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Remediation of Soils Co—contaminated with Cd-Zn and Cd-Ni by Washing with Oranic Acids

WU Jian, PAN Wei-hin", LIN Rui-cong, LAI Cai—xiu, ZHAN Shu-wei

(School of Environmental and Energy, South China University of Technology, China; The Key Lab of Pollution Control and Ecosystem Restora—
tion in Industry Clusters, Ministry of Education; Engineering and Technology Research Centre of Guangzhou Water Resource and Water Envi—

ronment, Guangzhou 510006, China )

Abstract: Soil flushing is one of remediation techniques for metals contaminated soils. Here an effective soil washing process was studied in

two metal—contaminated sites, namely soil A, which was polluted by Cd and Zn, and soil B, which was polluted by Cd and Ni. A two-step

washing method using oxalic acid combined with four different acids, such as acetic acid, citric acid, tartaric acid and succinic acid, was e—
valuated in terms of removal of bioavailable portion of heavy metals. In addition, soil washing with citric acid or tartaric acid alone was con—

ducted. Enhancing effect of ultrasonic wave on metal washing by tartaric acid was also investigated. Results showed that the removal effi-
ciencies of two—step washing process using citric acid or tartaric acid(0.1 mol+ L™, for 16 h) and oxalic acid(0.2 mol- L, for 16 h) sequen—

tially were the highest. Under tartaric acid alone (0.1 mol-L™", =2 h), the removal of Cd, Zn and Ca was respectively 30.74%, 25.59%, and
15.86% for soil A, while that of Cd, Ni and Ca was respectively 47.36%, 6.89%, and 23.92% for soil B. Tartaric acid was an efficient wash—
ing agent with high heavy metals removal capacity but low Ca leaching. The introduction of ultrasonic wave enhanced the removal efficien—
cies of heavy metals in tartaric acid washing system, which shortened the washing time from 2 h to 30 min. The findings show that it is possi—
ble to develop an environmentally friendly soil washing technique for heavy metals contaminated soils.

Keywords: heavy metals; soil washing; tartaric acid; ultrasonic wave
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S5 PRHR IS S A A I 28> i AR A RS AR A, =
VR ST UE S o IR VR 0 5 2 R R Y
VERRRICR BPE A VIR AR I M liAs 55 . RARA LR
AR A B IZATERN KA, TS
b G R A 4G TN, OSBRSS,
SR BOR B2 223 N AR, HERAA
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W ED01 pH A IR B T A [R]PIEEAE OG

A LLT™ AR A8 B AR R X R 5 H il il
AR T IX 2 AN S AY 5 e T YL o BT
% RBUES R (Acetic acid, HAc) F7EE1R ( Citric acid,
CA) VA f3 & (Tartaric acid,TA) . 3% ¥ fi® ( Succinic
acid, SA) M BLiE (Oxalic acid,0X)5 FhRIRAFHLERE N
THUEN, WA MR A W AR 7 1 Uk R IR 1
BE LR s A A MURRIE VR IRCR . H A2 2 BRTo 4%
G h R XA RN E S RIEE, A E G E SR
Qedg i 5 i PR LA 4

| RS

1.1 ft i

M 2 B RIS BISR H T AR A R R KR AR A
X (A X)) Bt v sl il 1 Al P 57 ) X (B X)), SRR
JER 0~20 em, H3ERCT 5, WFES 10 H &% 100 HJE

Je i, P05 A e R A M BRI R 42 SR ] HCL+
HNO+HCIOA+HF W, KT RIBOGIEL (AAS)
WEeI|Aas, i et PRk E SR HERE il GSS-5
PEAT BT o A AR T P B L 1, &)
il 2, A X Cd.Zn 548 ™HE ,B X Cd.Ni 5
Yuig e E, RIILAHESE A X K B X -3 B AR E 4
J& 4352 Cd Zn 5 Cd \Ni,,
1.2 RGN %
1.2.1 BEERIEE AR

