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Fig. 1 Hydrogeological map of the study area
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311 KACFREE A

AR TR K HUAS ) 128 A 7KORE A W T £ 805 3 51 5
A SPSS #4743 #r, HARGE S ULZE 1. HikH pH %
KAH A 8.64, Fe/ME N 6.77, ¥4 H BRAE ) 58 S A 1R 7K
ARG, EEME: IR R (743) >KF(739) >R
(7.25); TDS & & e KAE A 918.00 mg-L ™', H Bl K
FHEK RGN, Fe/MEH 312.00 mg- L, BB
RIAE KRG, FIME: £F(647.21) mgL'>
F 5% (526.05) mg-L'> % if (488.27) mg-L''; TH
RKAEH 777 mg L', HBLTE HIR AR KRG, B
/MEN 234.00 mg L', HY TR B 5 IR R K R G,
S ¥ fH K 2 (480.50) mg L '> [ 5% (42529)
mg- L' > 5 5% (343.90) mg- L', F/KWIH pH,
GEIRPE (7.75) > IR IA (7.72) > K ZEHE(7.61),
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224 A 2023 4F
F 1 FKEFEKE KL EEESIHE
Table 1 Statistical values of water chemistry characteristics in the wet season and the dry season
K T 1R
A RK WS RN Rk RS N Rk P8
fti/ A/ o ;;E fti/ fei/ L %’; fti/ A/ i/ ;;E
mgl” mgLl' mgL' mgl” mgLl' mgL' T mgl” mgL' mgL'
pH 7.14 7.57 739  0.02 6.77 8.64 7.43  0.05 6.91 7.69 7.25  0.03
TDS  334.00 918.00 647.21 0.25 312.00 710.00 48827 0.21 362.00 792.00 526.05 0.25
TH 269.00 681.00 480.50 0.28 234.00 512.00 34390 0.22 247.00 777.00 42529 0.31
Na’ 9.05 58.20 28.07 0.36 7.00 115.00 28.61 1.12 6.50 107.00 17.74 212
i K 0.20 5.90 123 0.53 0.50 17.00 1.97 0.90 0.30 3.00 099 1.20
Ko Ca” 76.80 216.00 15023 1.14 4290 163.00 103.20 1.57 73.80 250.00 132.15 0.62
e Mg™ 16.20 44.20 25.69 0.30 10.80 30.80 2098 0.28 13.80 41.00 23.13  0.33
Cl 22.90 103.00 5695 0.28 1420 164.10 46.24  0.22 13.60 101.00 3279 0.34
Nejn 33.50 197.00 117.64 0.51 48.90 175.00 94.06 0.67 41.70 542.00 12583  0.65
HCO;  232.00 408.00 305.36 042 144.00 381.00 25290 0.37 182.00 434.00 304.05 092
NO3 11.50 238.00 96.24  0.17 12.40  155.00 3898 0.23 8.90 73.20 3532 0.22
pH 7.40 7.90 7.61  0.02 7.20 8.50 7.75 0.04 7.30 8.00 772 0.02
TDS 33500 1218.00 713.64 0.37 330.00 868.00 517.33 0.28 375.00 1075.00 532.71 0.31
TH 265.71 862.69 518.74 035 248.20 593.47 37442 0.24 242.19 779.62  420.19 0.29
Na’ 16.71 60.46 33.19  0.26 7.92  149.00 3288 1.11 4.09 97.54 16.44  0.64
= K 0.15 6.40 1.14 041 0.45 5.51 142 0.82 0.05 1.86 0.68 1.18
Ko ca” 76.75 300.00 167.49 1.38 69.14 20441 116.17 0.81 74.75 252.30  134.14  0.79
] Mg™ 15.56 43.26 2441 039 8.87 39.62 2048  0.29 9.60 36.34 20.70  0.32
cr 20.45 110.77 63.56 0.32 1023 122.70 4471 027 6.82 61.35 25.89 0.35
S03" 48.44 212.23  146.08 0.52 6690 328.16 127.33 0.66 59.07 61695 14448 0.66
NO3 9.60 38320 110.66 0.41 222 15875 39.26 042 6.18 89.00 37.04 091
HCO;  250.70 407.77 308.84  0.93 137.13  389.64 251.30 0.77 211.43 377.56 288.16 0.52
4 1218.00 mg'L ', HEAEKZ AR KRG, Fe/h A R WK AL F RRAE A HUAY piper =2k 18] (K 2).

