2021 4 11 H = oo it Vol. 40, No.6
November 2021 ROCK AND MINERAL ANALYSIS 919 - 929

ARIR HLRL, 2Rk R, JA oM, 4. 7 B2 1 T T M DX e et IX 300t A A (e 2 [T ). A8 T, 2021 ,40(6) 2919 - 929.
TAI Surigala, LI Yong — chun, ZHOU Wen — hui, et al. Effect of Fluorine on Human Health in High — fluorine Areas in Yuanzhou
District, Guyuan City, Ningxia Autonomous Region[ J]. Rock and Mineral Analysis,2021,40(6) :919 —929.

[ DOI: 10.15898/j. cnki. 11 —2131/td. 202109080119 ]

3 B o K 25 K SR N e 35

SRR AR, FARAS, AR, A%, REK, 5B A%, KFE
(] o ) SRy W A Ry B AR BT R B PR A PG, NSEE IR A 010010)

BE: BFRMAEAMNEFTREORI, AHME RO K EFELTBR G, 8P F R T JRmAL R T B AN £

Mo ERERTRERBRONAFZEERARGE N, TREAZEREZFNEREREHA Lt 5L, HAE,

BRTRMNEGEHMEEEIEALS TS T UREBY FE, KA AT S 05 £ AR F BT %6 5%

L, ZERETEHRTRNRSBHAMREELIE WELG REYH W TRKEHES, TR & A48

EFF B TARAS g 3 (ICP - OES) R 3% e Je i ik (AFS) 3 947 7 ik 3 48 % L & #AT 2 A1l X, A L B

JR TR X RS AR R AR AR X AR AR B 69 % vl | IF 18 R A R T 3 AR AL A AU AR B R e B AT IR AN

FMEREY Y EERRERREENRISH HO <1 AHERBERAE, SHAKRARER G 5

AR AR R T KRB, AR R385 2 HQ > 1,3 X A Bt 4k A RARARAG M T R, TR B A i A 0 3F

BRI, A ERE A 1.69 x 10 ° A& T B 4555 37 & i & (ICRP) 308 5 K 7T 42 12 R %

AP 5.0%x107°, 8 FTAETESGRIe KT, ARIERAL BT IFO 25 R, A IR B 370 B4R R % 2T

WiEE 58T RiE,

KW : A TR, BEMBEFETHRLI LR, RTEALER; ERE TN ; RN F5H;

JRMN R 3 4R 4

EA:

(1) *FE R R MR H R4S AR 654 38K fe bk A Kk 123 AR E AN 2, sF AR R 247
O

(2) 4K T3 R TR A 1. 0Tmg/L, Jo A0 %48 BRI 35304 1. 023, 903 T K F 69 R84k
X B AR R A A 0 3E BUR R,

(3) BRTRMEAEEFEIMEERNGH 1.69 x10 ° & T B F84m LR 2 (ICRP)EH A EHE
PIRAANFREER SRR TELAFES.0x10 7,

hE 4SS 0657.31; X820.4 XERFRIRAGD: A

=

FUZHRA ZAALIA TR Z 1 AR A AR R T W, 1 R R L B T
FLep e PR BGR IR, R Bk 1 B A AR R, L (FOFELER . W Hkb L 5 T 5 2 2 T 5445, 1
TARAEAIAELE, BRI A BT AT k3 R A Tk B, 38 50 9 25 % 1 FHl 2 S50
SEEEEN 6.5 x 107 JEFTACR PHRESR 13 . TR IR BAMEILI LT3R, 21+
TAE A RS R LGB AT (MeF,) A7 (CaFo) o seep g ot B35 6 W6 TR V1 T8 000 /KT
I KA [ Cas (PO, ) F ] Bk A1 (Na, ATFG) A7 jihs R /K GRS , 4o T LA 2 A1 0 W ) PR32 A

WES B EA: 2021 —09 —08; {&£E HER: 2021 — 10 - 30; 3= HHET. 2021 — 11 - 15

HEWMB : EH R H SR AT H (DD20191015)

F—1EE: A7 0GR, By TR, 2N L S HBRIE 2R A FIPEM TAE, E - mail; 1464408310@ qq. com,
BIEMEE: 2KF, LRI, EENF A BRIL 22 S S BRI & FEN TAE, E - mail: 369517099@ qq. com,

— 919 —



%6 1 o

http; // www. ykes. ac. cn

a0 Wt

2021 4

PrgE L ERT, AL B R A S B R T AR
P ), oh B R T R B AT RO E I E R 2
[ P SR DR B R SRR 2 R SR, R S
A UK B IR, o5 Mk 80% 70 B oY R 12
S B AR R TP o e £ i 22 4 B A WA e
HABEEE L,

