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Remediation of lead—cadmium contaminated soil via continuous effect of combined biochar and calcium
silicate

SU Mengxian, ZHANG Lei, ZHOU Xiaoping, KOU Meng, XIONG Juan, WANG Mingxia’, TAN Wenfeng

(College of Resources & Environment, Huazhong Agricultural University, Wuhan 430070, China)

Abstract : This study evaluated the remediation effect and stability of palm biochar combined with calcium silicate on lead—cadmium (Ph—
Cd) co—contaminated soil, by determining the pH, Pb content, and Cd content in soil solution and edible parts of vegetables in pot
experiments. The results demonstrated that compared with the control, addition of a passivation agent could effectively increase the pH
value, and substantially reduced the Pb and Cd content in soil solution, and in the edible part of Chinese cabbage by 62.20%~-96.77% and
92.76%, respectively. Most of the Pb and Cd contents in the edible part met the National Food Safety Standards (GB 2762—2022) after
soil remediation. The results of planting suitability analysis revealed that there were consistent trends of heavy metal concentration in the
edible parts and enrichment coefficients of the five tested vegetables. Chinese cabbage and amaranth had the strongest accumulation ability
for Pb and Cd, respectively. Soil with Ph<500 mg - kg™', was more suitable for planting Chinese chives, amaranth, cabbage, and Chinese
cabbage; whereas soil with Cd>0.6 mg - kg™ and/or Ph>500 mg - kg™, was not suitable for planting any of the five vegetables. This study
proves that the continuous remediation effect of the passivator provides technical reference for soil remediation, as well as suggestions for
suitable vegetable planting in low—medium pollution risk areas.

Keywords : multi-metal contaminated soil; lead; cadmium; palm biochar; calcium silicate
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Table 1 Basic physical and chemical properties of the test soil

- AL FH S £ it A X0 Exil X Bt
19 OM/(g-kg™) CEC/(cmol-kg"')  Total N/(g-kg™")  Total P/(g-kg™")  Total K/(g-kg™) Total Cd/(mg-kg™) Total Pb/(mg-kg™)
5.37 29.84 9.81 1.81 0.39 9.58 0.14 25.54
— 474 — http://www.aed.org.cn
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JE BEATAE AN B AR AN 1S . Bl T R 2 A & A
AT R HIER 12 h f/h AR 4 e R R
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dFWOHR, T ERIAE 90 do EAAFRE AR /N3
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T pHAE S 4 JE & it LRI pH (R
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Figure 1 Growth chart of Chinese cabbage

http://www.aed.org.cn

— 475 —



KA FREGMEFR-F 415528

HEAH 105 CA4 T 30 min, 60 CHERTHET— JA Z 46
PR T U . Ry RIS R 0.200 g A4, T 10 mL
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R pH B — RIS 1 TF0.42~0.76 1~ HLA
IS G Ak 500 8 /A Ak BE AR A AT JS pH 25 5 7E 0.01~
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2 485.67~4 081.00 wg- L™, M A AL LTS Ph ¥ AL
h3.84~8.02 pg- L7, 5 %F HEALAH R B T 80.37%~
99.83%. HAh B+CS AbFRZ &5 J5 Bk (3, 500) &b B v
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S

= 6.8
o
45}
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A 6]/ Time/Week
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Figure 2 Change in pH of soil solution during the crop growth
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Figure 3 Lead/cadmium(Pb/Cd) concentration change in soil solution during the crop growth
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Table 2 Pbh/Cd content in Chinese cabbage shoot under different concentrations of lead—cadmium (Pb—Cd) contaminated soil (mg-kg™")

T4 )R b CK Hb | #3&J% CK Aboveground concentration  B+CSHlL_EFB¥HE B+CS Aboveground concentration
Heavy metal Treatment 5—7£ First crop 5~ 7 Second crop 57t First crop %5~ 7t Second crop

Ph (0,0) 0.290+0.024c 0.220+0.183¢ 0.065+0.015b 0.035£0.011b
(0,125) — — 0.091+0.012b 0.069+0.021b

(0.3,0) 0.325+0.053¢ 0.428+0.036¢ 0.123+0.012b 0.137+0.015b

(0.3,125) 4.153+0.370b 4.949+0.369b 0.198+0.042b 0.228+0.014b

(0.3,250) 11.292+4.840a 7.570+0.481a 0.365+0.064b 0.392+0.022b

(0.6,125) — — 0.286+0.037b 0.262+0.053b

(0.6,250) — — 0.635+0.073b 0.520+0.011b

(3,500) — — 1.714+0.261a 0.846+0.079a

Cd (0,0) 0.388+0.051¢ 0.205+0.028¢ 0.021+0.001b 0.023+0.027b
(0,125) — — 0.026+0.002b 0.035+0.004b

