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[ Abstract] Objective To investigate the fluoride content of drinking water and the non-carcinogenic health risk of
oral fluoride exposure in the Inner Mongolia Autonomous Region (Inner Mongolia) in 2022 by analyzing monitoring data
for the management of drinking water hygiene in the region. Methods A total of 7 488 surface/underground resource and
treated/secondary supplied/tap water samples were collected in dry and wet seasons from domestic drinking water
monitoring stations located in different river basins and urban/rural areas in 12 municipalities of Inner Mongolia in 2022;
fluoride in the samples was detected and analyzed. The non-cancer health risk associated with oral exposure to fluoride in
drinking water was evaluated using the United States Environmental Protection Agency's (USEPA) four-step approach.
Results For all samples, the fluoride concentration (mg/L) ranged from not detected to 8.830, with a median of 0.500 and
a 25th/75th percentile of 0.300/0.750; the fluoride content in 91.64% of the samples was within the limit (< 1.0 mg/L) of
the National Sanitary Standards for Drinking Water (GB 5749 — 2006). For all water samples, the non-carcinogenic
hazard quotient (HQ) associated with oral exposure to fluoride in drinking water was 0.31 for the adult population, and
2.18% (163) of the samples had HQ values greater than 1. For children and adolescents, the non-carcinogenic HQ
increases and then decreases with age, with the highest HQ (0.45) for children aged 1 — <2 years and some samples with
HQ greater than 1 for children and adolescents of different ages. The non-cancer health risk of oral fluoride exposure was
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similar for male and female adults (HQ = 0.31), and the non-cancer health risk was higher (HQ = 0.33 — 0.45) for children
aged 9 months — < 3 years than for adults. There were significant differences in fluoride content and associated non-
cancer health risk for samples collected from different river basins (H = 648.781, P < 0.001); the fluoride content and
associated non-cancer health risk (HQ = 0.40) were the highest for samples from the Liaohe River basin, followed by
those from the basins of some inner rivers (0.37), Haihe River basin (0.36), Yellow River basin (0.26), and Heilongjiang
River basin (0.24), respectively. The qualification rate (fluoride content lower than the national standard of <1.0 mg/L) of
water samples from urban areas was higher than that from rural areas (95.96% vs. 89.58%, y2=87.077; P < 0.001), and the
qualification rate of groundwater samples was higher than that of surface water samples (99.72% vs. 91.23%, y2 = 32.146;
P < 0.001); both the fluoride content and the associated non-cancer health risk of surface water samples were lower than
those of groundwater (0.340 mg/L vs. 0.500 mg/L, 0.21 vs. 0.31, Z = - 11.761; P < 0.001). There were significant
differences in fluoride content and associated non-carcinogenic health risk among treated/secondary supplied/tap water
samples (H = 55.551, P < 0.001), with higher fluoride content (0.530 mg/L vs. 0.490 mg/L) and associated non-
carcinogenic HQ (0.33 vs. 0.30) of treated water than that of tap water samples (P < 0.001). Conclusions The non-
carcinogenic health risk associated with exposure to fluoride in drinking water in the Inner Mongolia Autonomous
Region in 2022 exceeds the maximum acceptable risk recommended by the USEPA, and the situation should be
addressed in drinking water-related health risk management.
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1 HZEHEIAX 2022 ERH KA N 25
Table 1 Fluoride concentration in drinking water in the Inner Mongolia Autonomous Region in 2022 — total number of samples,
qualified samples, range, median, 25th percentile, 75th percentile, and qualification rate — for samples from different river
basins, urban/rural area, wet/dry season, surface/underground resource sources and treated/secondary supplied/tap water
(ND: not detected)

TiH 5 MEEAEL BASAE AL Ji ] (mg/L) M P, P e Se)) ~E P1E

K RIS TR LA 192 186 ND~2.350 0.600 0.415 0.800 96.90 111.127 <0.05
AT ik 1 605 1475 ND~8.830 0.380 0.200 0.555 91.90
FE R 2198 2112 ND~2.280 0.420 0.300 0.620 96.10
SURTIF/R: 1515 1334 ND~2.170 0.640 0.470 0.850 88.10
PO X 1] 1978 1755 ND~7.800 0.580 0.308 0.830 88.70

