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Table 1 Statistics of chemical components of groundwater and river water in the study area
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KR i A - - el - — S
Na Ca Mg Cl SO; HCO;3 NOj3 mg-L

wRMH 174.00  311.00 5460  223.00  470.00  481.00  303.00  1380.68  7.43

—— /IME 3320 166.00 2550  110.00  199.00  286.00 11.50 931.00  7.07

LBk FEH 61.51 262.14 4391 155.86 28829  366.02 195.41 1207.13  7.34

PRz 50.40 57.91 9.64 42.96 95.79 73.69  143.19 14319 0.13

S RN 0.82 0.22 0.22 0.28 0.33 0.20 0.12 012  0.02

wRMH 137.00  309.00  51.80  206.00  720.00  463.01  237.00 134754  71.74

/IME 3.84 60.10 9.80 15.10 18.60 116.49 0.22 285.66  17.10

%Mﬁﬁi FHIE 29.07  152.69 2687 7237 138.64  299.92 83.02 67096  7.42
ZABE TR o

FrifE2: 26.11 52.59 10.00 52.67 121.42 56.95 56.92 250.99 0.16

5 5 2R 0.90 0.34 0.37 0.73 0.88 0.19 0.69 037  0.02

YN[ 3070 160.00  33.90 51.00  169.00 29547  127.00 611.58  7.60

- /IMHE 5.18 93.70 11.60 28.40 67.90  194.95 27.80 42737  1.30

s g fi’fﬂﬁ 1596  119.18  21.03 35.05 10195  251.94 71.03 51450  7.47

FrifE2: 11.40 28.62 9.37 10.70 4551 47.49 41.45 76.07 0.12

5 5 Z AL 0.71 0.24 0.45 0.31 0.45 0.19 0.58 0.15  0.02

IS YN :H 153.00  150.00 4540  249.00  468.00  341.00 2390 114031  7.79

/ME 9190  103.00  28.90 5840  220.00  127.94 2.89 766.12  7.40

K TFHIE 122.65 117.67  36.72 143.80  345.83  216.26 14.26 908.73  7.58

PRtz 19.86 17.39 6.26 7120  113.62 71.47 8.18 12776 0.15

5 R A 0.16 0.15 0.17 0.50 0.33 0.33 0.57 0.14  0.02




a2k Hs

FRSCHRAE AR LI B 7K R G T AR AR e AR 7347 1051

TR K, HAS R RZBE/N, R 32 R
HhFHRA, W RS A 3 SR T il HEK A G

WX INO, i AN, Jeifike B R . NOSTE
RERM T K P& AR, EE2 ARG Em,
BEASEAERE, EHER ENETEK . FRIE S sl Y S
U8R K HNO; Y = B AR IR, X N FLBRK
FINO; & m 5 m, SMEIAF] 19541 mg-L, 32 = T
T K i ARE (GB/T14848-2017) # e /9 T 287K FRAE
TR, HAR S R BN, RUIFLIERK B %55 52 2 1 6

a

NO, /mg-L™!
260
240
220
200
180
160
140
120
100

iR £R VARG Y o AT K FRINO; B o 3 0 A, B AL
14.26 mg-L™, $i B FL B /K HHNO; A K AT RE Sk [ T3
TRINE, AT RE 5 3% XK AR A M B S AR it A Ak
NEACZY, dh AR ER 15 Y W BETR K A B 4 T K
Ko AW KBNO;F AT 0.22~237.00 mg- L, ¥
{H 83.03 mg-L ', 25 5+ R 4K 0.69, T W £ /KNO; 43 i
NI, B e DO R A A RN T Ak e .
FESHE A B R AR RS (1] 3a), ¥Rl
S AR IR, MTRERZ B T LR FLBUK R B 25 Y

