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Effects of Low-Molecular-Weight Organic Acids on the Speciation of Pb in

Purple Soil and Soil Solution
LIU Jiang', JIANG Tao'" ,HUANG Rong' ,ZHANG Jin-zhong' , CHEN Hong' *

(1. Chongqing Key Laboratory of Agricultural Resources and Environment, College of Resources and Environment, Southwest
University, Chongqing 400716, China; 2. Department of Forest Ecology and Management, Swedish University of Agricultural
Sciences, Umead SE-90183, Sweden)

Abstract: Lead (Pb) in purple soil was selected as the research target, using one-step extraction method with 0. 01 mol-L ™" sodium
nitrate as the background electrolyte to study the release effect of citric acid ( CA), tartaric acid (TA) and acetic acid ( AC) with
different concentrations. Sequential extraction and geochemical model ( Visual Minteq v3. 0) were applied to analyze and predict the
speciation of Pb in soil solid phase and soil solution phase. Then the environmental implications and risks of low-molecule weight
organic acid (LMWOA) on soil Pb were analyzed. The results indicated that all three types of LMWOA increased the desorption
capacity of Pb in purple soil, and the effect followed the descending order of CA > TA > AC. After the action of LMWOAs, the
exchangeable Pb increased; the carbonate-bound Pb and Fe-Mn oxide bound Pb dropped in soil solid phase. Organic bound Pb was the
main speciation in soil solution phase, accounting for 45. 16% -75. 05% . The following speciation of Pb in soil solution was free Pb,
accounting for 22. 71%-50. 25% . For CA and TA treatments, free Pb ions and inorganic bound Pb in soil solution increased with
increasing LMWOASs concentration, while organic bound Pb suffered a decrease in this process. An opposite trend for AC treatment was
observed compared with CA and TA treatments. Overall, LMWOAs boosted the bioavailability of Pb in purple soil and had a potential
risk to contaminate underground water. Among the three LMWOAs in this study, CA had the largest potential to activate soil Pb.
Key words : low molecule weight organic acid(LMWOA ) ; lead; metal speciation; purple soil; environmental risk
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Table 1~ Thermodynamic data used for speciation calculations at 25°C
Bﬁﬁﬂi&ﬁj éﬁﬁ#‘;’ﬁ ngzs SCHik
H,0=O0H~ +H* -13.993 [30]
Pb** +H,0 =PhOH* +H* -7.597 [30]
Pb?* +NO; =Pb(NO;) * 0.33 [31]
Ph** +2NO; =Ph(NO,), 0.4 [31]
Ph2* +CO3~ =PbCO, 6.478 [30]
Ph?* +CO}~ + H* =PhHCO; 13.2 [30]
Pb?* +2C03~ =Ph(CO;)3" 9.938 [30]
Ph2* + Acetate ~=Ph( Acetate) * 2.4 [32]
Ph%* +2Acetate " =Ph( Acetate) 2 3.4 [32]
Pb%* + Tartaric? - =Pb( Tartaric) 2.6 [31]
Pb%* +2Tartaric? - =Pb( Tartaric) %~ 4 [31]
Pb** +H* + Tartaric’? - =PbH( Tartaric) * 1.76 [31]
Ph2* + H* +2Tartaric> - =PbH( Tartaric) ;- 3.5 [31]
Pb%* + Citrate® ~=Pb( Citrate) ~ 5.4 [33]
Ph2* + H* + Citrate’ - =PbH( Citrate) 2.98 [31]
Pb?* +2H* + Citrate® ~=PbH, ( Citrate) * 1.7 [31]

1) Acelate = K ZFRHR , Tartaric? ~ M A TRH, Citrate® ~ NFFEEFRAR
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Fig. 1 Mobilized Pb and pH under different LMWOASs concentrations

BT IR EE Sy e B 7 PR 3 A B A
PLAIER) Ph** AVTTERTE A ALE , X B AT HLR 1Y
W EAaS R T H# 0 Pb AU RNE A 45
AAE PR Ph. FEZ RIS IR
KA A AL H BT, 4 L H Y AR AR
BN Ph (R BEARG KB, R R R AR 14 15 AL VE
B 19.55% ~40. 18% , 105 47 B2 R AR 1% 1k
Tl SIE R 124.01% ~212.81% , ZFRFEM
SRS FAE L, BRARTE RIS 0.99% ~1.98% .
A R FC A TS Ak B i 38 0, o] BE U6 A G R 4 A
T 4 8 B TR rT RE.

