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Efficacy of acetic acid leaching in removing heavy metals from soil and assessment of its effects on

groundwater

HU Kuangzheng, CHEN Canming, WEI Zebin, WU Qitang”

(College of Natural Resources and Environment, Guangdong Provincial Key Laboratory of Agricultural & Rural Pollution Abatement and
Environmental Safety, South China Agricultural University, Guangzhou 510642, China)

Abstract: In order to elucidate the efficiency of acetic acid leaching in the removal of heavy metals from soil and its environmental impacts,
we conducted a soil column leaching experiment that simulates in—situ flushing. We assessed the efficacy of three acetic acid concentrations
(0.8, 1.0 mol - L', and 1.5 mol - L"), and used four contaminated soils to assess the removal rate, downward migration characteristics, and
changes in heavy metal speciation. The effects of acetic acid leaching on the main nutrient elements in soil were also investigated. The
results showed that acetic acid leaching had a high removal efficiency for heavy metals in the acidic and slightly acid soils, particularly in

the case of Cd, for which the removal rate reached 40%—60% at acetic acid concentrations of 1.0 mol+ L™ and higher. Comparatively, the
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removal of Pb, Cu, and Zn was relatively poor, at less than 20%. Acetic acid leaching mainly removed the exchangeable and reducible Cd

from top—soil, which was partially retained in the 20—40 cm sub—soil layer. Leaching with acetic acid at 1.0 mol - ™' had no significant

effect on contents of the main nutrients in the top—soil (P<0.05), although the concentrations of Cd and Pb in the leachate were higher than

the grade IV groundwater standard limit. These results indicate that 1.0 mol+ L' is the optimal acetic acid concentration for the leaching of

soil Cd and could be used to effectively clean up slightly contaminated soils with Cd concentrations lower than 0.6 mg - kg™'. However,

attention should be paid to the risk of groundwater pollution with Cd and Pb. In practice, of acetic acid leaching of contaminated soils

should be combined with countermeasures such as sub—soil fixation.

Keywords: heavy metal; chemical leaching; acetic acid; chemical speciation; groundwater
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Table 1 Basic physicochemical properties of tested soils

443 . Cd/ Pb/ Cu/ Zn/ SPETK,  BAETN  EBETP/ AHL
Soil P (mg-kg")  (mg-kg") (mg-kg') (mg-kg') (g-kg') (g-kg') (g-kg') Organic matter/(g-kg™")
k1 A Acid soil A 4.50+0.01 0.51+0.01 490.2+0.47 488.64+1.80 343.58+2.60 8.64+0.26 1.36+0.07 0.88+0 20.40+0.30
R+ B Acid soil-B 5.36+0.05 0.61+0.01 89.48+2.16 22.75+0.98 99.02+1.68 11.15+£0.25 1.92+0.29 0.75+0.02 36.13+0.30
B3ERE 1 Slightly acid soil  6.27+0.06  1.26+0.04  83.05+3.55 107.90+2.57 92.52+4.21 18.38+0.61 1.88+0.06 0.74+0.01 35.07+0.20
Bl P 1 Alkaline soil 7.67+0.12 1.45+0.04 772.48+15.27 41.78+0.46 907.97+8.35 15.65+0.47 1.77+0.07 0.71+0.01 34.05+0.20
P REE S a 4.35+0.01 ND 28.35+0.07 13.31+1.41 31.15+1.94 1.84+0.09 0.33x0.07 0.26+0.01 5.55+0.69
Not—contaminated sub—soil
bR L ipea =) <55 0.3 80 50 200 — — — —
Pollution screening value >7.5 0.8 240 100 300

(GB 15618—2018)

T ND S ARAG 5 HA S I (bR 22 . R I

Note:ND, Non—detectable; the other values are represented with mean + standard deviation (n=3). The same below.

