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Remediation of Cadmium and Lead Contaminated Farmland Soil by Washing with Combined Organic Acids
and FeCl,

LI Yu—jiao', WEN Ya', GUO Qian-nan', ZHU Yuan', DONG Chang—xun", HU Peng—jie?

( 1.College of Sciences, Nanjing Agricultural University, Nanjing 210095, China; 2.Key Laboratory of Soil Environment and Pollution Reme—
diation, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China )

Abstract: Soil washing is one option to remediate heavy metal contaminated soils. The present study examined the removal efficiency of cad-
mium(Cd) and lead(Pb) from a farmland soil by batch extraction with mixture of organic acid (citric acid or tartaric acid ) and FeCl;. Metal
fractions before and after soil washing were also determined. The Cd and Pb removal efficiency from the soil was up to 40.7% and 20.9% for
mixture of citric acid (100 mmol L") and FeCl;(20 mmol - L™"), and up to 42.6% and 16.5% for mixture of tartaric acid (100 mmol - L")
and FeCl;(20 mmol - L™!), respectively. The metal removal efficiency was higher for mixed reagents than single reagent. Increasing pH of
washing solution decreased the removal efficiency of heavy metals. The optimum washing conditions were liquid to solid ratio of 5:1, washing
time of 24 h and washing cycles of 3. Metal fractionation showed that the removed Cd by organic acids combined with FeCl; was mainly from
exchangeable(77.3%~79.8% decline ) and Fe—Mn oxides forms(86.7%~87.0% reduction ), while the organic matter bound metals were al—
most unchanged. The removed Pb came from Fe—Mn oxides(70.0%~70.8% decrease ) and organic matter form(58.8%~66.0% drop ). After
soil washing, however, the exchangeable Pb significantly increased to 24.2%~24.5%, but Cd and Pb in carbonates almost disappeared with
residual metal form unchanged. The removal efficiency of Pb in soil could be significantly increased by repeated washing, and up to 47.0%~
48.2% of Pb could be extracted after 3 washing cycles.

Keywords: organic acid; FeCls, heavy metal; contaminated soil; soil washing
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Figure 1 Removal efficiency of Cd and Pb from soil by different concentrations of citric acid—FeCl; extractants
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Figure 2 Removal efficiency of Cd and Pb from soil by different concentrations of tartaric acid—FeCl; extractants
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Figure 3 Effects of liquid—solid ratios on metal removal efficiency
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Figure 4 Effects of washing time on metal removal efficiency
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Table 1 Effects of washing cycles on metal removal efficiency

N _ cd E#&%/%‘ _ Pb ET%%/%‘
PR —FeCl, A TR-FeCly FrERR— FeCls A R —FeCls
1 40.7+0.93 42.6+0.36 20.9+0.93 16.47+0.84
2 7.93+0.47 8.2020.16 15.7£0.39 17.0+0.17
3 1.9020.080 2.36+0.24 10.420.16 14.720.53
3WEH 50.5+1.2 53.240.67 47.020.85 48.2+0.96
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Figure 5 Effects of elution pH on metal removal efficiency
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Figure 6 Fractionations of Cd and Pb in soil before and after washing
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Table 2 Concentrations of major elements in eluate

B Al/mg-L"! Ca/mg- L Fe/mg-L Mg/mg- L Mn/mg-L7!
FeCl, 7.82+0.51 274.9120.13 346.56+2.2 2.41£1.8 32.98+0.75
PR 309.311.2 254.97+0.54 221.64+1.4 6.38+0.13 406.813.1
WA R 315.26+0.57 218.89+1.5 213.201.7 10.7421.7 445.04x1.7
FiERR +FeCl, 308.37+0.04 231.67£0.78 541.60+0.42 11.06+0.90 427.0022.2
A R +FeCl, 287.15+1.1 273.78+1.0 490.14=1.1 11.690.11 401.02+1.5