b

TDS/mg-L™!
1300
1200
1100

1 000
900

3 MRRXAEFMTKEFESESHE( NO7/b. TDS)
Fig. 3 Distribution of ion content in karst water in the study area(a. NO3/ b. TDS)

X PIFLERIK TDS & i, #I{H 1207.13 mg-L ™,
KB EE AR 2% . S UK TDS 7% & A T 285.66~
1347.54 mg-L™", ¥J{H 670.96 mg-L ', /K Jii A4 4,
TEARE . KA Jm A 22 (6 3b) . ZEB/K TDS &
AR AR, YIME 5145 mg L, K BA X e . WK
TDS & H#E, B 908.73 mg-L™, /K i 5 FL K B
RFEAT o RASK B 5T XL R K R IRT K K R A 2,
FHS KRR K K AR X

32 KUFXBESH

Piper =£RIEIH 12 M T o0 b i B kAL g 1
2R BRI B AR B AR LA™ el P 4 T, 7 B

BT AR SRS BT A, DAL
T, MR KA BH B T Ca FiMe™, T K A B BH
B ACa® FINa™ . TEMIE T =M, SRAE R E
G, KA 2 A AE = AR B 13, B
B LUHCO, &£, HE 43 #F 5 SO FICT i L # s
FLBRKFE 200 T = M oy, OB BT e 2 50
Mg b7 O s KR R R = R
My, SOF M ALH B E ¥, K SOy +ClI TE R & 1 b
Ft 609%~80%. TEZ2IEIEI T, it K M ZABUKFE S £
T 5 X, BRFRER B B R L 50%, LAB + 48 55 iR
BT i s FLBRK BRI KFE s 20 F 9 X, AT — %t



1052 AR

2023 4E

dé L] %@7J(
» FLBK
A ZURIK

<9X » >
Z v
K

4 FARXFHE S Piper =4
Fig. 4 Piper diagram of sampling points in the study area

B PH B 2 i M i [ 0 B A i 50%, J ik LR
AT,

B TE R I 2838, 9% X 25 s K Al 2 2
LIHCO, — CaiIFIHCO, — Ca-Mg Bk 3, 164 47.9%,
T B FA VR K R 4 X2 A Bk el B
BRI AR R L X —7, DA U T B T A
—af, AW KK B . YR SHHCO; - SO, - Ca
A FIHCO, - Cl—Caftl, 4 k43 58 16.7% F1 20.8%,
FEL A TR v L = AR MV R
FHLRFE B, Z XSO R S R A IX
R K AZ BIZETE S, K R R A AR L
# I} 55 S0,—Ca%l | SO,-HCO,—-Ca-Mg#! | SO,
HCO; - Cl — Cafil 5 /K {22 2580 |5 1 12.5%, B2+ LA
SO N F, FEMGT EEEE IR, Ty, AR
W B B AR BRI, 2o R ILIX, AT g 595 AR
R I A S Y A G . FLBK KRR A
F % 4SO, -HCO, - Ca%i! | HCO;-Cl-SO,—Ca%! fil
SO,-Cl-HCO; — Ca-Na#l, 7K H1 SO} +Cl % &t /5 [ 5
T e HEIE 50%~70%, #£ £ K 8 — 47 1 21 SO,
NO, — Cal¥, 7K HNO; 2 vi Y i LU & 25%. 2P
7K 7K Ak 2% 26 B LIHCO, — Caid 1 HCO; - SO, —Ca

B FE o KK AR S 2E B R X B 2% A1 SO,
HCO; - Ca-Na%¥, SO,-C1-HCO; - Ca-Na%!, Cl-SO,-
Ca-NaISE, [ BRI K % BRI TR S R 5 A Al
BEi5 Y, K% o

3.3 BFHEXESH

AR R FE X 59 4T KAk 2250 W5 ds, R
FH Person #H 3¢ R AT AT ILAL 20 B, P38 A8 M
A g 22 (8] R DGR SR 55, A7 B T b MR K fb s 4
I3 IR AR BT A 22 SR A G a0 T AL &G
RE 5. B A& L Ros WA e+ mAH ¢
PE(E, B 5 Rn B E R, Hrh3RRTE 0.01 KF
OB ) AH S 2, #**+3RIRTE 0.001 7KF- (3L ) AH
R b 35 WA B AR H B Ao AR
e 7 & WA JE MR TR, L2 B D B IR, B
{37 H mg~Lflo