HEr 3FB A AT I 70 S ISR A S om 3 19 £3 9%
Wb 3 A 20 em ) BTG5 Y 2T 4R 0 AT 2,
T4 HIEA 20 em & () 4 IR e 48 )2 2 )
R W T, )2 ZUE T RS, U
FEER 1.3 kg L1 34 E

A 4 HER 01 4 4K BV B, 4300 R - O (O IR
CK).0.8.1.0.1.5 mol - L' ESERVE W . T AEBH H kK
B R RS TR . DR 3 RT3 —Ik
IR 687 AN [ e J32 0 IS R VS VA, 65— R A
Bk, U E Mt G E AR . AR IRk
R 2 L, 4 4 IA B0 A 500 mL, ¢
HI— VA IR FEAS e 58 RIS — IR TS TR -
AR AR IO R, RO S L
AT, FEHC100 mL HEATAH T BRI A2 o 24—k
WRPETE K 12 h 5 FREAT R — bk

WV S o R B AR 6 A N2 S
B CEA I AR KT E e pH B AL A
W B AHLE .CAd.Pb.Cu.Zn FI &
1.3 #HmillE

- AR S B AR T S IR R A oy
B AT . 4 p 4 JE oo R 4 & A HF-HCI-
HINOs 2 T A PO 008 T 0 T At L D IR L o3 D o B
T [Hitachi Z—2100( K J) , Z-2700 (7 #4710 %2 (GB
15618—1995) , I v AR HEY) BT GSS-5 ok %52 45
YERIHERTE . XTI TE S 1 A 2 3R i T
& JEITE LA 20T, Rk BCR L #E1T 43 2%
PRI A FH rE - WAL 43 D' o B 9 7 Cu  Zn,
H, SR 4 45 B TR R % (ICP-MS, Agilent—7700x) il
5E Cd\Pb, 3% J5 B2 %E B9 Cd . Pb . Cu 1 Zn 5 S 4] 1
B 181 i 243 51 R 92%~105% . 80%~92% . 87%~103%

P 1%) WHARTY

F186%~100% .
1.4 HERAES 55

K Excel 2019 1 SPSS #E1 7806 404 , Ge 146 56
KRR )5 2208 (ANOVA) .

2 HRE5RMH

2.1 BEEEME LIEESEHZM
2.1.1 hEECd & &

AN TRV FE S TR AL BN A R 2 3 Cd B i
MR 2 Fin . SXTREAI LD, AR B2 4 TG g
IR BRI UEZ 5 Cd & AR B PR, BRI
+ A A Y Cd R AE 3 AR B T R Ak P 2 A G
SRS MR - B AN 55 R M - I 25 B R v Y
FrEr AR P Z 8] =4 T B 22 5%, 1.5 mol - L7 i
R Wk 13 Y Cd & i 25 KT 0.8 mol - L7 [iff iR ik
Yoo ERFW, LHECATH0.51 mg-kg ' AERYE L A
7E 1.5 mol - L BRI R 5 Cd 75 A% T - 9 b o 77 1k
B(0.3 mg-kg™") , W21+ B7E 1.5 mol - L™ B R MR Bk 5
Cd F i W Z L. 535h, 4 Fh 1 587F 1.0 mol -
L ESFR IR 5 1.5 mol - 17 fiff iR Ak # 22 [1] 34 G {35 Pk
25t

T2 R A BRI R 2 5 Cd B i
AN 3 Rk B S R A B 2 ()G B R 2
(BR55IRIE L) . 55IRIEABME TS5 e 3 + A0 T2
4 Cd i TR 2 X AT R S R M A
HHRTIEAS Cd SR SERN. R ET)ZEC
oA AT, RJZWRVE T SR 0.4~1.4 mg Cd A
0.14~0.26 mg # 20 cm JEAIERYEE +#F .

