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Distribution characteristics and origin analysis of fluoride in
groundwater of Yongding River alluvial fan
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Abstract Groundwater is an important part of Beijing’s water supply, and excessive fluoride in
groundwater will limit the development and utilization of water resources. In order to investigate the
distribution and origin of fluoride in the Quaternary groundwater of Yongding River alluvial fan in
Beijing, the spatial distribution, geochemical characteristics and sources of high-fluoride groundwater
were analyzed based on the 338 groundwater samples and 127 sediment samples. Results showed

that the concentration of fluoride in groundwater ranged from 0.06 mg-L™" to 3.91 mg-L™", with an
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average of 0.44 mg-L"'. The excessive fluoride in groundwater were predominantly observed
downstream along the flow path and in areas where weak permeable layers (clay layers) were
intermixed, while no discernible trend in fluoride concentration was observed with increasing depth.
The fluoride content in sediments ranged from 217 mg-kg™ to 814 mg-kg™, with an average of
424 mg-kg™'. There was a certain correlation between the fluoride content in sediments and that in
groundwater. The excessive fluoride in groundwater is primarily attributed to the natural geological
environment, including a high background value in the primary formation, hydrogeological
conditions, geothermal geology, mineral composition, and weakly alkaline groundwater environment.
Additionally, it is influenced by hydrochemical processes such as fluorite dissolution and cation
exchange. Human activities do not constitute the main cause for the excessive fluoride levels
observed in the study area.

Keywords fluoride, origin analysis, groundwater, sediment, Yongding River alluvial fan.
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HE RV R A PR URE, ) T W RORLZ A2 40, JZ2 G 22, T2 0 R B i R 0 R LRyl X 47, T
DX & A M 341, b T 3 A 2%0 28 A7, iU /K SR B AE 155 DU R LB 2 o, MR AR A3 1) S E PG L
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Tr] R T T DX 5 D 2R I K0 A3 i A RS K2 (1 1) Ho, 55— oK 2 41 2R K S
TE/NT 50 m 22 A7 (172 ELA TR R 5 ) 15 /K2 A1, 7 26 AP IR X, WIS 42 R 50 m AR L TR K
5 E K2 AR AR A 80—100 m, Wi I X4 R 50—100 m M F 7K 55 = &K 2 A SRR A
150—180 m, WEMIXt 5k 100—180 m b 7K; 25 DU /K Z UK AR HE IR 300 m 2247, Wil X 42 ok 180—
300 m Hb 7K.
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Fig.1 Distribution of groundwater and sediment sampling sites (a) and I — I ' hydrogeological section (b) in the study area
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2022 4F 5—6 H MR AR 7icE ] AU MR KRR AL 338 AN, HiH S —EKZ RS 151 4, SE Kk
JEFES 107 A, 55 = FKIERER 37 4, SIS K ZRE S 43 A4S, WIS BBl A B 6 T XI5 DU R T f
TKE.

Hb T KA i SR S RN G T A i B (bR /K PR B M I AR RS ) (HI164-2020) HEA 7. SR A Hip S0 52 b
KK FEEYR, B R AT, e K A B KRB 3—5 fiFEE, 25 e O A 45 5k
JF 3 A AL (HQ1110, My 75 ) IR /K R . pH . Eh %5 3037 48 A5, I 3R4E B2 43 9 M +0.3 °C | £0.002 Al
+0.1 mV. H 5 RGBT 4 °C FHIRAR T ORAE, IFT 22 K% 28 A0 50 i i o 24 5% W il o 52 6 == A7
TSR, 23 B3 32 1 D (s R 7K B i A v ) (GB/T14848-2017), Hirp K, Na®, Ca® il Mg* R HI
TS B TR SETES, FL ClL SO A1 NOs R B F itk ks HCO5 R FH R Bl i 1.
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IR S BT A S TR R AL RS ) PR T RE A 5T E A S e & AT o b, R
X BHAT S (XRD, IN-XRD100) 4387 5 2 DLW 90 W0 W0 A , 5 0 il A 38Uk 0 Rk v M 3 Ak 0 43
A G T8 00 BT PXSI-227L), D L CE K P SR AE 9 A 351 0 7 ) ()
873-2017).
1.5 Bdukb o