F R S AT, 3R K TDS 5BRKMS B 1 2
2R AR OC, Hob BH B b 5 Cat i O
(r=0.87), BHE T 5 SO; M M e i (7=0.77) o Hh
KRR IR B FHCO, 5 Ca®, Mg™ 1) i A1 56
PE(=0.63. 0.40) RHIX N Z K S . ABdh
SER TR h o T A A T K Ak 2 2 B v ke ) o B4 1



Fa2k HsH

FRICHREE AR HESRMT B i K R GE T KK A 22 5k s A 53 A

1053

0 10 20 100 250 50150250 200 400
A.Ds ek ek kk ke ke sk ttt: 1 200
016 | 063 | 087 | 08 | 076 | 077 | 047 | 049 [
F 400
029 | -035 | -0.29
068 |-0014 | -0.17 [ 100
0
054 | 063 | 066
P o v 50
064 | 040 | 040 30
10
041 | 022 | 035
3042- E 700
}%\ 0.056 | -0.084 300
00 o ‘59 H -0
6% '&L&g—_‘o 3 051
a OD ] ° rDO
6Clo D‘ OUU O " :
3 B3¢ ’ oY L~ F150
r.."“';'.' ® o B B wood " e & coo - o Bes I,_»o 551 i et l- 0
4001 000 050 15 10 30 50 0 300600 0100250

E5 MTKEBUFEIEXMEIHATRL

Fig. 5 Visualization of correlation analysis of main chemical components of groundwater
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Abstract  The Feicheng area is one of the important industrial bases in Shandong Province with the early
development of coal mine, power generation and chemical industry. Besides, vegetable farming is widely distributed.
Karst groundwater is the main source of water supply and the only source of drinking water in this area. In recent
years, due to human activities such as industrial and agricultural exploitation of groundwater, and reduction of water
emissions from coal mine closures, the groundwater dynamic and chemical fields in this area have undergone changes.
The current status of groundwater environmental quality needs to be determined. On the basis of hydro-geological
survey, this study collected 59 groundwater samples and 6 river water samples in the dry season of 2022, and
comprehensively used mathematical statistical methods, hydrochemical methods (Piper three-line diagram, Gibbs
model, mineral saturation index, ion proportion analysis) to explore the hydrochemical characteristics and evolution
rules of groundwater in the Feicheng fault block.

The results show that, (1) The average pH of groundwater in the study area is 7.34—7.47, all of which are weakly
alkaline, and Ca’’, Mg>, HCO; and SO?™ are the main ions in the water. The hydrochemical composition is mainly
controlled by water rock interaction, while the influence of atmospheric precipitation and evaporation concentration is
relatively small. The water-rock interaction of calcite and dolomite plays a major role in controlling the chemical
composition of karst water and fissure water, and the dissolution of evaporite plays an important role in the chemical
composition of pore water. The mineral saturation index shows that most of calcite and dolomite is in a saturated state,
while gypsum and halite minerals are in a dissolved but unsaturated state.

(2) Karst hydrochemical types in the area are mainly HCO,-Ca (Mg) type, accounting for 47.9%, followed by
HCO,;-S0,-Ca type and HCO;-Cl-Ca type, 16.7% and 20.8%, respectively. Pore water is mainly of SO,-HCO;-Ca type
and HCO,-CI-SO,-Ca type, with SO,-NO;-Ca type appearing locally in the area of Wangguadian town. The chemical
types of river water are relatively complex, including SO,-HCO;-Ca-Na type, Cl-SO,-Ca-Na type, etc.