{H0 330 mg-L ', B0 B 28 S5 /K R 455 SRl
TH: K 2 {4 (518.74) mg'L'> [ & (429.19)

mg'L ' >R (374.42) mg-L, fe KA 862.69 mg-L ™,

WITE K AV K 255, fie/IMA 24219 mg L', HiFL
TEFUR A K R G W KR S B IR B 8 2
P Ca”>Na'>Mg" >K", HCO; > SO} >Cl >NO;
A, Hoh (o A K TE F KL Ca®' > Mg >
Na'>K (R AR R 7K BT An v (GB/T 2005),
WF5E X N >90% MK KE B A5 & 2K AR, 5
2013 AEAH L, RERST PR FE BT 34 5 s AT 2013

@ COD 758 15, Td BH A b X A LR
B 2013 4E TR,
312 RKALFER

He i 2 I ZKORE BB AL AQQA 1, LA

M 2 AIE ), MK 2 | B2 SRR SR R KRR
MBI A ZEE X T XAV X, R SO, Cl-
Ca-Mg il HCO;-Ca-Mg Rk, Hovh, B2 3R 5%
W EZ AT 1 XOKFE R Z, i SO, Cl-Ca-Mg #Y
K R KEE S EE A4 EN X, S8 HCOs-
Ca-Mg B 57K o AKBE ASTE = X 3 253 1 7
A X, B X E X, AR RSB ERIRA . Hr,
KZKBE SR OMTE A X, E X, 45 R I H AR IR

B PG IRIKEE RiBR A X EE% AN KR KLy
A7E B X, A58 — B R SRR 5 UK F R K A

A AIKEE S TE F X, IR ER R, /KA S
TR X, S A WO R, FKI, =AE KR
G K FE SR B MK 40 A — B, P 258 XK, 19
RIWHBKRGH WA KE S HAET X, N
SO, Cl-Na BU7K A 7K, = IX IR # 58 SRAF 22 WA~ 0
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Fig. 2 Piper three-line diagram of water chemistry in the dry season and the wet season
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Table 3  Evaluation results of water quality of each water sample in Changxiao karst water system

ik | I m \% VR Kk | Il m \% Vo 4R

TYIC11 002 005 026 039 0.00 \Y TYJlCi1l1  0.02 012 024 055 0.00 I\
TYJC18  0.01 003 004 011 0.79 A TYJC18  0.01 0.06 0.07 014 044 \Y
TYJ99 0.02 0.07 034 048 0.00 \Y TYJI99 0.02 0.08 036 050 0.00 v
TYJ67 0.01 0.04 008 016 0.70 A TYJ67 0.01 0.04 015 007 0.72 V
TYJ92 006 046 048 0.00 0.00 I TYJ92 0.07 035 059 000 0.00 I
TYJC22 0.02 005 014 046 0.18 I\ TYJC22 002 0.05 023 044 0.20 I\
Kz TYJ688 003 0.02 023 059 0.17 \Y TYJ688 0.02 0.03 021 0.58  0.19 v
TYJ689 0.07 044 050 0.00 0.00 | TYJ689  0.07 0.19 060 0.15 0.00 i
TYJC24 0.02 007 030 055 0.00 \Y TYJC24 0.03 012 045 040 0.00 I
TYJ158 002 006 029 063 0.00 I\ TYJ158 0.02 0.07 029 0.6l 0.00 I\
TYJ61 0.03 0.08 035 054 0.00 \Y TYJ61 0.02 0.07 034 058 0.00 v
TYJ60 004 018 065 0.14 0.00 | TYJ60 0.15 0.01 0.84 0.00 0.00 i
TYJ-CL  0.01 0.04 0.07 018 0.70 N TYJ-CL 0.03 0.14 055 029 0.00 I
TYJC15  0.01 0.07 0.08 0.09 075 A TYJC15  0.01 0.08 0.08 016 037 v

x4 BREBKRFEKEXFIFMER

Table 4 Evaluation results of water quality of each water sample in Baiquan karst water system