2.2 /N AEMEREW T 3R Ph MBS

2 M SRR IO A5 1 L+ b Ph B
A AT AR PR AT, 45 1 rf Ph B

BRAEWBAL. 582 LMWOAs 1EH B9 #L5
Pe - (SPS) A L, WS A [] G HILIR Ak PR IZ $2 )5 , P
JEAS3 A 5% RRZH (SPS Ab#H ) (A 78 S5 R B i T ik
93.87% BN AEA ALY E S FOEA P Th, &
AULER AL PR FL B X B3 1 81.44% ~
261.53% ,F2 kN, WXT B2 b 5 L P EL Y
37.65% FF&EF7.67% ~25.06% , 3% 2 R/l
SrFAPURIG BV PV g - S b B R AL B2
HEEAAS Ph BB US X LA IS e A7 T+
e, Tao %P IR FER PR IBITER T,
4 A R AR E A, A8 Sl m 2 #e 2.

M 2 3B 0T LA 1, G LR AN B 5 1) £ 4 rhsg
#25 Pb (55 Ph (TR MBS A LRV 2 B E
FIEPE (FFBERR r=0.93,P <0.05, W AR r =



1526 w5
. : AR
100 |- — - -
[ ) 1 [POX] [X.>
R R BB
90 | 5 5 6
o % %
ede ede 525
R3S % o
i ede %% £S5
80 el %62 (RS
) K] (R
70 |- el Pede el
= o2 o2, 505
£ K] el oo
= 2525 o ol
E oL ede %62 525
60 % %% B %% Il e
b Yede TR KK kX2
o 505 ool =%
% 0 P! N D
L) K Nl
= B e Bl R
- N F B
\ B B
30 |- N s s
Eo;o;q > :::’:’:
20 Bk e
;
10 |

B 37 %
E Frrising : X
1 1
v A ]
B sk
R e 1
%% elel
5 A |
s ook
R R3] 1
1
K K
) Sl
5 SHNTESE
1 <
3 SAINIES
XK <]
% KK 1
K5 .0 N o
R | RXS B
B2 1 5! X (//]Fs
olele) i
etels b’”‘
s 55
oeiey ey
5 A

ACS ACID ACIS AC20 TAS TAI0 TAIS TAZ0 CAS

Xt B SPS : R AL ANE AL B INIS Yo  ; FL SRS F2 . BRIRERAS 57355
ANBRIEATEELH P HESSH

& 2

CAI10 CAlS5

F3 B A A 75

CA20 SPS

F4 . GHLEEEE; F5.RBE

Fig. 2 Effects of LMWOAs on the Pb speciation in purple soil
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Fig. 3 Species distribution of citric acid, tartaric

acid and acetic acid
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Table 2 Modeling of the percentage of Pb speciation in soil solution

using different concentrations of LMWOAs

Qb7 Wies Ph2* /% WK AT Ph/ % HHLEAZS Ph/%
CA5 24.88 2.46 72.65
CA10 37.89 3.75 58.36
CA1S 42.14 4.17 53.69
CA20 43.71 4.32 51.97
TA5 22.71 2.25 75.05
TA10 44.05 4.36 51.59
TAI15 49.90 4.94 45.16
TA20 50.25 4.97 44.78
AC5 45.78 4.71 49.52
ACI0 41.33 4.12 54.55
ACIS 40. 88 4.06 55.06
AC20 39.01 3.87 57.12

