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Abstract: Songnen Plain is controlled by geological structure, climate and other factors, and the fluorine content of groundwater
in the region is generally high. In recent years, a huge number of researches have been put in practice based on high-fluorine
groundwater, however, comprehensive understanding of the geochemical background in there is scarce, evolution trend and
ecological health risks of fluorine in large reservoirs in the high-fluorine area of Songnen Plain likewise. Mechanisms of action
and transport of fluorine ion (F") in surface water of Xianghai Reservoir was analyzed using various methodologies, including

mathematical statistics, the Piper three-line diagram, the Gibbs diagram, end-member analysis, PHREEQC hydrogeochemical
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simulations, as well as risk assessment models for ecological and health. Showing the results is that the concentration range of F-
in the surface water of Xianghai Reservoir is 0.69 ~ 3.68 mg/L, and the average concentration is 1.87 mg/L, comparing with the
concentration limit of 1.50 mg/L stipulated in China's Surface Water quality Standard (GB 3838—2002) is higher, set by Class
V. The surface water in this region is characterized by high fluorine content, with fluoride (F") concentrations in the southwest
significantly exceeding those found in the northeast. The hydrochemical characteristics of the regional surface water are primarily
classified as HCO;-Na, HCO;-Na-Ca, and HCO;-Na-Mg. The main factors contributing to the enrichment of fluorine in Xianghai
Reservoir include evaporation and concentration processes, mineral dissolution and precipitation, as well as cation exchange.
Xianghai Reservoir belongs to the risk area of fluorine ecology and causes both children and adults facing health risks, with
children being significantly more vulnerable to the harmful effects than adults.

Keywords: Songnen Plain; Reservoir in high fluorine area; fluoride concentration; Distribution characteristics; Ecological health
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Fig. 1 Surface water sampling sites around Xiang Hai Reservoir area
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Table 1 Hydro chemical characteristics of surface water in Xianghai Reservoir!)
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cr 82.11 18.23 34.03 9.17 31.20 0.29
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F 3.68 0.69 1.87 0.78 1.65 0.47
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Fig. 3 Temporal and spatial distribution of fluorine ions in surface water of Xianghai Reservoir
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11 0.066 0.604 100.000
1.0
‘ ] [ ] Nﬂ+
0.8} ) * Mg”
- [ ] prs
06| v Ca
. . K
04+ . HCOy
’ " ] 553 L X AT L ] » TDS
W o2f ¢ ™ ™ o
h= i ¢ 3 ® CO,
#® 00F 2 v * pH
N v i u b
® 0.2} B o (AL
A
o4l AL
=0.6 |
-0.8 | v
71‘0 1 1 1 1 1
Jr 3 1 3 DR - 8 A Bl Hr-2 W3

B 6 fim, ATLLEH, BT 1 MR T M7 21 48.491%, Na*. Mg?. pH. COs*. HibYEA & E Il
B, Ca? 5N FZIMEAMK, HAXHEREL 1 Bk RMA, RUH YIRS RE K BE S 758 e
fEFATE R Z X IR K P LEm B, BF 2 R TR ZER 17.341%, TDS. HCOsy. K#ifi
W, RK-AAAEAER R KT FRUESE; HF 3 R 785 210 10.754%, SACYIRIGERR H A 5
R, 1EEARMEE T, CrIFEE SR KA KA FIRIE R R EAM G, M SO M EEEE KA
RIS FRAR IR R 3200, FE T BI85, BAIMA RS R FINE %,



o HCOs F1 COs> [ FEAAL F] RE 2 SEMR K A Ca? AU, HETTRE

1.0

| |
08 % A i
0.6
04r . "] HIEEGT -
g 02F . , .
§ oof ) 2 ¥
= 02| v L
04}
0.6 |
0.8 F v
-1.0 L L I 1 L
[ES! [K-52 73

K6 LR T

Fig. 6 Principal component factor load diagram
HIGRES T 5 HA B IR (B 7)) WTBLE W, Fl9 Ca? UMK (R=0.4435, P<<0.001),
5 Na" RIEASGHE (R?=0.6322, P<<0.001), Hil5 Mg IEAAME (R?=0.3787, P<<0.001), KHH ¥
VRS UTUE LA BB 7 it s iz X i oK FE B R ER R —, BT ES e #7405

COMREZ T 2Ty, RN T /KE T 2 (8 H5E 4R A B

4.

