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Effect of Phosphate and Organic Acid Addition on Passivation of Simulated Pb

Contaminated Soil and the Stability of the Product
ZUO Ji-chao,GAO Ting-ting, SU Xiao-juan, WAN Tian-ying, HU Hong-qing
(College of Resources and Environment, Huazhong Agricultural University, Wuhan 430070, China)

Abstract: Organic acids can improve the phosphorus availability, influence the immobilization of heavy metals in soil, and has very
complicated function in phosphorus activation and heavy metal passivation. This research took simulated Pb contaminated soil as
material, phosphate and citric acid as remediation matter, adopted BCR continuous extraction, 0.01 mol-L™" CaCl, and toxicity
characteristic leaching procedure (TCLP) to evaluate the remediation effect. Besides, malic acid and NaNO, were taken as desorption
reagents to discuss the stability of the phosphorus-citric acid-Pb system. The results showed that: in the absence of citric acid, the
amount of acid extracted Pb decreased along with the increase of P concentration; when the P concentration was 100 and 400 mg-kg ™",
acid extractable Pb increased with the increasing of citric acid concentration. However, residual Pb changed in the opposite direction
from acid extractable Pb. The phenomenon showed that P improved the bioavailability of Pb, while citric acid had the opposite effect.
With a certain organic acid concentration, extractable Ph contents extracted by 0. 01 mol-L~" CaCl, and TCLP both decreased with the
increasing P concentration, therefore, P had immobilization effect on Pb in contaminated soil. But at a fixed P concentration,
extractable Pb contents by 0. 01 mol+L ™" CaCl, and TCLP changed in the opposite trend with the increasing citric acid concentration.
The desorption rate of Pb in soil increased with the increasing malic acid concentration, the decreasing pH and the increasing ionic
strength. The desorption extent of Pb in soil with P only was lower than that with both P and citric acid. But the stability of Pb
passivated by the former was higher.

Key words : phosphorus; citric acid; BCR continuous extraction; Pb passivation; stability
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T ) AR R 30 A7 78 25 R IR o F = A PLIR , 7%
AR 4 R Ak i BT B 24 ohfig . s S5
G R4 A MG R T 4 Jm A% Sh M Bl o W fh ok
HsRxTE AR E ET . HAT, AR . B AL E S
JE PP EAE B A KT, (5 =35 18] (A0 B 1
FHEEAT 2.

ASCHE T BCR =0 2048 B ( BCR ¥ ) 5
B HLER S I X E S A9 52 ; 0. 01 mol - L™
CaCl, HEHURIBEE MR S L TCLP) VAP 1 WX 4
1Y IO TERRIAA ML | pH {H
TR, AP fb = W W de e M. 38 i iR
VIS LR = 3 A ELAE I HLS, LAY R ) FH
FF IR L[RG5 15 Y SR BE A .

1 #RE5FE

L1 SEEbk

BERLTHER FVLVE TR R JZ 0 ~ 20 em, JEEE I
DAF LR RAT. LAY B, pH A
4.45 FHHLFT 17.93 g-kg ™', W Fe,0, 7 i 20. 48
g-kg ™ PHE 7S 16. 48 cmol -kg ™' ; 24} 34. 31
mg-kgfl; 485 0.27 g’kgfl; HUARZH WA R ( <
0.002 mm) 41.34% , ¥y % (0.002 ~ 0.02 mm)
41.74% ,A5Hi(0.02 ~2 mm) 16.92% ; FEH YH

BUHEEA 14 nm 579, KBk,

FEAH AP | BERR AT . mYIR4ET . DL-
SERR B R sy Hr et
1.2 SCgotean b

B S G IR 45 BRI 50 g 2145 T 900k}
PRH, I Pb (NO, ), ¥ W0 4 3 5 5 & 1250
mg-kg ' PE RIS E (FRESE) R 20% , T
WA AT TR, B NICE AR 60 d, il & TS
e+ HERE A

BRI E e 3R 1 Ab B . DN (KH, PO, ) ; @
IR ; MBI BRI A . ik & 5 05 B
AR, BE% 3 AKE, 43515 0, 100( P/Ph
FEJR LM 0.6) ., 400 (P/Pb FE/R LA 2.4)
mg-kg ' FPERRYE 4 DK, 400 0,5, 10, 20
mmol-kg_1 ,;HE 12 /I\Qliffﬁﬁ WKEE. 25C Fﬁ."‘??,%
FR &K 20% ,555% 60 d JGHURE, A SR, BE 4t
60 H s H.
1.3 AL
1.3.1 HEEIEESR