ERIE S ATHURRN FeCly SATRHEAL Cd Pb 153l BT 4IRS 2341

Fe~Al-Mn S L9, 76 N2 5 B0 SRR 547 , i
15 A 1) TP UL Fe BT, HIES T ALFe 5%
R Z I 4R BCALAARS Al-Fe-Mn AL 7 it
AR IO PR B R E R H ARG, R A K H
TR i A AR A SRR B S8 1 I TR TR
MR AT LIS G R IE A &, 455 P iTE ln] LAY
o LIERE SR I LR . AR, AL
BRI T ISR BER B HY, RRYESRMA R T 85 1
e L e R S TR S BRI A
PR FeCls ¥ Hi 10 B G IR TE A AR, R, A7 LIS AN
FeCly B [RIE X 4 Jm HA B 19 RBRAECR

3 £

(DA LR FeCly X 1 HEH 4 & 19 B4 P [
EH, EABREN HEDESIE Cd.Pb i LERFER
TH M . AR -FeCl; X 148 Cd .Pb [ 25
BRI FeCly 20 B3 HN T 64.1%F1 2.61 5, ki mg
SR T 14.5%F1 79.80% ; ¥ 47 i3 —FeCl; % Cd .Pb
M2 BRF L FeCly 235N T 68.2%F1 3.69 %, He iy
AR HIBEIN T 28.9%F1 48.1%

(2)E B IRAEONT TEE 4w 1) J2 BR R R P2 TR
BA) A B YR 8T L 34 o AR AR R () S A T 3 KL 2R
LT ATIRIERCE, EA RIS K
fiz (100 mmol - L") — FeCl5(20 mmol - L") 8% VA A B2 (100
mmol-L™")-FeCl;(20 mmol - L), & [ i b 5:1 =3¢
Bf] 24 h 3248 3 k. pH {E T FEX) 148 Cd . Pb £
FRIERTE LI

(3) A HLER A1 FeClsy Xf 1 8 rh 4 J& ALY kIR
AV EYAEBIRERMZSVER, K Ca Mg,
Fe Mn #1 Al g5, RIES DIEPESEESK
HEARFR AR, Cd P BRER AL 455 S FA PSS &
BEFEWD RIRER S A AL RIS S AR
A% fH Cd M8 45 0 350, Ph iy A8 460 28 i 2 1
Jin, FrlA Pb 5 Y e 2 RS A AT DI E 4
JE RS ShRe SRR YA S BEIR IR 4R AR S
AU

SE

(1] B8R 22, 2257 22 ke R BRI I A 76 S5 O AL vh S 3 S (1] #1058
LR, 2011, 5(3):675-679.
ZHAO Shu-lan, DUO Li-an. Removal of heavy metals from municipal
solid waste compost by washing[J]. Chinese Journal of Environmental
Engineering, 2011, 5(3):675-679.
(21 At BE S, JEI PR, 4. R {590 X 3T 42 I 5 e IR

W] A FRBE R F2F 4, 2011,30(8):1553-1560.

XIE Wen-yan, FAN Gui-sheng, ZHOU Huai-ping, et al. Access of
heavy metals pollution of the sewage irrigation region in Taiyuan, China
[J]. Journal of Agro—Environment Science, 2011, 30(8):1553-1560.

[3] Bolan N, Kunhikrishnan A, Thangarajan R, et al. Remediation of heavy
metal(loid )s contaminated soils——to mobilize or to immobilize?[J]. Jour—
nal of Hazardous Materials, 2014, 266:141-166.

(4] e, TLARIY. TR 5 e Xb B S 7 i 1 5 LA S SR il o 4 I 75
QeRp AU L], v IR 3, 2014(4):7-13.

HAN Cheng-hua, JIANG Jie—zeng. Research progress on effects of
heavy metal on vegetable production and measures for releasing heavy
metal stress[J]. China Vegetables,2014(4):7-13.

[5]5kigate, X0 PR, A 18,55 4RSS BB E HORGRTL )
A5, 2010, 29(6):138-141.

ZHANG Hai—yan, LIU Yang, LI Juan, et al. Study of remediation of
heavy metal —contaminated soil[J]. Sichuan Environment, 2010,29(6):
138-141.

