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Abstract: The chemical composition of spring water is increasing year by year, and there are man-
y factors affecting water quality. There are three “limestone skylight” distributed in and near the
exposed area of Jinan spring group, with an area of about 0.6 km?. They are the hydraulic con-
nec-tion point between pore water and karst water, which is easy to cause spring water pollution.
Based on the test data of groundwater samples around the “limestone skylight” and the test data
of skylight karst water and regional karst water samples, the hydrochemical components are stud-
ied by using the theory of hydrodynamic field and hydrochemical field. The results show that the
pore water of “limestone skylight” is easy to be polluted. The pore water level in dry season is

higher than that of karst water and the polluted pore water supplies karst water. Therefore, the
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“limestone skylight” is one of the factors affecting the Hydrochemical Composition of spring water.

Keywords: Jinan; spring water; hydrochemical composition; “limestone skylight”
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Fig. 1 Distribution of water samples in the study area and hydrogeological map of karst water at the core
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Tab.1 The data of hydrochemical component of groundwater samples(mg/1.)

SAVDL =2 N
X 45k Na' Ca?' Mg? " SO.2~ HCO; NO; ~ WAk mEER KR
Ko 68.57 83. 24 15. 04 100. 40 154. 78 179. 37 11. 80 660. 03 269. 77
#HiHT
Lo 65. 71 100. 95 16. 11 98. 70 145. 67 186. 19 11. 60 651. 85 318.42
L, 68. 00 175. 34 19. 87 131.03 161. 61 367. 83 58.95 1009.22  519.65
[ 1k /N2
Y 18.75 118. 67 17.19 49. 35 75. 11 279. 28 14. 80 620. 55 367.07
Ko 72. 00 154. 97 25. 24 111. 46 177. 54 345.12 49. 20 956. 62 490. 90
REREETE T Lo 46. 67 38.08 12. 89 62. 96 75.11 95. 36 4.13 345.57 148.15
Yo 14.29 94. 76 19. 33 32.33 70. 56 247. 49 30. 50 522. 86 316. 21
Ki, 84. 00 143. 46 22. 56 110. 61 184. 27 379. 18 49. 50 1039.53  451.10
B T
L2 86. 00 121. 32 10. 74 116.57 136.57 213.43 44. 75 799. 20 347.17
i e
Jemw K 68.57 123.98 29. 00 82.53 127. 46 413. 24 18.07 894. 97 128. 99 it
H stk X ) 14,
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K; 87.50 162. 94 23.63 148. 05 172. 99 435. 95 34. 62 1131.76  504.17
Tt B ~ _
. L; 55. 00 109. 81 19. 87 91. 04 95. 60 299. 71 40. 00 739.77 356. 01
LI G
Yo 25. 71 109. 81 20. 41 .05 68. 28 277.01 11. 96 610. 22 358.23
Ks 87. 69 60. 22 26. 85 129. 33 182. 09 281. 55 3.27 878.98 260. 93
AR L 88. 00 147. 00 28. 46 131.03 163. 88 535. 85 3.03 1190.32  484.27
Yo 18.75 102.73 17.19 40. 84 63.73 274. 74 39. 83 574.54 327.27
Kig 72. 00 130. 18 32.22 91. 89 77.39 517. 69 21. 81 982. 39 457.73
KA RG]
Lis 31.11 136. 38 33. 30 88. 49 77. 39 367. 83 58.75 819. 40 477.63
Bk R Qs 12.50 88. 56 21. 48 27.23 50. 08 256. 57 24.71 497. 33 309. 58
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B S; 5.56 100. 63 14. 98 18. 66 91. 28 244. 22 515. 56 312. 95
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Fig. 2 Characteristic diagram of chemical composition of pore water
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Fg. 3 Variation trend of hydrochemical components of pore water from 2003 to 2010 year
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Fig. 4 Chemical composition characteristics of fracture water
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Fig. 5 Variation trend of hydrochemical components of spring water for many years
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Tab. 3 Variable correlation classification table — S =% — N
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BORRC HADS AR BEC RmX fIEAB 5 07 2% 1 43 HE 3% (3R 5) Iy 2% e i 16 775 43
0.8~1 0.6~0.8 0.4~0.6 0.2~0.4 0~0.2 %E%%(%E{ 6)
x4 TEHEIRELEERER
Tab. 4 Variable index correlation matrix table
K* Na' Ca?* Mg?* Cl—- SOF~ HCO; NO; Ak pH
K+ 1. 000 0.774 0. 390 0.514 0. 824 0.769 0.037 —. 189 0. 848 —. 097
Na™ 0.774 1. 000 —0.122 0.639 0.982 0. 875 —0.402 —0.451 0.622 —0.428
Ca?* 0. 390 —0.122 1. 000 —0.011 0.043 0.029 0. 807 0.525 0. 669 0.231
Mg?* 0.514 0.639 —0.011 1. 000 0.627 0.670 0.012 —0.427 0. 591 —0.197
Cl 0. 824 0.982 0.043 0.627 1. 000 0. 880 —0. 286 —0. 352 0.727 —0. 444
SO~ 0.769 0. 875 0.029 0.670 0. 880 1. 000 —0. 367 —0.333 0. 680 —0. 384
HCO3 0. 037 —0.402 0. 807 0.012 —0. 286 —0. 367 1. 000 0.414 0. 385 0.501
NO; —0.189 —0.451 0.525 —0.427 —0. 352 —0.333 0.414 1. 000 0.083 0.151
B AL 0. 848 0. 622 0. 669 0.591 0.727 0. 680 0. 385 0. 083 1. 000 —0.067
pH —0.097 —0.428 0.231 —0.197 —0. 444 —0. 384 0.501 0.151 —0.067 1. 000
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WAL BE — Sl 500 ~600 mg/L, AR & BF 58 50
TR B 5 0 Ak BE R AR 23 BT LA 6.

