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Geochemical modeling of apatite assisted Pb immobilization driven by phosphate solubilizing fungi

ZHENG Jun-yi', JIANG Liu', HU Yun—xiao', GUO Chen—-meng', TANG Ling-yi', LI Zhen'*

(1.College of Resources and Environmental Sciences, Nanjing Agricultural University, Nanjing 210095, China; 2. Jiangsu Provincial Key
Lab for Organic Solid Waste Utilization, Nanjing Agricultural University, Nanjing 210095, China)

Abstract: Combination with apatite and phosphate solubilizing microbes is a new technique for lead remediation in soil. However, it is
difficult to elucidate the detailed reaction processes and the mechanisms via only experiments, especially in explaining why the
fluoropyromorphite is not the major product. In this study, GWB software was applied to stimulate the reaction progress in Pb remediation
via the application of fungus Aspergillus niger and geological fluorapatite based on our previous experimental data. The oxalic acid was
gradually added to the system(100 steps) to simulate oxalic acid secretion by Aspergillus niger in Titration of React module. The initial
concentration of Pb* was 8.4 mmol - L™, with the total addition of oxalic acid and fluorapatite of 2.0 g+ L' and 8.3 g respectively. In React
module, the pH value of the system, concentrations of ions (Pb**,Ca* \H.PO; .F~ and C,07 ), and formation of products during the addition of
oxalic acid and fluorapatite can be tracked. Then, Act2 module was used to simulate the effects of oxalic acid and F~ on Pb mineralization, i.e.,

during adding Pb cations to the filtered solution incubated with Aspergillus niger and fluorapatite. The results showed that the change of pH
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caused by oxalic acid was the most significant parameter influencing Ph mineralization. The Pb** was precipitated mainly as lead oxalate in

the system, which was consistent with the previous experimental results. The stable fluoropyromorphite is only formed when the

concentration of F~ is higher than 27 mmol + ™' under weak acid or alkaline environments. This study sheds bright light on the theoretical

guidance for Pb remediation in soil via phosphate materials.
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Table 2 The settings in React program module

MERETET W EE
Tons in initial system  Concentration Reactants  Addition amount
Ca® 1X107™ mmol - L™ LR 2000 mg-L"
H.PO; 1x10° mmol - 7 || (Hz=Oxalate)
F- 1x107° mmol - L™ || S5UEME K A1 83¢g
Ph* 8.4 mmol - L (FAp)
H* pH=7
NO; Charge balance
H.0 free

x1 EMEHBEE A FAp BRIFA LI EHE

Table 1 The experimental data of application of A. niger and fluorapatite in lead remediation'

1

WIUAUR B Tnitial concentration/mg- L

2% |- Y& B Termination concentration/mg* 1!

Kb HHZH Treatments

B Total phosphorus YT Ph* JEM Total phosphorus B Ph>
SR FAp IR K +Ph(NOs) I WL 18520 5217 N.A. 1260+290
FAp+28 25 B i +Ph(NO ) TR N.A. 2610 N.A. 26.67+0.34

11 : a=Pb (NOs ) R MR 224 50.4 mmol - L™ s b-HR A5 6 d (%, IR R i 22 W IR 1 E 2 6 d iR B K, WERRIR I Ry 2.4 oo L' MR R FAp Al

Ph(NO) I HE 4 50 mL:0.5 g: 10 mlL, BIFE R E 7 2.0 g+ L7,

Note: a—The concentration of Ph(NOs), solution is 50.4 mmol + L"'; b-The data of 6" day are selected for comparison, because acid productivity of A. ni-
ger reaches the highest on the 6" day after culture, the concentration of oxalic acid in A. niger solution is hence 2.4 g+ 1,”". Solution of A. niger was mixed with
fluorapatite and 50.4 mmol« L' Ph(NO; ). solution at the ratio of 50 mL.:0.5 g: 10 mL,in which the concentration of oxalic acid is 2.0 g+ L.
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Figure 1 The curve of pH value varied with addition of oxalic acid
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Figure 2 The curve of pH value varied with addition of formic acid
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Figure 3 The concentration curve of the main species varying with

the addition of oxalic acid
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Figure 4 5 minerals formed in the system with

the addition of oxalic acid

Br it FAp, oA i B Bl R 2 AN FAp BB AN T T i
Ui W S0 S 3 FAp 32 3 R PR 1 BRI B2 5 B o
TR AE TR BN it 35 5] 19.87 mg B FF 1A 7E 7 W
AR, R R A N8 787.3 me i, IR T R T
FasE o MR R P AU FE R R A — Fh & B ITIEY

Pl 5 BT S s (R0 285 SR SR B, 44 3R v JC SR R B R
B AR RN B Q/KAE AT R S e e — 1 W A i
W AR, Q AT B 200 W A0 P 1)
BB RO 2R KO I i B Ko Q/K=
LISFET W) 2R 185 Q/K< 1 IS A Vs e o ARG P& 3b ] 19
FEBEIR T Q/IKABSCHG RIS WS, I8 3 i K Q/K<1
VAR T TR R IR Y A
2.2 Ac2 TR B BRIE L 45 SR

AR FRIF S B E R =B X Z ook
(Diagram species) \ A ARGl RIS W P AT 2 . R
Ph* 2l G2, R FIE B, y O RIS L 1A
H AL 43 KK Ca® \HLPOL C.05 F1 COAR . Hirp
KB B2 Ay 1, At 15— 095 J32 3 AL Ay 3k 6 B TR I
WP IR (mol - L) o HAKRSH & (3£ 3) #KHis Li