AR T A D E 3 1 T IR A T T A R 5T, A
AR EEARUR K 2, HR R T K A A
Pz AR SR K B 12 Y T A
PAfe BRI AR, DI N 75 e T 2L BIFST TR B AN
BN BT R AE R, RO AR s At v 7L 3
IRV L MR T2, D R T B 2 T
peam A UL, O A AR A
FEVE, R A R I RE L 2 A4 o e L
B, FLX oA — S g A 40 5 2 R H
AR dmg Db 2 b 7, BB Y O
IR PR R PR AT A I 7 v R o 5
ATRRER RN . LIRS0 TR
BRI YIRS T e R AR I BIFSE , isd i R 5%
FRVPU e K BT 40 , 77 B I D5t X 9 e
B AR AR XU 7 TTRIF S 8 25 1

2019 4 v [ 3y 5% VA 25 5 I RIS A 1 9K W8 T 4
Er A UL R Y R S S — [ SR X+
T R A 2 ) 39T 4 R R [ T
SN X 3 £ 4 b X 3 )22 - 498 op 9 5 B AE 458 ~
1991 mg/kg 2 [i] , E-HIE Hy 675me/ke, TH A J2 +
HESUIT A4l 531mg/ kg, 32 R HL M IX 32 + 48
PSR T XY R A SCE X M A A SR
RSO 1 ST BRI, R A T 3R L R AE
Wy R K SRR 32 SR P R A S R R A
i (ICP - OES) | JFF9 0tk 1: (AFS) 25430 b
D XA T ZE AT AR BT, LA HR T B 521X 9
B X AR T RE RN o R FH 25 PR B2
(e R DR A A T80 R 17 A f R IR TP, AR
3214 3 J ST R R K e o o e 4 H P10k
LT T B, A (1 4 SRS A A S BRI

1 BFEIX GO

WFFEIX I 1) 3 T 5T J5UM X, sk 5 5L
I, A B ARAL A, B 7 D P B T vk
WP AT S W 1750m, 43 [ 300 ~
550mm  JE WP TR0, KA 4 kK T
Ak SR DA TR K WP ST, B SR
E S A A SR R O TR AR , 1K P9 53 A S
— 920 —

+ LR A YT AEF S X R
O, FEAE PR R T X B A Ry
ATAEARTS AR M X5 3 1o A b, F B AR o2 1%
AR AR A . bR 2R AL =2 B H, HOR
Py NI EE R B S e o L SR - s (TR 3
HTBIFSE DX FR ) 67. 43% , BRCE b 7 T 5% X 1T R
(1) 14.49% , 78 550 b o5 W9 X S i AR 8. 76% ,
A5 9.32% MR RPOK 7 G P —Fh ok
BZE K, i — R B Rk, b s R EH
R EY) 20 A MR/ INE FLEOK , 315838
B Z P s E S RS A A .

XN B HZ MR (Q) . AR
(Q) I Z oA FUFFEIX N, 2 BB VG R i X =2 h
S EEBUZ QW) 5 Fp i i X O 42t wh BUZ
(Qh™) , Bab i) AR 5 A< 50 1 [X Ay B 3 XA
J2(Qm) ,

2 FERCRIES B
2.1 FESCREE

AR YA S TS i - 5 i BR AL 2 A R
) (DZ/T 0295—2016 ) HH [ FE F R AL BT T, R
SEFRIZ HEREL 1100 14, b 255 A RE L 113 74, /)
D 39 1, FORFESS 41 14, B 10 45 Ak FH K FE
w7 HECET)

FJZ L HERE S KR 1 S AT 2R
T JERE B RE AR R 2mm R R, 7640 IR A
Jei W — A AR A BRI 2 S A T

S ARE SRR RO X 3 = B 2 e FR I
Mo BEEAT RS RIEWFTE X N . FE AR S i 1
T G/ INERG B A SR P 2% S AT

ok N RIBMURE B L 0. 1 ~ 0. 2hm® g KA
B, TEE 10 ~ 20 BRAARTE A B L PR S s AR B
FESLRER N Z S A W FE S R . Bk
F/NZZ BERE R J5 64T B AR KT K Ab 2, 3% 51 50
LTI . BRAURE S BEAE TG (0 2R R RS 3
HE 26 LI = A TR R T A Ja S A

3T ) TR AE 3 AL, ST AR MK 2 oK 58
1K T 2 2K i N 350 T, 50 10 B S7 1 16 R, R
fi R A B FE B ST T A 1) B 20em SR £ — > 4 4
B