M 5.5 6 AT LU . SPSS H sh# B 2 4~
EHT 22 BRUE R 77.873% ., Ho 58 1
F ik 50.062% . |1 CI7 K .SOF \Na' \Mg*" fig"
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Tab. 5 Factor eigenvalue and variance percentage table
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Tab. 6 Matrix table of factor scores after variance rotation

FHAE{E VE R ACP BROD RERT 1 e sE BT 2
1 5. 006 50. 062 50. 062 K+ 0.911 0. 147
2 2.781 27.811 77.873 Na' 0. 895 —0. 382
3 0.993 9.931 87. 804 Ca?" 0. 281 0.914
4 0.583 5. 826 93. 630 Mg?" 0. 735 —0.133
5 0. 363 3.628 97.259 Cl— 0. 940 —0. 246
6 0.176 1. 759 99.017 SOF~ 0. 900 —0. 266
7 0. 086 0. 858 99. 875 HCO3z —0.042 0.921
8 0.010 0. 104 99.979 NO; —0.270 0. 646
9 0. 002 0.018 99.997 WAk B 0. 886 0. 456
10 0. 000 0.003 100. 000 pH —0. 304 0.517
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Fig. 6 Analysis chart of total hardness and mineralization degree of karst water
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Fig. 7 Comparison of hydrochemical components of pore water and karst water in limestone skylight
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Tab. 7 Change table of partial ion content

in pore water(mg/L)

EMOR Na* Cl SOF~ NO;
i B S (Ko 87.50 148. 05 172.99  34.62
BB (Ks) 87. 69 129. 33 182. 09 3.27
BN T (Kiz) 84. 00 110. 61 184.27  49.50
T ] (Kag) 72.00 91. 89 77. 39 21. 82
EME" Na*t cl- SO7 NO;
R (Kg) 22. 86 40. 84 86. 49 40. 58
B9 R L] (Ko 140. 00 177. 83 168.43  99.48
SR P T (K) 72. 00 111. 46 177.54  49.20

K PERE T (Ki) 68.57 82.53 127.46  18.07
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x8 HEKBIBFEIELHR(mg/L) YIE M 32.35 mg/L, K& X NO, & & —fKTF

Tab. 8 Change table of partial ion content

in karst water(mg/L)

