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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

LR KRAREK . WX 36, Fh 256 07 ff £
MR AARAR . B . BKTRER . AT SE . AT ML
X Hh 2 P R R AR Tz, AR R B v A
SROK FRETE SRR CaP HIHCO;, %4 X IR By CO,
2338 i BT F IS BT R K, 2 ik
Jh R s, BilCA AT E BT

AR S P s by B FRIDS RS IR
AEB IR R S R AR, BE R AL P i & . & E B
T FH 2.52x10% km?, A 23.05 77 0 B v g B R A
8 XA 1, - U I R B o o A, Ak
BT R AL, BN E BRI N NE K
LRI AR 5 . 56 L& TR A Heom T X . g A4
DK ORI T XA i I DX 3 LS Tk
Pl FNLAGTEL | M . B2 AL g TR Toll el .

i A SO PN R A AE 3 T KUK PE L, R B s
WY 42 JE O RV, 6 R K K R % 4 i R T AE AR
JBiy o AT b b Y B A 3 L s Y A R B A
@A A KR BRI, X s G sk 5,
WEBEAERIER T =84, FTERN KRS AENEK
FORARKE . KaNKA . At s . Batk
TR XA RN BB 0 i e - S e S AR, SN
FERMAER 30 R0, FZA 4 .. B K
VO N AT E =N N LN o

2 MHREFE

2.1 FEAR AR
TF 2023 4E K 78 ffi FH] 550 mL 5% 2,975 45 78 M\ i

KT S RE T LT MM T KPR . BEARE
dn 1 3 NP ATRR AL R, AR EE A AT RE ST IR A TR
B RMEJT, 48 h PUREFE ok 18 52 50 % ¥ A A7, B
M. KRB F 0I5 Integrion, Z: 18 (/K 5 TCHLEH
B ¥ (F ., CI', NO, ., Br, NO;., PO}, SO, SO )il
TE B 03 ) (HI 84—2016) 1), K 4347 T S 464
Ay, B . R L . miRER SFEHE F. R
LR B 55 B 1 5 1L OPTIMAS300, 2 i (7K
J5T 32 oL AN E HRGRE& 45 B R OGS ) (HY
776—2015) ", K5 2B TR L AL BE L A5 B S R4
JBITE o R LR 5 45 B 1A BT Y NexION350D,
Z: ORI 65 FoC 2 il i Bl & 45 B 1 IR ik
22 ) (HJ 700—2014) ", £ W 43 B T 88 . b . BF . 47 .
BELERLRM L PR BELBEL B BN L KL L
17 F 4@t E . R AR UL 40O B 11 UV-1800,
Z (bR KB A T 7 vk 56 62 FB 43 HETR 1 5 ik 4H
HEAPEO6 1 ) (DZ/T 0064.62—2021) 21, 46 3 43 Hr T
TRfERR o >R FHEE AP AT WL 430160 BE 3 UV-1800, 2 1A (b
ORI R B 1T A R RS M D
TR TR TE —E 3 %6 Ot BE 3% ) (DZ/T 0064.49—2021) 12,
Rl 43477 T 7S 6 o SR FH L A2 A, S Rl R K
AT AT 785 5 49 B4 BRI AR | H A TR AR AN S SRR B
TR E T E ) (DZ/T 0064.49—2021) 2, Xif ik ik £h
FR R S AR AT T RO 23 B o R A28 40 ] DL 4300
JE 1T UV-1800, 2 B (b T 7K i3 43 T I v 26 60 3K 43
AR ER I SE 430606 ) (DZ/T 0064.60—2021) 1,
K 43 B 1A R R o SR R 9 O 6 BE I AFS-
9530, Z MK SR fift | Bl L B AR IO I E TR T2
12: ) (HI 694—2014) ™, K500 23 M 7ok o R F A IG5
25 B K T 3% A NexION350D, Z: 8 (UK &t 65 Fl T %
R0 2 PR USR5 A B R B9 75 ) (HT 700—2014) 27,
Kl 43 M 7 Fe Al Mn, 38 3 32 55 - A9 1R 5 DL 2%
1/2HCO;, I+545 2 7 M 2 [ 1 (total dissdved solids,
TDS) P, A it I 3k 1 5 2 42 o) ™ Ak 42 B A K 5 )
FERRMEDEAT o T FE AL A 280 W OAUE G ] M
I W I P 552 56 2 50 AU

SR PRE B 1 T, R R EAT T AR E s
F1 . 20% AT HE R, I 43 A v ith 2 v ] o5 647
Jo e 45 A, 2 0 A R ARG A X A I R 25 (relative
standard deviation, RSD) 4 il 75 # 5 75 [l A P (B2 50 %=
25 FUIR TR BR sl B, RSD KT 10%) .
2.2 V5 YKE PR 5 R R RS A 43 B