(0.3,0) 1.634+0.309b 1.205+0.098b 0.077+0.016b 0.104+0.013b

(0.3,125) 1.464+0.283b 1.000+0.003b 0.106+0.012b 0.087+0.014b

(0.3,250) 2.407+0.242a 2.174+0.195a 0.106+0.012b 0.110+0.015b

(0.6,125) — — 0.149+0.021b 0.109+0.002b

(0.6,250) — — 0.170+0.014b 0.163+0.017b

(3,500) — — 0.542+0.009a 0.812+0.035a

TE "R AR BB B, D Bt . RIS TR /NG FREFRORAE P<O.0S K R R 255. Fl.
Note: “—"indicates no measurement data is available; Different lowercase letters in the same column indicate significant differences at the P<0.05

level. The same below.

Cd Fr ko DU R AL F 55 — 24/ (128 0T 128840 P
4 3o (0.290+0.024) | (0.325+0.053) | (4.153+
0.370) . (11.292+4.840) mg- kg™, B (0,0) kb 3 41 1y

EL%‘ b4 E R AR E &S PR ) (GB

2762—2022) FR1H 0.3 mg-kg™'. ZM&52 Jm DU ZH 40 35/

32 AT 43 Ph & i 43 5124 (0.065£0.015) L (0.123+

0.012) . (0.198+0.042) . (0.365+0.064) mg- kg™, 4%t

HEZH R T 62.20%~96.77%, H.(0,0) .(0.3,0) .(0.3,

125) AT A 4% 2 0.3 mg-kg ' LT . It

AN, P BE Ry 125 mg - kg ' B, /NFISE AT &340 Pb &

i Bifi Cd e B 38 I H (0.091+0.012) mg- kg™ 341 2

(0.286+0.037) mg-keg™'o 5 R FPHEILE R 55— KA

MJ@’EZJ%[&%(OS,ZSO)\(0.6,250) (3,500) =/™4bBH
/NSRRI HR43 Ph & AT AR A, HA A B AT

lﬂ%ﬁ? AR

INFIEEREER Ay Cd % 5 Ph & AR LA, A

U TINEE AR 8 U A BEAR B b 55— /N (SR TR

2y Cd & 4 51 R (0.388+0.051) L (1.634+0.309) .

(1.464+0.283) . (2.407+0.242) mg - kg™, B #8312 b

LA EZAME G R YIBR ) (GB 2762—2022)

FRAE 0.2 mg- kg™, 55 A /NFI SR AT &4 Cd 7% 5

T2 BAN#EER . 2B )5 WAL /N3

— 478 —

Al B #R 4 Cd & 4 43 il o (0.021£0.001) | (0.077 +
0.016) .(0.106+0.012) . (0.106+0.012)mg- kg™, 4%} B
TR 92.76% UL |, 556 13 b i A R R AR HEE K .
B (3,500) 4b B -+ 358 v 6 R /)N 1 38 0T 238 43 Cd
84y 54 (0.542+0.009) | (0.812+0.035) mg - kg
A N IIEE AR A Al A BN 3 Cd B R 2 0.2
mg kg LAN o DA 25 S W BE AL R REAS 2 AR/
FISERTEEB 4 Ph.Cd & i, 8 K 5 1 3R 2 RE0S
P/

AT 3 FH A A5 ) o R REE TR 65 ) 468 52 1 g
BEUT, BRI X /I 128 0] 6350 4 1) P ARk
) 62.20%~96.77% , Cd FFEARZCHRAE 92.76% L) |, 5 5
TUAT 5B R B RIS I Al 4 Cd &
TRRCR (53.19% )11 0.2% o 43 KO A=Wy o V30
Eﬁ*ﬁﬁﬁﬁﬁﬂ%ﬂt?fuﬁd\E%T%\iﬁ » Cd F F#AIG
M (8.97%)", FLRAHM T LURESE £ Wb Ak Sl
RIEE HHEE SR 45 R LB R SRR ok
ki Cd & BRI T 82.63%~89.17%, Pb 75 & [AA%
T 9.64%~46.86% , o X} Ph . Cd Y [ AR R 6 4 9 3 {H
WA T A 7% A AL TR0 A48 S S8R o A A 4 o R
fik PR 5 52 TAC 1) B A0 550 % 1 398 Ph L Cd B9 52 B3R WS
T 43 JH At A T A B A TR A B B A 7R 7 K 06
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W, B /N S B Ph L Cd B 54351 0.027~
1.256.0.029~1.605 mg- kg™, B (0.6,250) . (3,500) &b
FRAP LA AL RN 0] £ 43 Ph L Cd & 5 23R 45!,
SRS B S R o 3K e B AR AR A= 1) o A PR 45
(I A B 4 S 1 G 3B R 2 /D RE A A I R B AT
WA R R TR S A = 2 4
25 BREMBEEEN

