e 5t = 430 5

Caj-cdiET2ZHETI
HYDROGEOLOGY & ENGINEERING GEOLOGY

SR b X $5 AL T 7K HIBR AL 2R AE B PR 3 3L

% W, F O KO, F oK, FIE, 3] R

Hydrogeochemical characteristics and environmental significance of travertine landscape in Muji area
AN Rui, SUN Miao, ZHANG Yiwei, LI Bin, LI Wenpeng, and LIU Kun

TEZL AL View online: https://doi.org/10.16030/j.cnki.issn.1000-3665.202402016

AT RE RSB HAN S R

Articles you may be interested in

TR BHIF- Bt T 7K o 4 I BRI 5 R KUR A

Health risk assessment of groundwater heavy metal pollution in the Poyang Lake Plain

Bk, /AR, ARG, B, MR, TSl /K SCH T TR HUTE. 2019, 46(5): 31-37

SRR ML KRS IE B I AL BIL

Hydrogeochemical characteristics and evolution mechanism of karst groundwater in the catchment area of the Sangu Spring

SRR, R, 2RI 4, TIRY, FER, AW K SCHUT TR T, 2021, 48(3): 62-71
VU2 52 A SR /K SCHBER AL 2 A S A R

Hydrogeochemical characteristics and formation of the Ivory Spring in Jiacha County of Tibet

T, AL L, XUREAK, BElAk, M58 /K SCHLBT TREHLIT. 2019, 46(4): 1-9

e g o | BN EIE VA =P -2 5 U N ST SR R D]

Evolutional processes of groundwater in Xinglong County based on hydrochemistry and hydrogen and oxygen isotopes
Wk, A, B HR, Z5RR W, XIS, BEfs K SCHb BT TR HLJBT. 2020, 47(6): 154-162

PR = A PN B DR T KA~ A AR S s PR 23 H

Characteristics and causes of hydrochemical evolution of deep groundwater in the Luanhe Delta

AJREF, H5 /M, B K SCHLET TR 2019, 46(1): 27-27

HRPETI G - 38 DR 1 MR AL A AR HE S 2B 2 KU DAY

Geochemical characteristics and ecological risk assessment of cadmium in selenium—rich soil of Chengde City in Hebei Province

B, Eutms, FUR, MR, B1RUE, B 7El, skIBER, X T, AEese /K SCH BT TR b3 2020, 47(6): 163-172

KA ARS, B LR E


https://www.cgsjournals.com/article/doi/10.16030/j.cnki.issn.1000-3665.202402016
https://www.cgsjournals.com/article/doi/10.16030/j.cnki.issn.1000-3665.2019.05.05
https://www.cgsjournals.com/article/doi/10.16030/j.cnki.issn.1000-3665.202004059
https://www.cgsjournals.com/article/doi/10.16030/j.cnki.issn.1000-3665.2019.04.01
https://www.cgsjournals.com/article/doi/10.16030/j.cnki.issn.1000-3665.202005027
https://www.cgsjournals.com/article/doi/10.16030/j.cnki.issn.1000-3665.2019.01.04
https://www.cgsjournals.com/article/doi/10.16030/j.cnki.issn.1000-3665.202008006

Vol. 52 No. 1 FRK o TR %52 51
Jan., 2025 HYDROGEOLOGY & ENGINEERING GEOLOGY 20254E 1 A

DOI: 10.16030/j.cnki.issn.1000-3665.202402016
LW, IV, KA, AF B SIAR T L DX A AR LM K Bk AR S R A B CH BT B S (0] K SCHB B TR ST, 2025, 52(1): 62-75.

AN Rui, SUN Miao, ZHANG Yiwei, et al. Hydrogeochemical characteristics and env1r0nmental significance of travertine landscape in
Muji area[J]. Hydrogeology & Engineering Geology, 2025, 52(1): 62-75.

i R X 85 e = i oK Bk R AE R E
IMNEE X

2 NIy KRLEREAL S R, Fam xR
P EMARERMNE, R 100081;2. FPERAKRY (AF) KEBRLEHRBESFR, LK
100083;3. bR K FHRBAFE 225 %, b® 100871)
TE . AR AERVE N IZ A0 B A TR DU . A X R 7K 4 BRK VB () T A B A, SR T G 2R S TR S