KAEHL X IRTK 2423 2325 ND~8.830 0.490 0.350 0.680 95.96 87.077 <0.001
KATIK 5065 4537 ND~7.800 0.500 0.278 0.790 89.58

TR =FIKH 3723 3423 ND~6.800 0.500 0.310 0.740 91.94 0.882 0.348
Fi 7K 1 3765 3439 ND~8.830 0.490 0.300 0.760 91.34

IKIEHA HiZR K 359 358 ND~1.090 0.340 0.200 0.432 99.72 32.146 <0.001
K 7129 6 504 ND~8.830 0.500 0.301 0.770 91.23

IKEERA H Kk 2243 1956 ND~7.800 0.530 0317 0.833 87.20 90.042 <0.001
ZUAK 195 193 ND~1.570 0.450 0.370 0.700 98.97
ARAEK 5050 4713 ND~8.830 0.490 0.300 0.710 93.33

it 7488 6862 ND~8.830 0.500 0.300 0.750 91.64

1 NDAAG H

22 RERLIFECE2) 202 FENFEHEARKX
TR K FA P BN 7= A= (9 AR B0 AR 1) HQ A
9031, BEAS g 2.18%C163 43 ) f& # B HQ > 1, Xt
FRAF 3 1 R A L 7R AR T R B0 XU HQ (B 33
N 031, R K A B SRR 5 A SR S B L B R
AR HEEUE RS A, &5 BIA o A G
T HQ> 1. 1~<2 % 1)) L2 [l I i 3F ok X
5 =, HQ 1 N 0.45, K A v 5.93%(444 1 ) fs 5
FHQ > 1, Xf 15~< 18 % [ /D 4F /= A i AR BUe
B B A, HQ {E A 0.14, FEAS H 0.29%(22 13 f&
ERHQ> 1. 9 AW ~<3 LM JLE KK IEE
Ja AU v T RN, At A 8 B L 2 T I 1 R 2o
AR T e N o B & 8 138 1, 0O K H Ak
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Table 2 Population-specific (males, females, and
children/adolescents of different ages) non-
carcinogenic hazard quotient (HQ) associated with
oral exposure to fluoride in drinking water and
percentage of collected drinking water samples with
the HQ greater than 1 in Inner Mongolia Autonomous

Region, 2022

A S HQ f& & FERHQ > 1(%)

2PN 0.31 2.18
Bk 0.31 2.20
Lotk 0.31 2.13

JLE# 0~<3H# 0.15 0.32
3~<6AH# 0.16 0.36
6~<9H I 0.29 1.72
IHW~<1% 0.33 2.66
1~<2% 0.45 5.93
2~<3% 0.33 271
3~<4% 0.29 1.87
4~<5% 0.25 1.18
5~<6% 0.22 0.84
6~<9% 0.27 1.51
9~<12% 0.17 0.41
12~<15% 0.15 0.32
15~<18% 0.14 0.29
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Table 3 Non-carcinogenic hazard quotient associated with oral exposure to fluoride in drinking water for adults and
children/adolescents of different ages in Inner Mongolia Autonomous Region, 2022 based on detection of samples from
different river basins, urban/rural area, wet/dry season, surface/underground resource sources and treated/secondary