Fi(mg- L")

00

0
a.
* A
35t A "
4
OF A
4a =
Sh 2
Yy
} A
) S o MbExT
| _oee=e Ny
St ooa “.. aba
A.{“ 0
A
Or !AA‘
5 & R*=0.0259, P> 0.05
i L 1 1 1 L ]
200 25 30 35 40 45 50
K’:‘(mg-l.‘w)
or K
A ’ A
Sr A aa
ah s
0k .’
44 A
Sr “ z’ A
A
oF art
’a Yy
5 4 4
ry
.0-‘}
A
L5 R*=0.6322, P<0.001
. L

( L .
25 50 75 100 125 150 175 200 225 2350
Na'/(mg'L™)

40

[
"

FAmg- L")
I

= -
Z

=
=y

K 7

=

in

Na”
Mg*'
Ca2+
K
HCO;
TDS
co>
pH
gy
T £
A

PO EX* OV AS4ArR e

Wi CaF> WOV MRSY, FIRKERE HCOs

- 40
b. c.
A A A A
a 35 A u,a
Aak 10 4 A A
F O F A -
A A i ik A _-
A
r A“‘ - =~ 2.5 A A :A A
AT LA .- = . L A A
F 4 e 020 Aadgah” Aag
- - < Aaaa
e e 7 N i
oo afas 4t =S . *pu L A
- A
rs -~ | uf‘ 4 A&
r i Lo} ey
At LY
L R=0.0255, P> 0.05 0.5 R*=0.3346, P<0.001
P S S SO R S S 0.0 L . . . . ,
0 50 100 150 200 250 300 350 400 450 500 -5 0 5 10 15 20 25
HCO, /(mg L) €O, (mgL)
401
c. aa f.
A A
. Al 35 aha 4
“: 3.0 | - :
A A
", A N
a o7 ~25 . B i‘
AT A - A NN A
» . 220 adat
P A, £ YR .
A 7w aat [ "
“ gl " ;’ A A s s {l "
'y a A N
- A A 1.0 -
ap h I S.oA
A I3 N
R-0.3787, P< 0,001 051 R=0.4435, P<0.001 .
L I 1 1 ' 0.0 I 1 L '
10 15 20 25 30 35 15 20 . : 30 35
Mg f(mg'L") Ca/(mg'L7)

TR T A ES T A OGS
Fig. 7 Correlation analysis of fluoride ions with other ions
3.2.1 M3 i B & ML BE T TR KU SRt TS SUKE RS e A0, i i R 7K 1R AR AL S5 37
ik, AUERTR. BAER. A EREHE . W TKREE. RGO, M BBk 5 e
70, A IR DX e K AT R U, I K, R S A T3 R AR (KX .
BT HEHT AR, AT IR K R S B K 2> (0 285 T ELE R B



322 KR—#AILME R Gibbs B AT LURLF R W m K AL 2 R RN . B 8 BT, JE X KAk 2y 1 3
A AN ZE R R AR AR P SE R, bR KRR s 300 25 ML X FIZ8 R IR AR IX P8, 12 X S 0% )b
T, B )Xo bR 7K A 25 B R R M AT DL AN TH290 KR B P 43 A 7E = A X3 R )l 35, TDS M
200~400mg/L; BHEF Na*/ (Na*+Ca?*) {HNT 0.6~0.9; BIE T Cl/ (CI+HCO:) HAT 0.1~04. 2
TDS AL F 200~400 mg/L, H Na®/ (Na*+Ca?") KT 0.5 b, KAZESH 52 2 KRG A A KA TH
R 34 TDS AT 200~400mg/L, H. CI/ (CI+HCOs) /T 0.5 B, 50 RAL R AR K 444k 5240
BRI REBER 2R s FE X MR KR s B AR AR TE A A AL IX, 3R B ZA 0 A A R 2 T4 2 X KA A R AE 1 %