K H 4 8 U5 Y38 B (HPD | 9 Hg % F5 50 (ND A



2025 4F BV, SRR R T b DX A O R K bR Ak S R B IR - 65 -

15 QR (CD) RAVFAl R 7K b 8 4 J A 75 e KPP

(M, 1
Z(Exloo)xi

HPI = ———— (D
1
— S,
=1
[ERE
s ) s
NI: i mean max 2
> 2
n M
CDh=) — (3

A M— T KRR TP T B B R MR/ (mg L) 5

S—H BbR &R BOE Jy (b R 7KK Bibs

HEN GB/T 14848—2017) 12" {14 TIT 23
4 IR -

HPI. NI Fl CD #5326 40°F : %} T HPI, HPI<15 )1
FARBE IS Y, 15<HPI<30 Jy WA P EET5 YL, 30<HPI<
100 Sy M2 w1 5 3 75 Y, HPI>100 SRy IV IS H B 75 Uy
XFT NI NISU R EEAR 5 G4, 1<NI<2.5 4 2652
199, 2.5<NI<7 Jy M2 5 G, NI=7 h VI
15 9%; XM T CD, CD<6 IRARJE TG4, 6<CD<12 W
M2 TS Y, 12<CD<24 1 M5 K54, CD=
24 HIVEARH RI5 % .

K € E R 575 (U. S. Environmental Protection
Agency, USEPA) &7 [ % @5 P-4 (exposure assessment) |
AF BUE KUK PEAl (non-carcinogenic risk assessment) A1
I XU P Al (carcinogenic risk assessment) J7 72 2 i7F 17
AR A SR IR DAl 220 XU TP A 2 e T 0 2% 2 1Y) R
B, BOE SR AL T 4 E I ] Be N e AR AT AT 45 7 e
FIRY A 1) i R 52 ) 00 ARE 3R ) e A L g 4 T Dt R XL
W2 DA 5 1 XU K P 1 Ak, I DL vh ) 2o sl 3k
w4 | RN, 18 W i 9 B i (4DD) . FTE
BN TR A8 3 32 1 3R o 2 A 58 [ B AR 47 3B 8 Y
() HER:

ADD =

n

(Cyw X IRX EF X ED)
(BW X AT)
K Hr: ADD——HEA 4 @ 2R FH K B 07 19 °F- 34 H 5
i/ (ngkg -dh;
Cy— K& BB/ (pg L)
IR— KA ZF/(L-d™);
EF—BgER %/ (da');
ED— A G RF L 1] /a;
BW—{K T /kg;

C))

AT—F- ¥ f[a)/d.,

o, B A 4% BOE S 80 =, 00 s B AL
6 kg, JL#E 20 kg, ¥ D 4F 46.25 kg, i A 70 kg; /K A
B4 )L0.75 L, JLEE 1.25 L/d, /D 4F 1.58 Lid, i,
N 1.95 L/d; MR8 45 % . 2241 JL 350 d/a, JLEE 350 d/a, 75
/A 350 d/a, B 350 d/a; B EE LR IA]: 24 )L 2.5 a,
JLEE 2.5 a, H/DAF 4 a, BN 26 a; F- 3585 1] (IE S E X
). B24h )L 912.5d, JL# 912.5d, /D 4E 1460 d, il A
9 490 d; V- ¥ i:f ] (g SE KRS ) 2240 L 25 550 d, JL 2
25550 d, 7 /D 4F 25 550 d, A 25 550 d.

4 I 0 s E R 208 KU th XU # 8 (HO) THE

ADD
RfDo

Horpr, AR B9 2 % 55 & (RfDo) Ji H USEPA %t T
B M BE 2 o R, RfDo JE il i 8 A % & @Al T
(45 H e KR, W HO <1, R 82 (S R B
AN, R HO>1, W 4 )& AT e ™ A= AR BURBUH -
HHp, RfDo MR % USEPA ¥E{H 43 % 4« £8 3 pg/(kg-d),
i 0.3 pg/(kg-d), 4 40 pg/(kg-d), &F 300 pg/(kg-d), #a
0.5 pg/(kg-d), $1 5 pg/(kg:d), fifi 5 pg/(kgd), 4
20 pg/(kg:d), Bl 5 pg/(kgd), & 0.3 pg/(kgd), £
1000 pg/(kg-d), © 200 pg/(kg-d), & 24 pg/(kg-d), ¥
700 pg/(kg-d) -

S T VPG AR R K 22 B 4 T Y A R 0 7 Al 3o
YERL, R A 48 % (HD , ¥ BT A7 3H 5300 v 4 s 1Y
HQ {EAH I

HQ= (5

HI:Zn:HQi (6)

s HO——5A> & Ja 1 XU 7 48

HI—T A BE9E 00 43 8 1 FE 1 48 55

n—4& R

HI>1 R W] fe Xt A\ fgt B 7 R AR5 ), A a0 2e
HE— 25T

4 ) 0 TR AR B0 AU DAl E R XURS: (CR) THERE,
VIR E X 3 1 2 (4) TEA -

CR=ADD x SF 7)