[6] 2= E XL, BAMRAES , IMIHT , 55, 15 Y+ H0M I8 SRR DEST HEJE (] 2E
Aepeak, 2011, 30(3):596-602.

LI Yu-shuang, HU Xiao—jun, SUN Tie—heng, et al. Soil washing/ flush—
ing of contaminated soil: A review[]J]. Chinese Journal of Ecology, 2011,
30(3):596-602.

(70 H SO AT BR, 3R 6 AF ) Ts e I 4 R IR S ke R

BRACR]. B AR =4, 2012,28(1):82-87.
GAN Wen—jun, HE Yue, ZHANG Xiao—fei, et al. Speciation analysis of
heavy metals in soils polluted by electroplating and effect of washing to
the removal of the pollutants[J]. Journal of Ecology and Rural Environ—
ment, 2012, 28(1):82-87.

81X &, E&@%, 5% 1,5 BAFREYRIIE MY Cu.Pb 5
ey BRI IE ). BREERIEE, 2013, 34(4): 1590-1597.

LIU Xia, WANG Jian—tao, ZHANG Meng, et al. Remediation of Cu—Pb—
contaminated loess soil by leaching with chelating agent and biosurfac—
tant[J]. Environmental Science, 2013, 34(4):1590-1597.

[9] Nagai T, Horio T, Yokoyama A, et al. Ecological risk assessment of on—
site soil washing with iron( Il ) chloride in cadmium - contaminated
paddy field[]]. Ecotoxicology and Environmental Safety, 2012, 80:84—
90.

[10] KUK, &7 1, S dEon , 55, L HERBE (/oA MLRR S L3R

ROV ], Sl Kar2i ), 2014, 33(2): 133-138.

LIU Yong —hong, MA Shu —wei, YUE Xia-li, et al. Low molecular
weight organic acids in soils and its environmental effects[]J]. Jour—
nal of Huazhong Agricultural University, 2014, 33(2):133-138.

[11] &y e A, E3CHE, M iR, 55 A HLRR X T Yy 34 o 4 ) I IRk s
RWFFEN]. Al AR 4, 2013, 32(4):701-707.

YI Long -sheng, WANG Wen-yan, TAO Ye, et al. Removing heavy
metals in contaminated soils by the organic acids[]J]. Journal of Agro—
Environment Science, 2013, 32(4):701-707.

[12] Makino T, Takano H, Kamiya T, et al. Restoration of cadmium contam—
inated paddy soils by washing with ferric chloride[J]. Chemosphere,
2008, 70(6): 1035-1043.

[3]°F 2, BB, %, S PR S R PR A VR X



2342

YIS Sty 53355 121

B ) R R PEBORBE ). A= A FRIR 24, 2011, 20(6-7):1152~
1157.

PING An, WEI Zhong-yi, LI Pei—jun, et al. Study on the extractive ef—
fect of soil heavy metals with organic acids and surfactants|J]. Ecology
and Environmental Sciences, 2011(6-7):1152-1157.

[14] P, FPHPE, ShRAe, & R 5 B R1 X E A m 5 5 3
WA RBEVE I £l FREEREA254R, 2014, 33(8):1519-1525.

XU Zhong—jian, XU Dan—dan, GUO Su-hua, et al. Combined leaching
of heavy metals in soil by citric acid and saponin[J]. Journal of Agro-
Environment Science, 2014, 33(8):1519-1525.

[15] &, b sefell b o3 Ak (M. LT Al R, 1999.

LU Ru-kun. Agricultural soil chemical analysis[M]. Beijing:China
Agriculture Press,1999.

[16] Tessier A, Campbell P G C, Bisson M. Sequential extraction procedure
for the speciation of particulate trace metals[J]. Analytical Chemusiry,
1979, 51(7):844-851.

[17] Begum Z A, Rahman I M M, Tate Y, et al. Remediation of toxic metal
contaminated soil by washing with biodegradable aminopolycarboxylate
chelants[J]. Chemosphere, 2012,87(10):1161-1170.

[18] Moutsatsou A, Gregou M, Matsas D, et al. Washing as a remediation
technology applicable in soils heavily polluted by mining metallurgical
activities[J]. Chemosphere, 2006, 63(10):1632-1640.

