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I6Je 0 55 BT X 5% el - B8 S A B s M e I g% i 2 R 3R

A MR, R, B, 2o, A, Eml R
(1. Hp b A Jmy P e P e DR A vhos . BV P42 7101005

2. W E ST AR AR BERZR SR AR G, BT 100055

3. EHBET A= (b)), dbat 100055)

BE: AEAREREFRTRRPPREZEMER, BF R AT ETBARSAREENXZZIRKE

Eo ALAKELREEMBRE AR R, RE 64 MR E LIS RIS, ME LIEIRACE T

IEABE, R AL T, B S AMBPASHAELT Hm Kl R A R4 F4 Freundlich A, bk

TRAGTAMNAEE, 2R27: OFARFERE LIRS ZILEA 487.37~ 1120.78mg/kg, F3H14 A4

730.63mg/kg; AFR K Zet A5 4 31.23~112.49mg/kg, 3144 57.58mg/kg, Fr A A5 R4 R ILAF

f (NY659—2003) FRAEL; QAFRERXELERAGBESF A : REASKEISANSSHELELSE>

TR, REXAALSZEEH 5.27~23.15mg/kg, FHMEA 9.72mg/ke, & & T ¥ ERARLERKES

AT HAEF 2.5mgke, HAMARGEE—EAESRNE, LEKRKEEREFTRAEAZEMELME (n=64,

=082, p<0.01), EAHEE X TRALSABEFMEN; OUKESR. CEC. ki, AR, pH £

AMRATFAEE, METH AR ASE0 % L5 42, KA Freundlich B2 A vt @42, ZAEA T

VARERE 86.0% 09 K 5, Bt B EAEAY 69 TR A E 34 B 88.0%, BAKKRILTAMAMRIELF, AR LS LIER

T, BIERTY SHBEMET MRt RagAER, SRR THRAEE, T AN KB E AR R 5T R

A AR, 35-F4 6 R KR PRI IR,

KW FRMX; EER; Feba; REABES; SamBEsh

A

() AT FMRRFE LA, Frt A0 ST EE P DRARAY S0 HHAE, HiT T IR L AR RR
8 R,

Q) EWT kMR A A0 TR X, G KESR . DEEERF,

(3) M T FraZrt AR TRMAR R SF 34T T B9, TR B3R & R b K R AR BRI

FESZES: 0613.4; S151.93 XERFRINAD: B

FAM R TR A, O R RE R A AGE R RO LA A K B A SRR A, TR A
UL HEEE LA, B TR PRPREET S RS BIR AR IE R /85, B, S 208 |
PILT R o PSR ASSRIGR I R, SRR, MR E | SRR N SE kR (L

i BHA: 2023-07-07; {&E BHR: 2023-12-31; #EZHHEE: 2024-01-20
BEE£WAB: BRTIETA S Bk T S S8 = TP 450 H (ZSDHII202303) ;
AR IRZE AR R OB BT L4 H (KC20220023)
E—EE: O, W, FENFIREHBRSE R TINATAE. E-mail: fbx1943@qq.coms
BEMEE: XPOF, WL, ESRTEN, FNSHIRAAMSPIASE . E-mail: 13863858360@163.com.
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e 1230 R T A Y — R R P
Y A2 H ] P S M DX A A 7 EE A 3R T AR R
1% h 1k, B EERIATC P 4Bk 50 Z20-EZK, HE
A7 2200 J5 % 4500 5 DTS2 B h g L)
AR, A RSB RS A AREE R Y) 5C RRA2
BlE ke T TERRIG YL R, 25t
BRI T L4, A AR R X R s 7
HEpH, FAT S MHAL TR dn AP, Ca™,
CI4ysm L*) . Ruan %5 U0V BFSE R IR, 25038 B AE
KAE pH N 4.0 ~ 6.5 BRtEFRIE . Yang 45 100 B¢
RO, VRS Fi S AP RE &, L
A Y FEE AR, WAE B rE
B E LS A DY) Deng 45 1S 4
SRR R AIE S KA RS A
BERE B  AYLSMEREDS, KoK REBOAN
BABSE ) LY R G, R LR £
W14 7 2 S T AR L e
LA pHAE ., AV, BEERRL RS
LR ZE 5 L Loganathan 25 1) %776 > Hh
XA R, MIAES RS LA VLR IEA S 1
pH S FUAH 3G 2k a6 1200 g B A KU X B 9T R
PR, KA SIS HHE pH., s EBHES 7 Ca*' Mg™",
Na", K& 5 IR MG, S5ac etk FHES F M Fi 45 ML
R WA, AT, R H RS A
B, BRIy 5% pH (. APLET. HIERRL

AC 4G 1 1 SRR M 52 W) 7K VA M R, (E S i)
PRSI A .