FEIECIE A BCR = 25 i S 4R B Ab B AR
(WF 1), %A Pb 7 W0 436 % B it
(FAAS-240) I 72 , #0039 217 nm, k%% 0.5
nm AT HLGE 10 mA |, 4 U I 10 5000 R 32 31 1Bl P 28
PR SE R E35 0. 999 LI E 4R 3 R E R SR

®1 TS Pb M BCRZE
Table 1  Sequential extraction of Pb from soil with modified BCR

F B

BN A

0.5 g =20 mL 0. 11 mol-L~" CH,;COOH

JKPEJE 5% H I 20 mL 0.5 mol-L~' NH,OH-HCI
FEMRK TG BB @S mL 300 mg-kg ™' H,0,; @5 mL

(25 +1) C#ELEAR 16 h,3 900 r-min =" 5.0 20 min
(25 +1) C#ELERP 16 h,3 900 remin =" 5.0 20 min

D25 £1)CHEFH 1 hy; @(85 +2)CKIE2 h; B(25

HAbA
' s 300 mg-kg™" H,0,; 325 mL 1.0 mol-L~" NH,0Ac +1)CHEZRY 16 h, 3900 r-min "' &.0> 20 min
v s Mk
1.3.2  HHEXSH Pb Ml TCLP 42 B Ph TCLP-Pb #¢ .

HU1 g ik 60 B -4 4K L 16 15: 1A 0. 01
mol L ~" CaCl, #¥&, (25 +1)CHE¥%5 (250 remin~")
2 h,B5.00(3900 romin ') 10 min, 1t 3E, AAS JUI5E b
W Pb Wk BE HIA CaCl,-Pb K.

TCLP ( toxicity characteristic leaching procedure )
T EAR P YRR O R RN 2% i o) S M R A N
PEHOR, 4 158 pH /N T 5 B $2 BUK A HAc-NaOH
ZEI (pH 4.93 +£0.05). ARSI HL0.5 g it 60
H i i £ AT 50 mL BURN S0 A ZE W 10
mL, (25 +1) °CH&3% (180 r-min ') 18 h, E.L>(3 900
remin "' )10 min, AAS U5E _F3E W T P MR EE, RICH

1.3.3  #E-AHLIR-AYA R P Tt e M

BEBCR B FIA HLAER . N 100 mg-kg ™" B
100 mg-kg "' +5 mmol -kg ~' FFAEHRIX 3 AL BRAY
+HE, A3 R CK, P(100) . P(100) + FriER
(5) , AT 3T R S 56

(1)FRHELO. 1 g 4, 20 5IMA 15 mL ¥R 0
~10 mmol - L™ AR, (25 £1) CHR (225
remin~')2 h, FH5 22 h, B0 (3900 r-min~") 10
min, AAS M i Ph K.

(2)FRELO0. 1 g 4, 205 A 15 mL W BE R 1
mmol - L. ™' (3SR BRI, W46 pH 435 h 4 ~6,
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] FyEdRYr S, B0, AAS I 5E & Ph W
(3)FRELO. 1 g 14, 43N A 15 mL ¥ EE R O
~1 mol L™ NaNO, ¥, pH 8 5. 0, [F]_I- 4k
A B0 AAS TN RE Y Ph MR
1.4 Hdmnabi
X Microsoft Office Excel 2003 £ SPSS 18.0
HATE AL TN 53HT , Origin 8. 0 fE&L.

2 ZERESW

2.1 BERIFTFREIR I AT e 25 A5 R
2.1.1  IERREEECGE Ph

B 1SRRG Y - S 2 B A G TR A S R
PEEUS Pb M . WTLUE I, AN InAriE R el b &
BN A RN, BRERIUE P & & B 2wk b, 85
YR HA 100 mg-kg ™' A1 400 mg-kg ' BT, R
PHUA Pb BRI BEAL B 597.7 mg-keg ' FE R
538. 1 mg'kg71 . 492.2 mg-kg71 s B g A W A
10.0% , 17.7% ; T X4 £ 76 5 mmol-kg™' F1 20
mmol - kg~ FEEERR I N5 B2 PR UGS Pb & A
AR,