E[AE IR Na* Cl- SOF~ NO;
RO CY ) 33.33 62. 96 43. 25 30. 89
s AL (Y1) 25.71 51.05 68. 28 41. 96
AR (YD 18.75 40. 84 63.73 39. 83
APEH YD 16. 67 34.03 63.73 25. 27
mdbm Iy Na' cl- SO7~ NO;
AN (Y 18.75 49. 35 75. 11 44. 80
R (Y o) 17. 50 41. 69 66. 01 38.55
B R IbTT (YY) 31,11 51.05 106.98  31.06
SR PG (Y 2) 14. 29 32.33 70. 56 30. 50
RG] v Na*t cl- S0% NO;
P BEBE(Yis) 32. 00 53.18 71.71 46. 55
HleH (Y 16. 67 33.18 68. 28 26. 55
XU E (Y 25.71 56. 16 106.98  42.73

K8 /R MNERVFERERAAX . .HE X
SOt — M AE 85.00 mg/L A2 45 ¥ 3. ¥ g fH << 10
mg/ L s R B X BR IR SC R 1 4h . &8 KT 106. 00 mg/
L #MA X R IX Cl — i #E 40. 00~50. 00 mg/L,
%%TIX Cl #8 K T 56.00 mg/L; #h %5 X, 12 I X
NO, &t — 4 20. 00 ~40. 00 mg/L Z [\ 7% 5,

160 1
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80 |
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Fig. 8 Comparison of hydrochemical components of regional karst water and skylight karst water
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Fig. 9 Comparison of hydrochemical components of karst water in Main Runoff zone and skylight karst water
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Tab. 9 Comparison of water quality between skylight and limestone skylight in western suburb(mg/L.)

KAk 2 4 gy X [E fE

T X

Na* CaZ*t Mg?* Cl SO7~ HCO5 NO3 AL SR R
R . 13. 70~ 57.72~ 12. 76 ~ 23. 04~ 45. 63~ 171. 64~ 7.96~ 346. 93~ 196. 66~
PN
14. 96 80. 56 16. 29 36. 87 55.71 232. 94 34.01 450. 73 268. 21
. 25.71~ 113. 25~ 20. 94~ 56. 16~ 43. 25~ 276. 48~ 30. 89~ 657. 51~ 369. 28~
WERE
41. 37 144. 49 24. 67 73.74 119. 88 338. 31 54. 84 781. 81 462. 37

Frp ] LB K AR b 2 A v A2 B JE P R A BE
P 2% 21 o O B BT LIRS A I K OK R 8
U TR G R R — i 10 m Z2 47 FLBUK A
3/ EE RSN AR N

CL R 8 X LB o A A 3 Ak A K™ s
T FRZY 0. 6 km® . &L BLK 5 55 7 7K 7K J7 1K &R L T
R EH U EN TSR NSN GV S Lty (R7E S UN
Bt ASLBUK

() BEAE R T B Ry 9K SCHL 4544
FIRRWE G B L RS AT B R
PN KRBT S A Y FLBRUK B i 2 15 3t

(IR T B n AR R H il
U KBTS B FLBR K A8 b 25 2 K L kb g e,
GINB U IRCE R S R R KR 2 oy TR
Z—

(IR A KT R SR 7K IK AR 24 453 52 Wil A7 A 25
S ST I ) R R R B R X RIS SO
Na® [y35 K B R R R RE X LB SO .CL
NO; 3K PRCim IR X FEH A CL  Na®
K,

2 % Lk (References) :

TRZERE R SL A . T B SR I K B B 5 KR SR X SR
(7. Mo 5 8 45 55 8 55, 2008, 31(3) : 209-213.

XU Junxiang, XING Liting. Numerical prediction for the
karst groundwater and spring protection in jinan karst
spring region[ J]. Geological Survey and Research.,2008,
31(3):209-213.

TSz 55 AR 5 220 . R g SR BUA K R BT BUIR 5 O 3 5k
(1] Br R 244 CA AR B D 2006, 20(4) - 345-349.

XING Liting, LU Min, HU Lanying. Present situation and



248 Piodb oMb SR

NORTHWESTERN GEOLOGY

2022 4

Protection Countermeasures of karst water environment
in Jinan spring region [J]. Journal of University of Jinan
(Science and Technology) .2006.,20(4) :345-349.