TR X A 2R 71 R ) 9 2 e ke o I AL, AF 5 - H
PR I JR A S, X T REROR B g R i A
R PR R I X AR B P &, 2
A7 44 )RR DX, 7 25 g S AR, 5 B R R [
WAL, F RIS T2 XA il oo 3R 1 a5 ST R
MUEBT TR 22, i 25 M SO0 3R 9 & SR AL B )
HERIL B Z RABIFE . AR SCLABEPE A L 1 X 5L FH
ELHEZR e 2R M g BIE TR R, SRR AN 2% bl £
SR il B RS I 2R R i, Y S AR B e - 8 1
PRI T, IO - 9 R AR
SE DAL A, SRR IR - J S 1 e AR 2k
R SR e, 2 IR RO AL 22 0 7 ) I s
TIEPRAEMERT, A0AT T SR A BN 2 R R
W, 368 48 S 57 22 76 (0] U5 5 R 0 22 114 5 o 2 - g )
BN, M TR 2 SR T O A, Sy TR
Ly DX 25 e - S FUMIZAS I SR A LR L R4 2R
S PEAN LK Bl g 24 g (0 O & SR SR AR B

1 LR
1.1 WERE XN

W58 XA TP 4 2 e i p R L X, SR s
TSR 48 R AR EL Lo B AR R 9, 2 400
1 R 0 2 R v 5 R A R A 3 B
JG, )2 K B AT FE R I I | il R hr a0 fn R
HAERMZ . REE SRR, SRR,
TH X AR - B 15 ~ 17°C, IR E T b0 iy
Z5 A AL H b TR -5 350 X KUV SR B,
DR ot A 1 1S R A 0 0 > 1 I 1) F2 229
AU, AE KR 1050mm, K %I 5, 1% X
I e 2896m, Ak 304m, 7522 2592m, FEA W i
r, mple, AR, SE4F . AT L vk A5

WFIEIX 2B I B0, BEsb LA/ N A
HHe ok 3, A R 2 1 | Bk A K
fet | b L X 2 O X A R
IRE X A0 X, B P 44 K PG b M IX d5 3 LAY A5t
Fr=Xo
1.2 FERREE

R AP 5 DX 45 Bl A A R L, T 2022 4F 9 A &
2023 4F 4 A S T 4 AR G — ik
I3RS e -SSR S 64 4, SEA TG
T

MR AN TRIEEAR | B i) B S 3 AR A A, e L
ARFER A, AR DL 10mx10m XIRFEHLAR
WRETT, $R B S U7 RAE L R AL R Z 13, RFEEE
M 1A Akm?, SREETREE N 0 ~ 20em, FE/MRA G 7 IR
VU532 300 ~ 500g., RAF AR H] GPS B4 Ak FR
KBRS R HER A | (RS, HIBRAE
YIARIT AR 5220

AIERE SR LA R 2, 5 R s (R
AR 2SR 10 ~ 15em 36 BBl ), LAfEE 23 #r + 38
it A R I . YR M R, it &
BTk, AR B AE R, MR i S R
1.3 FESH 5 DA

- SR T A PO AR TR, R AR K 4
DU 45, TS AR S Al T R AR L,
PRGN BRA P AR A WRBR AT S5 224, FOARAR AR, F
TCi5 Y BEHLAFES 22 200 H, BEASRF

- R HUCR FH SRR A - R R R
HE Y R EUE AR R L [, Bk
A IR KR R LA 1. T B TS O RXST-
227L( A L R A R A, Fir B AR 2
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Table 1 The extraction procedure and detection limit of fluorine speciation in soil of Ziyang area.
o ] B G
LAY e BB i
(ng/kg)
IKIEBF (Ws-F) 70°C K P& 0.5h 0.10
Al AZ W 59, (Ex-F) Imol/L 54k (pH 7.0) 25°C #i&% 1h 0.10
PG4 555 (Fe/Mn-F) 0.04mol/L E:FRFENEAF T 20% (V1) W) LRI 60°C ¥k 1h 0.50
FHHLESH (Or-F) JH 0.02mol/L fEfR+30% (B /K AL RS TN 3.2mol/L ZRRET I 25°C #%% 0.5h 0.80
BIESH (Res-F) BRI S B RS B A SR & i Bz 2 / 0.80

