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fluoride in Kashgar Region, Xinjiang
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Abstract: High-fluoride groundwater seriously affects the health of local residents. Based on the
measured concentration of fluoride in 571 groundwater samples, the distribution of groundwater
fluoride in the study area was mapped using the Mapgis software. The results showed that the fluoride
concentration in groundwater in the west and north was higher than in the east and south, and the
middle area was the lowest of the study area. The fluoride concentration in shallow unconfined
groundwater was higher than that in deep unconfined groundwater in piedmont slope alluvial gravel
plain area. The fluoride concentration of groundwater in alluvial plain area of middle and lower
reaches was manifested as unconfined groundwater > shallow confined groundwater > deep confined
groundwater. The Gibbs diagram, Piper trilinear diagram, and ion ratio diagrams were used to study
the hydrochemical environment characteristics and the enrichment factors of groundwater fluoride.

The results showed that the groundwater fluoride was originated from fluoride-containing bedrock in
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the piedmont. Affected by the groundwater runoff conditions, the average fluoride concentration of
groundwater in alluvial plain area of middle and lower reaches was larger than that in the piedmont
slope alluvial gravel plain area. Evaporation and concentration increase fluoride concentration further.
The hydrochemical types of high-fluoride groundwater were mainly HCO,-Na and Cl-SO,-Na, and
the groundwater weak alkaline environment contributed to the enrichment of fluoride.

Keywords ; Kashgar Region, high-fluoride groundwater, distribution characteristics, evaporation and

concentration, the alkaline environment.

TR N T U TC 23R 22— 38 k1 60 )T TR B, B R T R S O Re D L B &
SRR A WSRO i, TR ALAAR e 3512 (BB A i e 14 35 Rt S 7K 2 R B 9
P — EL R U KA A A R K TR, S B AR K B T AR Rt R (bR K
JRCHEARHE) (GB/T1484—2017) A AE G PR /K A AR HE) (GB5749—2006) HMLAE , B A= 15 /K 3 &
RRAAYA 1.0 mg- L7 A E R Db X ARt X P b X LA R B2 5= b X S SR P 5 9
JRT BN P EE S s £t XA 3 vl [ G bt X, b 65 7 1 55 50T 8 I 23R 9 T i 4 A
SEACT AR O b K R RS B R 2 4 S R B A BB, A P Y b T K
S AR XA SR AR 0 T A X AR OK 22 A F R /K BEIROT A8 B A B2 A IS
SCE SRR A5 43 I S AT IR IX A e — LR Hb ORI AR S S SR JRL DX R K S TR SR i
T TR K A A3 A R B L AR PRI 30 5 2R A R EE T S S o 7K R SR 40 A R AR SO et
FEHEAT T W5, R BUAFSE DX 7K o i) 96 2 R VR S /K B A Rt 1 S il 4 5 2 T S X B 5
i X T KA R AT T 40T, AR M K A aRAL S RN BB MR B A S e R
TR KA FESE A Bl HCO,-Na BYEY C1-Na 2102 058 i FE-4 42 55 %0 5 HLAE T 30 480K o 6028 - 1
2SS AR AEIEAT TR SE A0, R iR 28 U, K E A A R L T 3 BR T A S X
A3 DX H R KK BTEAT 1 R BWFSE , (B2 H T EFRHZTFE X i G N K BRI SE I AT Fp itk — 2B B A Y
e ZEFT G R B RER b A SO A3 DX 3 7KUY 25 18] 3 A e e AR R R HEAT 1 WESE, AT g
3 AR 7K 22 AR BERL AR 8.

1 #B5S 7 ( Materials and methods)

1.1 AR XA

W b DX A7 39 9 P RS , A g - R R DX B Ll BLREEE  PEIb 5 v AR AR R s IR M A BT [
AETT A L A ] v P L 2 1 R HIE s b B T RV, AR b 5 BT v o b DX A S LB B 4 L AR
P Ao X R 16.2x10° km? , A P6 5624 750 km, FgdLK 535 km, P9 B AL =TEER L, = A 125 ]
T AR TR L 2 ) s v AR AR, AR AE AR 22 75°00'—80°00" AL 4k 37°20'—40°20" Z 7] ( ULFE 1).