AN [ il P e 35 A PG G 38 v Cd A 2B A
3PN HICHERR T A EL , T PR bk VR RE 18 0 5 4
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F2 AEREBBEMKAS L TELECIERE (mg-ke!) 75 Y 3 Cd (2R % i LB W R 1 T
Table 2 Cd content in soil after leaching with acetic acid at FBgEl ETF. 4 RS gy b AR R R e E M 1.5 mol -
dilrent concenration (- LY VR B 1.0 mol L 61 B2 ] G 0 55 6
g ks [ 2 =7
o WRRE e pnee G HERESE o
L cetic acid concentration/ ; . ; . N
Soil (mol-L) Top—soil Sub-soil F3 NEIREBSERMIEXT 11 Cd X ER RN (%)
FAFE T A 0 0.512001a 0.02+0b Table 3 Effects of different concentrations (.)f acetic acid leaching
Acid soil-A 08 03120.01h 007001 on Cd removal rate from soil(% )
1.0 0.30+0.05b  0.09+0.03a B R S bbb A e B sEmret L
Acetic acid Sy Sy Slightly ~ Alkaline
1.5 0.29+0.01b  0.09+0.01a . _,\ Acid soil-A Acid soil-B . . .
concentration/(mol - L") acid soil soil
Y1 B 0 0.55+0.03a ND 0 ND 9.39 1.89% 1135
Acidsoll = 0.8 0.40£0.02b  0.07:0.02a 0.8 38.65a  3427b  47.81b  28.35b
1.0 0.36x0.04bc  0.07:0.02a 1.0 42.09a  40.19ab  51.86ab  38.28ab
L5 0.33x0.02¢  0.08+0.02a 15 43682  46.13a  60.23a  40.30a
SR 0 1.24+0.01a 0.05+0¢
Slightly acid 0.8 0.66£0.06h  0.20+0a 2.1.2 +3EPb Cu Zn &t
soil s — 4o, \ -~
1.0 0.610.05bc  0.15+0.04b I S5 AN 7] I R vk B Ab BEOGE A AT B2 A g
1.5 0.500.07c  0.15+0b Pb.Cu.Zn &5 R LR m#E 4R, 5Cd
Wi 0 127:006 0020020 L AN T Ph. Cu Zn 9 SERACRBEATIE A4 01 ..
Alkaline soi o . " . .
o8 102=0.08b 0130020k Py 1 75 , AE R At A IV BE AL )22 -
1.0 0.88+0.11F 0.15+0.07: /. 5 e N N
= =0 Ph )& 52 A B35 25 s R YE L B Y
1.5 0.85+0.05b  0.15+0.04a

FiFS R e JE 35 ) 1.5 mol - L7 B, Ph 1Y 3 ik A 45 i 5%
AR Duncan 25 MBF4E R B0 LA i (R BRBTT AT MR L B () Ph 3 A RIS L i

R R A P00 T, o e di BE(E (80 me-kg™) BT, BR300 10% 447 5 55+
Note: According to Duncan’ s test, there is no significant difference

between treatments followed by the same letter for the same soil (P>0.05). TEWRE M 0.8 mol - L Y EEFRIGE ST , Pb ﬁ%ﬁ%ﬁ%/ﬂi& s
The same below. {HL 3 e J3E I TR 1) R BRASCR G 35 22 57 5 IR R IR XS

T4 ARREBBRESLELEP) CuZnEEaEREEXRBRE

Table 4 Pb,Cu and Zn contents in the top—soil and its removal rate after leaching with acetic acid at different concentrations