K ADD——70 - 345 H 8 A i /(mg-kg'-d™");

SF—#F R [N T /(kg-d-mg™), SF I A USEPA &

T XU R B 2

AR 5T S # R 0.0015 pg/(ke-d), N
0.006 1 pg/(kg-d) . W 7E B KU & > 1k — A v R 3L
i 2 5 T A A AT 2 R 0 3 R AR S T A2 1Y



66.

7K SCHb BT TR b S

%1

g MU R /N T 1074, — Bl Al 4252 i, 0 H s
15 3Ly AT REAF 18 B0 XU .

3 &R
3.1 U F KL AE
it A i i X4 A S5 U 4 7K HR G 7K Ak 44 B

PEIEAT 0T, LAARAS X b T 7K (9 7K SCHbBR AL 22 R 1E
iR 7K TDS 5 R 1290 ~ 2 580 mg/L, M F /K /KB
Y7 J i K (TDSy 1000 ~ 3 000 mg/L) . Hi 3 1 7]
N, MR K P BHES ik B Ca?>Mg>Na™>K", BB i

=1

& HCO;>SO; >Cl ., #ff 5% X 1 F 7K FH & + Lk Ca*hy
&, BB 7 LLHCO, A 3. 7EAFEFFE il hy, 3R K
N Ry i A BRSPS TR AT g S B UK, TR Ik s ] B K
R, T2 AR RO MR CIRE AR 5 R %L
B, BT LAFE 7R A0 3h 6 bR K R IR i 5 e B &
HE B 3 BE P 4 S B NOL TS5 g i R, BF 58N R
NO; AT BEFE 7~ ARV 16 st b T /K g R 21 AR5
L NO; ¥ I T 3 T 7K J5 A o HL e BRA(EL, R W24
Hi 3 T K A A 2 B RN TG S . NS S
TR T Tk A,

TR ESEST

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
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Table 2 Concentration of trace metals in groundwater in Muji Area, Xinjian

SRR/ (mg' L)

i3 Rt LS Bk
/(mg'L7) B/ LN P ARTE /(mg'L7) /(mg'L7)
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 - -
v 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 1 182.00 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
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Fig. 7 Metal health risk assessment in groundwater

() JpfiE UK

BN HI Y i T A 1(E 7e), 2% b b T KR
AR AR KR . FEH R K, As B Cd #% [ Pr g i
FFEAILRE 1 22 [ 21 PR Jm 25 B KBS 15 B R G281 0 B A
N RBUIED ™ AESE T PEAG 3L F R K As Al
Cd 1V B B0 AR o 25 18 B0 5% X IR JL AT - 34 {8
( 7), & T8 A As 1Y BUR K 7E 5 A R AE S b
b T B A LB KU A I R TR, SR A
it £k 7+ 78 2 5 HCO; (1 b R KA R in e % e, Jin =z
NN R0 SN KAz, 80t 4 T 4k B2 A W7 A 3 b



S 72 - K ST S5 TR 5T o514

K, T A R AR XU
4.3 YL S B R

WFIE XA AR b O A — 2 1 R SRR
SRR EGEE TSR . Hrd, Mn Al Sr Al RB AR AR
o M KURE , As 23 R BUR R U . AIF 5T X T 7K Ak
f RS 27 B A KA RER 5V A i s ol PR e R K
4 JE BT g R AR A AR i A TR
F3 b DX H R K AN IE B AR K I

B PSR Y ) M 25 L S SR DL R A
B M TRRRAE, 38 A A S IR S 2T, HEIE
S — AN AT A R b T K5 G A K AT [ ) R
W2 o BRI S F S A 5 Tk I L 48 U 4R R
FNFREE AR P AH S5 G A ] TS E 2R, U K PR ) 2
IR ES AR SO

(1) Jin i e 52k b 550 b 1X %) b 7K R 8 W, X
A AR R AR K R A T 7, R e /0 3 et 5 A R
ok e f s A0 1 ) £ 5 XU 5

(2) JS 32 20 %o A Bk b 301X SR /K LI R 7K 19 IF &
i . S5 b T /K 00 G 55 M, B0 2 M i 1 I
SRR, B 1k A 9 FF 2R e i rp ke — 25 in Ji ok 24 1 b
KT G A

(3) X% b R AK K A7 i 35 T 8 b DX R H TR 7K & 32 15
Y b, DX S it 7 A WA, RS AR A2 BURFF T 1 T N HE
K AR A5 N T By, R M 5 R N T TS e A
b8 B RE AR HL AL