Bl AL R R % KN 1 32 W] 3R 43 X Ph L Cd 191
W AR %t H 4 e W BB AR AN TR BRI AR A 5
TRIE T H AR A BT e T AR B SR 1038 B
44 (0.3,250) . (0.6,250) . (3,500) =4~ 4b ¥ - ¢
FRE DU AN R 32 B9 AT &4 Ph A Cd 5 . FH IR 4A 7]
L, DUFPER SR AT 4 Ph F R AR AR . dESE AT
ARy A A T i B WSO U B G T £ ey {3 =
RS Pk BESAF S A E AR . DUREE S
X Ph W ISAFAE 25 5, 24 1438 Ph Wk B 1 250 mg - kg ™' 3
% 500 mg- kg B, = #EAESE AT & ER 4> Pb % 1t 43 Al H
0.016.0.034,0.045 mg - kg™ 14 & 0.047.0.095 . 0.230
mg - kg™'s KSR AT &4 Ph & i 0.056 mg - kg
%2 0.165 mg-kg ™', B HR & T WAELL B T 00 SR AT
W Pb 5 AR IF AN W TE 1 4 Ph VR FE RS I, T
SEFNT IE T4 Ph & w42 = 1 0.02 mg-kg', 1
E 24 1090~20% .

&1 4B g DU FPER S AT (34> Cd & i, B Cd
0.3.0.6.3 mg- kg™ B, PUFEE 32 4370 A A [F) R B2 1)
B, 243 Cd M 0.3 mg- kg B, BESE AT A4 Cd

03 (A) GB 2762—2022 ffH 0.3 mg-kg™

0.1F

Pb %1 Pb content/( mg-kg™")
o
[\*)

;
=
o
o
-
-
NN
o
=
A
=
1=
S NN =
o
¥]
o
"]
-
=

ik F]0.34 mg- kg, BHEF Cd R 3 mg- kg B, BR
St AESE AT B4 Cd & R T 0.2 mg-kg ' Ab, H
AL B AT B 4> Cd B B bR . DESEXT Cd AR IR RE
Jifik, Cd o~ 3 mg-ke ' B, DS AT R4 Cd 5 1 =ik
235 mg-keg'o M FIARZE R AT, 13 p Pb<500 mg-
kg B, AT DARPARE AESE DS H O K 3 1 1 4% Cd>
0.6 mg-kg ™ I, ANGE BRI 3R PUAD S22 8 S
FK3INEABEFN P .CAMEERE. 5L
WF 5% HH L, T A 55 32 %t P i 4 R A /N T

K3 AMHEFEPD CIEERY
Table 3 The BCF of lead/cadmium(Pb/Cd) in different vegetables

T T S I s
Heavy metal  Vegetable I'reatment I'reatment Treatment
(0.3,250)  (0.6,250) (3,500)
Pb UNSP 1.00£0.20a  2.00.+0.03a  3.00+0.50a
(x10%)  #F—#ESE  0.05+0.02a  0.17+0.02b  0.09+0.05b
W#AER 0.06+0.01a  0.12+0.04b  0.08+0.04b
Si=#EdE3 0.17+0.05a  0.3320.07ab  0.410.03b
e 0.23+0.04a  0.4620.14ab  0.2620.05b
% 0.22+0.01a  0.28+0.05b  0.19+0.03b
PNEP 0.25+0.08a  0.20£0.02b  0.30+0.06h
cd /NEAZE 0.241+0.019a 0.220+0.019a 0.173+0.013a
H—FAE 0.003+0.007a 0.055+0.014a 0.030+0.012a
S AESE 0.006+0.002a 0.030+0.015a 0.075+0.004a
HEHAESRE 0.016+0.006a 0.075+0.033a 0.116+0.018a
i3 0.67120.003a 0.553+0.044a 0.632+0.177a
HiE 0.090+0.020a 0.180+0.038a 0.104+0.021a
KI13%  0.18720.008a 0.155+0.015a 0.215+0.056a
4r (B)
a

3t

24

1L

A\

GB 2762—2022 ,

0.3 [ BRI 0.2 mg kg™

0.2y

0.1F b b b b
0

Cd &1 Cd content/( mg* kg‘1 )