e . ggm;/;(g E . Pb Cu Zn
Soil Acetic acid concentration/ £ Content/ PRIES Fr it Content/ PRIES Fr it Content/ PRI
(mol-1™") (mg-kg')  Removalrate/%  (mg-kg')  Removalrate/%  (mg-kg')  Removal rate/%
Rttt A 0 457.82+10.04a 6.67 424.73+12.56a 12.74 318.78+3.45a 7.27
Acid soil-A 0.8 446.26+5.63a 9.02 410.78+5.48a 15.60 313.80+7.39% 8.72
1.0 455.85£15.51a 7.07 421.47£17.41a 13.41 302.97+30.58a 11.87
1.5 452.26+12.19a 7.80 419.72£10.24a 13.77 318.91+12.70a 7.24
iRt 1B 0 84.52+1.67a 221 18.39+0.24a 14.03 102.92+0.69a 0
Acid soil-B 0.8 80.71+3.47ab 6.61 17.95+0.22a 16.10 95.13+3.50b 4.14
1.0 79.65+0.84ab 7.85 18.22+0.49a 14.84 89.3122.75¢ 10.00
1.5 77.50+1.11b 10.34 17.65+0.29a 17.47 88.37+1.56¢ 10.95
B+ 0 79.100.54a 251 99.39+1.50a 6.31 102.90+2.41a 9.08
Slightly acid soil 0.8 76.32+0.51b 5.93 97.36+0.75a 8.23 92.60+2.10a 19.81
1.0 77.81+0.94ab 4.09 98.80+3.25a 6.87 97.82+2.50a 14.38
1.5 76.98+1.86ab 5.12 99.19+1.34a 6.50 100.80+3.67a 12.03
k4 0 791.52+13.07a 0.28 37.04+1.51a 12.67 856.65+29.98a 6.79
Alkaline soil 0.8 760.48+8.36ab 4.19 35.58+0.82a 16.14 813.12+4.99ab 11.53
1.0 740.42+24.98h 6.72 34.77+1.31a 18.03 756.07+25.75b 17.74
1.5 735.07+29.78b 7.40 37.21%2.65a 12.28 764.86+36.80b 16.78

www.daes.org.an
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BCPE A Ph 5 S A B ., Y BERR VR K ) 1 mol -
LB, Ph % i B R (H R B R R AT 6.72%. 5t
Zn i, 50 BEAT 3 Rk B2 i B BRIk e X b 1= A
FNES MR 1) Zn 5 A 1 R S 5 B - A

B E R IR

F43EF4H

RS ARAIREGERMK %S TELEPD CuZnE&E(mg-keg')
Table 5 Contents of Pb, Cu and Zn in the sub—soil after leaching

with acetic acid at different concentrations (mg-kg™")