(4) AT [ B () BOUR A 1E, 5 K 35 B 87 30 R 3%
T en BT AT (E B AL, SRR L R K B

(5) Jin 558 45 4 S5O0 Hby X 7] Fp 52 & J PR 05 R B B R
I 57 % -

5 #ig

(1) 7K H Fe. Mn #1 Sr 4 J& 19 ¥ & 5 T 38 [E M
T 7K BT S R A R KK B AR

(2) H 51 43t FHRE 258 58 4 7 A 4SS 70 1 5375 31
TR B4 JE BT =z B B R, A WAL R
T A T2 1T 7K b 43 Y 2R A

Q)R XA E S BT R NZE G TR Y, 4
PR B T AR TS Y. Hd, Mn
F1 St Al gt >k A BUm RIS, As 237 e SO T AU

(4) FH T Rl 12 b 5 V5 i ok B2 A RR 22, X b b R K
Y5 G KBS ATS 7 AR o ASAF 98 3R B, 2 b X% b 7K
TeEM T o [RIEE, R 25 2 ik >4 ™ 4 /4 T
K, ME— 25 sE X 24 o R K SRR AR

£ E Wk ( References ) :

[ 1] GIUSTINI F, BRILLI M. Uranium geochemistry of
Italian travertines and calcareous tufas: Exploring the
relationship between carbonate deposition, groundwater
circulation and subsurface geology[J]. Minerals, 2023,
13(6): 782.

[2] DONGFQ, DAI Q W, JIANG Z C, et al. Travertine/tufa
resource conservation and sustainable development call for
a world-wide initiative[J]. Applied Geochemistry, 2023,
148: 105505.

[ 3] GOLDSCHEIDER N, CHEN Z, AULER A S, et al.
Global distribution of carbonate rocks and Karst water
resources [J]. Hydrogeology Journal, 2020, 28(5): 1661 —
1677.

[4] DABKOWSKI J. The late-Holocene tufa decline in
Europe: Myth or reality?[J]. Quaternary Science
Reviews, 2020, 230: 106141.

[ 5] EL-SHABOURY SR, SALEH G A, MOHAMED F A, et
al. Analysis of cephalosporin antibiotics[J]. Journal of
Pharmaceutical and Biomedical Analysis, 2007, 45(1):
1-19.

[6] RIAZ L, MAHMOOD T, KHALID A, et al
Fluoroquinolones (FQs) in the environment: A review on
their abundance, sorption and toxicity in soil[J].
Chemosphere, 2018, 191: 704 — 720.

[7] JHETE, BEHE, BEL, 55 b R B0E % T KoK
A REAE SO IR (D). BRBER} 27, 2023, 44(9): 4874 —
4883. [ TANG Chunlei, SHEN Haoyong, ZHAO
Chunhong, et al. Hydrochemical characteristics and
formation causes of ground Karst water systems in
Gudui spring catchment[J]. Environmental Science,
2023, 44(9): 4874 — 4883. (in Chinese with English
abstract) |

(81 XA . = BV A R /K A 2 R AR R 55 AR T FR B2 il
K2 [D]. dbat: o b i K% (dbst), 2020. [ LIU
Haisheng. Hydrochemical characteristics of hot springs in
western Yunnan and influencing factors of travertine
deposition[D]. Beijing: China University of Geosciences,
2020. (in Chinese with English abstract) ]

[9] SUC, ZHANG X Q, SUN Y W, et al. Hydrochemical
characteristics and evolution processes of Karst
groundwater in Pingyin Karst groundwater system, North
Chinal[J]. Environmental Earth Sciences, 2023, 82(2):
67.

[10] LIU J, WANG H, JIN D W, et al. Hydrochemical
characteristics and evolution processes of Karst
groundwater in Carboniferous Taiyuan formation in the

Pingdingshan coalfield[J]. Environmental Earth Sciences,


https://doi.org/10.3390/min13060782
https://doi.org/10.1016/j.apgeochem.2022.105505
https://doi.org/10.1007/s10040-020-02139-5
https://doi.org/10.1016/j.quascirev.2019.106141
https://doi.org/10.1016/j.quascirev.2019.106141
https://doi.org/10.1016/j.jpba.2007.06.002
https://doi.org/10.1016/j.jpba.2007.06.002
https://doi.org/10.1016/j.chemosphere.2017.10.092
https://doi.org/10.1007/s12665-022-10717-x
https://doi.org/10.1007/s12665-020-8898-4

