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Characteristics of Forms of Fluorine in Soils and Influential Factors

Wu Weihong1 , Xie Zheng miao' , Xu Jianming1 , Hong Ziping2 , Liu Chao' (1 .College of Environmental
and Resource Science, Zhejiang University, Hangzhou,310029 , China. E- mail : zhmxie @zju.edu.cn; 2. Depart ment

of Geography, Zhejiang University , 310028)

Abstract :Forms of fluorine in 15 different soils were studied using sequential che mical extraction procedure . The fluoride
forms in soils were separated into five fractions : water soluble fluoride ( Ws- F) , exchangeable fluoride ( Ex- F) , fluoride
bound to Fe/ Mn oxides ( Fe/ Mm F) , bound to organic matter ( Or F) , and residual fluoride ( Residual- F) . The con-
tents of different fluoride forms were decreased in the order: Residual F > Ex-F > Ws-F > Or F > AoFe F. Correlation
analyses showed that Ws-F was significantly correlated with Ex-F ( r=0.7775 " 7). Ex-F was correlated with Fe/ Mr
F(r=0.5753") and Organic F ( r=0.5529 . Stepwise linear regression analysis was used to test the effect of vari-
ous soil components on the contribution of fluoride forms , indicating that soil pH, organic matter, clay content, and ex-
changeable calcium content were the important influential factors and pH was the most important influential factor. In
addition , soil parent materials had also influence on forms of fluorine .
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Table 1 ~ Physical and che mical properties of tested soils

pH CEC/cmol Ca
(H,0) (+) kg 0. M. <0.005mm Jemol ( +) k!
? &£ gkg! /% &
1 6.20 25.1 37.8 35.3 6.36
2 5.6l 12.3 10.6 17.2 2.69
3 5.36 13.7 14.6 39.0 2.44
4 6.32 30.6 36.7 45 .6 5.06
5 6.50 27 .6 38.9 44 3 6.98
6 8.40 81 .1 45.9 15 .4 6.17
7 6.22 28 .5 29.3 40 .0 7.67
8 6.00 9.0 21 .6 29.0 1.80
9 5.82 15.9 18.9 221 4.02
10 5.78 22 28 .6 40 .4 5.40
11 7.06 16.3 31.2 8.0 5.55
12 9.04 - 8.8 24 .3 6.15
13 5.25 14.9 17.6 345 1.87
14 5.42 11.8 20.5 30.5 1.58
15 7.26 48 .2 36.2 37.2 15 .91
1.2 >
[9] . NaOH
60 ror,
10g, 100 mL s 2 pH >
501 R RER
2
Table 2 The sequential extraction procedure for fractionate of F forms in soils
( Ws F) 70°C 0.5h
(ExF) 1 mol/ L MgCl,( pH7 .0) 25°C 1h
( Fe/ Mrr F) 0.04 mol/ L NH,OH* HCI 20% (V/V) 60 C 1h
(O.M-F) 0.02 mol/L HNO; +30 % H,0, , 3 .2mol/ L NH,Ac 25°C 0.5h
( Res- F)
1.3 0.12~0.65mg/ kg
SPSS ( Sta- ,  0.12mg/ kg, 0.03%.
tistical Package for the Social Science ) DPS (2) I mol/ L MgCl,( pH7.0)
( Data Processing Syste m) . . 0.20 ~2.24mg/ kg,
2 1.40 £0.84mg/ kg, 1.6%,
2.1 . ,1.6.11 .12
3. s 2.13i0.06mg/kg\3.0i
, 0.02mg/ kg .2.22 £0.07mg/kg  2.13 £0.06mg/kg.
(SSR ) 4 , 1 , 3
pH . pH
(1) 15
0.57mg/ kg, e . 6 (3) ,
12 s 1.57mg/ kg 1.72mg/ kg, Fe .Mn Al

0.44 % 0.28 % .
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0.08 ~0.51 mg/ kg, 0.19mg/ kg, : > > > >
0.04%.
1~12 13 14115 , 2~3 ,
. 4 ,
(4 , ,
0.11 ~0.65mg/ kg , 0.3 £0.02mg/ kg, , ;
0.07 %.
(5) ,
, Ws( %) =0.08 +0.60Ex-F( %) - 1.330r-F( %) ( R* =
0.8634, F=34.75,5=0.0000)
281.0 ~843.8 mg/ kg, 459.7mg/ kg , ,
99.32%. ,
(843.8mg/ kg) , (614.5mg/ kg) , . .
(281.0mg/ kg) .
3 , 2.2
4