;D;]:ﬂjﬁlj [301,
10° — 10
(a) e (b) T

10° - . AR 10 I ik

Lo -7 - LE -7

g Py o s

% e g oim W@y oo & SR En oo &

8 k- A -l ST HEA o
10! Tl W g 1o’ ) Rk
LOO 1 1 1 L T~ ~ I()O 1 1 1 1 - -

0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0

Na*/(Na*+Ca®") CI/i{CIr+HCO;)

8 XIHHZEIK Gibbs

Fig. 8 Gibbs map of regional surface water

Na 3 70 BT DA T AN 53 A 0 7K A 22 i 73 AR RS Y o 2 X R KR i 2 B ST RE IR ™ W b i »
FRAIRE AT R AR E T VA R A AR S (B 8D, Ui W FE XK SCHEBR A 20 72 3 2 R A 1 4R
sz, RIS 52 B ACA 0 YR R A A B2

(a) (b)
WRE WS S
1E 4 P ‘ 10}
Z F - 2 RERG
Lo - - 5
= [ ] 2 "' -
0.1 F 1 E
= ol '
-
) . AR
AR L
0.01 . 1 0.1 | .
0.1 1 10 100 0.1 1 10 100
Ca®*/Na” Ca®'/Na’

9 Ca*/Nat Mg?*/Na*. HCOs /Na*k &
Fig. 9 Plots of Mg?*/Na* versus Ca>*/Na* and HCO3 /Na* versus Ca?*/Na*

3.2.3 a5 3HAE R BHE T2 HeA T HI R 5 M0RE R T i 516 TR B D B B ORI B K b, IRt i 7 B
B BLR ., X FCX 5 5 B e B F- R AR ALST . [ 7 g s ] (Na™+K*-CTH)

5 (SO#+HCOs-Ca*-Mg?") R AG MR, HEHRRALZIIEFLIEGY, HRRELT 1, WK
WIBH B T AC A s AP LB RS T 101 (vt USRI B B 7 Sc i AR s A 55 10 H 5 11
6], Mo B RETRIFON | IELMNE, WAL TS 7S fE M, RS, ST s
Bk, 59 AMES 1R, B TcfE AR, FIReh T 9 HAbKIER s 7 HAER (&9



10 -

" 09)]
—: o 10H
= 8 A I1H
o
',‘3 6 F
-
Ay
<
ST
]
7 8
Ye g L4
3 “A". g
- ."" ™ u
-~ LI
0 a 1 \.. 1 1 L L 1 J
0O 1 2 3 4 5 6 7 8 9 10

(Na'+K"-CI'}(megq/L")
10 ANTE A A BH 722 e fE
Fig. 10 Cation exchange in different months
3.2 JKITHERAL AR

PHREEQC HI TR T K SCA AR, [ 2 R T 1 T /K MR ACOK B4l 15 G i %
PAEALL 2 2 A W gk L T 25550 38 TR RS 17 1 K P LR 7K i KL Na™ Ca?*s Mg?* CI's S04y
HCOs\ F45 8 NESF AU/ SCHER LA PR IR, TSR 40 % KRR SR BRI 0 AR 2 (SD), HEWTK
B R KRS ET R AKRIERIWEAT, SI>0; T MEKFAEA, SI<0B¢,

ST 9 HE 11 HIH) FIRES 2R P A E (S 2 m st (B 10). TLLEH, 280 1) SI
HATE, 5 (CaF) [ SI —H A, RSB WERKKT A, 55258 I ki 3
T AL R, Ao (CaMg(COs)) HfEA (CaCO3). 304 (CaCO3) K SIHKTFE, RIFIXLL
T EIRBNA, SR AEVTUE T AR KR S B TR 1, BRSO
TWRFESE N, WILRAE 9 AMIUNEE . B L, 7P TRMWARE, XS I R PR
A J2 BA RGN B KRS 5K AR AL A R GKA & B VIR B R . K E B IEA 5K
B [ 4 BE PR BB UK K- EE S B U100, 9 A 11 HAZ A JifA XOCa I STEE L T2,
R EAIEA T S UTE R FATB%, 38 b D B X AP AE RF S R PT B, S B B0 FE AR R 7K AR
BT P Prsss,  SI0 G B2 5 T B T A AR T

