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Abstract

To study the influence of mining areas on the chemical characteristics of groundwater in Xilingol
Grassland and the potential hazards of heavy metals in groundwater to human health, the Xilingol
grassland mining area was taken as the research area, and the conventional indicators and metal
elements in 30 groundwater samples in the area were determined and analyzed. The chemical char-
acteristics of groundwater in the study area were analyzed based on the Nemero Composite index
method, and the groundwater health risk in the study area was evaluated by applying the USEPA
health risk assessment model. The water quality assessment results show that the water quality
concentration at some monitoring points in the study area exceeds the standard limit of Class Il in
the “Groundwater Quality Standard” (GB/T 14848-2017). The groundwater quality in the study
area is poor, and the prevention and control of groundwater pollution in this area needs to be
strengthened. The results of the health risk assessment show that the health risk values of carcin-
ogens are much higher than those of non-carcinogens, and the health risk exposure of children is
higher than that of adults. However, the overall health risks caused by the intake of six heavy metals
through drinking water to both adults and children have not exceeded the acceptable maximum
limit, indicating that the carcinogenic risk of metal elements in groundwater in the study area is
relatively low.
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Figure 1. Location of the study area and distribution of sampling regions
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Table 1. The evaluation criteria of single-factor pollution index and comprehensive pollution index [3]
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Table 2. The carcinogenic coefficient and health risk coefficient of heavy metals [12] [13]

R ESRBERNESEENKRE12][13]

BUmT5 BB R g AEBORE TS G XS 2 RID;
Cd As Mn Cu Zn Pb Hg
6.1 1.5 4.6 %1072 5x1073 3x 107! 1.4x1073 3x 107

AT, B REEIAFER BT BRSO, AR N LE SN 2 M EEREAT )
KPR, XN A HYOKE, MR 220, JLE 1.0L[14], ABIKRERAR 56 kg [8], JLEEL
22 kg [15]0 JEBRFHZF il 5 B X PA@RRZE L A AR, W5 R A TR A fy Cik
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Table 3. Statistics of routine water quality indicators in the study area
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Na* 108.13 537.5 53 56.3 119.272 1.103 15.63% 200.00
Ca?* 75.088 181.2 322 69.8 31.431 0.42 - -
Mg?* 28.722 101.5 7.6 19.5 22914 0.80 - -
NH, 1.985 18.3 0.04 0.12 5.735 2.89 6.25% 0.5
ClI- 71.331 642.7 8.5 28.15 119.522 1.68 6.25% 250.00
SO7 88.596 378.7 0.221 26.6 106.207 1.20 9.38% 250.00
HCO; 402.36 1111.8 144 379.85 205.37 0.51 - -
NO; 16.791 122.32 0.43 8.115 24.664 1.47 21.88% 20.00
NO, 0.202 2.878 0.002 0.067 0.54 2.67 3.13% 1.00

F~ 0.643 2.389 0.02 0.427 0.554 0.86 15.63% 1.00
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Ja KM, Hgv Asv Cdv Cu LAK Zn & EARHIEFEDL. 1M Mn #FRZRIE 25%, FHm AR 2 br i RS
) 4.46 ff5; Pb MBFRZEN 12.5%, S NAENPRAERRMER) 3.55 ff. 2% b, EFFEX I F/KH, Pb il Mn 2
SHESEBRMEZEICER. WL 4.

Table 4. Statistics on the mass concentration of metal elements in groundwater of the study area

F 4. MREBTRERBTERERESI

FEIE NN w/ME SR briEZE BRARE%  OERFE I OKRE

Cd 1.60 x 107* 3.10x 10* 5.00x 107 1.30x10* 1.00 x 107 0.62 0 0.005
As 420x 107 9.40x 1073 3.00x10™%* 3.70x 107 2.80 x 1073 0.66 0 0.01
Mn 1.28x 107" 446x10"  4x1073 54%x1072 1.44x107! 1.12 25% 0.10
Cu 339x107% 220x 1072 6.00x10* 1.71x107 4.40x 107 1.30 0 1.00
Zn 417x1072 6.01 x 107" 9.00x 10 3.91x1073 1.24x 107! 2.97 0 1.00
Pb 3.72x1073 3.55x 1072 9.00x 107> 4.90x10* 8.18x 1073 2.20 12.5% 0.01
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NO; {5 AR T 2, kb T 3R¥5 4K F, 5 EEH 38.5%; Nat, ClI. F- SO i5 a8/ T 1~2 2 1],
b BE S GRS, B 30.8%: As V5 AREN T 0.7~1 Z 18], AT RIS QK a I 7.7%:;
Zn. Cd. CuV5BA88UNT 0.7, T HIGHKT, a0 23.08%. L6 KA, BT H T AKKFEER
%o