T RE ALK K o SR, 2 18 IX G L2 45 48 55 U0 7y 1l T K o o 4 i TR A7 B IR, 8007 1) 1F 5 1 7 R B, 4 O 7 b T 7K B 8%
A AR W R BT, BE A AR I A S Sl 0 I, 5 A S O A 25 T T BE I AE R B AR Ak, PRI, 38 U 0 5 X 4 4
X35 R 5% R 00 T A % %2 A T4 o AR5 LA BT S A 7 it DX ML AR ) 5 4 S5 O SR AF R X R, AT T L HE TR K Ak AR R AR T 21 Fi
e A B B A A FLAE . 25 SR, i X A SO R K B LA Ca, Mg B F o8 45, B B L HCO,—Ca UKl 32, &
BOBAR A B Fe. Mn Al St #F— 58 R B, 5 A KGRI P AlUE: £ 28 BUZ KU T K A et i R R, X
A 78 OB Ak 24 I 3 BT 25 R AR — 3. 57% AR RN E & 8 i ET5 Y, Horh, Mn. Sr Al Co 7] A mli A Z5 IR
A RE KRS, As 7T BE 238 26 B BUB fH FE XU . Min, Co il As 7B Jg LR g b7 TE 2, HL48 0 WA I 38 2o 7y v B
AR K, AT BE T 3O T KK AR Ak, P I RE 24 7 A 45 4 Ml X KUAR 3o 2 R (8 7 T 2 S i A8 1 B S 33000 1 4 S IR
BN o BT 45 48 SOULOR TP RN ZRAROK 22 A R SR, AR DR 986 T 17 il 15 4 0T 98 3 19 K AL 2% R R AE L A AR 3P 85 48 5000 K
PR A b X T K A R L
FKHEIR: A MR K KA A R XU
FESES: Podl4 XERERD: A TEHS: 1000-3665(2025)01-0062-14

Hydrogeochemical characteristics and environmental significance
of travertine landscape in Muji area

AN Rui'?, SUN Miao', ZHANG Yiwei', LIBin’, LI Wenpeng', LIU Kun'
(1. China Institute of Geo-Environment Monitoring, Beijing 100081, China; 2. School of Water Resources and
Environment, China University of Geosciences (Beijing), Beijing 100083, China; 3. College of Environmental
Sciences and Engineering, Peking University, Beijing 100871, China)

Abstract: Travertine is a type of karst deposit widely distributed worldwide. Groundwater in karst areas is the
main component of global water resources, providing a large number of ecological services and urban water

supply. It is urgent to strengthen the investigation of its environmental status and the assessment of water resources
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security. This study analyzed the hydrochemical characteristics of groundwater and the distribution of 21 trace
heavy metals in a typical travertine landscape in Muji, Xinjiang. The results show that the groundwater solutes in
the travertine landscape in this region were dominated by calcium and magnesium ions, with an overall HCO,—Ca
type. Iron, manganese, and strontium were the main metals exceeding the standard. Weathering of rocks and
mineral dissolution were the main processes controlling the groundwater chemical properties in this region,
consistent with the analysis of the chemical composition of coated particles. 57% of the samples exhibited
significant contamination with heavy metals. Among these, manganese, strontium, and cobalt were identified as
potential non-carcinogenic health risks to humans, and arsenic was found to pose carcinogenic risks. This study
emphasizes that attention should be paid to the changes in hydrochemical characteristics and risk-increasing
effects of rock weathering process on groundwater in travertine landscape. Based on the need for the protection of
travertine landscape and human drinking water safety, our results are of great significance for understanding the

characteristics of hydrochemical environment shaped by travertine landscape, effective protection, and rational use

of groundwater in karst areas.
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Fig.1 Groundwater sampling points
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Table 1 Groundwater hydrochemistry parameters

Ja e/ (mg L)

TiH A5 R K%
B IN] T/ M RRl(El SRS 2z

K" 8.85 7.18 7.83 7.53 0.58 7.41
Na’ 163.00 24.60 69.64 28.30 53.33 76.58
Ca™ 464.00 184.00 303.30 316.00 96.05 31.67
Mg™ 110.00 53.50 79.76 75.10 17.88 22.42
Cr 67.10 431 24.71 5.83 23.97 97.00
so- 80.70 40.60 63.32 68.10 15.08 23.82
HCO3 1928.33 924.54 1357.00 1363.34 317.69 23.41
TDS 2582.21 1290.20 1 884.00 1912.47 398.58 21.16

HR A8 K AL 27 23 B 25 R 22 1 Piper =2k K], Horfr, 1
AR+ 48 5 7 R T4 )E e 1, 2 KARME
JBE TR T 2B E 7, 3 XACEI IR A T %R
MR, 4 XACSR R PR AR K T 55 MR AR, 5 DX A e Ak i b i J3
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Table 2 Concentration of trace metals in groundwater in Muji Area, Xinjian