KRR E R RFEHK . KRR R
ORI RIHCRAE | 76 2R 48 T FH R A s Ak 1 7K Uk A
JHLFIHZE 3 o SRAE MR BE S AT AT ]
R, MR S == A



Fo M Bl A3 Y MREE , 26 - SR [T DT JC P DX Gt X S0 A A e 1 5 4540 &
N
A Q%

K]l’l (/

e

Nh

SRR
LR

SR AR

H TR A

H R AT 4L
H#: aaa

O ol
[l =& =] || 2] |z] |2 relile}
IE!!!H!HHEEE{

’ FUREE K E A
: EURRE: F0T4
° o o M ES AEBE: THERTLL
B W - oo . FArlBE: B
© HH A AE /) e SNEEIRE: Zephiks
Ak ok F , o , SemElEE: A e
e AL / AR =HRa
Wi e Kk o ) Kishl] =M. fdmHa.
CJori @  mam NN - - - ¢ el i FAE
BT WX AR S AP
Fig. 1  Distribution map of samples in the study area
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Table 1  Quality parameters of index analysis for the samples
e . o - e % WIESHE KEEAKE TERRAKE
b S e (%) (%) (%) (%)
F BT Rk (ISE) 50.0 x10 ° 100 100 100 100
Mo Fi SRR 4 2 AR R % 3 (ICP — MS) 0.1x10°° 100 100 100 100
Mn MARER - X FLRIOCIGHED: (XRF) 10.0 x107° 100 100 100 100
Ge ST (AFS) 0.01 x10° 100 100 100 100
SOM FRTRA A1 (VOL) 0.01 x10°° 100 100 100 100
Ca0 MARER - X 2355636 0% 5 (XRF) 0.03 x 10 2 100 100 100 100
MgO HL SR A S s T 22 B % 32 (ICP - OES) 0,02 x 10 2 100 100 100 100
Ni MARER - X FLRIOEI G (XREF) 2.0x107° 100 100 100 100
Se JR T 9601 (AFS) 0.01 x10° 100 100 100 100
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Table 2 Correlationship of fluorine and other elements
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Fig.5 Comparison of fluorine content in different formations
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Table 3  Fluorine contents in different media
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(mg/kg)  (mg/kg) (mg/kg)  (mg/kg)
N 39 0.12 1.21 0.37 1
Tk 41 0.14 1.08 0.52 1
HH 10 0.43 0.99 0.70 1
R 7 0.96 1.24 1.07 1
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Table 4 Exposure risk of fluorine to human health

FlgeR TR AR

S a3 08 H
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I (L/d) (mg/L) R H -
By 0.609 0.61 5.31x107° 0.089 1.26x10°
e 0.426 0.70 4.26x107% 0.071 1.02x10°
I 2 1.07 3.06x1072 1.023 1.46 x10 "8
SR
: 1.69 x1078
(%)
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HIGHLIGHTS

(1) The exposure dose of fluorine was calculated for cereals, vegetables and drinking water in Pengbao Town,
Yuanzhou District, Guyuan City, and the human health risk was evaluated.

(2) The average concentration of fluorine in drinking water was 1. 07mg/L, and its related health risk index was
1.023, indicating that fluorine in groundwater may pose a potential non — carcinogenic risk to local people
through drinking.

(3) The annual total health risk of fluorine exposure in Yuanzhou District of Guyuan City was 1.69 x 10 ~* | which

was lower than the maximum acceptable level of 5.0 x 10 > recommended by the International Commission for

Radiation Protection (ICRP).

ABSTRACT

BACKGROUND:; In recent years, with the improvement of people’ s quality of life, people pay more and more
attention to health, and thus endemic fluorosis attracts more and more attention. While paying attention to the
analysis of the fluorine pollution source and research on exposure pathways, it is also necessary to carry out health
risk evaluations of fluorine exposure pathways. According to the survey, the fluorine content in the surface soil of
Penghao Town, Yuanzhou District, and Guyuan City is higher than the local background value.

OBJECTIVES: To investigate the effect of fluorine on human health.

METHODS ; The health risk assessment model recommended by the US Environmental Protection Agency was used
to assess the human health risk. According to the actual situation of endemic diseases caused by excessive fluorine,
the samples of surface soil, stratum rocks, crops and groundwater in Pengbao Town, Yuanzhou District, and
Guyuan City were collected. The related elements were analyzed by inductively coupled plasma — optical emission
spectrometry, atomic fluorescence spectrometry and other analytical methods to study the influence of excessive
fluorine on human health in Pengbao Town of Yuanzhou District, and Guyuan City.

RESULTS: The evaluation results showed that the health risk index ( HQ) of fluorine exposure pathways in cereals
and vegetables was less than 1, and there was no non — carcinogenic risk. The main way of exposure risk of local
fluorine was drinking groundwater, and the related health risk index ( HQ) was more than 1, which indicated that
drinking groundwater with excessive fluorine may have potential non — carcinogenic risk. The annual total health
risk was 1. 69 x 10 *, which was lower than the maximum acceptable annual health risk level of 5.0 x 107’
recommended by the International Commission for Radiological Protection (ICRP).

CONCLUSIONS: Based on the results of the fluorine health risk assessment, it is proposed that the safety of

drinking water in this area needs more attention.

KEY WORDS: fluorine; groundwater; inductively coupled plasma — optical emission spectrometry; atomic

fluorescence spectrometry; health risk assessment model; health risk index; Pengbao Town of Yuanzhou District
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