WAt M X IR 7 FEOKFR /D 3R 28 & 5w B, WU B /R E 2 KK D2 TR KA AT 9, 3F
A A] Ab TR IR 5. A 5% X 2 48 - 28 K 65 mm, 4F 78 & 5 3k 2100 mm, J& BB iR HF KGR T 5
S

WA b DXLy X D X T B3 B, SR R X — A (R XA 2 R LAICA A B bAoA
F, PR L 2 S U R MR, PRk A R TORLED R aneb b+ B B SR L R
P BB P TS K X VRV R L IE = LRG0, HR S 0 00 Ay T3 e AR S XS

AL X K TR R 93.33 42 m®, Hohl K B 5.62 42 m®, ML R K EE 87.71 42 m™ )&
TR KK R E BB I R AKGE I oK KB Bl a 5 55y sRHEA T A 2. v T TR I ol
SOV b P30 KSF- D7 1) E 32 e B [ #h 25, 30 B 1)l s LR AR IS IS K SRR
IKABEE Ty IEATANTE . o BOE SR R 38 K V12 shiR 27, 52 N 2830 sl s B, b 4 LA B CHE T D AT B
lia) Ay 32, [ st 00 ) 90 A o o 25 - b 207
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Fig.1 Distribution map of groundwater fluoride concentration in Kashgar Region

1.2 HEA SRS I
2016 AELEWEATHL X HEAT T 1:25 JTHb R /K V5 Qe il A TAE B aa g A LA KR 10 A5 MR g2 K RE
FESL 571 A4S, H R 7—300 m. M4 RAE S AL R L B 5% DX LA A 5 wpr A RRURR o 1 T v K X 40l v
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EVK (FFR <100 m, #L F /KA HE R — R 7—100 m) FITEZ K (FHE > 100 m, H T 7K 47 38 5 — %y
105—300 m) , 1 F PR RS R XS K2 0 K (R <48 m, i R /K TR — Bl 7—48 m) (&
SRR T IK (HEE <100 m, #1L R KA N 50—100 m) FIVEZ R E K (HEEE>100 m, Hi R K7 3R —
A 105—300 m) HH SR K K BE 2 A K K BE 220 A R JZ 2K R KK AR 118 4~ IR )Z K R K K B
231 A, MR ACRAE A B H g5 1 43 A UL 1L KRR ™ A% e (b R K PR B W I 2 R FLYE (HL/T164—
2004) Y HEATRAE ARAF GERE, i e L M SRR A BE 7K SCH TP b RIS T 58 AR 3 A 3 AR
(HU T K FREE AN AR RIS ( HL/T164—2004 ) ) 47T E 4%, 604E pH KR #40(DO) kIR S fir
(Eh) HLSH(EC) 55 5 W Ll 8 b5, K* Na® Ca™ Mg™ (A’ [Cl” SO \HCO; ,CO5 | F~ Gl Al i
(TH) M S EA (TDS) 4 28 T TCHLAE bR , FUES T4 U FRAEA 0.01 mg-L7".

2 R 51718 (Results and discussion)

2.1 MR KU R

FRAEHE 1 WA DX A EL T M R /KIS S Ge 45 SR T & s, W A1 b X b R OK R f 2 19 A8 A 7S T 7
0.02—8.70 mg-L™",“F-3IE K 0.83 mg- L™, 285 R 5K 0.98, F B WA A-Hb X H T /KRS f 8L AR o0 i A3
A1 R KB A <0.5 mg- LT RESL 3L 231 4, [ REK BB 40.4% ;3 F KB & 20.5—1.0 mg- L7 ke S 3L
213 40, i REK ML 37.3% ; HL T KSR & 1 1.0—2.0 mg- LA AL 954 | 5AEK % 16.6% 5 b R /K L&
=20 mg- LA IE 32 41, AR 5.6%. (IR TR K BRUEY (GB5749—2006) P HL e Jai B AR 16 T
FHAKFRUERRIEA 1.0 mg- L7 Bt AR (A B b K GERR by e el T 7K W A1 X g 9kl B /K 94127 41,
HRPRAR 22.2% , IR , W AT 1 X 3R 7K AR 7K 28 42 32 B 5 ).