2025 4F BT, S TR T Hb DX A S 0 M T K R 2 R AE B IR B X - 73 -
2020, 79(6): 151. of Tnorganic Anions (F~, CI", NO;. Br, NO;. PO,
11 SRmfr, ARIRAR, ¥F5e, 55, JUasvo s e T ok b2 SOY . SO )-ion chromatography: HJ 84—2016[S].
FRAE B i B 4 B [1]. SR EERE 2%, 2024, 45(2): 802 — Beijing: China Environmental Science Press, 2016. (in
812. [ GUO Gaoxuan, DAI Yindong, XU Liang, et al. Chinese) |
Chemical characteristics and genetic analysis of Karst [19] rhae A R FEFEAPER. K 32 Fhoc Z 090 e
groundwater in the Beijing Xishan area[J]. Environmental A JRRORE A A B R R B G g . HT 776—2015(S).
Science, 2024, 45(2): 802 — 812. (in Chinese with b 50 o J R 5% BE 2% O AL, 2016, [ Ministry of
English abstract) ] Environmental Protection of the People’s Republic of
[12]  Fyseby B kw2 bl i g B HL AR (M), & China. Water quality—determination of 32 elements-
B ORSF: AR MU AL, 1996: 62 — 73, [ Aktao inductively ~ coupled  plasma  optical ~ emission
County Chorography Compilation Committee. Aktao spectrometry: HJ  776—2015[S]. Beijing: China
County annals[M]. Urumgqi: Xinjiang People’s Publishing Environmental Science Press, 2016. (in Chinese) |
House, 1996: 62 — 73. (in Chinese) ] [20] A N RIEHNEPRE LRI EL. K 65 Fhon R iyl i
[13]  BRIRAS, RIBAR, IMAR, 45 BT AT 4l 6 BRS04 B TR A 4 B T R BT L HY 700—2014[S]. b 5t
WLZE A | Mo ER Ak 25 R AE Sl R ) 0], 56 2 i o, [&] 2R 5% Bl 22 0 iR AL, 2014, [ Ministry of Environmental
2023, 43(1): 173 — 186. [ CHEN Zhaojie, SONG Protection of the People’s Republic of China. Water
Xudong, SUN Miao, et al. Microstructure, geochemical quality—determination of 65 elements-inductively coupled
and genesis of coated grains in the Muji basin, plasma optical emission spectrometry: HJ 700—2014[S].
Xinjiang[J]. Quaternary Sciences, 2023, 43(1): 173 — Beijing: China Environmental Science Press, 2014. (in
186. (in Chinese with English abstract) ] Chinese) |
[14] FORD T D, PEDLEY H M. A review of tufa and [21]  pAe NRILANE A AR BEURER. T AR Bt 23 M7 7 35 56
travertine deposits of the world[J]. Earth-Science 62 T8 4% . FETR B9 I R RE4H B 4O G E . DZ/T
Reviews, 1996, 41(3/4): 117 — 175. 0064.62—2021[S]. b5t i i hitat, 2021, [ Ministry
[15]  Zeojcwd, FEHH . 47 980 P o Mg B A 75 1Y pg 19 22 A P o of Natural Resources of the People’s Republic of China.
el 4 A OB b B AR AE M FR T AR AR (UL B A A 4 Methods for analysis of groundwater quality—Part 62:
J& , 2021, 44(6): 23 — 24. [LI Yongfeng, TIAN Determination of silicic acid-Silicon molybdenum yellow
Shixiong. Geological characteristics and prospecting spectrophotometry: DZ/T 0064.62—2021[S]. Beijing:
criteria of the Bodubulak copper-gold deposit, Southwest Geological Publishing House, 2021. (in Chinese) ]
of Muji, Aktao County, Xinjiang [J]. Xinjiang Nonferrous [22] A N RSLRNE B 4K 9 UESS. # T K B 7 vk 58
Metals, 201, 44(6): 23 — 24. (in Chinese with English 17 3853 - BB AN M B A E — AR It — kot
abstract) | I BE ¥ : DZ/T 0064.17—2021[S]. 4t 5 4 57t RR
[16] “REIH, EEE, KES VHRCIRAH X =& 2021. [ Ministry of Natural Resources of the People’s
BEHESHASBHRENRREN U 5A% Republic of China. Methods for analysis of groundwater
2, 2022, 38(7): 2003 — 2016. [ ZHU Mingtian, DONG quality—Part 17: Determination of total chromium and
Zhiguo, ZHANG Lianchang. Genetic discussion between hexavalent chromiumcontents—Diphenylcarbazide
the Triassic plutons and rare metal pegmatite in the Muji spectrophotometry: DZ/T 0064.17—2021[S]. Beijing:
area from north section of the Western Kunlun, China[J]. Geological Publishing House, 2021. (in Chinese) ]
Acta Petrologica Sinica, 2022, 38(7): 2003 — 2016. (in [23] R NRALRIE B ARG IR 8. bR 7K BT 4 B 7 ik 5
Chinese with English abstract) ] 49 ¥R 43 RIRAR . FE AR IR AR T A AR B I TR
C17] BT s B A BB . S 3T BT 52 Mg [EB/OL]. (2022-05-13) SE 5 : DZ/T 0064.49—2021[S]. db 5T Hb i i AR 4t
[2024-01-25]. [ Aktau  People’s  Government. 2021. [ Ministry of Natural Resources of the People’s
Approaching Aktau[EB/OL]. (2022-05-13) [2024-01- Republic of China. Methods for analysis of groundwater
25]. http://xjakt.gov.cn/xjakt/c104645/list.shtml, 2022-05- quality—Part 49: Determination of carbonate, bicarbonate
13.(in Chinese) ] ions, hydroxyl-Titrimetric method: DZ/T 0064.49—
[18] e A R LA [E PR B AR 47350 K Bt TE ML B+ (F-. 2021[S]. Beijing: Geological Publishing House, 2021. (in
ClI'. NO;. Br. NO;, PO, SO, SO )Ry & & Chinese) |
T 05 HI 84—2016[S]. b 5% . Hh H A 5L 2 R [24] rhAe NRALFE 3R TTIRES. M T KB4 H7 77 i 4 60