Table 4 Correlation coefficients between various forms of fluorides

(Item) T-F Ws- F Ex-F Fe/ Mir F Or F Res- F
TF 1
Ws F 0.1385 1
Ex-F 0.0271 0.7775% 1
Fe/ Mrr F 0.0014 0.2497 0.5753" 1
orF 0.2407 0.0939 0.5529" 0.7186% 1
Res- F 0.9989% 0.0989 - 0.0664 - 0.0225 0.2155 1

1) p<0.05 2) p<0.01

(
( 5) s 0.9510 .0.8870 .0.9355) , 3
pH . \CaCO; . ( CEC) . ( 0.8014 .
N pH .CEC 0.7250 0.7660) .
5
Table 5 Correlation coefficients of various forms of fluorides and some soil properties
pH 0. M. CEC CaCOy
(clay) Ca Fe( AoFe) Al( AoAl)
TF 0.0702 - 0.0504 0.3035 0.0141 0.1575 0.2717 0.1874 - 0.0185
Ws- F 0.9510% 0.1757 - 0.4043 0.8870% 0.9355% 0.6078" - 0.1239 0.2331
Ex-F 0.8014% 0.5605" - 0.3379 0.7250? 0.7660% 0.5562" 0.1225 0.3846
Fe/ Mir F 0.2796 0.2616 - 0.5066" 0.1011 0.1200 -0.1104 0.0100 0.3959
Or F 0.1254 0.5661" 0.0607 0.1592 0.0250 0.0237 0.4575 0.1890
Res- F - 0.0162 - 0.1336 0.2970 -0.1138 0.0626 0.1769 0.2074 - 0.2758
1) p<0.05 2) p<0.01
s 5 Water W. W Winfried E.H.B 38
Fe Al s s Ah S Ca
(r= [12]
0.5768) , pH (r= ,pH

0.7458) .
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, . (10
) 845.2 £29. Tmg/ kg .
.6 12 R R 282.6
. 11.6mg/ kg .
; , ; , 2.3
pH 15 ,
, pH pH CEC. Ca ,
, (pH=5.78) > 0.8712  0.9271 . , pH
(pH=5.82), (pH=5.25) > CEC , pH Ca
(pH=5.42) . CEC Ca
, DPS
, 191 ~ 1012mg/ kg, 4l ,
478 mg/ kgt 7. , 6 0.8 ,

0371002103145
6

Table 6 Stepwise linear regression equations for different fraction contents and relative percentages

of fluoride in the soils in relation to soil properties

F
Ws-F=1.15pH- 0.04Clay +0 .15Ex-Ca - pH:0.52, Clay:0.17, Ex-Ca:
Ws- F 0.9815 65 .66
1.11AOA1-4.23(p:0.0000) 0.49, AoAl: 0.2
Ex-F Ex-F=2.70pH+0.220. M- 14.05( p=0.0001) 0.8736 20.06 pH:0.7, O.M:0.37
AoFeF= - 0.04Clay +2 .22 AoFe + 0 .48 AoAl + Clay: 0. 88, AoFe: 0. 96,
AoFe F 0.8309 8.18
0.99( p=0.0038) AoAl: 0 .4
Or F OrFZOAOSOAMJrO.ZZ(p:0.0348) 0.5661 5.66
,pH . . Al 3 Barrow NJ, Shaw T C. Effect of strength and nature of the
cation on the desorption of fluoride from soil . Journal of Sci-
pH ence, 1982, 33 : 219 ~ 231 .
s 4 Barrow N Jand Shaw T C. The slow reactions between soil
and anions : effect of time and te mperature of contact on fluo-
ride . Soil Science, 1977, 124(5) : 265 ~ 278 .
pH, 5 . . ,1988 , 25(3) :
236 ~242.
’ 6  Tessier Aet al. Sequential extraction procedure for the speci-
» Fe Al, ation of particulate trace metals. Ana. Chem., 1979, 51
0.88,0.96 0.4. s (7) : 844.
7 . ( ),
Fe, J , 1985, 241 .
Al 8 . ( ) -
,1998.29,96.
s s 9 ) ,
, 1998 . 315.
10 .
’ : ,1983 . 316 ~318.
> 11 Alberto Enrique villa. Rapid method for determining fluoride
in vegetation using an iomrselective electrode . Analyst, 1979,
’ 104 : 545 ~ 551 .
12 Water W W, Winfried E H B. Fluoride speciation and mobil-
ity in F-contaminated soils. Soil Science, 1992, 153(5) :
1 s ,1990. 357
64 ~84. 3 '
e . L ,1990. 87.
2 Walter W Wenzel, Winfried E H Blum . Fluorine speciation 14 ,

and mobility in F-contaminated soils. Soil Science, 1992,
153(5) : 357 ~360 .

, 1997 .56 ~108.