T VR TRMEE, R S=BIR-OK ST SRR S S S HAHLETR) o

o PF-1 BRI E Tk B2 Ak, +3E pH (ERH +
KA 1:2.5 B FRERE L (NY/T 1121.2—2006)
W5E (PHS-3E %Y pH if, LI ER i Rk A B
D)o B AL R FH R A R A VA U
FE (NY/T 1121.6—2006). LA~ SHCR H (R340
25 BT ) HR R I BH A8 H i (CEC)
R FH TR - H R 5 55 B8 R R S s e (Y
5 ICAP-PRO, % [# ThermoFisher 23 7), 3¢ # ¥ £
3 Ca™" | Mg™ H CRIEIZ AR, EDTA 4545k 2 5 s
K"\ Na'H 2R A, Fo BRI 5 45 B8 IR R 51
I s - SERRLR PR A A A L i o 5 45 481k
YR AL U -EDTA 2550505 5 46 A b %
FHI AWM 53 6 BE I E o

25 1 9RU A I 2 BEC% 45 2 80 o ARSI 3k )
(GB/T 217280—2008) FH 8L 25 & 5 A A 75 0 2
FRUL 0.1000g #3540 H i (O FE S, B T 50mL 45
A, A 10mL B4 1mol/L £5 2 %5 PR 942 B 1h,
AR PR . FEPUS A 25mL B 25 55 5 18 15

2 iRRERER

Table 2 Quality control of analysis method.

I (TISAB), M B F/K LI, #8257, 3 T3k
P I 2 g (2

- AR S ROE A SR AR FH b A 3 B2 AR
i GBW07915. GBW07916. GBW07935 # 17 i #4,
T 0 I 1 70 3 25 JRURT 4 AT HE A (L, s v 4 o
FIEEME 7. M Z5H (R 2) RS % B /N T
10%, &I BICRTE 95.54% ~ 103.23% 22 18] ([
R=BIL I/ 4HEx100%), 6 B 0FIE THEESR .,
1.4 Bdmite

% JH SPSS Statistics 25.0 #4475 5 A1
it 12 FHECHE O R0 J3E ARG 56 5000 1E S A A,
A 05 IE A 43 A O BRIE 2 A AR Y B EA T
Pearson FHICHE M AR 5347

Freundlich 75 2 0] FF Uil yo 25 M H 38 249
RAEGMER 2 HO T

lg Cplanl =a+ blg Csoil ( 1 )

EE'ZF‘ Cplam ﬁ] Csoil %*ﬁ%%niﬁtpﬁﬁ?ﬁi, a ﬂ]
bIEH . RGBS ZnE B ST TSR

=

S , . . HER RSD i
U ESwINE| ST KRR (AlgC) o %)
AR IS iR 1.5mg/kg 0.06 6.01 100
RS IS iR 2.5mg/kg 0.01 0.98 100
TR IS iR 1.0 mg/kg 0.15 6.45 100
AL Hamik 4.0% 0.02 5.19 100
CEC JRF IR 0.01mg/kg 0.01 5.41 100
pH IS iR 0.10mg/kg 0.04 1.64 100
ACHRPESR R A S B IR R sk 0.05mg/kg 0.01 5.20 100
AR R A S B IR R ek 0.01mg/kg 0.04 4.75 100
AL RE R A S B IR R ek 0.01mg/kg 0.03 3.67 100
ACHRPESR R A S B IR R sk 0.01mg/kg 0.05 5.23 100
ACHAERN R A S B IR R sk 0.01mg/kg 0.02 3.15 100
- R L 0.001% 0.01 0.58 100
A Ak 0.001% 0.01 3.45 100
ALY TR G 12 0.002% 0.03 1.88 100
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2 HiR5iie
2.1 WFSEX SRR PR S e o S R T
RES IR SE SR IR 3. WF9E X 362 - ERE L
pH N 5.2~ 7.4, ¥ 6.1, FZ LR EMNAEL
JUFE Ky 487.37 ~ 1120.78mg/kg, “FHIHE N 730.63mg/kg,
R TR R I RE (497mg/kg) Fil4xlE
22 )2 T 3E I 50 (478mg/kg) 24D MR (T
Bk Ak 2 PR BETE ) (DZ/T 0295—2016) FiL 2 (1)
5 2 by fE, 500 ~ 550mg/kg J& T 1A B 5 9, 550 ~
700mg/kg A A AR, HAd 700mg/kg Rt S,
B HEL 700mg/kg (1 EL R 37.34%, 725 S R
K 87.22%, 1 B 12 b X A 1855 60 37 Al B kA
NRHE R AES B A A 8% ER . 25
2 2 R e 9 XA 45 4 v I - IR Ay
A1, I 135 S U T 800mg/kg b & A LB , 1
HE MR v 12 i X #a 800mg/kg M RE S 290 13.4%,
FEIABIFGT X B 53 Hb DX A7 — e R A AU
AR — i & SRR, A5 e i R B i Tl DA
K] 100 ~ 1000mg/kg, TMiASH 1 40% ~ 90% 1 F AT
B KT T R E AT AL FRE NY 659—
2003 FHLAE 25 H L) i <200mg/kg, A A
41 (WHO) #2355 K 18 B A9 8 A 2 o0
2.5 ~ 4mg, BT IXZE MRS R 31.23 ~ 112.49mg/kg,
F-H42k 57.58mg/kg, F BT A A Al 24 R A o PR
i, 5035 4 D200 BF 5 Bk T 25 0 B0 AR A i
31.15 ~ 78.60mg Z5ie—3 ., i MRAR FR I E AIbRIE,
N B 5R 10g AR R 80% T,
W 3E 3 AR 2R A BN 1.6mg, 290 fRiF 8 AR
i (4mg) 1) 40%, & T &4 .