SR BCRR H ArcMap 102, Sigmaplot 12.5 EFE], I SPSS 20.0 4 HF 4k 7 47 6 P A1 i 354
AT, A Phreeqe 3.6.2 FE1 T4 W if Fll+g K44

2 25 5418 (Results and discussion)

2.1 HUFIKH F oA R

A T st AR R R K Bk FETE LN 0.06—3.91 mg L', BN 0.44 mg- L, #8 (Hb T /K i & b
#E ) (GB/T 14848-2017) M 25 7E (1 mg-L™") F 7.69%, 48V A5 #E (2 mg- L) F 0.59%. 5 4 140 fF
FEAER B, Flbn (28054, T [F) X3 = 2250 A 7e M T oK I sl iy il 5938 K )2 (B6 2 ) B2
FEE R DL IX AT & L 3 M X R B A5 b X (] 2).

(a) % —& 7K E The first aquifer (b) % —& 7K 2 The second aquifer
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Fig.2 Spatial distribution of fluoride concentration in groundwater

T b, MR K PR R AR R ny AR i b, 5 — S K2 FUREESH 0.06—
3.91 mg-L', 24 WS E S AL A R, B{E R K, R 0.49 mg L' 55 = IS U & /K2 F vl B 400
0.18—1.17 mg-L™" F10.21—1.05 mg-L™", ¥J{E 53 5 0.43 mg-L™" Fl1 0.44 mg-L™"; 2% %7K )2 FIRE
Bl 0.17—1.54 mg- L, ¥{E /N, 4 0.40 mg- L.
2.2 PUBRH HIR Ak RRAE S g Ak 4 25 ) o3 A A 1O
221 UURRWA M KA Py ik

HHARRE R B, AT AR, M2 E KRR, 26 R 2, TURRY 0 E Y D A/
A7 -Zh )2 (K01, K02 F1 KO3) &% 4 Ry b fik/ 4 b/ p b - %6k 1+ 22 1.3 )2 (K04, KOS5, K06 F1 K07).

WP AR I 25 2 B, BF9E XN S K2 RE S (B B A P58 B B2 Yo A5 kA B K
A1 45, Horb KO AT K02 5 /K JZFE i ik R ER 07 0 5 LR, £ H = 41, K04, K05, K06 1 K07 #
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b HERIRER W 5 LA, 2R TR A G XN B R AR 0 R YA R A A | BRI A AR, Hrh
KO1 1 K02 = HH: 0 ¥ R FI 47, K04, K05, K06 F1 K07 B9 F: 0 MR 47 46, 1653 A A 3k &
P Mok, KOs 25— & KB i A B bk, 58 5K 2501 A & s KA KO7 55— & K2 B0
BN R AR o BE, 85 = EKIZ A & s KA
222 DU AL & f oK B A A R AE

7K E ] ok AR P SR A ) i A 424 mgrkg !, SR/ ME FNER B 3 31 S BLAE K04 F K0T 4
fL, ALY & 8 5 h 217 mg-kg ™! A 814 mg-kg !, BURETRE 23518 60 m A1 158 m. /K& ME ALY & it
BIE R 13 mgkg!, fie /A A i K E 4 ) H BLAE KO4 F1 KOS FL, /KMy & & 0 5k
5.05 mg-kg™ F128.8 mg-kg ™, HUFETR A 43014 60 m A1 33 m. X L[] PN 8 43 = /K M IX L AR ) v B sl Ak
PyRTAT SRR B i nT L (3 1), RS XS IT R b SR A A K S I A 1 AR T P R SRUK
XU 1 S TR AL ) KA M A ) B B AR B R 2 N, R R R X St 5 BB R ) & i S A