supplied/tap water
BiH %3 WA 0~<3AH 3~<6flt 6~<9FE IAI~<1D 1~<2% 2~<3% 3~<4¥ 4~<5% 5~<6% 6~<9% 9~<12% 12~<15% 15~<18%
KRR TR 037 0.18 0.20 035 0.39 0.54 0.39 0.35 0.30 0.27 0.33 0.20 0.18 0.17
BRILHH 024 0.11 0.13 0.22 025 034 025 02 019 017 021 0.13 0.1 0.1
TR 0.26 0.13 0.14 024 027 0.38 0.28 0.25 0.21 0.19 0.23 0.14 0.12 0.12
AL 0.40 0.19 021 037 0.42 057 042 037 032 029 035 0.22 0.19 0.18
WK 036 0.18 0.19 0.34 0.38 052 038 03 029 02 032 0.20 0.17 0.16
HiE 648781 648781 648781 648781 648781 648781 648781 648781 648781 648781 648781 648781 648781  648.781
PH <0001 <0001 <0001  <0.001 <0001 <0001 <0001 <0001 <0001 <0001 <0001 <0001 <0001 <0001
FRHX ik 0.30 0.15 0.16 0.28 0.32 044 032 029 024 02 027 0.17 0.14 0.14
Ak 031 0.15 0.16 0.29 0.33 045 0.33 0.29 0.25 0.22 0.27 0.17 0.15 0.14
Zf§ ~1.048  -1048  -1048 1048 ~1.048 1048 1048 1048 1048 -1.048 -1048 1048 1048  -1.048
P 0295 0295 0.295 0.295 0.295 0295 0295 0295 0295 0295 0295 0295 0.295 0.295
KR £k 031 0.15 0.16 0.29 0.33 045 033 029 025 02 027 0.17 0.15 0.14
Rk 0.30 0.15 0.16 0.28 0.32 044 032 029 024 02 027 0.17 0.14 0.14
Zf§ -1062  -1062  -1062 1062 ~1062 1062 -1062 -1062 -1062 -1062 -1062 -1062 -1062  -1062
P 0288 0288 0.288 0.288 0.288 0288 0288 0288 0288 0288 0288  0.288 0.288 0.288
KIERA K 021 0.10 0.11 0.20 0.22 030 02 02 017 015 019 0.12 0.10 0.09
Tk 031 0.15 0.16 0.29 0.33 045 033 029 025 02 027 0.17 0.15 0.14
Zf§ ~11761 -11761  -11761  —11761  —11.761 11761 —11.761 —11.761 -11.761 -11.761 -11.761 —11.761 -11.761  —11.761
PH <0001 <0001 <0001  <0.001 <0001 <0001 <0001 <0001 <0001 <0001 <0001 <0001 <0001 <0001
KRR K 0.33 0.16 0.17 031 035 047 035 031 026 024 029 0.18 0.16 0.15
ZiRAK 0.28 0.14 0.15 0.26 0.29 040 030 026 022 020 025 0.15 0.13 0.12
RV 0.30 0.15 0.16 028 0.32 0.44 0.32 0.29 024 0.22 027 0.17 0.14 0.14
HE 55551 55551 55551 55551 55551 55551 55551 55551 55551 55551 55551 55551 55551 55551
PH <0001 <0001 <0001  <0.001 <0001 <0001 <0001 <0001 <0001 <0001 <0001 <0001 <0001 <0001
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AN, 5 95.21%, Hu R K S AL Y B & K i FE AU
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K, ZRE YR (P =32.146, P<0.001).

2.3.5 AFUKFERE XA FEZKFE R A & &80
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R E DTHERZE N — 2.86%; 58 A A TTHR N 2.57%.
33 i

KR B ARSI TR R R AN A
BV K AWM T 2022 F N HIA
X AR 7K A AR B 1 M SRR AT T (#
DA PEART o AR IRAE 5T R I, 2022 4F N S H YR
X 30 43l X PR 7K S A A A7 76 AN [F) 72 B2 10 R e o
I 285 AL 2R < 66.5% 1R FR K FE ALY & =AY
T 1.0~1.5mg/L, 18.8% /T 1.5~2.0 mg/L, 14.7%>
2.0 mg/L, %45 R AR K HS 4 L X AR 7K A 4
R R AR o g R XURS DAk 25 L o, RS0 KU
N HQ 1A 0.31, FEACH 2.18% f& 3 7 HQ > 1,
BRI LE A H G E R HQ > 1, /R #h
43 b DX A7 AE AR 3500 XU o DRI N o 5 A 7K AR 4R
A B 5 A PR R R AR R K 2 4

BT AT T K SR A A [ A R
JLEE = AR AR B0 KU, L2 1 I 1 3E S0 KR
I A % 1 38 K S 3 0 BRI, 1~<2 B )LE IR
Fom MBS . <1 % 1)) LB OK & 134 Kol A >
A E ) B A THUE, BE A OK & RGN, S0 X
B ANWTIE N, >2 % i) L, A 5 0 3 4K 3 B B R,
8w 2 T, 9 Hid~<3 2 1JLEIE
B R iy TN, oAt AR 8 B L A R B0 X
BrAR T RN, 9 A ~<3 21 )JLE 5 H A%
BER L K e N AR, TROK B 5 A Y B A 3R
s RIRK B350 w8 i A4 R 3 4%, LSRR BRI L&
TE AL T 9800 BEFL, AR K & 38 0 4 E A T B
6~<9BMILEMLT RKEAHKBM B, 5 5~<
6 % 1)L 28 AH LIS 2 & 5, JOK N & B
Z, R EFha, T o~< 12 ¥ )LELTHR
R, R R B N KB B, R B R