DOI: 10.12677/0jswc.2025.134008 58 KRR


https://doi.org/10.12677/ojswc.2025.134008

Y

Table 5. Statistics of the evaluation results of the Merlot Pollution Index in the study area

5. MREXAET SIHERITNERRIT

YiitHaki o Py Pyt
R/ME BRKME P
Na* 0.0265 2.6875 0.540625 1.938 GHEREES
NH; 0.08 36.6 3.9700 26.032 ST Yy
cr 0.034 2.5708 0.285325 1.822 Hh RV
SO 0.000884 1.5148 0.3544 1.100 RS Y
NO; 0.0215 6.116 0.8395 4.365 YT G
NO, 0.002 2.878 0.202286 2.040 EEE S
F~ 0.02 2.389 0.642531 1.749 SR REES
cd 0.01 0.062 0.032 0.049 REE S
As 0.03 0.94 0.42333 0.729 LESEE S
Mn 0.04 4.46 1.277826 3.280582211 BT Y
Cu 0.0006 0.02203 0.0033944 0.01576139 FREES
Zn 0.0009 0.60149 0.041663913 0.426336781 FREE'S
Pb 0.009 3.545 0.371967 2.520454765 EEERS
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FA B0 0 ) £t R DXL (B i T AR B M (e BB BL, veit 3~4 MR . TCRP HHEFF IR B K T 4 52 XU
KPR 5.0x 107327 [17], BEFTIX 6 Fh il i PO R AR RS BN 5 ) L3 5 2 1 A i e XS, 25 R e o e K
FHESZIKOT, (A DUR B AR A2 ) L3 5 e (10 i e XU BE

Table 6. Health risks of chemical and non-chemical carcinogens through the drinking water route (a™')

3 6. ZIRFAKEENEFBEMRMIFNEBEYRB R @)

i KA VI LN JLE
cd 5.09E-07a"! 5.89E—07a"!
B Re
As 3.29E—06a’! 3.80E—06a"!
Mn 1.45E—09a"! 1.68E—09a™!
Cu 3.54E—10a"! 4.09E—10a""!
JEBUE Ra
Zn 7.25E-11a’! 8.39E-11a"!
Pb 1.39E—-09a"" 1.60E—09a"!
@RS R 3.80E—06a! 4 40E—06a"!

DOI: 10.12677/0jswc.2025.134008

59

KA AREF


https://doi.org/10.12677/ojswc.2025.134008

Y

42.2. FHEMS

(1) EEIABRYF(USEPA)GRTA, 41 (1A {8 B XAl RS 55 A TR B3 KLY
B S Y AT VE R AT, JRVE AN X Sy Yerimad BN RN R R B e = g A N AR S T RE R
A AR R IR . AT ST AN PR TR I 4 I S TR KX — B — IR AR A A fg AL R R, I ELTI 5 1Y)
AR AEE . Bk, BT AT U5 0 (B XU 45 S Br b ] BB A T SERR 1 .

(2) FEARYCHE R 7K e AR VE Al I FR v, K SO 5 AR B0 Y T 5 B0 g BB AE 70 1 T DL B 28
M, FESENLE 2010 ERIHF ARV, BUws R & AEB08 G HE RN, DRI AE S0P 5 i 35 X
B Sz bR AR T SEBRIE

(3) FEAR AR R VPG B, SRR Z 2 BT N IR 7R, I ARSI 78 X 0 B AR 0 T
W, MMFHEH T ZHAX S, B HBYOKE ., hES. B TFSEEE -2 AE M, 5
{3 TS Y A 258 B = A X1k

5. &g

() FEFFLIX R, FELEIR o s S R R R T T 2K AR AE PR . AR B = 1 NO; 1 M,
REbR I T 20%.

(2) WX, HUF KK o ZIXI N OB G, (R XA RS . T ORI TS
LI F RO MK, T HRKIERS R, &0 HABIE R 20, TRae R X &
B, BNELMEKE; XEEE HEam MRV BHR, RN B iR, s S8 Al K
Zigde, BT, A OBER I ERAZHX PR R RS Y e TAE.