R AEHE R K X L A KL S 3R (mg ke ™)

Table 1 Summary of fluoride content in soil in high fluorine groundwater area

A KR
e . ) .
. iﬂauo ) S Fluoride i o Water-soluble fluoride i Bl AT
Range Mean Range Mean

TR 304—410 353 9.50—15.6 12.4 [13]
AL 290—454 368 1.91—9.05 5.50 [14]
WIARA R 268—487 373 15.3—59.1 32.0 [15]
JLis 20.0—700 200 [16]
KIG A H 520 [17]
Bevtiss K B 179—700 540 4.90—62.0 7.50 [18]
hE 3 50—3467 440 [16]

A0 s ] R 217—814 424 5.05—28.8 13.0 ARG

SETD b, LR K NS L R K B B AR B A R4 IX S M X A AL TR A
Yy TR K BRI TR FREHIX (G 2).

F 2 ANFEESFLEACS A MR & KR R R (mg kg ™)
Table 2 Fluoride and water-soluble fluoride content in different boreholes

s KR

Rl Fluoride Water-soluble fluoride };]Sﬁij’ﬁ;%
K01 315—485 381 0.2 15—29 23.7 0.2 6.22%
K02 334—471 404.6 0.1 6—7 6.5 0 1.59%
K03 220—525 366.9 0.2 9—29 20 0.3 5.46%
K04 217—800 399.6 0.5 5—9 6.7 0.2 1.68%
K05 249—804 456.8 0.4 6—7 6.2 0.1 1.36%
K06 315—786 482.8 0.3 7—I12 9.8 0.2 2.03%
K07 229814 439.2 0.3 6—14 9.2 0.3 2.10%

) b, AN RVREE TR W b e P Y R R 2 B 2R S K E DR v e & e B A AR, AR
= WETTRY PRy & AR = S (K] 3b), G S Tk Fyl B o A A — o 1 — 25k
(Kl 3a).
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Fig.3 Fluoride concentrations/contents in groundwater (a) and sediments (b) across different aquifers

Note: The solid black line in the figure is the median, and the dotted red line is the average

B MR K AR IR AR E R IRY, —J7 L, B R B AN BEBA (Cas(POy)5F) | UK
A A1 (NasAlFg) FIE A7 (CaF,) %5 g R /K $RAE T R 5 930G 55— 51, Bk b b i et 0 S Ak M
M B3 5 3K 97.3 %, v T, MR ARAN 23%0, X S AR RBIF T 45 AR ), ] — AL b, 26 )2 h Ak
EERAES T SRKZRAD SRR 3).
F3 FHALEKE . B ERY S X (mgkg )

Table 3 Fluoride content in clay layer and non-clay layer in the same Drill

A= K01 K02 K03 K04 K05 K06 K07
A7 =

r J(E 354 402 313 348 383 376 343
Aquifer

A2

Hith 435 410 445 503 579 551 553
Clay layer

2.3 EHEM T KA
2.3.1  Hb K GRARA ) KR R TR

FZ VU AT X e R K e PR AL T 5 AR SR YR, — 5 1, W 5% X UL B AR
FK T Ak 5 42 0T e T R PN 20 s R b DX AR 1 B AL ) R s A & e (3R 1)
I3 —J7 T, 7K 8 ]t AR R B A b8 o0 A A A R s R, TR A TP B K A STk T H SR A
90% LA b (U5 I, U A0 R B 2z . o AR AR AR AR A 9T XA J2 TURR ) vh TR Y. A YR B 9T 25
IR R, HUF Ko FR S U0 T R & B AR ST X ) 20 A S A — R 19— Bk, L T R K
FWET 1A MR K F B AR PG A K XA M X R AL R TR BB AR B A Y
MR K R IX (3% 2), A ) L, bR K RGTRRA SR e B e R A A AR S B K2