#m, Kk 6~<9 5 JLE R EERE, OKEA
BRK, KR EMADINT 6~<9 B 1)) LEF= 4
1) A B0 XS B 2

B B g R EOR, AR R A S &=
A Je KU 7K P 22 e 3898 Giit = (P < 0.001),
JF R T T I D AR R R K B R, I I
R 7R UG | 3BT Hh X A 7 S e A DX AR AR 7 LS 1
WK R EEERK R T RMNK, FEEF
YT KR KA T e, K2 h/N
AR K, KA B T2 TR L, I R AL it e %
A, AL X E AP EE,  H AR AR K T
TR 0 B, R 8 A K U Ok 5 R0 ik ik 25 A 3t
17 PAEZEDRY, IR R R A K AR R R R
Fili K BA R E K BHK A ) & B 5 A A% R g
BRERS ZKSF TE B B 22 5, 5k 2 2 D i T 45
AR, UERAZET M B Y 255 IR 0K A
BN, IXATRES & B IR X IR K 2 i
TNAKE K MR KAL) & B S A JE KU 7K TR
FHR K, B RET T K, 55X RGEEDT I
W F0 285 SEAHABL, Hb 5T K S 5% A A K AL B T2 A 58
I R LT K A R R B R R, SRR KA
o1 95.21% v R K, LR AKALA 359 fr, Hi KK
IKFEE DT AR g RIR R Z —. A
IKFER AT 0T, R B R KM HEAY &
B MR KRS KT TR A K, EE S LT, &
o WIS AR K B AR R — R T K, H
TE S B s 0 3k F2 oh, AR AR R K & 4% R T
AT R K S AR A ACRAE B AN B 2 TT
R 2 38 B A R T £ O

TE RV PEAl o 78 A A7 78 5 AN M, AR
1 FH 52 R R VS A UL R AT AN 52 1 20 AT o R A fURR
PR BT 5 F, 4 S B0 i R 052 K /N 1 i
AR IR RS & POKBANE. RE, %
PR, X 5 0 b B — I 7 AR LY, R K A
TRACAD B B A 5 R R XU K ) BB R
1 B8 AE R0 A0 A K N AR T 552 T g L B (1) AT 2 4% o
ALY BB . ORI B B M e R XU 7K T
(1) B R 2%, 90 B B A K BN BRI (A B ROK B
N, 52 BN BEAS 1 22 57 R0 X4 2 ) A8 R (1) 5
Wi, LGRS L PRSI B U SR . & KR
WEE i B SR N RS2 W R MEm, &8
AT A R T A S BIE XK IKHKFRAD
RS g = Ny = I N e AL -
B4 IR X K R A A B, BT TR
FH 7K A B A A 0 AS [ A 3% BTG L = 7 AR 1 AR B

KKV FAA LT 8 FHEEE—PIRE: —
J5 T AR K s g R A IR 2, E %



- 1346 - HEAILTAE 2024 4F 11 A58 40 55 11

Chin J Public Health, Nov 2024 Vol.40 No.l1

TR B R il 5, AR RS T & DS
12 P {5 RIS VA RS 8L, 5 b S A HE PR AR S
AR R A T B B AR 7K H SR A A T g R X A
FERE . H—J5m, fFEARMEE S RIRZ
27 5 S 30, AR T 305 7 1R AT VR AL B AR A7
TEAE, B REXT SO EAT T 2 T 54 R ig 4
W0 b, REATEIRNMIRER, Ape s a ik
Fiffy IS IR ) 7K B A 420 R o 11 K2 B 17 0 o

g5 b, 2022 4N 52 A IXCER 43 i X 7K
WAL B R AR, T B2 N BE S AR R B0 1
AR, 5 e 0 5 o B A A R YR, DLAR B R IR
f@ 5z %4,

S Xk

[1]  Adeyeye O, Xiao C, Zhang Z, et al. Groundwater fluoride chemi-
stry and health risk assessment of multi-aquifers in Jilin Qianan,
Northeastern China[J]. Ecotoxicology and environmental safety,
2021(211): 111926.

[2] Skérka-Majewicz M, Goschorska M, Zwieretto W, et al. Effect of
fluoride on endocrine tissues and their secretory functions — review
[J]. Chemosphere, 2020(260): 127565.

[3] WulL, Fan C, Zhang Z, et al. Association between fluoride expo-
sure and kidney function in adults: a cross-sectional study based on
endemic fluorosis area in China[J]. Ecotoxicology and environ-
mental safety, 2021(225): 112735.

[4] Solanki Y, Agarwal M, Gupta A, et al. Fluoride occurrences, health
problems, detection, and remediation methods for drinking water: a
comprehensive review [J]. The Science of the total environment,
2022, 807(Pt 1): 150601.