(3) B RS PPAlT ) 285 SR B, B0 o 1) i R PR £ 5835 v T AR SO o ) e e AR AFL, I B L
T A ) 5T T T W 74 3 XU 1 T RN, (LA S XU H AR Y B R AT 3232 7K o IR R BT 5T
X HE R 7K 42 8 0 3 B0 RS AT UK. X —£5 84 m BAR B AT i XU AL Tl e iy, (B8R 563
It — A5 M 5 7 B DA CR A A PR 7K 5 22 4 0 A A AR

SE ik

[1]  AZREKFEMRAEE, GREEIE R R X . SR E R P AR X AR5 IS M.
WPRNTERE: N5 RS R, 2000.

[2] ZF&TE, SkEE, BE, & W KSR RN 75T S H ). MR, 2012, 31(5): 617-624.

[3] P, SEAebk, R, % A VR Tk R K 4 R SRR AT R A B RSV (7], IAEERLEE, 2023, 44(2):
796-806.

[4] Hm, KB, HEH, F =X I IR KRR KT 8 FE RS [T]. 5 5576, 2016, 38(2): 44-49.

[5] Xia, F., Niu, X., Qu, L.Y., Dahlgren, R.A. and Zhang, M. (2021) Integrated Source-Risk and Uncertainty Assessment
for Metals Contamination in Sediments of an Urban River System in Eastern China. Catena, 203, Article 105277.
https://doi.org/10.1016/j.catena.2021.105277

[6] Saha, N., Rahman, M.S., Ahmed, M.B., Zhou, J.L., Ngo, H.H. and Guo, W. (2017) Industrial Metal Pollution in Water
and Probabilistic Assessment of Human Health Risk. Journal of Environmental Management, 185, 70-78.

https://doi.org/10.1016/j.jenvman.2016.10.023
1 HEWE, M, RN F TR RKESETE RIURAME R XS P [I]. FEREE, 2018, 39(2): 729-737.
1 US EPA (1999) Guidance for Performing Aggregate Exposure and Risk Assessments. U. S. EPA.
[9] US EPA. (2008) EPA/600/R-06/096F, Child-Specific Exposure Factors Handbook. US EPA.
]
]

HEOR. HEAFRESHTMRAS) M]. b5t B EFRERE 1R, 2013: 90-780.

BN, BoRK, &5, & BT SHE0 K+ E 4R R 8 g R KR A I]. R, 2011, 32(5): 1329-
1339.

DOI: 10.12677/0jswc.2025.134008 60 KRR


https://doi.org/10.12677/ojswc.2025.134008
https://doi.org/10.1016/j.catena.2021.105277
https://doi.org/10.1016/j.jenvman.2016.10.023

Y

[12] FeBRME, BREEF, EHIE, &5 4Rde-F M T /K E &8 LAl 20 25 [ 0 A RHE S ] ek 53038, 2013,
41(3): 209-215.

[13] EriE, £k B, % 22550 T K E S R0 &g R AR [I]. 52, 2021, 40(4): 1157-

1166.
[14] skifte, FKk3E, Hadte, S5 WL R I E SR 15 3 5 RS PP [I]. FAETRLE, 2018, 39(4): 1598-
1607.

[15] FRBEPE. FPEABEEZESHFEMOLES) M]. b5 HEREER2E AL, 2016: 30-560.
[16] FKik, K=k, & ROFEE M LSEILEERIRIN]. LI5S, 2019-10-22(A05).

(171 &%, T, #Hk, % RHEX TIEE L85 PR RSB [I]. AOLIREERL 2 54), 2009, 28(7): 1439-
1443.

DOI: 10.12677/0jswc.2025.134008 61 KRR


https://doi.org/10.12677/ojswc.2025.134008

	锡林郭勒草原矿区地下水化学特征与健康风险评价
	摘  要
	关键词
	Chemical Characteristics and Health Risk Assessment of Groundwater in Xilingol Grassland Mining Area
	Abstract
	Keywords
	1. 引言
	2. 研究区概况
	3. 样品采集及评价方法
	3.1. 样品采集
	3.2. 水质评价
	3.2.1. 评价方法
	3.2.2. 内梅罗综合指数法

	3.3. 健康风险评价方法
	3.3.1. 健康风险评价模型
	3.3.2. 各参数选择


	4. 结果与讨论
	4.1. 水质特征
	4.1.1. 水质常规指标统计分析
	4.1.2. 金属元素质量浓度统计分析
	4.1.3. 地下水水质评价

	4.2. 健康风险评价
	4.2.1. 健康风险分析
	4.2.2. 不确定性分析


	5. 结论
	参考文献