DL BCR™55 9 48 Bk XAt it + 198 8 4 Jm kA 7
TS SRR AN 3R 3 R,
1.2.2 HEE AT

(1) 4 FAT LR 5 B RR A 5 W 2 Bk

1 BCR 732 B2 By JEL g vy T 38 - 333 vk |, [
2% P83 T AR A A G B PR XU /N, B SR A
W%, 4 BCR S HUN 77 Z R U B0, H 2K
B HMELASEPRIV ] o ASWTSE B SR T 25 Bk IR v
AR E 4RSS, IAF4E BCR 7 I
P, R A T R T e 4, 8 f BB L0
4 Hh s PR PR IS K AT I A [ s PR i i FH )
LN TR AT AR E T

FREX 1.00 g A 118 T 100 mL 5 N M 5.0
e, SR 4 RV ST TR RS, 2050 0.1
mol L' HAc+0.2 mol - L' 0X,0.1 mol-L™" CA+0.2 mol -
L' 0X,0.1 mol-L*'TA+0.2 mol-L* OX ) & 0.1 mol-L™*

1t TR R
Table 1 Soil properties

e ERIES o ApUR PR S 12t it P4i Sand ki Silt Bk Clay
Soil  Moisture content/% OM/% CEC/cmol - kg™ (0.02 mm<D<2.0 mm)/% (0.002 mm<D<0.02 mm)/% (D<0.002 mm)/%
A X 3.90 6.62 3.73 16.94 49 34 17
B X 1.23 7.53 2.83 10.38 76 16 8
F2 il TiEEEE£=(mg-kg)
Table 2 Metal concentrations in soils tested(mg-kg™)

-4 Soil Cd 7Zn Ni Cu Pb Cr Ca Mg Fe

A X 2.60 214.18 36.28 62.12 90.52 92.73 3800 7000 50 000

B X 44.74 406.64 1 958.57 89.78 256.82 147.17 4200 9600 65 000

# 3 BCR ERIERE
Table 3 BCR sequential extraction procedure
A Step 177 Reagent {AFH Volume L Temperature i) Extract time

S — 2P (HRRARIS )
B OTRIEES)
=P

0.11 mol - L fisfig
0.5 mol - L R I% (pH=2)
8.8 mol- L™ H,0,

1 mol - L' NH,OAc

40 mL i PP 16 h
40 mL i % 16 h
10 mL i HE 1h

85 °C EE 1 h
10 mL 85 C W1 h
50 mL iR JR% 16 h
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SA+0.2 mol - L™ OX,, B EFRAY pH J3°8 2, W& R
40:1, 00 T #2897 16 h(180 remin™), 4R )5 Lk 4000
remin” B0 10 min, WE FIER BARE S8 5.

55—l FAFFREIR A R B IARR SRR T L,
RN EAT TR TR R B R DR , Q035 4 Fir/s . Hh ff B B0k
F R R NN EER<FTIERR A TR IR HIR<FLR ;
[FET e S E4EE GRS EEOR TR, Bk E
A 19 5 5 8 4 S s vy A S T A, TR E A
JE RS BRI . BB R, R
e R ARA MR , RIS T 4w
FRIGR 2 B AR HGA JEE AN UNER TR K (E =
~1.87 V,E 45=—0.38 V) , {HEEPERER R M/ N

(2) By R R RS 1 R

il 0.1 mol« L™ MUATAETR . 5 A FRAF MR e,
pH 4354 5.3, LA pH=3 BY7KAE A XFRE . FREX 1.00
g B LT 100 mL RN ELOE T, 40 3A 20
mL 3EVER], B T LR 2 h(180 remin™) , SR )5
L 4000 r+min™ &0 10 min, W& FIWE HirE 4R
S tocEk Ca Mg Fe [,

THVERIEE (pH A R E E VYRR R E S
W7 AT I IR . AEA PLIR Y B B & I, Gao
SOOI 5 2R I MLIR TE R MR B2 41 2 42 ) 1 i
W, FERSERE TR E S R AR ATV pH
MIsE b, Wasay S 5T R BTAHEIR 0 A R VE T i
£ pH 23518 5.3.6; ZEW A LAY B |, Zou FEMA
Sk N3G ] Eeat T SO PR R R A (RIS
LI ] Eb Ak /N AR 5 T VB 1 2E T 4 AR
TSN [ B g S 0y B B, Lim 881 & 30 % (1]
(<30 min) #f AT LIS $E R H 4 J8 M5 Y 1= 4
£B , Polettini ZEHA R VERTTH] 2 h 3853 o