R1ORAMIX AT KGR A RS R
Table 1 Statistics of groundwater flaoride concentration in Kashgar Region

e JEE YU PR A B

Hili% TN /ME SFEE AR .
: o Number of samples in each
Name of Maximum/ Minimum/ Mean/ Coefficient . 1
R 4 . o . concentration range/ (mg-L™")
county and city (mg-L7") (mg-L7") (mg-L™) of variation
<0.5 0.5—1.0 1.0—2.0 =2.0
wE AT 2.59 0.05 0.57 0.82 27 7 3 1
i B B 3.80 010 0.68 1.05 37 12 5 4
B E 3.30 0.08 0.93 0.62 15 43 21 3
Ay & 6.00 0.15 0.82 0.74 36 57 15 5
AL 4.62 0.02 1.05 0.77 15 19 28 4
TR B 121 0.04 0.56 0.36 34 28 3 0
wHE R 8.70 0.07 0.95 1.42 44 26 8 10
e R 2.30 0.06 0.99 0.74 5 2 3 2
WL 3.80 0.34 0.97 0.87 10 9 4 3
i 1.31 0.38 0.87 0.38 1 4 3 0
e85 1.40 0.30 0.61 0.50 7 6 2 0
WA X 8.70 0.02 0.83 0.98 231 213 95 32

XoF LT AR 35 5 b DX T K SR B A SR, W A b DX T /K RS i KB T e RS X F
YA T 158 2 UG ] X, AR EE ] 3 dak g o KR BR) o 7 b X (36 2) 3l Fu 3k 2 WP RfE
R/ IME AT 2 SRS A1l DX b 7K R0 B o 23 () 3 A B 4 DA IX 22 e TR
2.2 MR KA RS R A A A AR
2.2.1 KForA

M 1(a b) FIZ 1 AT LA Y WA X T 7K 9807 1 2 P03 L BB TR0 3, th B A Al 1y ¢
PN =IE 71 N N X5 o Y S o N 5 O 1= O 1= S s 208 = - 7 = O W A/ ey
TR KA R AE S T PE A S5 Vo B M R KBS iR 8.70 mg- L7 HiZ B S A R R0k 1.42,
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BEIZE S V0 EL T KGR oA AN 28 s ST XL R LA B2 (B i, O 1.05 mg- L7, U] 04 B4t
AR 2 452 ) — RE S P M X P ) L R R P (R A e R R AR, 23 0.56,0.36, %%
B ) B R R K A A 12 K B s WF ST IX N S G AR AR VD Bt R KR X o 22 s 4 B P4 B
b TI ZK SR R T Rl s DX A LR SR L | R phy TER AT VD DX R KA A SR A, MR K A% 2H )
HE— 2L WA T 2.

R 2 AT ML SR DX T KR X R

Table 2 Comparison of groundwater fluoride concentration between Kashgar Region and other areas in Xinjiang

B 9 e VAT b 2k e [ 1] _
il X maw TSN WK Y T 2
Statistic/ Kashgar Yenci Basi Oasis Region of Aksu Pref. Shihezi Pref
( mg- = ) Prefecture an(1 basin Hetian River Basin su Prefecture 1hezi Prefecture
5 KAH Maximum 8.70 3.00 5.80 5.28 1.54
#/]MHE Minimum 0.02 0.05 0.22 0.21 0.14
J{H Mean 0.83 0.37 1.50 1.34 0.61
222 TEHA

WFFE XL P B =17 LA B — A L A v P AR R TP S0 K DX, v T SR 3 e RO TR UK
DX FIH] 3t AR Y S 7K DX LU FREARKIAE v e BRURIR JB 1 Ji v 7K DX HURE S5 127 S (TRIZ T K 99 AN R 2
7K 28 A~ o Uk K IR A 19 A IRIZ WK 16 A IR Z K 53 A~ HAR 2R 530 R 16.29% F
10.7% s #4EE 2 (a) A 3 0] & H, ILFER iU FUBR 57 RV K IOR A it R IR 2K = TR 2
KT YT 30 e RROF D DX HURE 1 444 AN (UK 95 A IRIZAREK 159 A BRIZ R EIK 190 1), Ho s
FHL T K IBURE A5 108 A, 1K 33 A RZARHK di 53 ASORIZ AR K 5 22 A4 BAR R 5 34.7% |
33.3% 1 11.6% MRHEE 2(b) F13R 3 AIE H, WG BT DR 7K G 7 £ F- Y R 30 K > 12 7K
FEAKSTRIZ TR IR, 28 5 R BN KB NHE T R FRIK S 1R 2 7K R K > 180K

300 [ @ o WK 300 M A () A o ik
| -~ I Unconfined groundwater
Shallow unconfined groundwater & ERIEA
| O WK ! IR
L Deep unconfined groundwater - | Shallow confined groundwater
' P ¢ A FEAT
| I Deep confined groundwater
200 80 200 |- A
% | Ia A
£ S £ A
N O | N
8 | <<>> m A A
100 - -9 -—9—-—=-—=-—- - - = 00— - - - — - — -
245 2o .
o]
=L L ©
[ (5 o (o]
IN
L T T TR T 8, 28 o, I
0 2 4 6 8 10 4 6
p(F7)/(mg-L™") p(F7)/(mg-L™")