MK | Il | Y \i a4 ki | II il \Y N 45

TYJ466 0.03  0.11 057 029 0.00 I TYJ466 004 030 0.63 0.03 0.00 |
TYJ295 0.02 021 0.56 021 0.00 I TYJ295 002 010 052 036 0.00 |
TYJ485 0.01 0.11 0.11 058 025 \Y TYJ485 0.01 0.10  0.21 0.51 0.00 \Y
TYJ460 0.02 0.11 0.18 054 0.00 v TYJ460 000 045 053 0.02 0.00 |
TYJ501 0.02 0.04 035 047 0.00 \Y TYJ501 003 0.04 052 042 0.00 |
TYJ502 0.02 046 052 0.01 0.00 I TYJ502 002 0.03 0.08 030 0.07 \Y
TYJ489 0.03 0.03 033 054 0.00 \Y TYJ489 003 016 057 024 0.00 |
TYJ491 0.03 0.18 0.69 0.09 0.00 I TYJ491 003 013 053 031 0.00 |
TYJ495 0.03 0.03 065 030 0.00 I TYJ495 003 018 0.64 016 0.00 |
TYJI506 0.02 0.02 0.08 010 032 A TYJ506 0.01 0.01 0.10 0.07 0.82 v
SEN TYI267 0.03 019 0.67 0.11 0.00 I TYJ267 003 014 049 034 0.00 |
TYJ-BQ  0.03  0.11 0.53 033  0.00 I TYJ-BQ 002 0.15 042 041 0.00 |
TYJ268 003 014 073 0.10 0.00 I TYJ268 0.03  0.11 0.66 020  0.00 |
TYIC71 0.01 0.02 0.01 0.12  0.83 A TYIC71 005 015 0.68 0.12 0.00 |
TYJ412 002 013 056 028 0.00 I TYJ412 002 005 035 029 0.00 |
TYJ690 0.02 013 057 027 0.00 I TYJ690 002 012 020 057 0.00 \Y
TYI560 0.03 0.05 0.61 0.31 0.00 I TYJ560 003 003 024 034 0.00 \Y
TYJ452 0.03 0.03 029 053 0.00 v TYJ452 004 022 060 015 0.00 |
TYJ455 002 013 050 035 0.00 I TYJ455 003 0.18 058 021 0.00 |
TYJ694 0.04 016 0.60 0.21 0.00 I TYJ694 004 0.17 050 030 0.00 |
TYI564 0.03 017 064 0.16 0.00 I TYJ564 002 005 033 033 0.00 1

FETG SR, 5F B A OK RGUKBUEM R B Gk B2, V 2K & s, HEIRER 1Y & i
b, XA K R GUK B R A SRR TH WARXS &, B 22K IR 52 N 2R 3 2 K,
T ORI THe 4 2R i, KA TR R 7K XA FH 23 A T RROR, it AR IS X 7 K &R 4e
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Table 5 Evaluation results of water quality of each water sample in Baotu Spring karst water system
7k 1 I | I v \Y EEE S FKH I | I v \Y T
TYJ684 004 0.13 058 025 0.00 m TYJ684  0.03 0.13 055 029 0.00 Il
TYJ231 002 0.11 043 044 0.00 v TYJ231 0.02 0.08 0.15 035 036 A
TYJ243 002 0.09 032 053 0.00 \Y TYJ243  0.03 0.17 0.66 0.15 0.00 |
TYJ263 0.02 0.08 0.17 0.67 0.00 v TYJ263 0.03 0.14 052 031 0.00 I
TYJ272 002 0.08 051 040 0.00 | TYJ272 0.03 0.14 041 042 0.00 \Y
TYJ424 001 0.06 0.15 0.18 033 N TYJ424  0.04 0.15 044 037 0.00 I
TYJ254 004 0.16 063 0.17 0.00 | TYJ254 0.03 024 0.67 006 0.00 |
TYJ650 0.03 0.13 055 0.29 0.00 I TYJ650 0.03 0.16 0.59 022 0.00 I
TYJC45 003 0.16 050 031 0.00 | TYJC45 005 028 0.67 0.01 0.00 |
TYJC54 0.04 0.15 0.61 020 0.00 I TYJC54 003 0.16 058 023 0.00 I
TYJ199 004 040 056 0.00 0.00 | TYJI99 0.05 035 059 002 0.00 |
TYJ141 0.03 0.14 066 0.17 0.00 I TYJ141 0.05 022 073 0.01 0.00 I
TYJ696 005 021 074 0.01 0.00 | TYJ696  0.06 047 048 0.00 0.00 |
TYJQ20 0.02 0.08 0.18 050 0.22 \Y TYJQ20 0.04 0.18 0.61 0.17 0.00 I
g TYJ276 003 0.04 043 050 0.00 \Y TYJ276  0.03 0.15 0.51 032 0.00 |

TYJ228 002 0.11 028 0.58 0.00 v TYJ228 0.00 028 0.66 006 0.00 I
TYJ699 005 036 058 0.00 0.00 | TYJ699  0.03 026 0.68 0.02 0.00 |
TYJC30 0.05 027 0.67 0.01 0.00 I TYJC30 0.03 0.10 0.72 0.15 0.00 I
TYJ703 007 024 070 0.00 0.00 | TYJ703  0.05 052 043 000 0.00 Il
TYJC58 0.03 0.15 057 025 0.00 I TYJC58 0.02 005 0.19 047 0.13 \Y
TYJ245 004 0.16 076 0.04 0.00 | TYJ245 0.03 0.13 052 032 0.00 |
TYJQ15S 0.05 0.16 0.78 0.02 0.00 I TYJQI5 0.02 0.15 051 031 0.00 I
TYJQl6 0.03 0.09 0.57 031 0.00 | TYJQl6  0.03 0.14 038 046 0.00 \Y
TYJ227 0.02 0.10 048 0.39 0.00 I TYJ227 0.03 0.10 0.63 025 0.00 I
TYJC44 003 029 068 0.00 0.00 | TYJC44 003 0.14 0.81 0.02 0.00 |
TYJC55 000 0.05 036 038 0.06 \Y TYJCS5 0.03 0.11 021 0.64 0.00 I\
TYJ-DY 0.05 044 051 0.00 0.00 | TYJ-DY 0.02 0.13 037 048 0.00 \Y
TYJ664 002 0.05 0.16 054 0.19 v TYJ664  0.02 0.15 048 034 0.00 I
TYJ-GC 0.04 0.14 0.61 021 0.00 | TYJ-GC 0.06 049 045 000 0.00 Il
TYJ702 003 0.14 057 026 0.00 m TYJ702  0.00 034 0.62 005 0.00 I
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Fig. 5 Histogram of evaluation results of water quality
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Hydrochemical characteristics and water quality evaluation
of karst water in Jinan City