MK KD A T RE[RIBE 255 AT 58 IX 380 2 R /K R Ao BE /K. 52 13 Tolk . s IR K
7 R RN A e | A T A = I o (=N N )= W NS ] 7 o o o e =R R L BT
2020 4722 07 A= 25 AN K3 [ W 0 235 R S 7, Bt K AR B3R AT, T e ) 0 R 43 2 b K il
H F R B LR IR T v B,
232 JKICHB R AT

F0i e 1R 7K 08 3 A e B R 5 K SCHB B 45 (IR B DT G R . F <1.0 mg-L™" b N /K E 250 7E
IR R AT AR R (4 LU R b X (& 2), 2 IXIEA 2 200 A IR Eh 04, X B B VE 4/, BN 2
TURU) R K s AL AR X e v (3% 2), TRl BsE, 3% X b JZ 4540 0 B BR A 2, iR 7KK 3l ) Sk 4
GF . AN, WD T P E AR

F bR X 32 B0 A 7 SRR R X 85, % X b 34, R OK AR B 1%, B 4 il it
HC SR AT 7K A T AR B S DX TR RN Ui v 2 M R K AR R 4300 62.6 mea! A1 5.02 mea!, [
Hi X R Y F AR X R B 4R LK, P SR X b R i b X 55 35 /K2 (B 1 )2) A B 2S5, Bk 1 e .
B2 A A e I T X, 2 2 D IR i X e K B T R A AR (3R 2
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3

2 3). UK, 2R d0F B DO A AT A BREaklle A B KA PR B, X Se T W) AR A A — E R
JEEEWESZE PR, vl RS RO, BT I RS i R, B S sk ife AL O
A, I )R K PR F. A, 28R e 4 A AT RE L 2 5 BUUF S IX s R K JEHR IR E R K
Fe i vy 1) T 2 i AL, D DX 9 e DX R BE RAE R, 0 Ml XK A R R <5 ml', Gibbs (&1 7R fi
ANBIFSE DX F R AR M 7K 32 B0 A KA R 2 e 4 A FH A L ) 52 i (151 4)

10000 -
E - RERWRG
T ~Evaporative crystalljzatio
® s o °
2~ 1000 IS R
b B
&n N /
g HERIE -
g 100 Rock weathering
= - T TN
; B
0L ‘A{mg§pl1er1c precipitation
1 . L . .
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B4 W58 XY 0 5 s AL T 7K Gibbs &
Fig.4 Gibbs map of high-fluorine groundwater

233 KICHERfE TR

CaF, P2 i Tk b Fr oy S 2K A=l 72, ok s 2 o F 2B i, S5
RN, 85 5 WA G A BOE T A RS, T 7K B B R I ), b i TR] it AR bR K
F 5 Ca> 5 (R=—0.26, P<0.01), 5 Na"IEAH K (R=0.57, P<0.01), FHFRAY 26 411 T AKFE S 7 Ca )
IR EESN 62.3 mg- L', ARABARAY 312 MR AKFE i Ca® B3R B2 91.1 mgeL .

F bR a7 AR 1Y) Ca® ¥k B — 7 1T 32 HJZ2 55 PR A s2 i, 0 0 AR D e 445 28 7R b PRl 42 1) AR
B HB O Ml DXL AR YRR o ik R ER T o LU AR, MR K AR 2R R 43 B 45 SRR R F O AR AL
c(Ca”+Mg”) 5 c(HCO; +2S0,) Ll R /T 1(1&] 5a), MR 7K 32 %2 85 1>k [ E R 58 4 KAk,
c(Ca®) Wk FEARA R F CaF, BT B, i FAE L R /K A5 A 8 AR UTYE. 55 — 7 1, F i An b oK p
c(2Ca*+2Mg*-HCO; 280, ) 5 c(Na™+K'-Cl") . 3 £ 4 5 (R=0.97, P<0.01), HLEBRIEECH 7, #8578 He
Tk Car, Mg Rl B 5 BIA T Na' KR AR T FH B - 28 460 W B 7 F 192520 {45 1l F 7K Ca? il
Mg W BE ki /b, Na v B2 AN, S IE pl ey s T 7K S it 7 I 250

