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Variation of fluoride composition in tea garden
soil leachate under citric acid of different pH
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Abstract; Variation of fluoride (F) composition in tea garden soil leachate under citric acid of
different pH was studied by using the flow-stirred method. Results showed that soil solution pH
decreased with the increase of reaction time. The amount of free F and total F released into soil
solution increased with citric acid pH and reaction time. Moreover, the release of F from soil was
initially fast and then slowed down. The concentration of F released into soil solution from 0 to 6 h
was higher than from 6 to 10 h.The released of F from tea garden soil fitted the first-order reaction
kinetics equation, Elovich equation, diffusion equation and double constant equation well, and the
coefficient of determination (R*)were higher than 0.90.At low pH, H-F was the main form of F. The
amount of Al-F complexes, released into soil solution increased, while the amount of H-F complexes
released into soil solution decreased with citric acid pH. Amount of Al-F complexes and H-F
complexes, decreased with the increase of reaction time. During the first 1 hour, AlF, was the main
form of Al-F complexes, accounting for 90% of the total F released from the tea garden soil. In
addition, with the increase of reaction time, the amount of AIF; released from the tea garden soil
increased and was higher than that of AlF; after 7 hours. At low pH, citric acid promoted release of F
from soil and facilitated formation of F-complexes, while it had no significant impacts on the
transformation among Al-F complexes.
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Table 1 Physical and chemical properties of test soil

RAEIRE/ H HHUE/ 2R/ HHA/ B R/ KR/ R/
om P (g-kg™) (g-kg™) (mg-kg™") (mg-kg™") (mg-kg™") (mg-kg™") (mg-kg™")
0—20  5.00 29.64 1.30 67.39 10.25 135.49 1.67 452.34
1.2 SEE Ak

1.2.1 IEFT Rk

B 2.00 kg 3, JiCE T 5.00 LBGEARH, InA— 8 S AT, T iR IR AT, i - 3 rp 2 & ik 3
2000 mg- kg™ FFORAF 25% 1) 398 T i K i T SERH SR B3 5 F 25 C TS IR 60 d.
1.2.2 R B 1 2# 5008

e S Fad BRI SRR Sk A T, SR B AN 1 TR S0 P AT R VA T
TEEE R PEas IRV (P R E £0.5 °C) SN i e F Sh Wb 4 21 . 32 5 g it 1]
W 5 T3 O, 95 TS N TR e 11, foff - 0k AN 5 ZE R . 55 5 1 1t 1 4% i Ach 35 45— 3K
BIRD IS R (AT BRI ok g ZE DR ) | 1T W AL IE R (FLAE N 0.45 pum, BN 55.00 mm) , B35 P
JEA — MG ES ], DA OIS 5 B 2L A I AR B 2l o e a8 i T8 I R R A i TR VA VAR TR
VN R IR EZY AR % & 1 (YT K w500 o YA R DA Y (=92 E DN B I L Y ) R R
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Fig.1 Sketch diagram of a continuous-flow-kinetics system
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1.3 G0 B (I AR5 vk
1.3.1 SRR B By vk
B R pH RTH 35850 B FHR B2 31 (TR ik PHS-3C ) Al H FR 4 ( T DDB-303A 7)) H 2
T 5 ViR 285 R P VA P 388 7 e 3 P A (DL 7 I U I A, T 9609 BNWP gL HL AR ) 52 5 3
HIH S Gao 7 L IAE " vEREL 15 mL % B E T 50 mL R PSR L BEAH, A 15 mL
TISAB, 7t 43 i $1 1R 20 )5 , 78 98025 F Ao I 2 A% 1 00 8 R0 2 F VR B2 AWRE 0.2.0.4.0,6.0.8.0,
10.0 mg- L™ A FARE I RABOhT oA il 25
1.3.2  HHERUR IR AT 35
y, =C, XV/m ;S = Zy,;
Ko, S O HIERA B (mg kg™ ) 5y, ¢ BT B PO SR BT i (mg - kg™ ) 5 €, 20 ¢ ISP AR HH B RL I
W (mg-L7") 3 VBB (mL) ;m AR E R (o).
1.3.3  AFJEER S ®MITHE %
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HF JEBAATE) AT R (P JFRRIE, () FRIEE) .
[F],=[F J+[Al-F]+[ Fe-F]+[ HF] (1)
Hor Fe 58U U454 W0 0045 3 8BRS (1gK<1.5) 122 St 340 T8 AIRES  KIAZS Fe R T
107 mol - L™, XHA W A SR B MR 5 42 1] ZS AT, T 3IR IO Fe® B —FBOMe G, 0 DA A B8 dpe ki)
TCETE Fe (OH) , [ FEFUTE, pH=4.0 B}, Fe’ W EEZ) 0 107° mol - L', Fe® -F 454 ¥ 1 -5 5 Kk
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MEIAR P B FIRE [ F] I[P )R pH B, nloRAF 554 A MR B [ AL-F ) 7 )
H ALF 259045 R RLF = e — RINE A, A
[AL-F]=[ AIF* J+2[ AIFS 1+3[ AIF, ] +---+6[ AIFY ] (3)
R o eV FH A
(A7) = [ALF]/[K (F7) '/ e+ 2K, (F7) 2/ i, 43K, (F7) 2y g 4 46K (F) /y i ] (4)
FEF oy gioe Y aies Y, oo Y g 2R AL ALFS ALF, -+ ALF T 36 B2 REL K, K, K - (K930 h
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Fig.2 Variation of soil effluent pH under citric acid treatment
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Fig.3 Effect of critic acid pH on the release of free I and total I from the tea garden soil
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Fig.4 Influence of citric acid on F release kinetics
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10. 20 wmol - L™ ; FEEFFIER pH 1) TF =5 I/ N #GR W AR 2% | R FF IR 19 5.05—38.09 wmol - L™ /)
F] 0.36—3.59 pmol -L".

