 Ak oA ARL , 3R BH 3 DY Fl B - 2 5% 3% X
TDS K/MIEENE K" +Na L& Cl FREK,
X} TDS M A K,
3.2 KW EZERBEITREFLEDT

FIH EOF 43 fiff 45 31 4 22 22 Bl o 18] 71 22 4k il &
(3>, MBI 3 /] LA 4% 22 22 B I [ 1) 728 Ak 1 10
ZREARHE B Ca® Mg (K" +Na' 7£ 2008 4



694

A

o

2018 4E

4220004

421000

420000

419000

418000

4170004

416000

a

1958000

1953000 1960000

1961000

1962000 1963000

1964000

422000

421000

420000

419000

418000

417000

416000

C

BET

1958000

1955000 1960000

1961000

1962000 1963000

1964000

422000

421000

420000

419000

418000

4170004

416000

[

ERMRET

1958000

1953000 1960000

1961000

1962000 1963000

1964000

422000

421000+

420000

419000

418000

417000

416000~

g

BT

1958000

1959000 1960000

1961000

1962000 1963000

1964000

03245

0322

03195

0317

03145

0312

0.3095

0.46

0.16

045

042

039

036

0.27

024

0.04

422000

4210004

420000

419000

418000

417000

416000

b L

1958000

1959000 1960000 1967000 1962000 1963000 1964000

L L L L L L

422000

421000+

420000

419000

418000

417000

416000

HET

d .

1958000

1959000 1960000 1961000 1962000 1963000 1964000

422000

421000

420000

419000

418000

417000

416000

f -

1958000

1953000 1960000 1961000 1962000 1963000 1964000

422000

4210004

420000

419000

418000

4170004

416000

h L

1958000

1959000 1960000 1961000 1962000 1963000 1964000

B2 ESMERE—HBERNEZTESTHE

Fig. 2 The spatial distribution map of first eigenvector for each analysis factors
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Analysis on temporal and spatial variation characteristics of karst groundwater
hydrochemistry in Jinci spring area based on EOF and M-K Models

WANG Kai', ZHENG Xiuging', JIA Zhenxing'?, ZANG Hongfei'

(1. College of Water Resources Science and Engineering , Taiyuan University of Technology, Taiyuan,Shanxi 030024, China;
2. Shanxi Institute o f Water Resources s Taiyuan,Shanxi 030001, China)

Abstract In order to study the temporal and spatial variation of karst groundwater hydrochemistry in Jinci
spring area, based on the water quality data of representative monitoring points of karst groundwater in the
study area from 2001 to 2014, pH, the seven major ions (K™ \Na™ .Ca*" \Mg*" \HCO; .SO? .Cl” )and TDS
were selected as the factors for the water quality assessment. The methods combing Empirical Orthogonal
Function (EOF) decomposition with Mann-Kendall(M-K) mutation analysis were used to separate the tem-
poral and spatial structure of 14 years’ hydrochemistry fields in Jinci spring area. The results show that, (1)
In terms of spatial distribution, pH decrease from north to south in Jinci spring area, the low value region
appears in the south of middle reaches of Fenhe River. The spatial variation trends of Ca®", Mg*", HCO; ,
SO7™ and TDS are similar to that of the pH values, which gradually increase from north to south, and the
contour line of high value appears in Gujiao region. Although the contents of K¥ +-Na® and Cl~ are generally
low in the whole spring area, the contents of K" +-Na™ are relative high in Wangfeng and Xizhai areas at the
boundary of the spring area, and the content of ClI™ increase in Gujiao and Xihuayuan area. (2) In terms of
temporal evolution, from 2001 to 2014, the contents of pH, Mg?", K™ +Na", HCO; and Cl~ fluctuated in
the mean value. The contents of Ca’" and SO?  decreased yearly, and showed a obviously downward trend
after 2008 and 2009. TDS showed a significant downtrend from 2005 to 2007 , while the downward trend was
not remarkable at other periods.

Key words karst water hydrochemistry, temporal and spatial variation characteristics, EOF, Mann-Kendall

mutation analysis, Jinci spring area
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