F 3 WIS R P PR

2.2 WFSERX R R U S RHE

I A HERE e 13 R BT O it T
THEFIES, WA 3 hRUEY)R, BT H AT R
TEASFRUEDI I, T FH B AR 4 50 A K 25 SR
SV E (H, P ASBF IR FHK A 980, A3, [Tl
R EAT RS R PRUER BT AT AE 7 R
R, G5 R 4. WF9E X IR AL S5
A AR FRIES S KB >AIES > PSS >
A ACHRAS

KBS EL R U T A% WL T
T R, BT DX T KA S R R
Bk 5.27 ~ 23.15mg/kg, F ¥ {8 9.72mg/kg, & T
Deng %5 ') 752 1 S R X AP 45 9L 6.14mg/kg, it i
T RO kAR X K SR
2.5mg/kg 2, BEIABTSY XA — 8 A S KK . Ws-F/
To-F 75 4k ¥ FBl N 1.05% ~ 2.45%, F %18 1.31%.
Yi 4 IR T A HURIE SO b H R 51%, 7T
DANT] Hi DX A 9K 5 A U B 1 B A 22 AR R

A ACH A BB SER LT | B e A A SR
A1, S B FA B B A e ok i . 3 b B2k 40
ALY BT YR HLR 5 1A e B e
BT MEE- G . Ml T S S i
N 0.23 ~ 1.24mg/kg, “F-141H 0.81mg/kg, /N T
IK S o Ex-F/To-F 2243 {24 0.05% ~ 0.13%,
SEHIMH 0.11%, Deng 25 15 BF5% 2% AT 28 460 245 9111
AR AR B I i K TFKIEZS, A 0.2% ~ 12%, X Al S
TFFE X A e A 6

BRERAS B SRR SR A 45 & AR T
iR, JR T RR A B A, B XA

Table 3 Physicochemical properties of soils in tea garden and its tea fluorine content.

i 5 I (n=64) /M SN Frifidi 2 A RE
IR (mg/kg) 57.58 31.23 112.49 43.91 76.27
T HER (mg/ke) 730.63 487.37 1120.78 345.02 87.22
AHLT (mg/kg) 20.49 16.77 38.92 11.97 58.40

CEC(cmol/kg) 15.73 12.36 22.52 5.29 33.63
pH 6.1 52 7.4 1.17 19.21
SARNER (cmol/kg) 0.94 0.74 1.23 0.25 26.08
SLHMERS (cmol/kg) 5.52 3.79 6.23 1.35 24.50
SLHMEEE (cmol/kg) 1.36 1.12 3.27 1.17 86.12
ALHAMEE (cmol/kg) 0.71 0.41 1.47 0.68 95.88
AL (cmol/kg) 0.19 0.08 0.34 0.13 68.49
T IERRL (%) 19.15 14.47 27.46 6.52 34.04
&MY (g/ke) 44.87 35.67 56.34 10.90 24.29
ALY (g/kg) 0.84 0.56 1.59 0.52 61.53
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Table 4 Contents of fluorine speciation of soils in tea garden in Ziyang area and its recovery rate.
KA AR PSSR AL Bt 59 X S/ At
RS Ws-F $rit Ex-F & & Fe/Mn-F &t Or-F ¥t Res-F 77k To-F A& fvE
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (%)
1 6.14 0.46 5.09 8.17 523.67 551.30 98.59
2 7.34 0.23 6.68 9.34 689.22 739.20 96.43
3 5.27 0.78 7.21 7.23 623.14 649.34 99.12
4 8.24 1.24 523 8.19 578.98 616.93 97.56
5 10.76 0.56 7.85 11.25 718.98 739.49 101.34
6 23.15 1.23 6.22 9.67 563.45 613.35 98.43
7 14.89 0.89 5.84 8.34 456.83 500.09 97.34
8 11.34 0.75 5.37 9.34 779.17 832.79 96.78
9 8.65 0.96 5.46 7.12 895.24 926.88 98.98
10 7.43 0.83 5.28 7.24 952.12 942.46 103.23
11 5.56 0.79 6.39 8.27 845.21 870.05 99.56
12 8.23 0.78 7.94 7.89 753.34 814.51 95.54
13 9.45 1.02 8.18 5.26 489.19 527.72 97.23
g 527~23.15 0.23~1.24 5.09 ~8.18 526~11.25 456.83 ~952.12 500.09 ~ 942.46 95.54 ~103.23
FAAE 9.72 0.81 6.36 8.25 682.19 717.24 98.61
GBW07915 6.93(6.8+0.8) 0.78 6.34 4.67 451.28 508(520+21) 92.32
GBW07916 2.03(1.9+0.3) 0.46 2.44 5.89 321.67 361(353+17) 92.10
GBW07935 21.0(24.0+5.0) 1.25 6.88 6.89 426.22 498(506+22) 92.82