4.0 4.0

09J] 10H
200 o te %y LTS . 20} *ued &0.’
R X 12T S S ol 2 tepRMRHR
| < < b )
PER? L P - 3 < 4«1‘41111441
@72'0' S weuse e W @4_2'0' B BarkE PO
% 4ot 740t
* OEFA ¢ Ozf
60 A ;:J:glff:)r,‘ 6.0} A {Jrl'ﬁ'f:’fr
WP S < il ooy < ih
. K %S i . . Sadlens oo R A
—8.0F * ek A e . ok ek % b ,f]»ji —-80F * ok d HaEE A dok :‘ ﬂl;‘}!\
® b 1
~100 b L “100 L * i
1 1 1 1 1 1 1 1 1 1 ]
10 15 20 25 30 35 40 45 0.5 1.0 1.5 2.0 25

F/(mg=L") F/(mgeL")



114
20F P ©
00;,,,‘?,33,,,%,&@9,”9,& ,,,,,,,
LI BT E N < &
@72'0_ N A A L S
Y40t
© |’|fz¢4f
L A TR
ol R o YH
L
—8.0F ol W R * M : bl
A3 1L
i
—100 Ll
0.5 1.0 15 2.0 25

F/(ng=L"
B XERKH FIRE S AR STE R &
Fig. 11 Relationship between F-concentration in regional surface water and SI values of different minerals

33 BAESERRNE T

SR K AE SRR N I A A5 SRR PPl — DRI RS, B E B EZ MRS k. &
BB, VERREW AR S RGN AR S SRS R (BRI T, HISER T a2 S5
RGN RE R IR B U0, XTI WKL, 1T AR O — IR R E BT, Bl BT,
TR FE DAL AR e 350 A2 78 R G0 R SRR E o U (g B UG PP A 5 B2 25 iR = B2 7 =L TP Al B A
BEYIRN A R, FAZ O T RE A Al SR DRI PR 555 Y 2 5 10 A A2 A RS BIRER AT g fR 4
N RS R 2 AR 3

AL TR, AT RERZ KA B A AN BE TR L oM N SR AOAT RN A3, JE L 5 ) M 3
TR RS B PPN LR R XS R R A It DA B AR XU, 7T A AR BRI K 2240 G5 R BB
R/ SRS IR P I 2 AR R I — B 1)K PEAE AR I, i 1 SRR A, R /K S Rk 5212
B 5 T R R X 5 7K rh A RS R BN LB AR A, Re R ) ) LB AR M A S 2 K T ON . H T
B0 X A 10 A A B XU T FEARS AN A2, AR SCRGEHB PP 17 R 7K 2 (K KU L, LT FE 45 2R AT BA
DR BK PR (7K 5 R 7 BEAR (16 5 A [

4 LEip

D K E R K S ERE, WETEEN 0.69~3.68mg/L, “FHIKE 1.87 mg/L; FikESAE
PO E—37 I B T AR A0 3 2 M A AT . MR K 2L Nat>Mg? > Ca? > K IR B = &
A HCO3>Cl->S04> > CO> >F I B TR R & BV B350 2 )2 X /KA 544 s HCO3-Na HCO3-
Na-Ca F1 HCOs-Na-Mg B 2 i X 7k A, 27257

2) AR AS KU Vil 2 B 1)V K R T IV PR I AR A U, Forh 7—9 AR AR, (H5Z 9 AR IA/KE
W, 10 H. 11 H R 8RS ) LM 2 2 2@ B RS sz, B LEZ G &
AN

3) KPR S R K R 52 B SRR BRI, & T ) IV RS X I R K R P R BRI,
FHES A 28 R IR AR R il X I bRk FrE SE B R 3R

5 &ECHk

[1]Li FY, Jiang TY, Yu T et al. Review on sources of fluorine in the environment and health risk assessment. Rock and Mineral Analysis,
2021, 40(6): 793-807. DOL: 10.15898 / j.cnki.11-2131 / td.202109290133. [Z5RUE, #K 5, A%, IR rh g ISk K fa He XU o
TSR FCHERE. SE MR, 2021, 40(6): 793-807.]