B2 i FKEE RS MAIRCRE
(a) LBERHE P EERBR B JRUX ; (b) H R B s AR X

Fig.2 Relation between groundwater fluoride concentration and well depth

(a) Piedmont slope alluvial gravel plain area(b) Alluvial plain area in middle and lower reaches of rivers

3 28: N SIS iy
HE S RIERNER

2.3
2.3.1

A M X TR A ORI AN s SR R K B R B T A R SR, R 4E B R FA X
W R R AR ) CHrsR e /R AR X E R BERIT , 2004 4F 8 ) Bon®h o8 XKAL#AL A 5 w877
DX, WA M K SRR R UR , R 1) 8 0 A1 52 XA A P S ) 1) i T K BT S A ) , S50 fi b 7K 9
it B Ib R R A A A ) s g A DX T L X 5 PR i 430—570 mg - kg, PE AT
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L X2 g 1 L X7 R R B 500—700 mg kg™, R BIAL PY g L DR R R A S0 AR 1A 3 AT
R IR A 2 3R 32 A A E TS R R, A 5 RS i R KIS R R 2 —.

R3I AREEKEFHTKESESITE
Table 3 Statistics of groundwater fluoride concentrations in the different aquifers
W R KK FEAEL S ONEN e/ IME brife 2 ¥IfE A5 REL
Torrai Groundwater Sample Maximum/ Minimum/ Standard Mean/ Coefficient
erram types numbers (mg-L7") (mg-L™1) deviation (mg-L71) of variation
1L AR L R HIE WK 99 8.70 0.05 1.18 0.81 1.46
BRI J5 X RZ K 28 1.56 0.18 0.32 0.57 0.56
LRl RS IR WK 95 4.62 0.20 0.68 0.95 0.72
B IX RIZAEEIK 159 3.80 0.02 0.76 0.93 0.82
RIZTRKEK 190 6.00 0.04 0.69 0.73 0.94
100000 o o) 10 mg N ECD . 3’ 100000 ;— 0 n(F)>10mgL! §7;‘2‘E&C41]§1’Hﬁ ‘f
ApF)<lOmgl!  IRKEHER S8 E Ap(F)<10mgL! IR, -
_-%. % 2 3 A e oy
10000 X 10000 “at g W
5L 5L i
& 1000 £ 1000
% % E -
o) [a) -
= = 3
100 100 k=
~. ~. E~~ RWD N
S~ HARER S F Teo . BAANAER RN
10 Tee APD T 10 R APD\‘\
Tl j_c’ﬁiﬁ%ﬂd’ﬁﬂ% 3 S~ < CRAMEKER
1 L 1 1 1 1 1 1 1 1 1 ] 1 1 1 1 1 1 1 1 1 J
0 0.2 04 0.6 08 1.0 0 0.2 04 0.6 08 1.0
yNa'/y (Na*+Ca®") yCI7/y (CI+HCO3)
3 H /K Gibbs ¥

Fig:3 = Groundwater Gibbs diagram

232 HIEHZE

HOIE X H T /K R RS T 1) B LA S ORI B ELA S HEAE A, DR X b K U SR EE R B A —
TEFCIR 2 A X P 2R AR, R /R E OB AR ROSE A T FRAIb PG B R R X L GE R 4 v
R DX LT K TR et T L L 7 s e A B AR O S D DX < v T IR e RO S IX 33 2 P T L
TAIK IR RGN 1.5%) 1R KA T, b R KGR AL, A F) T HUAG SR 4R, IR L 52 30T L A — A7
AR R XK TR R IN( R 0.25%) 1) b R K AR FR IS ZE , M T 7K ST 46 SR 4R, BRI v R e
T W RSP T X G 7 e A A R T L A — A R 0 5 4, DRI L R A 30 b B BRI T S X A A
AR S B 1T K R B S I

x4 ARMIEFMTHTKEEES IR
Table 4 Statistics of groundwater fluoride concentration in different terrain conditions
£, AN 14 OE
(mg-L7) (mg-L™) (mg-L™) (mg-L™)
LI AR o L R R - I X 127 8.70 0.05 0.76 0.48
H R AT g e AR X 444 6.00 0.02 0.85 0.59