(3) 77 I R AR T A R ok

FREC 1.00 g i3+ 38 F 100 mL SR N 2508
B, A 20 mL 5 0.1 mol - L™ \pH=3 HY{HI /112,
PAAKAEXT R 88 7 8 240 B R AL 43501/ T 10,30
min, #7400 W, 5% 20 kHz, 50> 10 min,

E RIS HFRESR . RN A BRI L 10,
30 min 1 2 h AR
1.2.3 Fdlasrr

8 H Origin8.5 # {4 4: &], SPSS16.0 {4 X 1k 5
gL 22 R AT .

2 HR5iTie

2.1 BRSNS

2 Fh I HARE BB 5 R, A X
148 Cd FLEUIFRIE S LSRR S 3, Zn DIsk
AN, SRR AT iA e 8 S ] A A S S A 2
B X 13 Cd LASRRHE IS S Fkits 25 0 3, Ni DABk i
BTSN E

x5 it EEREEERESH (%)

Table 5 Fractions of metals in soils tested( %)

LA A X 43 soil A B X 13 soil B
Extracted fraction cd 7n Cd Ni

FRRIAS 24.60£5.21 15.64+0.40 46.12£2.60  6.50+0.09
GIRZYEE 0.00 15.86+0.67 12.41+0.34  9.89+0.05
=R 0.00 16.55£1.25 6.12+0.71  25.16+0.29

HRiE A 75.4 51.95 35.35 58.45

1 AR A =100 55 R FL S+ 1T I 5 285+ 1] SEUAE S s o
Note; Residual=100-[acid extractable +reducible+oxidizable], .

SRR IS K AT IR RS 4 SR A B K, 3R
Bt K, e 75 5 25 b W AL S E 48 LA 7
SEAAL M R A MUTRE B PRI A AT BEREIC Ok 5 ki
BHEEE BTN ARG R th 2 Fh -5 H AR 4
JBIEAS AT AT AL B X -3 Cd (TR A KR,
TESEFEAE R, vl AT AEAH R (R 38 Ve 45 F ik
LA XK,

22 TIEFRNE
2.2.1 4 P LIRS FIRA & IR I AR

4 Fhe BB TERCR AN 1 F1E] 2 PR o

XPA XA E AR P AR Cd ) ZBR
ROREHT , KBRS N 34.69% .36.91% , K F 5+

=4 AR

Table 4 Properties of organic acids used

F ML R i 25 1 &L Dissociation constants 5 H 4B A TR E B %L Stability constants
Organic acid Ligand form pKa, pKa, pKas e 1eK, e
i HL 475 — — 152324 L5 112,181
IR HsL 3.13 4.76 6.40 35 5.0 1.75.3.36.5.11
AR H,L 3.04 4.37 — 2.8 2.68.8.32 2.06
BEIAmR H,L 4.19 5.57 — 2.2 1.6 2.36
TR H,L 1.23 4.19 — 3.52.5.77 4.89.7.60.8.15 5.3.7.64 8.5
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Figure 1 Metal-removal efficiency in soil A by two—step washing
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Figure 2 Metal-removal efficiency in soil B by two—step washing
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Figure 3 Metal-removal efficiency in soil A

by different washing agents
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Figure 4 Metal-removal efficiency in soil B by

different washing agents
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Table 6 Metal removal rates by tartaric acid under

different conditions

WepE/ e s, A XAHE Soil A B [X 13 Soil B
mol- L7t h /% Zn/% Cd/% Ni/%
1.9 0.1 40 16 36.91:0.81 29.83+0.36 59.17£0.29 14.90+0.09
30 0.1 20 2 30.74+3.02 25.59+0.52 47.36x1.17 6.89+0.81

pH
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Figure 5 Effect of ultrasonic wave on removal efficiency of

metals from soil A
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Figure 6 Effect of ultrasonic wave on removal efficiency of

metals from soil B
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