1

QIK

0 500 1000 1500 2000
BJR H,—Oxalate/mg

B 5 mEMBEEniEH0/L
Figure 5 The saturation value(Q/K) of fluoropyromorphite
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Table 3 Parameters setting for stimulation in Act2

program module"

BRI Parameters Y% Matters HAH Values
XLICHR Ph** 0.025 2
A il X F- AR E 1ga=-10  HiiE=2
2R 1A :1ga=2
ARl Y H,-Oxalate” IR :1ga=-30  Hgit=5
2 11E : 1ga=0
VAW AL ZH 5y H.0 &
Ca™ 0.01°
H,PO: 0.006*
C0% 0.013"
COx(g) lg f==3.5

T - a— VP A L0 R B BTG, D W W, 5 BE SN S T Y
JEE IR W JEE , AL DA mol - L™ s b= R DAy S0 8 - (AR 160 5 VL R A
T VAR R FR DAL 5 lga R0 T JE A X B0 5 L 8 SRS B2 7 )
{6, SRR g 25 °C, SRR3R ARER VR, B 1.013 25 Pa.

Notes : a—Activity in this stimulation is equal to molarity (mol-L™") ;h—
Oxalic acid (H,—Oxalate) is hydrogen ion donor which controls the pH val-
ue; lga=lg (activity ) ; lgf=lg(fugacity) , the reaction is carried out at 25 °C,
under standard atmospheric pressure(1.013 25 Pa).

Aol g b g ob 3 . PR MR FAp i R OB R B
370 mg- L7, B8 2.4 g- L") 55 50.4 mmol - L' Pb(NO;),
WA 1 1IRA . S E FAp IR I, BV FAp 515 9%
Z56 d B EE WL 10 mL:0.5 ¢ IRE, Fo 4 U
10 h IR AW B O 5 AR . SRR A W
o Ph> ¥k 4 0.025 2 mol - L', Ca® ¥ 4 0.01 mol -
L' H.POS ¥ JEE 4 0.006 mol - L™, C,02 ¥ i 4 0.013
mol- L',

Act2 FEFP AU SE S (F 6) , B Ph> 7 TR IA T (%
3) v T3 R R R R AR AR IR B AR T - M T
HREL R B 1ga>—6.475 (R B R UK Ji>3.35% 107 mol -
L) W P A R TR s — R LE , R Z PR E
M 5 04975 R 5 55 TR | v M sl P B, A R R >27
mmol - L™, ¥ 3 B A B RUSE R 5 Phs (PO Al
PbHPO. 7E 58 R 5 3R Bl P 45 T IR AEAE s FR Lk fR s
AR ) R TR A8 TR 2 0 L N A E LG I V7 T 22
PE 3 P2 LR P i A I A B Vs W P (A AE B RR B — Fh DL
Y.
3 itig

React P P AR PUL45 S 06 1IE T i B0 1 2 & W K 1
BREF I RAFROR o Li SO SE 06 245 SR 5 A SC R A
UZE R KRR —(F4), WP Py ik E Y H 84
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A. niger filtered fluorapatite dissolved solution and Ph(NO;). solution
(total phosphorous 185 mg- L™, Pb** concentration 25.2 mmol-1.")

Elo FREREENTREETEREEE
Figure 6 Diagram of lead phase in the mixture when activities of

oxalic acid and F~ change
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Table 4 Comparison between actual experimental results™ and

stimulation results

WG PH* VR i

Initial Pb** concentration/

28 || Ph> Uk i

Ui H Items Termination Ph*

mmol - L' concentration/mmol - L'
FAp+ Bl 2 4+ 8.40 0.128(6 d)
Ph(NOs). /& <0.1(7 d)
React P2 /7 B4 8.40 0.048
14.48 0.108
24.13 0.742
38.61 1.589

mmol + L' F&ZE 0.1 mmol - L'PAT o 3 H , W% MY
JE I (R 2.0 g+ L', FAp 8.3 o) Xof B /2 vk B A 40
TR R B, X U R ik 38.61 mmol - L A Y B
AR AT B 1) 2 B e 1, 5B iK 5 95.9%, iF B
T AR PO TR T B R AR

A SO Li S5 50 v i ) B E b (R 2.0 g
L', FAp 8.3 g,Pb* 8.4 mmol - L") X} React £ J5* 15 B &
IS B, WA S5 TR I 2 nT BE A U £ LS
H =F, BI Pbs(PO,), . PbHPO, 1 PbC,0,, 7 PhC,0,
AR

AF T 5 R A 1gK., (— 10022 F5 3k il 1R 49 V2 it
BOE /N 1gK, 71,6, R Al LUHEN , 4958 A7 AE
I B Ca® \H.PO: (F Al COF I}, Ph> ] BEA Jc 5 Ca™
H.POFI F45 & A BURERE R AT DITE . (HUZ S 2%
TR R, 7 Bt B B A FAp BR S Y 52 B 52 16 vhi>) | 52
6 21 2 i1 B IR R+ F Ap+Ph (NOs ), [ XRD &3 rp ok %
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DA B React B2 7 AL HU 25 5 B s KR A5 00 AR AR i
S A I L T R e, HL R VR AR,
HIB FNIE LR BB RR AT 1 45 1 o FERR MR BE K/ NG
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