AR MR N B

SO0 w0 w0y M W AT IO
%’%‘;&\ %’gﬁgﬁ &ﬁ%& o @x\% /)i:()\o‘a?o %@/729\\ ggi Y

N N N o v v 4 «

AN AN A . e N N
o < g,e“ e W .Oe‘ﬁ c)ec e @ -
R o X S .\‘\e’ S ,\\\av .\\\av R e

o o & O O &
3% Vegetable
O 0.3,250) O (0.6,250) (3,500)

(1) CID) CCHD 2353 2 B3R5 — 1 55 7 55 =78 . ARIV/NE FRERIRTE P<0.05 KV T 3525
(1),CI), and (1) respectively represent the first,second and third crop of Chinese chives. Different lowercase letters indicate significant
differences at the P<0.05 level.

B4 PRRESETEMENMRRATRINS PH.CIEE

Figure 4 Content of lead(Ph) and cadmium(Cd) in edible parts of four vegetables planted in medium and low polluted soil
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CAPS21, R B S 1 & S R S ] i o 1 R
HEIEA 3, /NS Ph I & 4 R U =, IEBf S Pb
RS A HE AN A 0.001 3 2 0.003., JEZEXT Ph (0 E 4 &
BB 2 5 G VR T v A S e F vk R ) S i 1
FH 2% 3 AT A, 7E Ph ik BE AR [RIBS (250 mg-kg™) , B3 24T
Pb i 5 45 R AR Z W6 Cd vk B 2 =5, Horh
FIE DR 3G IR A Ko X6 Ph 9 & 48 R B0 = 2
H/NAZES RIS TS HE>AESE . TESEXT Cd /Y
AR, I8 0.671; ESEXT Cd 1Y 48 R
i,/ 0.003, 5 Pb Y& AR AAEARL, 5523 XF Cd 1Y &
e ZBUBE A Cd VR BE I B i 34, e 4b , JESEXT Cd
1) B 4 FR B B R OB R S S . AR
3 Cd 18 5 R A0 & B 62>/ N 3> K E
> H >R
2.6 EERAZE

1652 i [X A 3 4 R B2 20 em TR T8, L%
FELL1.2 geem ™I, B (667 m*) HEZY Ry 160 t +35,
JIF 8 52 30 B B A3 B0 K 2% , WA B M35 2 1.6 LA )
1.6 VEEFRES o ARAH £ I T AN S Sl 50000 -0 AR
P KRR AR ) T B 2.4 VRERR 22 3T LS R AR
Yok B4 AR 2020 1 20090 -1, A RTHLTT 192000
Tl FEEBRES 48 9 1 000 I -1, 4 Y ML & 52 i AR 24
2 9207C. HiF A A BRI O kX 2 SR R L AE
e 4 @ e E A (Cd<3 mg - kg™, Pb<500 mg-kg™)
B, S50 i 43 500 1% kAR A= W) MEE R E5 TR A 18 52
FR B A% A i s B2 35 e - 10 DR S A S o it FH o
Al AR T YR B RS B A Bl Ak R A L L
REARAE S A

3 &g

CBFHE AP ¢ 5 rk 5 52 A Al Ab B e 1 1 18
VIR pH B AR R 2.1~3.5 BN, X 3RV Ph L Cd
() ARS8 43 HITE 80.37% .98.06% LA I, HAE FE R Fil
I ) AR A B 25N, HoAT — g AR e M.

(2) &5k FME 2 )5 IR /N A Y B
EEWAIN, 20 N BRZH (4 4.8~7 8 4% , /N 1SR AT & BB 43
Pb.Cd % 52 BIFEAE T 62.209%~96.77% F192.76% L)
b5 BR Cd Ph I JE (mg-kg™") 4 (0.3,250) .(0.6,250) .
(3,500) F 40 BEAL , HoAth b BE/IN 38 0] 58 0 45 &
A E R BRI

(3) B X} Cd 1 & SR 1 w3 F Pb, X4 -1
Pb<500 mg-kg™ I, A2 AT AESE 03 H R
3324 13 Cd>0.6 mg-kg ™' \Pb>500 mg-kg ' i}, A A
— 480 —

VNS B S S N S A NS B S e

(4) W8 AE Cd &4 3~4 mg-kg' . Pb 5 1 500~
600 mg - kg™ & A 15 Y 4 35 Hr {0 B0 2% 19
B Ak - RERRAS R A BlAL R MEA T8 A2, R v S
KA LA 2 920 JC , 78 17 FH s AT AR A B SRR Y5 e
i JEE o FH A ) i A R A T8 4
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