[2] Ji XY, Li B, Yang K et al. Chinese surface water fluoride space-time distribution characteristics preliminary research. Earth and



environment, 2022, 50(6): 787-796. DOL: 10.14050/ j.cnki.1672-9250.2022.50.111. [FEWEHE, 25, MYl dhEHEKELN 2
SAFHERI WAL, HER SR, 2022, 50(6): 787-796.]

[31Mi Y, Zhou L, Feng C et al. Toxicity effect, water quality criteria and standards of fluoride: progress and prospects. Asian Journal of
Ecotoxicology, 2024, 19(2): 148-164. DOIL: 10.7524/AJE.1673-5897.20231114001. KUz %, Fluki, WAL FALMEIERN 5
KR IEUERRAERE A HE I 5 R . ARG 2R, 2024, 19(2): 148-164.]

(4T, U, SR LR 2B m R TR R B A XU . o A R0, 2023, 18(9): 993-999.

[5] Viswanathan G, Raja P B, Thirumoorthy K et al. Pathways of factors exacerbating dental fluorosis risk at high altitude regions — a
review. Environmental Technology &Innovation, 2020, 20, 101-115. DOI: 10.1016/j.eti.2020.101115.

[6] Zhao ZF, Fu YL, Qiu XC et al. Characteristics and risk assessment of fluorine pollution in surface water in the Ningxia section of the
Yellow River Basin. China Environmental Science, 2023, 43(11): 5800-5811. DOI: 10.19674/j.cnki.issn1000-6923.2023.0205. [i£X3#6%%,
ks, B/NERSE. eI e B B R K G5 Pl 5 VT, W ESRBE AL, 2023, 43(11): 5800-5811]

[7] Meng XX, Zhang LP, Wang ZY et al. Fluoropia in the ecological environment in the southwestern part of Songnen Plain. Acta
Ecologica Sinica, 1988(4): 324-329. [d 84, TKMNFE, T35 5. MAWCF R TEREMRAES ISR IR, 2R, 1988(4): 324-329.]
[8] Deng YD, Ye XY, Wu YM et al. The enrichment mechanism and dynamic changes in the western groundwest water fluorine and
arsenic of the Songnen Plain. China Environmental Science, 2023, 43(10): 5277-5290. DOIL: 10.19674/J.CNKIISSN1000-
6923.20230609.003. [Xi 4, 1, RIVHEE. MAMCFF I N AKSEAR I & EYL S 3 A IE. T EREIRL, 2023,
43(10): 5277-5290.]

[9] Tang J, Bian JM, Li ZY et al. The distribution regularity and causes of fluoride in groundwater of the fluorosis area, Songnen plain.
China Geology, 2010, 37(3): 614-620. [, TR, ZMAPHSE. AT AR b 23 X R /KSR 2 A AR AN BRI 5. ol [ 3R,
2010, 37(3): 614-620.]

[10] Qu JH, Fan MH. The current state of water quality and technology development for water pollution control in China. Science and
lechnology, 2010, 40(6): 519-560. DOI: 10.1080/10643380802451953.

[11] Lei XH, Liu BJ, Quan J et al. Review of the Interactive relation between surface water and groundwater. China Rural Water and
Hydropower, 2019(5): 1-5+11. [EE &M, XIATHE, BUERSE. HFK ST KEILR/UFLRE. T ERMNAKFIKH, 2019(5): 1-
5+11.]

[12] Yang Y, Zhang R, Zhang F et al. Spatial-temporal variation and health risk assessment of fluoride in surface water in the Tibetan
Plateau. Exposure and Health, 2023, 15(2): 281-297. DOI: 10.1007/312403-022-00490-4.

[13] Zhang J, Zhou JL, Zeng YY et al. Hydrochemical characteristic and their controlling factors in the Yarkant River Basin of Xinjiang.
Environmental Science, 2021, 42(4): 1706-1713. DOIL: 10.13227/j.hjkx.202009136. [FKZs, Ji4:/E, S WHITEE. HraEm /R Sai s
FRAKZEIFIE B s hl R & . RBERLE, 2021, 42(4): 1706-1713.]

(L4113 A S A0 A SR RSN LI TE (2 A1), A OR2E, 2015.