ANTINBAERS At B vie B 38 I PR P LS Ph 1y
SR AEFE 100 mg-kg ~ BERT, BEIN AR IR MR
FE 0 H4/13 5 mmol-kg ™", 10 mmol-kg ™", FR$HL
A Pb SR04 538. 1, 625. 6, 658. 8 mg-kg ™', i
RN, 5 2 LN I 5 R b BRI 16. 2% |
22. 4% ; 1F1E 400 mg-kg BRI MR B O 5
mmol-kg_1 HTJ‘, i 2 S Pb & &4 ok 492.2
mg-kg_1 L. 611.6 mg-kg_1 JJEH AT E RN 24. 3% .
Al UL FPER TR RERG MR $E S Ph 19 &, (AAT 15 R
WREN 5 10, 20 mmol - kg ™' Al A B [E] G {2 3 25 5.
PRt , — e 7 I, A LR & R 1Y G N 23 BRI

800 I~ CeP)=0
P77 c(P) = 100 mg-kg™'

700 5SS ¢(P) = 400 mgkg ™!

600

500 -

400 |-

AJ 3 S A Eymg-kg ™!

300

200

100

0

FrbsEE v BE/mmol-L™!

800

CdeP)=0
700 | B c(P)= 100 mg-kg!
Aa

=Y ¢(P) = 400 mg-kg ™!
Ba A2

=

b

600 -

500

400 +

300

AR Y me kg ™!

200

100 -

222222222277 4%

%7777ZZZZE

AN N
5 10

FrbsiEG i JBE/mmol-L 7!

A

0

=

RIVKG /NG PR R — 2 W BEAT AR R I A 7] il b 2
J5 SR Ph i A 22 57— S S Bl AN [R] Vi BE s BR AL S
4 Ph SHAYZESE (P <0.05) , T IH
BE1 BEirREx TSRS Pb 52
Fig. 1 Effects of phosphorus and citric acid on acid

extractable Pb in soil
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HAEF S ETIE .
2.1.2  HIEVIA A AL Ph

HE 2(a) /] LLE Y, Frae i vk B — i I, B E
B ARG, TR RS Ph & a B3, A
FyAGE R T I B BE AR 38 I vl 38 RS P 1Y% &, B
W RE— 8 B AR R P R A AT 3R JRL S P 1Y% i
{EA N - b i A i IR J5 vl IR R 28 P & REIX
A E AR, SR AT R R AT IR AT N S A 3R T
B ROk YL v JF BAT IR I TS =
A HE pH AL, f2 T S8 A 25 6 285 ) PR 8 U i
R0, BUAR AR R T 5 R AR A BN T R R Ph

PRI TE. X Ee) BT JF S Ph & & R IR
100
90 |
80 |

':?n 70 |

£ 60 |

% s0 |-

§ a0 |-

F o3 L
20 |
10 |-
0

Frt R v i /mmol L™
B2 BifirEERsT TERREL, ARAE Pb MM

Fig. 2 Effects of phosphorus and citric acid on reducible and oxidizable Pb in soil
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VR S T R ALK

B2 (b) AT 0L, TCA BRI, AR A & A 3
AlEARES P Sl (HEIN 5 ~20 mmol -kg ™' #F
B , N 400 mg-kg ™' 85 A B 3 R AK AT AL S
Ph [, Wl X 00 W BE R T UE A F b 1A AL
Yy 55 a4 il AL Ph SR AR, 3 ORI
AR A 5 mmol-kg_1 FrAGEIR 1] I 25 B A T & 1k
A Pb W E &L, 5 TORT IR AL AR L, B 43 51
30.2% . 11.7% #1 26.8%; 1 it A 10, 20
mmol kg ' AIFFIE R AL H 5 5 mmol - kg~ A7 A5 iR Ab
PRRITC 22 . MBS R R, R — 2
TR b REUAHLEE A AR PH i R
FRPEIUA Ph &b Hg I i ] S fL A Ph 5 AT
2.1.3  +THERREAS Pb

3 AT L, JCA IR I, B v B O 3 )
100 mg-kg™', 400 mg-kg ', FRE A Pb & i
122.8 mg-kg™" M4 F| 220.5 mg kg™, 254.4
mg-ke ™' HEBE 20N 79.5% | 107. 1% ; 1A 7
PR B PR IR, R A5 Ph 5 (AR AR U 95 A I S 1
A