#1, 2016. [ Ministry of Environmental Protection of the
People’s Republic of China. Water quality-determination

HB A3 A R R 1 I R 43 0 % JE ¥ : DZ/T 0064.60—
2021[S]. 4t &t . Hb BT ) B #E, 2021, [ Ministry of


http://xjakt.gov.cn/xjakt/c104645/list.shtml

74.

7K SCHb BT TR b S

%1

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Natural Resources of the People’s Republic of China.
Methods for analysis of groundwater quality—Part 60:
nitrite—Spectrophotometry:  DZ/T
Publishing

Determination  of
0064.60—2021[S].
House, 2021. (in Chinese) ]

A N RILFE BB R8RSR A L BB A
B E JE T2k HI 694—2014[S]. b3 i E
M85 Bl 22 B R AL, 2014, [ Ministry of Environmental
Protection of the People’s Republic of China. Water

Beijing:  Geological

quality-determination of mercury, arsenic, selenium,
bismuth and antimony -atomic fluorescence spectrometry:
HJ 694—2014[S]. Beijing: China Environmental Science
Press, 2014. (in Chinese) |

J IR, 5K SCHR, 4 e T TR IR S A I R K AR R
i B P R 2R 3 (). BRI 427, 2023, 42(6): 1945 —
1956. [ TENG Yue, ZHANG Wengiang, WANG Jinxiao.
Analysis on hydrochemical characteristics and controlling
factors of Karst groundwater in Zihe River Basin[J].
Environmental Chemistry, 2023, 42(6): 1945 — 1956. (in
Chinese with English abstract) ]

WEN Xiaohu, LU Jian, WU Jun, et al. Influence of coastal
groundwater salinization on the distribution and risks of
heavy metals[J]. Science of The Total Environment,
2019, 652: 267 —277.

) ¢ JB 4k M e A g Ry, v ) R AL A
Ze 523 Mo R K B bR k. GB/T 14848—2017(S]. b
50 g E R fE YRR AL, 2017, [ General Administration
of Quality Supervision, Inspection and Quarantine of
of China,
Administration of the People’s Republic of China.
Standard for groundwater quality: GB/T 14848—2017[S].
Beijing: Standards Press of China, 2017. (in Chinese) ]
GIRI S, SINGH A K. Spatial distribution of metal(loid)s

in groundwater of a mining dominated area: Recognising

the People’s Republic Standardization

metal(loid) sources and assessing carcinogenic and non-
carcinogenic human health risk[J]. International Journal
of Environmental Analytical Chemistry, 2016, 96(14):
1313 — 1330.

RS, BRI, VLY, 45, JL st a8 X T K A
5 M FK - VR 48 s MR bR o (D], 7K SCHb 5T T
& M1 BT, 2007, 34(5): 37 — 42. [ CHENG Donghui,
CHEN Honghan, HE Jiangtao, et al. A study of indicators
of anthropogenic influence and water-rock interaction in
groundwater system in the urban region of Beijing[J].
Hydrogeology & Engineering Geology, 2007, 34(5): 37 —
42. (in Chinese with English abstract) |

WRIE, LY, SR, S5 ML A 2 T K A R B
IKAFAEFNRLIA 73 Hr [1]. BRI, 2018, 39(9): 4142 —
4149. [ XU lJin, HE Jiangtao, PENG Cong, et al.

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

Characteristics and genesis of NO; type water in shallow
groundwater in Liujiang Basin[J]. Environmental
Science, 2018, 39(9): 4142 — 4149. (in Chinese with
English abstract) ]

LOWENSTEIN T K, TIMOFEEFF M N,
KOVALEVYCH V M, et al. The major-ion composition
of Permian seawater[J]. Geochimica et Cosmochimica
Acta, 2005, 69(7): 1701 — 1719.