e 1

. . et Acetic acid Ph C z
ﬁ&ﬂ%giﬁiu 1 mol-L™! [/\J\J:Hﬂ‘ ,/n é’q\%i%‘ IK%{E\E ’ z*if‘ﬁff Soil concentration/ h o
. A . 1L
N V7% FeAn s TRAE L B 1A Zn 5 A 3 B b 39 F T (mol-17)
AP T A 0 34.89+3.78h 18.25:4.20h 38.19+3.00a
Wi W RS BE K% 1.5 mol - LB, Z o 5% .
fjﬁ%ﬂ:%’ f@fg&f’&’;j‘% r/n\OE o T:E n LB Acid soil=A 0.8 41.592.30b 25.12£0.67ab 41.24+2.57a
4 10.95% . BB MR PEXT 13 Cu & =52 d /N, 5 % 1.0 54.80+5.54a 33.07+4.08a 45.69+4.37a
BEAH L, 4 Fiis e 3R 1) Co 5 AR A B FRAIR 1.5 59.13+7.12a 35.34+6.66a 46.48+4.79%
BEER e S — IR E &R iR, FE T2+ Wt 1 B 0 29.43:0.79a 10.66+0.54a 44.60+2.14a
HEPh . Cu.Zn WY S E/NMEEE F I AH— A B 25 Acid soil =B 0.8 4329419453 11.43£0.78a 62.74+17.32a
Wi (35). B2 I « SR TE L A9 Cu Bl Zn: FabE 1.0 30.49+1.58a 10.73£0.50a 44.82+7.87a
, . . 15 32.001.95a 10.740.17a 40.14+5.28
4 A B Pb Al Cu, 7E RS B2 W B 12 1.0 mol - L7 B 31 ) ! ‘ !
e e SR+ 0 29.42+0.87a 12.14+0.81h 36.08+0.63b
HhAB 2525 Sligh‘IXIaCid 0.8 29.64+0.93a 17.27+1.53a 42.23%3.62a
iy s ok
2.1.3 HHEERIES ! 1.0 28.76£0.91a 17.42+1.30a 39.29+1.51ab
AN T e 38 T T Ak BRGT R P 1= A H1 4 SR TR S 3% 15 29.42+1.03a 18.53+0.75a 41.77+2.70ab
M G 1 AT s . 5% R Cd WA 22 285 55 2 7 e+ 0 57.85:11.86a 12.07x0.97a 72.02+12.42a
M 1. S5XFE , AT T A
W IKVE S T T 51%~55% 1 30 JEL 25 A el JAAIG | 2 Alkaline soil 058 70.63+2.68a 11.53+0.34a 81.70+4.37a
s _ 1.0 73.83+16.69a 12.37+0.90a 85.88+12.49:
ST R VR FE R B 1.0 mol - L A, F R 25 +10.09 12.372090a 83 881249
. i . - 15 73.676.23a 11.81:0.36a 83.70+10.41a
T 0] AL A AR 25 5 AR LA I X T SR A S
0.3 3% 400
66%
300 ,{ 67% 6_8;%7" 68%
= o02f “y ﬁ
=2 26% 35% i
o 9% A% 360, 399 i 2001
£ 32% ° o g
3 a1 Ll [5% 21% 2
&) A
o 12 15% ool B% 22% 21% 20%
% 5%y, 10% 1% 1% 1% 12%
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Figure 1 Influence of different concentrations of acetic acid on the heavy metal speciation of acid soil A
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Figure 2 Influence of different concentrations of acetic acid on the heavy metal speciation of acid soil B
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Figure 3 Influence of different concentrations of acetic acid on the heavy metal speciation of slightly acid soil
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Figure 4 Influence of different concentrations of acetic acid on the heavy metal speciation of alkaline soil



BIFEIE, % 4T 5 ORI ACR B A KK 0 B A 817

Fo FEIRERBMES L LR L pH
Table 6 Soil pH of the top—soil after leaching with acetic acid at

different concentrations

HE Figs A : n " 5
EE;(:% mngntrc ettilcn/ Ratbt A mtEtB sfgfﬁ réiid B+
aciq coneentialion s cid soil A Acid soil B 782 %% Alkaline soil
(mol+L™) soil
0 5.01£0.04a 531:0.11a 6.27+0.06a 7.67+0.12a
0.8 4.55£0.15b 4.98+0.20ab 4.64+0.04h 6.90+0.29ab
1.0 4.54+0.18b 4.52+0.04c 4.56x0.06b 6.23+0.73b
1.5 4.31£0.04b 4.66x0.21bc 4.62+0.10b 5.71+0.25¢

222 AP ELES I

TS TR bR Y I AS TR 28 3 HL R 22535 4
AR TR 27 0L 2 B kB GBS R
VSR BT, 4R By b i SRS R — e
JE )T B, o i £ B AE RS BR Mk B 15 % 1.5 mol - L
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Table 7 Effects of different concentrations of acetic acid on soil organic matter and main nutrients in top—soil

13 Fits R e B SVETN/ S TP/ SV TR/ AL

Soil Acetic acid concentration/(mol+L™) (g-kg™) (g-kg™) (g-kg™) Organic matter/(g-kg™)