JBSZ5s . B pa A3 W R ORI R A R sE )] A R,
2007,29(2) :46-47.

XING Liting. Research on karst water exploitation layout Ji-
nan spring region[ J]. Yellow River,2007,29(2) ;46-47.

B It & LU B SR . U e M X 2R 1 b - K S B
IR T ILARA M = & JF % RN O —
IR SCHl 5T TR M BT R BA L 1984,

BRBK . LA LB R R A T T AR OR B R
MrlTJ. o E #2002, 21(3) :202-205.

LI Dagiu, GAO Yan, WANG Zhiguo, et al. Analysis on the
Variations of Groundwater Quality in Jinan Spring Basin
[J7]. Carsologica Sinica,2002,21(3):202-205.

REHE WSS A E LS L B RO T R BB AL L5 AR
LT AR S B TR 57,2004 (6) : 69-73.

XU Junxiang, XING Liting, TONG Guangyu, et al. Evolu-
tion and protection of groundwater environment in Jinan
spring region [ J]. Hydrogeology &. Eegineering Geolo-
g2y,2004(6) :69-73.

L L WAL A L T R SR U VA K OK B AR
Wrgz[J]. 107K [ 4 %25 . 2004, 20(1) :35-38.

LI Changsuo, HU Aimin, YOU Qijun, et al. The Research
into the Evolvement Trend of Karsts Water Quality for
Fountain Areas in Jinan [J]. Land and Resources in
Shandong Province,2004,20(1) :35-38.

Wi 2 XA AR GE L . B IR 7K K AL o AR AR S F 5
[T KBRS 7K TAE#41.2016.,27(1) :59-64.

YANG Lizhi, LIU Chunhua, QI Xiaofan. Study on charac-
teristic variation of hydro-chemistry of Jinan spring[]J].
Journal of Water Resources and Water Engineering.

2016,27(1) :59-64.

S L B R, 00 A L A L R T P S R X S K
W AT ST LR 55 B - Ll AR A b BT 7= i A 0T R R L O —
7K SCHB JBE A M BT A BA . 2010,

TS5, AR AR 14 5 . B R I R AR B SR KRR 4 o TR
HARTTIT]. M2 R 2% . 2018,25(3) : 260-272.

XING Liting, ZHOU Juan, SONG Guangzeng, et al. Mix-
ing ratios of recharging water sources for the four lar-
gest spring groups in Jinan[J|. Earth Science Fron-
tiers,2018,25(3) :260-272.

ZE R . KA A S T KK AL 2 R AR B R R
(1. Mo R A 41 . 2012, 31(2) : 106-111.

QIN Bing. LI Junxia. Hydrochemistry and Occurrence of
High Fluoride Groundwater in Datong Basin[]J]. Geo-
logical Science and Technology Information, 2012, 31
(2):106-111.

FIAR /N 25 . 00 7 SRR PR AT 38 38 R K Ak 2= R AR A 5 (.
PG b ML 5 . 2007,40(3) : 105-110.

BAI Fu, YANG Xiaohui. Hydrochem ica Characteristics of
Groundwater of the Heihe Basin in the Hexi Corridor,
Gan su Province [ J]. Northwestern Geology. 2007, 40
(3):105-110.

JE 2% L BOE , A2, A5 . R IR DX M T BAOK b R Al 2 AR A
LT, Pk, 2012,45(2) :139-145.

ZHOU Xin, MA Zhiyuan, LI Ting, et al. Simulation of Ge-
ochemical Evolution of Geothermal Beneath the Xian-
yang City, Shaanxi Province[ J]. Northwestern Geology,
2012,45(2) :139-145.

TS A L R A - 55 . B i SR A VR AR W E R AR LT .
Rl R 5 T#8,2017,17(17) . 57-65.

XING Liting, LI Changsuo, ZHOU Juan, et al. The charac-
teristics of karst channel in the spring of Jinan spring
region[ J]. Science Technology and Engineering,2017,17
(17) :57-65.