T 355 R bR ST

HOREety/ IR IDAE G N R =R AR % N R e X i e s
RERCAIE 2SR, Bl 1 R R 25 5 S U S i
5.09 ~ 8.18mg/kg, F A 6.36mg/kg, £ 5 B Y
0.88%

AP IR T3 G LT A B AR SR DL A
A Ve A B 25 & S I LR s am 2 L it
A PLISHEA & =Y 5.26 ~ 11.25mg/kg,
YIH 8.25mg/kg, £ i B 1.15%, W] .5 F Deng
i U150 0% 2 DBl X T B B RIS PP kAR 45 5 51
2y

P31 DB T A TR i e, X A U B
BETED ks 0 BRI AT ACHAS kG
S5 G B FA ML, ik SRR % 2
T, B REABA YA BN R, A
TS 0 B s A5 R SR S T 4 MRS 251, JL
U I 456.83 ~ 952.12mg/kg, “F- ¥4 {H 682.19mg/kg,
2y 5 MR 95.2%, 5 Yi % V12 Deng % VY R K
byl DX A AF 9 285 SR — 3K, P UL ARIE S R R IERUE S
) E AR
2.3 BRI SRR RGBS S A

B ST A RS M T (R A4 R O 1
5PN AR, S b FUR AR A
FENEA: FIHERE . CEC, & Ess . 35k
— 170 —

AW . KEEFS pH(=0.55, p< 0.05).
CEC(r=0.85, p<<0.01), & V£ 45 (=0.67, p<<0.01).
T (7=0.52, p<0.05) A . E LA, 3
pH EFALYE BT 25 A R B, + 3 pH Fh i+ 3
T 1N, OH (7 72F4% 0.140nm) 5 F (B 12
£ 0.136nm) AHIE, 75 HIEWE R H 5 kA= 554, OH %)

Fs5  LEBMENER. ZS B SRR

Table 5 Correlation among physicochemical properties of soil,

tea fluorine and soil fluorine speciation.

MHAWTH JKES AISSiS PRt AIS bl i

R 0827 0.03 0.002 0.14 -0.097 0.17
HHER 053" 032 0.44" 021 068" 10
AP 027  —0.035 0.15 -0.12 —0.04  0.39
CEC 0.85"  —0.23 0.23 -0.04 0.4 —0.067
pH 0.55* 0.1 0.13 022 032 025
TR 014 -0.22 -0.31 -0.32 007  0.065
TS 0677 —0.034 0.21 0.14 011 0.1
LR 012 -0.013 0.17 0.09 0.18  0.07
EER 052" —0.16 0.11 0.11 0.08 0.13
TR 013 -0.19 0.09 012 015  0.07
TaEgk 075" —0.087 -0.14 -021 009 0.14
BEY 066" —032 -0.33 035 007 043
Y 013 —0.52 -044" 037 024 037

T CTFIRTE 0.05 KT BEAK; TTFIRLE 0.01 K B E
VB
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5 AP, Ca™'| F TR MLULTE, W5 F bl 2 o
R PO BSR4 pH<7.5 I, pH 5K
PEFURIEA R, (BX Tt 18 (pH>7.5), /KiF
B pH Z I JC I AR M, PR H 5 7K
WA pH B R B, [ %6 DL+ 38 pH ¥ K] 43,
MBI -3 pH S N 5.2 ~ 7.4, SABFI R EE S —3
KBTS CEC, AZHEAS | sS fe k4P A B 35 1E A
Kt 2 PR Ay - 49 e BH B T 10 14 s 45 A 3 X U
B I A8 H PR IR B D20, DT A5 7K i P R 1 1
B K S S LR (=—0.75, p<0.01),
FREAY) (=0.66, p<0.01) £ W F T A KK ER, ]
ESE TR NZ LRI 25%2p°, IRAFHL T U fiE
JIAEH 8, IREE 5 5 H AR T 04 FL - FUE T 30
P AT S8 BEL B SR TR
L5 T T LT, o S A LA 2k SRR RL L Bk
FRAR A S I I O i v 22

