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Chemical Forms of Fluorine and Influential Factors in the Mining Areas of Qases, Gansu Province, China

XUE Su-yin, LI Ping, WANG Sheng-1i*, NAN Zhong-ren, WANG De—peng, ZANG Zhen—feng

(Key Laboratory of Western China’s Environmental Systems, Ministry of Education, College of Earth and Environmental Sciences, Lanzhou
University, Lanzhou 730000, China)

Abstract : Forms of fluorine and influential factors in the mining areas of oases, Gansu Province were studied using the sequential chemical
extraction procedure, correlation analysis and stepwise linear regression analysis. The results showed that the soil total F(T-F) content in
Baiyin region was ranged from 276.55 mg-kg™ to 4 989.7 mg-kg™, with an average of 1 689.0 mg-kg™, and decreased in the sequence of Su—
jiadun>Haojiachuan>Yaqushui>Shapogang. The contents of different fluoride forms decreased in the order: Residual-F(Res—F )>>Water
soluble—F (Ws-F )>Organic—F (Or-F ) >Fe/Mn Oxide—F (Fe/Mn-F ) >Exchangeable—F (Ex-F ). Correlation analyses showed that Ws—F was
significantly correlated with Ex—F, Organic-F and total F. Soil Ex-F, Fe/Mn-F and Or-F were significantly positively correlated with soil pH,
Or-F in farmland soils decreased with the increase of soil EC value. Stepwise linear regression analysis was used to test the effect of various
soil components on the contribution of fluoride forms, indicating that soil pH, EC were the important influential factors and pH was the most
important influential factor.
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Figure 1 Schematic map of the sampling sites in the study area
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Table 1 Physical and chemical properties of tested soils

FERTS BOREHAS pH(H,0)  O.M.Jg-kg" Total P/mg-kg™ Available P/mg-kg™ EC/pS-cm™ CaCOyg kg
S1 e 7.46 7.8 3355 6.9 117 438
s2 Pyt 7.55 326 1319.6 31.0 515 43.4
S3 TFI 8.24 235 966.6 12.3 508 55.5
S4 P 8.19 303 639.1 12.5 135 41.2
S5 TFRY 7.56 403 1 6725 21.8 198 382
S6 HFEN 7.08 224 707.5 18.0 1232 62.9
s7 FF N 7.26 19.0 1578.7 64.8 1786 75.8
S8 HZ)N 7.32 25.7 1356.1 32.9 1482 68.6
S9 BRI 7.41 25.7 1 062.0 30.1 790 58.3
S10 BRI 7.41 34.8 1116.1 30.3 1493 532
S11 Wi 7.23 41.4 1176.5 189 1846 50.0
S12 ki 6.76 31.3 1074.7 20.9 1565 78.3
S13 ki 7.08 36.9 15405 32.0 1590 60.7
S14 Wi 7.13 27.9 1 060.4 40.8 1767 779
S15 by 4 7.27 23.4 1 640.7 17.2 2133 70.0
S16 FRIEK 7.06 50.3 1209.9 23.4 415 52.1
S17 FRUEK 7.46 425 17154 28.7 191 85.2
S18 FRIEK 743 33 1659.8 24.3 1600 106.9
S19 FRIEK 7.69 26.9 1302.1 26.1 109 414
$20 FRUEK 7.39 33.6 1419.7 33.0 696 95.0
H:OM NAEPLF,EC Hy s TacHid

=2 FEAESERNIRERAE
Table 2 Extraction procedure for fractionate of F forms in soils
S PRI AR
KT (Ws-F) 70 CAE 7K P& 0.5 h
A S5 9 (Ex—F) 1 mol-L"MgCL(pH7.0) 25 CHRP% 1 h

BAEE AL (Fe/Mn=F)
F WA A BT (Or-F)
HEAAS A (Res—F)

0.04 mol - L"'NH,OH-HCl {5 T 20%(V/V )R AT
0.02 mol - L'HNOs+H,0, ZbF1J5 , 75011 3.2 mol - L"'NH,Ac
RS H N T B PSS m Bz 2

60 CHR 1 h
25 CHRi7 0.5 h

2 HR5itE

2.1 AREMEBRALEEASERR

M 3 ATLUA Y A 0 /R 276.55~
4989.7 mg-ke™, X EE N 1689.0 mg-ke!, +3ES
FOFRI R ISR F NS B IRAKSU I K . 5
BRI R, P E AT 1777.1 mg-ke,
o3 b IR AR, 38 1 126.5 mg-kg™, H:
o IR K AR TS KR ) O s B ST
PIAL, RS RS B 38 T AR L X YA i
S2 S5 - i = T AR AE S, A Bk
4986.7.3 365.6 mg-kg™o VDIl A T HABCRAE AL
e, bR R, Bl TR