(3) From the perspective of component content, the average TDS content of pore water, karst water, and fissure
water is 1,207.13 mg-L ', 670.96 mg-L ', 514.5 mg-L ', respectively. The coefficient of variation of Ca’" and Mg’ in
groundwater is relatively small, indicating that they are relatively stable ions. The average values of SO;~, Cl and NO;
in pore water are 288.29 mg-L ', 155.86 mg-L ', 195.41 mg-L "', respectively, with high content and small coefficient
of variation, indicating that they are mainly influenced by external inputs from human activities. The content of SO;",
Cl and NO; in karst water is relatively low, but the coefficient of variation is large, with uneven concentration
distribution, and occurrence of enrichment in local areas. The average SO:" in the Huihe river reaches 345.83 mg-L ',
which is much higher than that of the surrounding groundwater and has a small coefficient of variation, indicating that
its source is mainly from external inputs and may be related to the drainage of surrounding coal mines.

(4) Some sources of Ca’" are related to the dissolution of gypsum minerals and the infiltration of pollutants
containing ClI and NO;, and the nitrate pollutants mixed into aquifers may promote the dissolution of carbonate rocks.
The cation exchange is weak in groundwater, but strong in river water.

(5) From a time-scale perspective, the groundwater quality in the study area has shown a decreasing trend
compared to the quality in 1999 and 2013, with significant increases in the content of CI, SO; , and NO; in
groundwater over the years. From the perspective of groundwater types and spatial distribution, the chemical
characteristics of groundwater in the Feicheng area are significantly influenced by human activities. Both the
concentrations of nitrogen and chlorine are generally low in the fissure water of magmatic rocks, and hence the water
quality is relatively the best. The overall quality of karst water is good, and the rise of the water level in the closed pit
mine in Feicheng has not caused cross-layer pollution to the surrounding karst water. However, there are local

occurrences of "high nitrogen" or "high chlorine" in Wangzhuang, Taoyuan, Shiheng, Dayang, and other places, which
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Based on the analysis of the dynamic characteristics of groundwater and the mechanism of recharge, runoff and
discharge in the Liuzheng water source area, the power source of sulfate source was analyzed by tracer test. Besides,
the main path of sulfate migration was described, and the target area of sulfate source—Wangzhai basin, a special
recharge area of water source—was determined. On the basis of power source analysis, isotope samples were collected
in the target area and its surrounding areas, and the contribution of different end-member sources to groundwater
sulfate was calculated by using the ternary mixing model of sulfate content and sulfur and oxygen isotope composition,
and then the material sources of the pollution in the Xizhang Well Group were quantified.

The calculation results show that the proportion of sulfate from sulfide oxidation in groundwater is large, and
there are 17 water samples exceeding 50%. Because there is A Pollution Source instead of coal-bearing strata in the
area, the A end-member represents that the sulfate of this area comes from A Pollution Source. There were no water
samples occupying more than 50% in the B end-member, indicating that the contribution of atmospheric precipitation
to sulfate in water was small. There were 3 water samples accounting for more than 50% in the C end-member,
indicating that other human factors also contributed to a certain proportion. The comprehensive analysis confirms that
the main source of sulfate in the karst groundwater of the Xizhang Well Group is the A Pollution Source in Wangzhai

basin, followed by the atmospheric precipitation and other unknown factors.

Key words the Liuzheng water source area, karst, groundwater, source-tracing of sulfate, isotope
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may be affected by pollution sources such as agricultural fertilization, livestock breeding, and domestic
sewageinfiltration. Both the concentrations of nitrogen and chlorine are high in most of the pore water, and hence the
water quality is generally poor, with S0?-, as the main ion exceeding the permitted level, which may be related to the
application of chemical fertilizer for large-scale agricultural vegetable farming in the study area, and the infiltration of
surface nitrate and other pollutants into the groundwater with rainwater. The nitrogen concentration in both Kangwang
river and the Huihe river is generally low, while those of chlorine and sulfur are high, reflecting the significant impact

of urban sewage discharge and coal mine drainage on these two rivers.

Key words karst water system, groundwater, hydrochemical characteristics, evolution law, the Feicheng fault block

(¥ # K %)