KRS A0 R B I G (=0.82,
p<<0.01), UaBH7KIA AL &5, ASH 903 il g, Ibahie
it s A4 Y| Ruan % 0 I —
oo HoR wUE 28 5 S e O R 3
2.4 WER X 2R SR BE PBOR Z H-S R R

- AR 05 A R AR DG B TR 6, T
DI 52 ) 255 i 3 e 2 2 PR RO /K A 9. CEC.
pH. ZZ#etksn . BIERR . BURFSEAS G BE AT L A
IR N3 A LN RL T 2 e R DO P o N )7
M. MFR 6 A LAE i, HHEEF KSR Penss
AT W, (H RS A A AR G
PEHAN B3, WA TR S HE P A 5 9t
W o 177 A, R SORT S SRR AR R SR i A8 4
5 RN AC 4 MR B 5 K S U 3 IE A (=0.67,
p<<0.01; =0.52, p<<0.05), i % 2% SR A0 R B ) B

Fo  TIBMENEES A SRR T

Table 6 Correlation of soil physicochemical properties with tea

fluorine.
25 (Tea-F) ZXM9 (Tea-F)
T HEERR THEEbR
r BEX[A] r BEXE
IKIEI 0.77 0.99 P 0.09 -
HHLTR -0.35 0.95 THPER | 010 -
CEC 0.55 0.99 SCHRPERN | —0.05 -
pH 0.53 0.99 TIERAL | —0.86 0.99
AR 0.67 0.99 ALY 0.07 -
A 0.11 - ALY 0.07 -

H: " FRTHBEME.

SARSEE, HAR LB T i — 5T .

{E AR R 2, 13S0 S KE S FUR R
B I R DG, A5 A R 3 TR AR O (7=0.67,
p<0.01). BEHEFLE YN EM A K B R R
AU PR . B LR S5 T LATA T AR PRIEOAEE, XF o0
F IR AR B VE R, DT s ma A 2tk . R
ds BT YRS T WA HLIRZE Y TRT L 5
BB TR TC A FH B 5 980 1 o 4P A FH el A - 3
HSRTE S, DTS K M 30 3, A R T 25 xt
SIS . Pan 25 U7 AN A DY U R 4%
HWI (AIF, | AIF™ | AIF,) AR P JAY 32 2477
SIS, B A3 38 40 48 nT DUE 2540 X
SR, LSS IS S AT —3L
2.5 WFFERX IR G2 M R R

(] US43 BT 2B S PR LB 27 ] i e R 11
Gitork, EHTRAHEA RS 24 AR Z A
KRR, AWFFE R 2 Je et A J7 vk 43 W g i A5
FRAY B R R, RICEAS XA 99% #ikA8 &
Z I AR S . BRI B A H AR, AR
(Tea-F) AR, H7 f .

Wi 6 Fif, ARG mOEFEEA
IKEEAT(x,) . CEC(x,)  ZCHAEER (x;)  HHLIT (x,)
pH (x;) Rl (o), oA A ML B 5 A5 980 1
HMEAR B35 (R=-0.35), % &5 Jr R i35 FH B, ik
— AT L, LI L 6 Bl H I RSB N A
A, ISl & A A A g 2 ool 9 )5 12,
FH R B #%) Freundlich A58 7 S #0145 + 3 #4014 ot
XA SRR RZ I () [0 5 R, DLER 7, P Cregp Ca
Ca Con Gy Cy Cosy Cog MU A L £
BOKEAH CEC. scHE4s . AL, pH Al - 45
YRR A, R 7T R LUE H, T R HOKE SR
f1% B DR 28 [ 31 7 100 0RG 2 e K (R°=0.54,p<<0.01);
FETKEASH CEC, Ac#tkes . AL pH AY[RIIH
iR 6 TS B i (R?=0.86,p<0.01), M7 %
& HE R kL WU ORS E R oW A T R R
(R*=0.81,p<<0.01), W52 7. #E#E 6 LRl IR
% FEA LI, 5 R A TN R (R°=0.84,p<<0.01),
WITFE 5o WA MUTVE I B 2R, Xz A
17 I PE2 W, VIF (B8 5.02, BEBHZ 5 2 H [ 28
2 A A AT, W5 R 6 By VIF {Eh 2.02, i
TE 6 45 7 Z (A1 B & [ AR Se vk, R
T2 6 A LA G b FUI0 A 2 1y DX % I R 5 o, O AR
W) S R R AT R S i E BN R
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Table 7 Regression model of factors influencing tea fluorine.
Jife [l 77 R P n