2.4 Pb EALAYIREE RS 4T
2.4.1 2+ Pb YA

TR AR R R AR S E L R
AREAEEER W, 7F LD SRERERSRIEN
BRTEIRNE 4R | RS AE A B B T A T,
B RE R ke, DT R 4 5t R W Wl o R
FRIST SRR BRIAEE 19 pH A FLAEARBR 384K 1 ~2
AR A B AR AR R AR R L (Eh) |, #R
SHEE W A PR SR ITRNITE, ¥
fb. ABFFE T, LMWOAs 15k FEAR R34, et
R+ 5 Ph BN T Ph 7EAR By - B P AT A L AL TS
P, Ho g i X1 Ph Bt i KT A R A &
iz, e BRVE T, L3 rp sc e 2s Ph 38 i
R BN T A3 Ph F i

AW RS S Ph BB A A W T B
AP A LSS 574 Ph U L REFEA AR &R
Ab T P9 2% 2 ik 24 4k i g AR RO AR IR A AR A
UYL R Ak A TR R i S A AR R BE K
B R F AL A A, A 25 W B W 2 A 5 4 Xl
PR &2 JE SR STHR K T LA & Al 1 A
E ST I LAY B 5 RERR R 25



1528 AN 5%

B % 37 %

FEXT T B A A MLEE B84 8 (IR B |, iE
B/ NGHLEE S B E 4R A Y FEPE. Renella 2517
W5 2RI, T30 v o 4 Ja o A W i sk
YERT, E2Ok A e A4 R WG, T DLRFEAIR 1 4%
WO B A &R I, R E 4 m i FEEHA
HEE L. AHRETR RN, 3 B LMWOAs AN [A]#2
JE B3R TR A PR E LS A P, FERE N e
W SEVEE G Ph, HAHLEE &S &
(1) Pb A LLid b 4 BOR RS 202 I W
TALIR A, 42 F 3 b Ph AYE— 2B 3546 1
LMWOAs PR FH 38 7 A8 49 W i 4 Jas 1 ]
RS EEEAE NN B RE. R ving-
Williams J751 %, + 39645 & 5 42 @ (14 25 7 91 I0UF N
Pb’* >Cu’" >Zn’" >Cd*" X FH LMWOAs 7ERE L
Pb** B [RIA, [RIAE T BEREC L Ph** 5 - 3R A1 T3 /N
PHANE S B R, N T ESETR N AEY
AtE. M TESEEREIMEE AR &R
Ju PRI LMWOAs X T2 6 5 48 15 4 13 IR
17 RE ] B AL SZ AL B % — 2 e

2.4.2 2+ Ph kAR

RS AR T, LEPARES A E
I B A T Ml T KRS Y XU , AT T Gt T oK.
4 AR S b 0 T A 43 L R BU(K,) |, RERE(A]
P S Wi 43 JR U R A A B IR B

Ky = ¢s/c, * R (1)
KA, eo HA MR A G - HEFE A Ph Wk E
(mg-L™"); o A A MLER B Pb JT & Wk B
(mg-L7"); R HME L (L-kg™").

FEHEE K, i, T R AR B D 5
HER 43 T 2 07 2 PR T 6 . WM B [T 4% I ) e
FESHW P B R R, OK, H N T
AL 25 (pH , BB EE | B ). BT DAL
SRR K, AT AR R - O R
IR R A (R) HAEMK , R HE &8 LT
R AL TR SN

R =1+p/e K, (2)
K ,p MK EIEAETE (kg-dm ) ; & HILBE.
TEAIFSE X da | AR F5 SR R b, - b 1) 28 0 0 2 Ak Fig
Fr, %88 p A 1.37 kg-dm & }y 0.49"%) JHELER
L35 3.

FH 3R 3 AT AP A R 9 A 3R R B AIR T A R
M2, HLFE4S LMWOAs ¥ 38, H R (280
REALC, 258 BILIR B IR 75 XIS 3¢ Bk A I =10 A i
> L8 , B EE LMWOAs > R LMWOAs.

£3 FRAHFENBRLARNOER RS

Table 3 Retardation factors of different LMWOAs treatments

)% /mmol - L 7! PR IR Ak 3 A mRAL Zab
5 137.01 1 883. 61 6981.91
10 149. 11 1034.47 1713.43
15 127.28 817.32 1333.05
20 110. 14 621. 10 794.99
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