T, W5 DX A P 8 e 3 Bed oy, 3l i 1 At R
-2 5 SR A2 AR R (200~620 mg kg™ )M i
S5 ] - SR 5 i IR X AR, A
P b S 2 2 DX 9 P 2 {E O 800 mg kg™,
SIS T 800 mg-kg By A AR, LI
SRR T 800 mg kg™ W HEH L4 o WFFEIX LS
TRERST LIAh, ¥ T bn v, U AR S P sk A
T IEAFAE—E TR S G, W K A H R L X 12
XAFAESRAE B SEPR G DURAHAT A 910 T PR 2
PHIR A H - S8 375 Y ISR, B T BRFAE &5 A SR fk
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Figure 2 Percentages of different fluoride forms of total fluoride in soils from Baiyin region

F3 T EPRESEHEE(ng-kg)

Table 3 Contents of various fluoride forms in the soils(mg-kg™)

FEALT S T-F Ws—F Ex-F Fe/Mn-F Or-F Res-F
S1 276.55 3.46 0.08 2.48 1.94 268.60
S2 4.986.7 36.19 3.06 14.88 87.67 4 8449
S3 1753.7 27.38 1.27 13.64 67.76 1 643.6
S4 1 868.7 55.00 8.78 20.22 97.19 1 687.5
S5 3365.6 59.29 4.63 26.50 60.14 3215.0
S6 11347 20.18 1.12 9.81 5.44 1 098.2
S7 1 289.5 28.18 1.72 9.81 6.66 1243.1
S8 1659.8 26.18 1.79 11.12 6.67 1614.1
S9 1557.7 18.07 1.17 9.43 5.67 15234
S10 1133.6 25.24 1.22 10.67 1.74 1.094.7
S11 11354 18.06 0.94 7.06 0.63 1 108.7
S12 1 369.9 25.22 1.95 8.73 3.93 1330.1
S13 1063.8 21.76 1.12 4.29 0.45 1036.2
S14 1 064.3 18.75 1.17 5.51 1.48 10374
S15 999.0 21.74 1.27 6.23 2.05 967.7
S16 1 463.9 8.92 2.23 6.23 2.41 1444.1
S17 1 656.5 22.55 2.04 9.81 13.32 1 608.8
S18 1 656.5 20.96 2.43 10.24 4.82 1618.1
S19 17659 13.43 1.17 7.67 3.77 1739.8
S20 2 578.4 27.17 2.42 12.58 11.32 25249

SR 1 689.0 24.89 2.08 10.34 19.25 16325

PEo* Ws-F Ex-F Fe/Mn—F , O.M.<F ResF 40 S{UA KA T 3eHA 0 BRAE AL A A HLES A B RAR A S
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TR A HUR H R RS R . BRI AR
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Table 4 Pearson correlation coefficients between various forms of fluorides

Item T-F Ws-F Ex-F Fe/Mn-F Or-F Res-F
T-F 1
Ws-F 0.598%* 1
Ex-F 0.438 0.819%* 1
Fe/Mn-F 0.673%* 0.930%* 0.759%* 1
Or-F 0.686%* 0.765%* 0.745%* 0.769%* 1
Res-F 0.999%* 0.573%* 0.412 0.651%* 0.661%* 1
Y #5P<0.01
RS ANBERSES T EELERE Pearson X RE
Table 5 Pearson correlation coefficients between various forms of fluorides and some soil properties
LS pH O.M. Total P Available P EC CaCO,
T-F 0.291 0.267 0.319 0.104 -0.380 -0.182
Ws—F 0.439 0.216 0.193 0.016 -0.200 -0.211
Ex-F 0.491* 0.196 -0.032 -0.151 -0.382 -0.207
Fe/Mn-F 0.531%* 0.197 0.151 -0.079 -0.401 -0.247
Or-F 0.728%* 0.111 —0.142 -0.250 -0.514% —0.432
Res-F 0.268 0.268 0.331 0.116 -0.371 0.170
L ##P<0.01,#P<0.05,
*® 6 TEFMESSLEERZ BRSO E
Table 6 Stepwise regression equation of soil fluorine fractions with some soil properties
IS B T AR LIPS F* i HEVEES S
Ex-F Ex-F=2.57pH-16.97(P=0.028 ) 0.241 5.707 pH:0.491
Fe/Mn-F Fe/Mn-F=8.30pH-51.08(P=0.016) 0.282 7.060 pH:0.531
Or-F Or-F=57.46pH-0.006EC-399.68( P=0.001) 0.543 10.115 pH:0.648 EC:0.006

TE:F R R PRI AR
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