1 1gCrep.=lgCx,+1.82 0.54 <0.01 30
2 1gCro =lgC+0.181gCp+1.21 0.56 <0.05 30
3 1gCro =g, +0.121C,,—1.321gC,,+1.34 0.77 <0.01 30
4 1gCre0=lgC,+0.221gC—1.121gC,y+1.221gCpt1.51 0.82 <0.01 30
5 1gCreo7=1gC,10.141gC,+1.291gC 3 +0.15C,5+0.79 0.84 <0.01 30
6 1gCre7=1gC,10.181gC,—1.421gC ,+1.061gC,5+0.09C s+1.09 0.86 <0.01 30
7 1gCr,. 7=1gC,10.121gC,—2.621gC ,+0.961gC,;+0.12C s—1.281gC,;+2.49 0.81 <0.01 30

e n AL,

FH 16 20 4 58 -2 A it 5 X 2 T A 32 i
A5 T BE, [0 09 J7 2 9 T00I0RS B 5 1) 88.0%, 156PH H
IKIEAS . CEC, k4. AP . pH %5 5 T
Fo 7 1 T AR 1gCrpe =g CL +0.181gC - 1.421gC ot
1.061gC5+0.09C,+1.09 FJ LA fiff 6 52 i 2% 1 6L 86.0%
[ 45 5 . Freundlich #5784 28 % 4 F F B oo R 19 4k
YA SO, 8 ST R 5 AT B M R, 40 pHL,
OC. CEC Mt &g it % . RICBEMFKFE Cd
(R A= A v B, A5 20 A 7 B T DA B 81.9% LA I
s 300 FEARBISE R, 5 AN T TR ARkt
K, LAH Ak e A 7 [l AR R o 5 S, AR
FEAT LA 48 BH 1 X R R AL b X5 S A 25 XU TR
fg a0l R RIS

3 &g
DA L IX 25 ] -+ 39 W R ST 5T 4, WFSE T 1k
BT 2 SR S 0, SR I 22 TE IR 5 BT TR

A GRS Y Freundlich A8, 45530, DWFFT X
F 2 A HE R A8 4k 3 Bl 487.37 ~ 1120.78mg/kg,
S HAME 730.63mg/kg, 4 M XA A A U B XUBRE 5
Q- T A5 A0 SRR RIS > KIES > AL
B> A >0 3c s, il IR S
B e, HYE N 456.83 ~ 952.12mg/kg, - 14 1H
682.19 mg/kg, 295 A HAY 95.2%; Q/KIESF 5 245MH
A BEAENE (R*=0.82, p<0.01), LA HIFEHAL MR
SHNE R A i, R R A5 M SR i 2 oa Il
P2, HIXPECE 461 Freundlich S RI4DLA - 33 B 04k PR
Xof 25 P L 52 00 1) 7 RN 18 C e =12 C+0.181gC o
1.421gC.+1.061gC5+0.09C s+1.09, 1% J7 72 0] DA i B¢
86.0% FY7Z 5, 8 1 SoriE AR AL A S B 1A 2] 88.0% o
A WBFSE XK IR ZS9R. CEC., ASHIERR . A HLIR
pH %5 5 A RS2 52 i K 2 1 i X 2% 98U A =8 22 [
Fo MO TR RS L AT B
T4l & R LA EEE L,

Determination of Soil Fluorine Speciation and Main Factors Affecting Tea

Fluorine Content in Tea Gardens of Daba Mountain

FENG Boxin', MEN Qianni', GAN Liming', WEI Liyong', LIU Jiufen™", HE Tao',

WANG Peng', HE Yixin'

(1. Xi’an Center of Mineral Resources Survey, China Geological Survey, Xi’an 710100, China;

2. Natural Resources Comprehensive Survey Command Center, China Geological Survey, Beijing 100055, China;

3. China University of Geoscience (Beijing), Beijing 100083, China)

HIGHLIGHTS

(1)The content of soil fluorine and tea fluorine and the distribution characteristics of soil fluorine speciation in the

Ziyang area were identified, and the risk of fluorosis was explored.

(2) The main factors affecting tea fluorine in the Ziyang area were identified, including water-soluble fluorine and

soil physicochemical properties.
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(3) A prediction model that affects tea fluorine was constructed and validated, which can provide a basis for the

development of local green agriculture.