S, AR, 2, AL bl A A T K R A
PP B AR AR BT (] [ M 5T, 2024, 51(4)
1266 — 1279. [ GUO Gaoxuan, DAI Yindong, XU
Liang, et al. Evaluation of Karst groundwater quality in
Beijing and its eco-environmental effects [J]. Geology in
China, 2024, 51(4): 1266 — 1279. (in Chinese with
English abstract) |

GIBBS R J. Mechanisms controlling world water
chemistry [J]. Science, 1970, 170(3962): 1088 — 1090.
SR RHETT R RE M A T Bk K AR A K s
e 58 [D]. b 5t op 1 M 5T R 27 (B 5), 2006.
[ CHAI Rui. Study on hydrochemistry and travertine of
underground hot water in Zhouliangzhuang geothermal
field[D]. Beijing: China University of Geosciences, 2006.
(in Chinese with English abstract) ]

W WrE, JA 4 e, ThIRAR, A5 OR EEWE A IE R R I
Mo R K B K SCHE Bk A 2 ad AR (1), T RIS,
2020, 37(3): 541 - 550. [ ZENG Yanyan, ZHOU
Jinlong, NAI Weihua, et al. Hydrogeochemical processes
of groundwater formation in the Kashgar River Basin,
Xinjiang[J]. Arid Zone Research, 2020, 37(3): 541 —
550. (in Chinese with English abstract) ]

SEBL IR SR T W R M T KR AL 2A R AT
FOR A O], R IXHE IR 5 B, 2021, 35(3): 80 — 87.
[ MENG Qi.

controlling factors of the shallow groundwater in the

Hydrochemical characteristics  and
midstream and downstream areas of Shiyang river
basin[J].
Environment, 2021, 35(3): 80 — 87. (in Chinese with
English abstract) ]

FAYE S, MALOSZEWSKI P, STICHLER W, et al.

Groundwater salinization in the saloum (Senegal) delta

Journal of Arid Land Resources and

aquifer: Minor elements and isotopic indicators[J].
Science of the Total Environment, 2005, 343(1/2/3):
243 —259.

FEF. IR O H XK AR R K S Bk
e AE B 58 (D). b st o B 4 5 k% (b st),
2020. [ WANG Yuxue. Study on hydrogeochemistry
during seawater intrusion in Longkou area, Shandong
Province[D]. Beijing: China University of Geosciences,

2020. (in Chinese with English abstract) ]


https://doi.org/10.7524/j.issn.0254-6108.2022012104
https://doi.org/10.7524/j.issn.0254-6108.2022012104
https://doi.org/10.1080/03067319.2016.1255735
https://doi.org/10.1080/03067319.2016.1255735
https://doi.org/10.1016/j.gca.2004.09.015
https://doi.org/10.1016/j.gca.2004.09.015
https://doi.org/10.1126/science.170.3962.1088

2025 4F

OB, A TR XA AR R

WL 7K IR AL 24 FRAE B LB 1 S =75 -

[40]

[41]

[42]

[43]

[44]

[45]

[46]

B 2 B 22 J A M R K AR R R
WIANG K IR AF T [D]. 22 M e 22 k2%, 2011, [ WEL
Guoxiao. Study on groundwater evolution law in modern
Jilantai basin and recharge source of ancient great
lakes[D]. 2011.
Chinese with English abstract) ]

XA, Sl de, MR, A DU 1] B e v st XA AR Y
A IEAIE AL 5T (0], HuBk 1k, 2003, 32(1): 1 -
10. [ LIU Zaihua, YUAN Daoxian, HE Shiyi, et al.
Origin

Lanzhou: Lanzhou University, (in

and forming mechanisms of travertine at
Huanglong Ravine of Sichuan[J]. Geochimica, 2003,
32(1): 1 - 10. (in Chinese with English abstract) ]
HEMG WS AR, BRI ELERE G 2.
Az T RO K T A AR - GB 5749—2022(8]. Jb 5t o
[E &7 7 1 B 41, 2022, [ State Administration for Market
Regulation, Standardization ~Administration of the
People’s Republic of China. Standards for drinking water
quality: GB 5749—2022[S]. Beijing: Standards Press of
China, 2022. (in Chinese) ]

TR, PSR, P 2200, 55 T 2R B4 PG B0 i 4k
Ho T K P B R ARIE SR B 0] BRI, 2023,
42(2): 456 — 468. [ TU Chunlin, HE Chengzhong, TAO
Lanchu, et al. Characteristics and genesis of strontium
enrichment in groundwater of typical Karst basins in
Eastern Yunnan and Western Guizhou[J]. Environmental
Chemistry, 2023, 42(2): 456 — 468. (in Chinese with
English abstract) ]