- it RS/ (g L) LESR Rk
/gl /M N ! A1 LA /(ug'L™) /(ug'L™)
Sr 290 560.65 1590.98 1306.22 1415.00 — —
As 0.12 0.27 1.00 0.68 0.69 <10.00 10.00
Cu 0.08 1.15 6.42 2.86 2.60 <1 000.00 1 .000.00
Zn 0.67 2.07 6.87 4.50 4.88 <1 000.00 1 000.00
Pb 0.09 ND ND ND ND <10.00 10.00
Cd 0.05 0.10 0.10 0.10 0.10 <5.00 5.00
Mo 0.06 0.13 1.80 0.63 0.45 =70.00 70.00
Se 0.41 0.69 1.14 0.84 0.77 =<10.00 10.00
Be 0.04 0.04 0.04 0.04 0.04 <2.00 2.00
Ni 0.06 6.38 18.87 12.41 12.94 <20.00 20.00
Sb 0.15 ND ND ND ND <5.00 5.00
Sn 0.08 ND ND ND ND — —
Y 0.08 0.23 0.50 0.41 0.45 — —
Co 0.03 0.49 9.83 5.13 5.68 <50.00 —
Li 0.33 57.00 121.68 73.31 66.93 — —
Ti 0.46 7.50 37.53 20.49 20.64 — —
Al 1.15 1.37 5.35 2.59 2.39 <200.00 200.00
Ba 0.20 50.90 168.00 105.73 103.00 <700.00 700.00
Mn 0.12 20.00 3899.00 1743.14 1 646.00 <100.00 100.00
Fe 0.82 683.00 1 823.00 1182.00 1259.00 <300.00 300.00
Hg 0.04 ND ND ND ND <1.00 1.00
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Fig.3 Concentration distribution of metal elements along the
flow path
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Fig.4 Concentrations of heavy metals in groundwater in different karst areas
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Fig.5 Metal source analysis
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Fig. 6 Relationship between coated particles and metal content in groundwater



2025 4F G, A TR T M X A

WL 7K IR AL 27 R AR B BRI R Y =71 -

RanlE 6(d), A B EOR £ 2l CaO AL, & A il (5
He A #E it 19%) B9 MgO, SrO, PbO Fll FeOT(4: Fe) ., i
Wi s, EER T, LS TENES, AL
97.75%; TEHL T KL At v, [RIFELASS TR F 7, di L
78.31%, BEIC K 5 FLik # 20.85%. UNRG SCRTA, R
K Ca il Mg I ANEAE L E I IEAHCC R, B =%
Z I REIE AR SE AR . B, 2 S A2 S5oUl b T K
TR F A A KA AR, H A A At Y
NAHh .
4.2 HbF K 4 ) fE R KU PR

TR KR TR ARG R G T YR
I K IR B A B SA. ARSCRHIE S S
15 YR M FR BORTS YRR B 3 Fh O IR E T M

TR AR E SR BTG YRR, A TR T E
& B W AE RS (] 7) o b F 7K BE b 9 HPIAF 13.96 ~
224.08 Z [d], F-HME Ky 107.26, 4R HPI 5 Fbr i, H
HL AN 2R 4 T ZKRE 2 i) R A R Y
R, PEEEEMEE G, BIKINE, Fe fll Mn
FA s T BOZ A9 X bR K i B E AR OR R Y 4
JE&EFi5 Y. NHMEM Y 0.54 ~ 3.01, “FI{EH N 145,
85.7% B M KA i AR R B S YLK F, G3 ik
Y. CDHIEEIY 3.16 ~ 46.50, V- ¥ {H K
22.34, 1A~ 3/5F1 3 /MR KRR S o I 3R B 4 )R
A RE . A Y o AR & = TS Y. HPI R CD 1Y PFAk
GELARRL, YL NITE Y, B R BRI O, 1
P& HPI 45 FNE N B LA 25 5, 6/7 B A7 KR

250 35¢ 50
1) @ Sample @ Sample © @ Sample
200 | HPI=15 30} o NI=1.0 a0t CD=6
HPI=30 25 NIF2.5 CD=12
150 — HPI=100 : 30 f.CD=24
Ry ° o 2.0t ©
Q.‘ ~ .
= 100 e = Q20 ©
[9) ° 15t © ° o )
50} 1ole 10}
o (e}
0} e 0.5+ 1) 0t
S O O X dH o O S O O X dH o O )
L " ' F ' N D L ' N N N D L ' M O N D
FFFFFFS FFFFFFS FFFFFEFS
(a) HPI (b) NI (c) CD
102 M Infants @E@Adults 188 M Infants @E@Adults 107 B Infants
10! mm Children  HQO=1 B Childrenmm Teens mm Children
) B Teens 1 L 80 HI=1 104 m Adults
10 70 B Teens
10 60 CR=10"¢
14
g = 50 & 10 CR=10
10 40
107 30 .
10°¢
10 20
10
10—5&%000%\0\%00 0\’\,"7 > & b & 1077\’\,"9 & b &
S v 19 < P T LT LS NENGRNCIRN RN I SN
Y OVPP YRIP ST S S S
E3EES FAE R RFE R

(d) XU Fi%L

i 3 55 [ PR A A O vk, X O RLEE TR
K 38 A% JE g RE AN RE KRS R AT Ak o A B0 KU D7
i (& 7d), Hod X F Sr Ml Mn, Lg% L. JL#E ., %
AR SR BN, AR BOE KUY S T HO MR 1 X T
Co, X 2 JLALE 2 7= AR WU o R4 Fe 1 & B AEAE
st A AR AR, AL p OGRS 8 B XU X b
by 4 i A, PR A A R XU o HT T
il 7T 4 3 3 48 A M K B £ R R B TR AE X
F& Sr. Mn Il Co A9 KUK, S8 L. L3 B 4E A

(e) fakirt
7 KB ERERRKEITNER

Fig. 7 Metal health risk assessment in groundwater
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