2.3.3 KRN R

R DX H R 7K A2 32 280 A i 3R0K LT 32 202 LR R i ARER P B X, M R /K S 8 R B i
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TE-FRmM, KEREALY M E A E A T K, UL F IR RRAE T3 Tk B N R 9520 R, K
SR SR T K FR A VG R A s ) LU R AR e R IO T DX ) b A A A YR e R
JE DX 5 AT A R S X K 0B AR /I K A B U, T /K sh A e I AR - 28 2 A, 2% R A MG i
R KRS AR i i, R T
234 FRERWIAEHHFER

KR MRAEAE FANG B K &4l 53 & 5, A AL 4 Z [ AH B R R, TDS  pH B 5 T+ &5, DAL R 7K
Gibbs (& 3) sh o] LLE Y, RAE S P 5 7E 2 KA R A28 K ik 4 B, B yNa®/(Na® +Ca™) |
yClI™/(CI"+HCO; ) (ARG N, TDS 2 A&, [p(F ) ]>1.0 FE ML 0.5 B4, HRE 4
FkE s yNa*/(Na*+Ca™ ) >0.5 yCl™/( CI"+HCO; ) >0.5, TDS {8 T4 H7E 1000—10000 mg- L' Z i), %
W P R A2 25 e W A VE R A K TR I, 28 K W iV RS i el S /K e i ) — BB R .
2.3.5 KRR E

HRAEE 4 Piper —ZR AT WFFE X [F] — 5 7K 2 TS [ SR AL 25 1 7K Ak IR 25 R R o R,
TIKIKAR A ZE A B, HCO,-Na Al C1-SO,-Na B AR5 T 7K /K Ak 27 25 80 25 HCO,-CasMg #Y. 155 96
MR K EBAETLE Na™ & it HOLSH F/KIAEE h, F2H Na* 5 F 456G, ALl % 19 NaF , A TTiJE Al
o SRR (R AU P K B AE Ca® Mg™ & i IR F A R /KBRS b, i T Ca* (Mg 5 5 F~ A U
WK CaF, MgF, ULIEY) , T AR SRR EE ) s s R /K €17 HCO7 XF FL Sl s i R K BE# Cl
HCO; &gk FIf R S0 H B B A9 R 3 R K SOT X F- & mpyieniads b il 8, Bi# SOT &ty
B, M K i R R R R
HREAE<1.0mgL!

The concentrations of fluorine in
unconfined groundwater<1.0 mg-L™!

HERESE>1.0mgL™!

The concentrations of fluorine in
unconfined groundwater>1.0 mg-L™!

RERTAMARS<1.0mgL!

The concentrations of fluorine in shallow
confined groundwater<1.0 mg-L™!

WEREKHER>10meL!

The concentrations of fluorine
in shallow confined groundwater>1.0 mg-L™!

HEAEKAAES<1OmgL™!

The concentrations of fluorine
in deep confined groundwater<1.0 mg-L™!

WEREKHERE>10meL!

The concentrations of fluorine
in deep confined groundwater>1.0 mg-L™!

B4 WEAHXH T K Piper =—2R1K]

Fig.4 Piper trilinear diagram of groundwater in Kashgar Region

MR KRB AR XS B B g iR (B 5) , s 13 s BB 1 R 7K pH R3S K2 B H &
R 7K AR AR R R PR O U FEBIME RS T Ca™ KL FEDIVE , 2 R i
Ca (OH), «<—Ca’ +2 OH~ (1)
CaF, «—Ca® +2F~ (2)
4 pH (H _E TS, OH™ & it s i (1) [ 22 5 [l AT, [RIBHEFE K Y Ca™ , S BUR N (2) WAy
Jr AT MR K RGN, fr kT pH (BRI N OK IR S R R .
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Fig.5 The correlation between groundwater fluoride and pH in Kashgar Region

3 78 ( Conclusion)

(1) WEAT Hb X K & B AR R 58] 22.2%, FHHE N 0.83 mg- L7, 284K 5 0.02—
8.70 mg- 1™, X 244 Jit B K e 4 g — E AU S ).

(2) 5T X R 7K S /K SF- 7 Ta) b 22 PG AU e 2R R, P A R s B 1) 1
FRE AL i AR T 1 i DX R B AR I VR B K R TR K T T I e AR i X b R KR
TR SIRZ AR R K ST Z AR R IK.

(3) WA X 3t K 0 9B T2k [ LU A oelU s A2 b T K AR T A PRS2 iU i P S (R R
L7 A e BB 0T S DX < TR A PR S X5 2R R MR AR AR P A Bk B — 2R R R U
IKIKAR2F 2 ) HCO,-Na F1 C1-SO,-Na A7 T /K S5 B FRES T F i & 4.
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