[15]Jin Z, Sun C, Kong LH et al. Chemical characteristics and high-fluoride origins of shallow groundwater around typical high fluorine
reservoir in Songnen Plain. Acta Scientiae Circumstantiae, 43(12): 250-258. DOI: 10.13671/j.hjkxxb.2023.0405. [&#, MR, LR
S5 PRI I R S X K P R A B Z R A S E AR B R SRR . IABTRE R, 2023, 43(12): 250-258.]

[16] Liu HJ, Wang X, Li HX et al. Effect Mechanism of soil minerlas on spectral characterisitics of main soil classes in Songnen Plain.
Spectroscopy and Spectral Analysis, 2018, 38(10): 3238-3244. [XIJ 7, T3, Z5EEE. el VX aer B 5 2 L e
PERFAE RS mALER. S22 55615 T, 2018, 38(10): 3238-3244.]

[17] Yan JH, Chen JS. Zhang WQ et al. Determining fluoride distribution and influencing factors in groundwater in Songyuan, Northeast
China, using hydrochemical and isotopic methods, Journal of Geochemical Exploration, 2020, 217, 106605. DOI:
10.1016/j.gexplo.2020.106605.

(18] FHESL. Fakrir P LI Fsgitty R BERIX PR SR BR8], FARRS, 2019.

[19] Liang F, Yang SG, Sun C. Primary health risk analysis of metals in surface water of Taihu Lake, China. Bull Environ Contam Toxicol,
2011, 87: 404-408. DOTI: 10.1007/s00128-011-0379-8.

[20] Hou QQ, Pan YJ, Zeng M et al. Assessment of groundwater hydrochemistry, water quality, and health risk in Hainan Island, China.



Scientific Reports, 2023, 13(1): 12104. DOL: 10.1038/s41598-023-36621-3.

[21] Chen DK, Li XB, Wang ZB et al. Systematic assessment of source identification and ecological and probabilistic health risks of
potentially toxic elements (PTEs) in soils of a typical coal mining area in Guanzhong region. Heliyon,2024,10(17): €36301-e36301. DOI:
10.1016/j.heliyon.2024.e36301.

[22] Long J, Luo KL. Elements in surface and well water from the central North China Plain: enrichment patterns, origins, and health risk
assessment. Environmental Pollution, 2020, 258: 113725. DOI: 10.1016/j.envpol.2019.113725.

[231#7K 5. TETTITISUR A Bl 1 7KK S A 5 K SCHER A 2 I (22018 3] K22 K22, 2024,

[24] Wang WZ, Li Z, Su H ez al. Spatial and seasonal variability, control factors and health risk of fluoride in natural water in the Loess
Plateau of China. Journal of Hazardous Materials, 2022, 434: 128897-128897. DOI: 10.1016/j.jhazmat.2022.128897.

[25] Lewandowski J, Meinikmann K, Krause S. Groundwater—surface water interactions: recent advances and interdisciplinary challenges.
Water, 2020, 12(1): 296. DOIL: 10.3390/w12010296.

[26] Zhang T, Wang MG, Zhang ZY et al. Hydrochemical characteristics and possible controls of the surface water in R anwu Lake Basin.
Environmental Science, 2020, 41(9): 4003-4010. DOI: 10.13227/j.hjkx.202002080. [7k#%, FEWIE, FKE N, ARSI b E KK
T ERHIE AR RIR . B8R, 2020, 41(9): 4003-4010.]

[27] Wang LF, Sun XZ, Yang CZ et al. The regularity of the distribution of endemic fluorosis in the inclined Plain of Kuitun-Usum Xinjing.
Province Chinese Journal of Endemiology, 1982(4): 35-39. [3E77, I, WRUSSE. Hiamas hi— 5 95 L ai AR SR Hh 7 M
BRI HRER AR, P E 7 2R, 1982(4): 35-39.]

[28] Hao CM, Zhang W, He RM et al. Formation mechanisms for elevated fluoride in the mine water in Shendong coal-mining district.
Journal of China Coal Society, 2021, 46(6): 1966-1977. DOL: 10.13225/j.cnki.jccs.ST21.0160. [#FH, 7kfH, (MEEEE. MAY X &
A IR ATRFAE B R L. R 2E3R, 2021, 46(6): 1966-1977.]