MR+ A 0 1.30+0.08ab 0.90+0.01a 9.82+0.45h 18.27+0.22h

Acid soil-A 0.8 1.34+0.05a 0.87+0.01a 10.17+0.27ab 18.83+0.27ab

1.0 1.24+0.08ab 0.89+0a 10.83+0.24a 19.11+0.29ab

15 1.16+0.04b 0.95+0.07a 10.66+0.27a 19.65+0.55a

bkt B 0 1.56+0.08a 0.63+0.02a 18.31+0.79a 33.10+0.89a

Acid soil-B 0.8 1.36+0.09ab 0.58+0.05a 16.99+0.67a 31.69+1.05ab

1.0 1.390.01ab 0.62+0.01a 17.90+0.80a 31.77+0.23ab

15 1.18+0.22h 0.63+0.02a 17.60+0.62a 30.75+0.45b

BRI dca 0 1.2540.13a 0.54+0.03a 13.73+1.90a 35.26+0.52a

Slightly acid soil 0.8 1.24+0.26a 0.52+0.01a 12.57+1.20a 30.16+6.82a

1.0 1.3540.27a 0.50+0.02a 13.18+0.93a 34.63£0.67a

15 1.18+0.08a 0.50+0a 14.21+0.63a 40.46+7.28a

- 0 1.48+0.18a 0.57+0.01a 7.50+0.16a 29.41+0.23a

Alkaline soil 0.8 1.75£0.17a 0.58+0.01a 7.59:0.32a 28.93+0.58a

1.0 1.31+0.03a 0.59:+0.03a 7.91:0.35a 28.76+1.01a

15 1.43+0.09a 0.58+0.01a 7.75+0.20a 29.46+0.65a
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Table 8 Effects of different concentrations of acetic acid on soil organic matter and main nutrients in sub-soil

o PSR e E S TN/ RABE TP/ S TK/ AL
Soil Acetic acid concentration/(mol + L") (g-kg™) (g-kg™) (g-kg™) Organic matter/(g-kg™)
FRPEL A 0 0.68+0.05a 0.18+0.01a 3.95+1.19a 7.06+1.23a
Acid soil-A 0.8 0.62+0.06a 0.16+0a 3.29+0.70a 6.14+0.35a
1.0 0.60+0.01a 0.17+0.01a 3.74+0.66a 6.76+0.69a
1.5 0.60+0a 0.18+0.01a 3.46+0.43a 6.35+0.49a
Rt LB 0 0.4120.01a 0.18+0.02a 33240.51a 7.25+0.33a
Acid soil-B 0.8 0.30+0.13a 0.18+0a 2.93+0.35a 7.24+0.57a
1.0 0.35+0.08a 0.18+0.01a 2.71+£0.38a 8.18+0.68a
1.5 0.32+0.12a 0.18+0.01a 2.98+0.42a 8.40+0.41a
W 0 0.45+0.12a 0.190.01a 2.8240.09a 7.26+0.10a
Slightly acid soil 0.8 0.3620.16a 0.19+0a 2.93+0.03a 7.37+0.05a
1.0 0.40+0.01a 0.19+0.02a 2.96+0.20a 7.61£0.51a
1.5 0.65+0.11a 0.18+0.01a 3.10+0.46a 7.34+0.44a
it £ 0 0.65+0.19a 0.19+0.01a 2.28+0.30a 7.71+0.27a
Alkaline soil 0.8 0.55+0.12a 0.19+0.01a 2.3120.12a 7.54+0.34a
1.0 0.80+0.17a 0.18+0.01a 2.25+0.34a 7.51+0.32a
1.5 0.77+0.08a 0.22+0.06a 2.20+0.06a 7.89+0.75a
81 (A)BAPE L A Acid soil A 87 (B)FatE 1 B Acid soil B
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Figure 5 Effects of acetic acid leaching at difference concentrations on pH of leaching solution from 4 soils.
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Figure 6 Effects of different concentrations of acetic acid on heavy metal concentrations in leaching solution of acid soil A
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Figure 7 Effects of different concentrations of acetic acid on heavy metal concentrations in leaching solution of acid soil B
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Figure 8 Effects of different concentrations of acetic acid on heavy metal concentrations in leaching solution of slightly acid soil
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Figure 9 Effects of different concentrations of acetic acid on heavy metal concentrations in leaching solution of alkaline soil
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