[5] kST, @A, kR, & 2021 4 A 50 AR IR A TR
7K 8 it A Atk R IR VPAN ], FRBE S BRI EE 2, 2023, 40(11):
1283 — 1289.

[6] i ANRILAE AR, b EE R EEE A2 GB/T
5750 — 2006 A= 7% U K bR A A 56 77 7% [S]. Ab BT o E AR o

[10]

[11]
[12]
[13]

[14]

[15]
[16]
[17]
[18]

[19]

[20]

[21]

[22]

hiAL, 2007.

Hhe BN A, o B B AR AL A R 5 22, GB 5749 —
2006 AR PAERRAE [S]. Abnt: i EARAE H IR, 2007.
ARV A5 B XA 2 IR (1] A5 OKR,
2017(3): 28 —30.

Chen Z, Xingguang Z, Xin F, et al. Characterization of drinking
groundwater quality in rural areas of Inner Mongolia and assess-
ment of human health risks[J]. Ecotoxicology and environmental
safety, 2022(234): 113360.

TARC. Agents Classified by the IARC Monographs, Volumes 1-133
[EB/OL].[2022—09-26].http://monographs.iarc.fr/agents-classified-
by-the-iarc

USEPA. Integrated Risk Information System [EB/OL]. [2022— 09—
22]. http://www.epa.gov/iris

o E IR RS R RE S HCTM () M]. e
Th SR H A, 2013.

B, R AR EZHTM JLES) 8ZE [M]. bt
B R AL, 2016.

rh e N BIERIE [ K PR Gy 2. WS/T 777 — 2021 b2
0 I A KT A B TR T [S]. b o bR v A
2021.

BN, RAEF, BRI AZEET S X SRR AT (1], NS
JKF, 2013(4): 25 - 26.

BTG, 5. VEILI K 2R N 520k B AL ik A A A I 7y
AHRFERHT [C]. 2017.

AR R0 MR K AL P RB B 185 0 K R A R R AT (0], 9
SEHKR, 2023(3): 43 — 45.

AL 2015 — 2019 FEHETL T AR VE IR K /KBTSl 45
iR, 2020, 36(11): 1534 — 1537.

XRGE, =35, . 2015 — 2020 4 5 B AR R 0K 3 %
SCHORIR AL W AR R A (0], BLAR TR 5 2, 2021, 48(12):
2286 —2290.

IPesE, F B, A AR KSR T ) AR R 2y
BT [0]. 3858 PAES 2R &, 2017, 7(3): 209 — 212.

Rahman MM, Bodrud-Doza M, Siddiqua M T, et al. Spatio-
temporal distribution of fluoride in drinking water and associated

[J]. By

probabilistic human health risk appraisal in the coastal region,
Bangladesh[J]. The Science of the total environment, 2020(724):
138316.

PO, KB, B R, SF. KRBTSR B KPP TR UK 2 2
FESHUNTE IR [7]. TARRAT, 2021, 50(1): 146 — 153.


http://monographs.iarc.fr/agents-classified-by-the-iarc
http://monographs.iarc.fr/agents-classified-by-the-iarc
http://monographs.iarc.fr/agents-classified-by-the-iarc
http://monographs.iarc.fr/agents-classified-by-the-iarc
http://monographs.iarc.fr/agents-classified-by-the-iarc
http://monographs.iarc.fr/agents-classified-by-the-iarc
http://monographs.iarc.fr/agents-classified-by-the-iarc
http://monographs.iarc.fr/agents-classified-by-the-iarc
http://monographs.iarc.fr/agents-classified-by-the-iarc
http://www.epa.gov/iris

	1 材料与方法
	1.1 水样采集与检测
	1.2 健康风险评估
	1.2.1 危害识别
	1.2.2 剂量 – 反应评估
	1.2.3 暴露评价
	1.2.4 风险特征
	1.2.5 风险评估标准

	1.3 统计分析

	2 结　果
	2.1 监测结果（表1）
	2.2 健康风险评估（表2）
	2.3 分层分析（表3）
	2.3.1 不同水系
	2.3.2 不同采样地区
	2.3.3 不同水期类型
	2.3.4 不同水源类型
	2.3.5 不同水样类型

	2.4 蒙特卡洛模拟
	2.4.1 基于蒙特卡洛的饮用水氟化物健康风险评估
	2.4.2 敏感性分析


	3 讨　论
	参考文献