M W A B AEAE I, WS I A8 T B AR AV
Y PR P A R BEWE A 100
mg-kg 'BFAA 5 ~20 mmol-kg ' FUFFIE R , R I A
Pb i B AR AR R B 14 220. 5 mg-kg ™' FEAIK 3
91.9 ~66.3 mg-kg ', FEIES> 1M 58. 5% ~69. 9% ;
£ 400 mg- kg~ BAEAL P Y A 38 v R 0 AT S R fiE K
2 s PSR S Ph 9 8 5 I 76 N gl s 9% Jon
FEEER  FRIEL Ph IR A B E . MRk E
B ARG A AR RN - S H R
T EAHH A [ o 07 40 2% 1T A PH 25 I
PN AT FEGR A Ph S RFEIC LAk, b

160 |- Aa  (a)CaCl,
140 |- CJe(P)=0
- a Ab B2 ¢(P) = 100 mg-kg ™'
W 120 |- SS9 o(P) = 400 mg-kg™'
&
E 100 |-
=
¥ os0 L
=
H 60 |
]
S 40 -
20 -
0

Fiet Rk i /mmol kg™
4 EBEMFTERBER RN CaCl, 1 TCLP 2B Pb BIS200
Fig. 4 Effects of phosphorus and citric acid on extractable Pb with CaCl, and TCLP
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80
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aP)=0
7 (P

=100 mg-kg™'

S5 o(P) = 400 mg-kg!

it A H/me kg ™!

AN

=

Frt R v e /mmol-L™!

3 BifniriEEs YT LIERE S P BRI

Fig. 3 Effects of phosphorus and citric acid on residual Pb in soil

PR PSS 5V T Tl 0 s i A Ph°* VS A, o 2 5k
75 Ph P BEAT G RV 3 I iy A Y B i A
2.2 IRINBERFTREE R A TG G - I A Y
b=l
2.2.1 CaCl, #£HUZ P

H I 4 (a) AT, AP R 5 — o I, Il vl fd
FIEAL CaCl, $2 A P Y& &, A # 4b B Y
CaCl, 2B Pb % &0 151. 4 mg-kg™", N A 100
mg-kgfl W Ab P S R 121.9 mg-kg71 s R5 g Ay
19.4% ; 24F7E 5 mmol-kg ' FFEEFR B, T A 100
mg-kg ™' . 400 mg-kg ' AUBE, CaCl, FEEUZS Pb &
AN IR A B G 122.1 me-kg ' [ % 89.4, 81.1
mg-kg ™ KR R 26. 8% F1 33.6% ; MAEAE 10, 20
mmol - kg ~'FPAEBRET A 400 mg-kg ™' B EAL FH S
CaCl, $EHUAS Ph & o B A i Ak 24 1) B4 it 43 531
18.1% F111. 8% . ULHABRALBRREFE AL CaCl, $2IZS
Pb 1Y & 55 H Y AR 5 R = B B, R IR

350 ~ (b) TCLP
300
250 |-
200

150

TCLPHER A mg kg™

100 =

50

0

Fi AR e I /mmol kg™
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CaCl, $ZHUSHIMRCR IS , 5 BCR MBS s
R

SR mkrEmRAA L, g £ A S, 10 #1120
mmol - kg ~ AR , AN AL R 3R CaCl, 32
A Ph B RE R 2 0 A 19.4% | 44.3% FI
49.0% ; fiNA 100 mg-kg ' WA BE | [ iR A 26. 7% |
27.0% F141.9% ; filA 400 mg-kg ™ BiEAb B | B )
H31.2% . 41.5% F142.3% . W] W, —E B A&
I PR TR e 35 AR CaCl, $RBUS P & . S
mmol - kg~ AP R A7 TE B, Z B W CaCl, $2HUS
Pb HEFFEIRTE K ; 20 mmol - kg ™' FrFAE R FEAE BT, A [F]
BN A E 1 13 CaCl, 3RIGS Ph 35 & 1Y BRI AH L.
2.2.2  TCLP #HUZ Ph

I 4 (b) 01 &, FriE B vk B — & 1), A
400 mg-kg ' @ AT i 3 REAR TCLP $2HUA Pb 19 %
T, 3K R ] R A A T ) el G, - p
CaCl, $2HUE Pb & & FEARAY AR {3 — 3.

AHNHEEE, I AFFEERR X TCLP $2HUA Ph A
WL fF7F 100 mg-kg ™' | 400 mg-kg ™ AT, B
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