K2 REBHE I EESH

Table 2 Major parameters of F release kinetics

— R IR Elovich J5 PO XU B
FPARIR In(1-qt/ q, )=—K't gt=a+blnt gi=a+bt"? qt=ar’
ot qa K’ R? b R? b R? b R?
3.5 86.59 0.44 0.9992 24.16 0.9859 26.08 0.9090 0.38 0.9320
4.0 80.27 0.45 0.9987 22.22 0.9874 24.00 0.9121 0.37 0.9356
4.5 77.02 0.45 0.9983 21.21 0.9881 22.92 0.9135 0.37 0.9373
5.0 75.87 0.43 0.9974 21.10 0.9917 22.89 0.9235 0.38 0.9442

Hia, b HHGR? UERBG B (h) g0 t(h) BB (mmol - kg™ ) 5 ¢, : R (mmol - kg™ ) 5 K7+ 3 MR fiff Wit 3 256 5 4
(1/h).
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Fig.5 Effect of citric acid pH on the concentration of H-F and Al-F complexes in soil effluent
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5K, BR HE DLl 2 2k A 0 40 16 S 338 L 8 TR A R R () P

FHER W PR RITE A ALF S5 YRARXTEOR 5 F R 56 R ALLF 255 Wi s 1 v i AR
PSSR B RN A 25 A A 2T Y POV RAIRET S PR AP A B
ERE RGN, VTR ALR, ALF PR 3 2 s Jn 7

FERVIFUR I 1 h N ASTRIR BEFP AR 0 300 O P ALF 28 GBS DL AR, 3, ARRDE &
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(& 7) B BB ] P AE K AR, A3 B T 0 07N, BT 7 LUt 32 8 % 1 AL R AR (9 BT o L 3]
MLZWHE L A6 7 h B I R AR BT 5 FE B2 8 T AIF,. 2 10 h B, AIF, B &5 LR AL-F 255
Py 29.46%—38.60% , AIF; Fl ALF> B (7 LL A8 34 i, 43 53] o 53k 1Y) 57.44%—64.07% F1 2.21%—
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Fig.6 Effect of citric acid pH on the concentration Fig.7 The percentage of different Al-F
of F complexes in soil effluent complexes in soil effluent
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