LIU Wenyuel, GAO Zongjun1 , XU Yuanz, HAN Congl, LUO Zhenjiangz, ZHAO Zhenhua
(1. Shandong University of Science and Technology, Qingdao, Shandong 266590, China; 2. Hydrogeology and Engineering Geology Brigade, Shandong
Provincial Bureau of Geology and Mineral Resources, Jinan, Shandong 251600, China )

Abstract  Karst groundwater is an important source recharge for springs in Jinan, and its water quality directly
affects the effectiveness of spring protection work in this city. In this study, a total of 128 groundwater samples (64
each in the wet season and the dry season) were collected from the main karst hydrogeological units in
Jinan—Changxiao karst water system, Baotu Spring karst water system and Baiquan karst water system in May (the
dry season) and September (the wet season), and their water quality was tested. By means of mathematical statistics,
correlation analysis, Piper three-line diagram, Gibbs model and ion ratio, the hydrochemical characteristics of
groundwater in the study area were analyzed. Besides, the groundwater quality in this area was evaluated
comprehensively by fuzzy evaluation method. The analysis may provide a basis for the hydraulic connection of the
three karst water systems.

Results show that groundwater in the three karst water systems of Changxiao, Baotu Spring and Baiquan are all
weakly alkaline water with low hardness, and TDS values are less than 1,000 mg-L "', among which TDS value and TH
value show as Changxiao>Baiquan>Baotu Springs. The ion concentrations are as follows: Ca’>Na>Mg >K’,
HCO;>S0;>Cl >NO;. The water quality of the three karst water systems is worse in the dry season than in the wet
season. The chemical types of water in Changxiao, Baotu and Baiquan are roughly the same, mainly calcium type and
bicarbonate-mixed water. The Changxiao karst water system and Baotu Spring karst water system are mainly of
SO,-Cl-Ca-Mg type, and the Baiquan karst water system is mainly of HCO;-Ca-Mg type. According to the piper three-
line diagram and the Gibbs diagram, the main groundwater ions in the three karst water systems of Changxiao, Baotu
Spring and Baiquan mainly come from rock weathering. It can be seen from the ion ratio diagram that the main
hydrochemical effects in the study area are from the weathering and dissolution of carbonate rocks and evaporite salts
and cation exchange. More than 50% of the water in the three karst water systems falls into Grade III in both the dry
season and the wet season, indicating that the karst groundwater in the study area is less polluted. Compared with the
water collected from sample points in two seasons, the water quality in the wet season is better than that in the dry
season. The Baotu Spring karst water system has the best water quality, followed by the Baiquan karst water system.

In this study, suggestions on the environmental protection of karst water resources are put forward: (1) The

government should standardize the management of industrial water use, implement a quota system, and avoid
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mainly by raising the karst groundwater level in the western area so as to prevent the westward diversion of
groundwater in the northern runoff process in the southern mountainous area of Baotu Spring. In this process, the
groundwater is concentrated in the spring outcropping area, and hence the spring discharge may increase. On the
condition of protecting the nature infiltration of leakage zone, we can fully explore the water replenishment function
and increase the replenishment of major leakage zones of the Yufu river by water diversion, ecological restoration and
pollution control. The research finding shows that delimiting major protection areas for leakage zones is important for
us to ensure the continuous gushing of springs. This study also provides a basis for the accurate and scientific
protection of springs as well as technical support for urban development planning and protection of the famous springs

in Jinan.

Key words the region of Baotu Spring, major leakage zone, leakage recharge, protection of karst springs
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unreasonable use of water resources. (2) Transporting sewage channels, pipelines and oil pipelines through protection
area of water source should be prohibited. (3) The construction of oil depots in protection areas should be prohibited.
(4) The government and institution should gradually improve the irrigation system in agriculture, and actively
introduce new technologies and techniques to save water. (5) The government and related institutions should heighten
citizens' awareness of water conservation and water resources protection, and promote standardized water resources

management.

Key words Kkarst area, groundwater, water quality evaluation, hydrochemical analysis, fuzzy evaluation
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