[19] EWCE L0 .2 8,55 A PR XS Je 38 4 A i $2
BRI AR BB 2244, 2008, 27(4):1627-1632.

WANG Shu-jun, HU Hong—qing, LI Zhen, et al. Cu and Cd extraction
from contaminated soils by organic ligands[J]. Journal of Agro-Envi-
ronment Science, 2008, 27(4):1627-1632.

[20] Maiz I, Esnaola M V, Millian E. Evalutation of heavy metal availability
in contaminated soils by a short sequential extraction procedure[J].
Science Total Environment, 1997,20(6):107-115.

(217 A2, Tl I 7 1l T 4 Jas ¥ Y -3 AL U 18 S A 58 1 TR
D] S LKA, 2009.

Z0U Ze-li. The Study of soil washing in abandoned industrial heavy
metal contaminated area and demonstration engineering[D]. Guangzhou:
Sun Yat—Sen University, 2009.

[22] Peters R W. Chelant extraction of heavy metals from contaminated soils
[J]. Journal of Hazardous Materials, 1999,206 (2-3):107-115.

[23] £, XA 8. 1398 pH B0 VRAR R 1 5 6 ) BERAETE
R TR XGRS, 2010, 24(1):163-167.

WANG Yang, LIU Jing-shuang, ZHENG Na. Effects of pH on the frac—

tion transformations of Zn in black soil at the condition of freeze/thaw
cycles[]]. Journal of Arid Land Resources and Environment, 2010, 24
(1):163-167.

[24] Anju M, Banerjee D K. Comparison of two sequential extraction proce—
dures for heavy metal partitioning in mine tailings[J]. Chemosphere,
2010, 78(11):1393-1402.

RS1FA-4n, 2 E, 2 ZE Al R R P AR IR AL S AR R oM
BURI AT 2 ()], 138274k, 2014,51(2):207-214.

XU Ren-kou, LI Jiu-yu, JIANG Jun. Progresses in research on special
chemical phenomena and their mechanisms in variable charge soils[J].
Acta Pedologica Sinica, 2014,51(2):207-214.

[26] Jones D L, Kochian L V. Aluminium-organic acid interactions in acid
soils. I . Influence of solid phase sorption on organic acid—Al complex—
ation and Al rhizotoxicity[J]. Plant Soil, 1996, 182(2 ):221-228.

[27] Pérez—Esteban J, Escolastico C, Moliner A, et al. Chemical speciation
and mobilization of copper and zinc in naturally contaminated mine
soils with citric and tartaric acids[J]. Chemosphere, 2013, 90(2): 276—
283.

[28] Yoo J C, Lee C D, Yang J S, et al. Extraction characteristics of heavy
metals from marine sediments[]]. Chemical Engineering Journal, 2013,
228:688-699.

[29] T, BEAASE RGNS I, 4. 3 R AE IR N 3 T 4 1 R B A I

X 43 8 A R B R IAT]. Al PRI RL = 224, 2013, 32(4):701-
707.
ZENG Min, LIAO Bo-han, ZENG Qing-ru, et al. Effects of three ex—
tractants on the removal and availabilities of heavy metals in the con-
taminated soil[J]. Journal of Agro—Environment Science, 2013, 32(4):
701-707.

[30] Qiu R L, Zou Z L, Zhang W H, et al. Removal of trace and major metals
by soil washing with Na,EDTA and oxalate[]]. Journal of Soils and
Sediments, 2010, 10(1):45-53.

[31] Elliott H A, Shastri N L. Extractive decontamination of metal—polluted
soils using oxalate[J]. Water, Air, and Soil Pollution, 1999, 110(3-4):
335-346.

[32] Blesa M A, Morando P J, Regazzoni A E. Chemical dissolution of metal
oxides[M]. Boca Raton, FL:CRC,1994:281.

[33] Kim K J, Kim D H, Yoo J C, et al. Electrokinetic extraction of heavy
metals from dredged marine sediment[]J]. Separation and Purification

Technology, 2011,79(2):164-169.