WA T E Y R AR EOR B, BESE X F O AR LT K O A AR N T 0.50—1.09 2
[H] . H= AR T 1.36—3.19 Z A, ¥4b TR M AVRES, 324 1 FHE 80 T-2.43——0.46 Z[H],
b F AN IR S L AR YRWF 5 ) AR UL 2% B M R K B 5 HCO; IE A8 3¢ (R=0.365, P<0.01), K & Y
HCO; 15 2 A1 AU A1 SRR ER DUTE, Mo T /K Ca> Wi/l ek T A 5T IX 35, CaF, %1t
234 FROLE

B PR b R K P FREAS W AR D ZA, AR AR, AR A ES DL Ca(OH) , TLUE T2k, 9
BF HARUUTE R FRARDY, R, 757 pH AE 200 T, OH AT XU TR Y b 25 0 M e B A Fasl & 3™
Yy b A S0 R, 8 R K P PR SR IX B T K pHAAE AT 7.01—9.42 Z 8], ¥I{E R 7.70, 55
— . . SIS K)E pHAE S K 7.61, 7.66. 7.85 F1 7.98, 100 m LAV & B9 pH (H 5% & 7K 2
1) F B — 3

FEFRAY 26 D HL T KKE S pH (EA T 7.32—9.42 Z [8], Y18 Hy 7.91, W& & T-HF9¢ X el T 7Kk pH i
(729 7KF-, 5 26 A~ R 7K AL Y pH (B F 22 0] JC I S i AR DG, 20 pH (BN B & 4R A 5%, {1
IR T ER . X TR A e AR 3R KRB, pH R T 7.32 AR A2 BRI F) T 3 R 7K Frig
B,
235 AKIEhEm

NZE SRR K B g 220k 3 ARV AT Tk, AR DA 9T, Rl A 20 3l R i R R A 3
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i, R K e(2Ca*+2Mg*-2S0,> ) /e(HCO;5 ) Al ¢(Na*+K*-Cl-) /c(HCO; ) . ¢(Cl7)/c(Na") Fl ¢(NO; )/
c(Na") FE AR 3 K427 BiF 58 X B8 b i 067 9 78 5 A XA A/E F X 88 (18 5b) o i 82 3k Fn 8k A KUK diig
([l 5¢), F8/R AR ST H F bR A5 07 T K A2 21 43 3 2232 B A WARAE I R2 i, Ik Ab 24 R AE 52 4
MV SR /N Al HE Rk AR, AERF Y FL CIL SO 1 NO,y =N 23 Fifi 25 #E 0 /K iE A M T 7K, 3k
AHEX I T K PR IE T, LA B e bR 2 18] H B — a2 A 1EAH 56 56 R L S AR I 9 v F v JEE i 25 119
KP4 A FE # L 38 DX R HB D7 5 b A7 A R T AR R Al Fpo X7, (H i b X 157 SR K s S
NO;-N it % 2 (R=-0.247, P<0.01), 5 CI". SO,> JCH i BYAH 56 5 2, 72 W A\ HE 0 % 3t R ok vp

Fof 2 J0 W] 52

30 5.0
a b .
T, 25t g 40 *
5 Q
© N\ .
£ 20 v T 30t
= C
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Fig.5 Plot of the relationship between ions of high-fluorine groundwater
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3 %518 (Conclusion)

(1) 7K & 0] whr i AR et 55 DU 2 3 R /K FR YR 0.06—3.91 mg-L™, #I{H  0.44 mg- L7, # F 7k
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(2) 6 W R VIR Th ALY & N E Y 217—814 mg-kg ™', BIMH N 424 mg-kg™; /K TEHALY) & 1
JEFE N 5.05—28.8 mg-kg !, ¥IMEH K 13.0 mg-kg . A58 X IR LAY b B Ak 4 RNk v 1 ST 4 o i 7
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