ZRTE, B, AR TR, A A v T T Al A
TKERITER TG SEHEXE (1], BREEFR2, 2021,
42(1): 184 — 194. [LI Jun, ZHAO Yi, ZOU
Shengzhang, et al. Metal pollutions and human health risks
in groundwater from wet, normal, and dry periods in the
Huixian Karst wetland, China[J]. Environmental Science,
2021, 42(1): 184 — 194. (in Chinese with English
abstract) |

B, B, 2, L TARUR M T KR ITR
IR AR S A R KU R (0], BRBERY27, 2021, 42(9):
4257 — 4266. [ XIE Hao, LIANG Yongping, LI Jun, et
al. Distribution characteristics and health risk assessment
of metal elements in groundwater of Longzici spring
area[J]. Environmental Science, 2021, 42(9): 4257 —
4266. (in Chinese with English abstract) ]

BRENAN, 4 e, B WHiE, 55 BT AR R B 5 3t X - SR X
o Tt M T K 2 A R B R AR R R A L. B R A
2%, 2021, 40(1): 254 — 262. [ CHEN Jinsong, ZHOU
Jinlong, ZENG Yanyan, et al. Spatial distribution and
enrichment factors of high-arsenic groundwater in the
plain area of Aksu Prefecture, Xinjiang[J]. Environmental
Chemistry, 2021, 40(1): 254 — 262. (in Chinese with

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

English abstract) ]
SR 2O, AR, A5 B AU L DO A
K AT HE M BR AL 2 R S R R BLR (O], DR 5 4 4
M BT, 2023, 43(2): 340 — 356. [ HUANG Haoqing,
YUAN Xingcheng, PENG Qinghua, et al. Geochemical
characteristics and genetic mechanism of geothermal water
and travertine in the southern Himalayas[J]. Sedimentary
Geology and Tethyan Geology, 2023, 43(2): 340 — 356.
(in Chinese with English abstract) ]
9 . PN B 1A A AR AR R U B K Ak 2 IR
£ & i i 2= 8 AR BF5Y (D], 8 PR T8/ K%, 2009.
[ WANG Haijing. Temporal and spatial changes of
hydrochemistry and isotope in travertine sedimentary
Sichuan[D].
Southwest University, 2009. (in Chinese with English
abstract) |
WEE, RER, TR, & MR LR EERE
YRR B S e AR S e AT (1], P BRI RLA, 2013,
33(#% 1) 1): 49 — 53. [ LEI Guojian, CHEN Zhiliang,
LIU Qianjun,

streams in Huanglonggou, Chonggqing:

et al. Pollution degree and potential
ecological hazard assessment of heavy metals in soil in
Guangzhou suburbs[J]. China Environmental Science,
2013, 33(Supl): 49 — 53. (in Chinese) |

CARRETERO S, KRUSE E. Iron and manganese content
in groundwater on the northeastern coast of the Buenos
Aires Province, Argentina[J]. Environmental Earth
Sciences, 2015, 73(5): 1983 — 1995.

CAPO R C, STEWART B W, CHADWICK O A.
Strontium isotopes as tracers of ecosystem processes:
Theory and methods[J]. Geoderma, 1998, 82(1/2/3):
197 —225.

KATSOYIANNIS A, BREIVIK K. Model-based
evaluation of the use of polycyclic aromatic hydrocarbons
molecular diagnostic ratios as a source identification
tool [J]. Environmental Pollution, 2014, 184: 488 — 494.
kI 2, Uk s B 8 K o b B 3 IR IR IR — A L 4
WS B B i S (7). o 4 R SE A, 2022(4)
93 - 95. [ ZHANG Zhaohong, HOU lJiliang.
Metallogenic regularity and prospect of manganese and
copper in Markansu area, Akto County,
Xinjiang[J]. China Metal Bulletin, 2022(4): 93 — 95. (in
Chinese) |

IARC. International agency for research on cancer, IARC

deposits

monographs on the evaluation of carcinogenic risks to
Overall
carcinogenicity: An updating of IARC monographs[R].
New York: IARC, 2011.

humans, Supplement 7: evaluations  of

YR KAk


https://doi.org/10.1007/s12665-014-3546-5
https://doi.org/10.1007/s12665-014-3546-5
https://doi.org/10.1016/j.envpol.2013.09.028

	1 研究区概况
	2 材料与方法
	2.1 样品采集和测试
	2.2 污染水平评价与健康风险评估分析

	3 结果
	3.1 地下水化学特征
	3.2 主要金属的浓度及分布特征
	3.3 地下水中金属来源解析

	4 讨论
	4.1 包覆颗粒与地下水金属元素丰度的对比
	4.2 地下水金属健康风险评价
	4.3 当地产业与环境启示

	5 结论
	参考文献