[29] Yang SM, Li JF, Bai L. Distribution characteristics and formation mechanism of fluoride in typical mine water in Shendong Mining
Area. Coal Science and Technology, 2023, 51(6): 246-256. DOI: 10.13199/j.cnki.cst.2022-0427. [ /84, ZEJbik, AR MED X i
R H K R ATREAE AL, SR ELERIA, 2023, 51(6): 246-256.]

[30] Hu B, Song XG, Lu Y et al. Fluoride enrichment mechanisms and related health risks of groundwater in the transition zone of
geomorphic units, northern China. Environmental Research, 2022, 212, 113588-113588. DOI: 10.1016/j.envres.2022.113588.

[31] Li G, Lv QX, Xu F. Hydrochemistry characteristics and its influencing factors of surface water and groundwater in the Shendong
mining area. Coal Engineering, 2022, 54(4): 145-150. [Z258, BG4, VP $HART X HZ KA T A /KA S A4FAE B L2 X E F
T PR TR, 2022, 54(4): 145-150.]

[32] Zhou ZQ, Huang QB, Wang YS et al. Recharge sources and hydrochemical evolution mechanism of surface water and groundwater
in Typical Karst Mining Area. Environment Science, 2024, 45(09): 5264-5276. DOL: 10.13227/j.hjkx.202310156. [ J4 558, #&& ¥, VE
TN, BRA TR X R KR R KRN SR SR AL ST AL L. FREERIEE, 2024, 45(9): 5264-5276.]

[33] Shao J, Yang XJ, Chen XQ et al. Hydrochemical characteristics and control factors of surface water in the Yigong Lake Basin, Tibet.
Arid Zone Research, 2024, 41(2): 250-260. DOI: 10.13866/j.azr.2024.02.08. [ARZAS, MRAS, MREPs%. THi 5 vTiiiiis bR KKk
SRHE R FAE IR, TSP, 2024, 41(2): 250-260.]

[34] Liu GQ, Li X, Zhang SQ. Hydrochemical characteristics and evolution mechanisms of the groundwater in the lower reaches of
Hangshui River. Transactions of Oceanology and Limnology, 2024, 46(04): 42-52. DOI:10.13984/j.cnki.cn37-1141.2024.04.006. [XI| 5
B, ZERE, SRR, KT R X R KA 2 REE RS AR, W TSIV B AR, 2024, 46(4): 42-52.]

[3512547. 5138 I AR AT A T /K SCERAL 2. eI R85, 2024(1): 166-169.

[36] Hu J, Fan C, Lu ZG. Evolution of groundwater hydrochemical characteristics and origin analysisin middle reaches of Ganjiang River.
Yangtze River, 2024, 55(6): 37-44. DOI: 10.16232/j.cnki.1001-4179.2024.06.006. [H1{g, Jid, f5 BRI, BT E T KK
RHEAL S Jr i, NRAKIT, 2024, 55(6): 37-44.]

[37] Ghodbane M, Benaabidate L, Boudoukha A et al. Analysis of groundwater quality in the lower Soummam Valley, North-East of
Algeria. Journal of Water and Land Development, 2022: 1-12. DOI: 10.24425/jwld.2022.141549.

381K, 76 3Cks, Bims. AL B - g B B i i RSP K SCHUTRFAE 23 A, USR5 P55, 2020, 29(4): 374-379+362. DOL:



10.13686/j.cnki.dzyzy.2020.04.011.

(3916t . Al SR VAt R AK K SCHLBR A 2 AR AIE S BT 7 [ 2018 50T . R LB TR, 2022,

[40] Xu ML, Matsushima H. Multi-dimensional landscape ecological risk assessment and its drivers in coastal areas. Science of The Total
Environment, 2024, 908: 168183. DOI: 10.1016/j.scitotenv.2023.168183.

[41] Zhu Q, Cai YL. Impact of ecological risk and ecosystem health on ecosystem services. Acta Geographica Sinica, 2024, 79(5): 1303-
1317, R, 5K00. AN 5 S RGUEREN £ RGNS IFEm. 1), 2024, 79(5): 1303-1317.]