ABSTRACT: In recent years, the relationship between fluorine intake through tea drinking and human health has
received significant attention. To investigate the effect of soil properties on tea fluorine, 64 sets of tea garden soil-tea
samples were collected in Ziyang County, Daba Mountain area, and a Freundlich model that affects the fluorine
content of tea was established. The results show that: (1) The fluorine content in the surface soil of tea gardens
ranges from 487.37 to 1120.78mg/kg, with an average value of 730.63mg/kg; The fluorine content of tea is 31.23-
112.49mg/kg, with an average value of 57.58mg/kg. All samples do not exceed the limit of agricultural standards
(NY659—2003); (2) The distribution of fluorine speciation in the soil is as follows: residual state>water-soluble
state>organic state>iron manganese bound state>exchangeable state; (3) A multiple regression equation affecting
the fluorine content in tea was constructed using five factors: water-soluble fluorine, CEC, exchangeable aluminum,
organic matter, and pH as variables. The model can explain 86.0% of the variation, and the prediction accuracy of
the model reached 88.0% through validation. This study can provide theoretical basis for the development of green
agriculture. The BRIEF REPORT is available for this paper at http://www.ykcs.ac.cn/en/article/doi/10.15898/
J-ykes.202307070089.

KEY WORDS: Ziyang area; soil fluorine; tea fluorine; soil fluorine speciation; multiple regression analysis

BRIEF REPORT
Significance: Tea trees are plants with high fluorine enrichment, and their enrichment ability is dozens or even
hundreds of times that of other plants. The fluorine content in each kilogram of dry tea can reach several thousand
milligrams. Drinking tea is an important pathway for human intake of fluorine, and moderate intake of fluorine has a
promoting effect on body growth. In recent years, the relationship between fluorine intake through tea drinking and
human health has received significant attention. Tea drinking-induced fluorosis is a unique type of fluorosis in China
and a serious public health problem in western China. In the absence of air pollution, the fluorine in tea mainly
comes from the soil. The absorption and transportation of fluorine by tea tree roots are influenced by soil pH, the
presence of fluorine speciation, and other elements (such as A", Ca*, CI, etc.)[g]. Soil properties have a significant
impact on soil fluorine speciation. Currently, it is believed that soil pH, organic matter, soil clay, exchangeable ions,
and other factors have a significant impact on water-soluble fluorine, but their degree of influence is related to the
research area. This study constructed a model for predicting tea fluorine based on soil physicochemical properties
and soil fluorine speciation data, which reached a reliable level. It can provide theoretical basis for ecological risk
assessment of tea fluorine in Ziyang and similar areas and guide the development of green agriculture.
Methods: The tea garden soil in Ziyang County, Daba Mountain area was used as the research area. 64 sets of tea
garden soil-tea samples were collected, and the physical and chemical properties of the soil, soil fluorine, soil
fluorine speciation, and tea fluorine content were measured. Through multiple regression analysis, a Freundlich
model affecting the fluorine content of tea in Daba Mountain area was established, and the prediction accuracy of
the model was tested.
Data and Results: The results show that: (1) The variation range of fluorine in the surface soil of tea gardens in the
study area is 487.37-112.78mg/kg, with an average value of 730.63mg/kg; The fluorine content in tea leaves in the
study area is 31.23-112.49mg/kg, with an average content of 57.58mg/kg (Table 3). All samples do not exceed the
limit of agricultural standards (NY659-2003); (2) The distribution of fluorine speciation in tea garden soil in the
study area is as follows: residual F>water-soluble F>F bound to organic matter>F bound to Mn and Fe
oxides>exchangeable F. The range of water-soluble fluorine content is 5.27-23.15mg/kg, with an average of
— 173 —


http://www.ykcs.ac.cn/en/article/doi/10.15898/j.ykcs.202307070089
http://www.ykcs.ac.cn/en/article/doi/10.15898/j.ykcs.202307070089

HO

1

il

K

2024 4F:

http: //www. ykes. ac. cn

9.72mg/kg, which is much higher than the average water-soluble fluorine content of 2.5mg/kg in China’s endemic

fluorosis areas, indicating the risk of endemic fluorosis in the study area. There is a significant correlation between

soil water-soluble fluorine and tea fluorine content (n=64, r=0.82, p<0.01) (Table 6), while other forms have no

significant correlation with tea fluorine content; (3) Using water-soluble fluorine, CEC, exchangeable aluminum,

organic matter, and pH as variables, a multiple regression equation was constructed to predict the fluorine content in

tea. The Freundlich model was used to predict the fluorine content in tea, which can explain 86.0% of the variation.

The prediction accuracy of the model reached 88.0% through verification, and overall, the prediction effect was

good.
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