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Effects of combined passivating agents on remediation of Cd and Pb compound—contaminated soil

ZHANG Di, DING Ai—fang

(School of Environmental Science, Nanjing Xiaozhuang University , Nanjing 211171, China)

Abstract: To understand the influence of combined passivating agents (nano—hydroxyapatite : mercaptobentonite : biochar=1:2:2) on the
remediation of Cd and Pb compound—contaminated soil (Cd: 0.89~1.37 mg- kg™, Pb:441.9~707.8 mg - kg™), using Cd—Pb contaminated
soils collected from vegetable bases in Nanjing, a pot experiment was carried out to investigate the effects of different amounts of the com-
bined passivating agents (0, 0.5%, 1%, 2.5%, and 5%) on the soil physical and chemical properties, contents of available Cd and Pb in the
tested soils, and accumulation and translocation of Cd and Pb in pakchoi ( Brassica chinensis 1.). The results indicated that the application
of combined passivating agents can effectively increase the soil pH and cation exchange capacity, and significantly decrease the contents of
available Cd and Pb in the tested soils. Furthermore, the concentrations of Cd and Pb in the edible parts and roots of pakchoi decreased ob-
viously. Compared with those in the control treatment, the maximum degrees of reduction for the Cd and Pb contents were 60.34%~63.83%
and 81.84%~85.19%, respectively. The contents of Cd and Pb in the edible parts of pakchoi decreased by 64.44%~81.48% and 80.07%~
82.98%, respectively. It was found that the bioaccumulation capacity of pakchoi was greater for Cd than that for Pb. The accumulation and
translocation of Cd and Pb in pakchoi decreased significantly when the amount of passivating agent was 2.5%~5%. The application of com-
bined passivating agents can significantly decrease the effectiveness of Cd and Pb in the tested soil, and thus decrease the accumulation of
Cd and Pb in the edible parts of pakchoi. From the perspective of food safety, the recommended application rate for soil A was 5%, and that
for soil B was 2.5%.
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Table 1 Physical and chemical properties of tested soils

-4 pH Egtcﬁ?é BE%&%&%E fi Cd ﬁi Pb ﬁ%{?}} Cd ﬁ%{?& Pb . j:iﬁﬁﬁi& Soil l'exture/% .
Soil (25:1) / B otal Cfll/ Total PE/ Aleldble_ICd/ Avallable_le/ T Sand Fwb Silt Bk Clay
g-kg cmol - kg mg-kg"  mg-kg mg-kg mg-kg (2~0.05 mm) (0.05~0.002 mm) (<0.002 mm)
+IEA Sl A 6.34 26.69 12.56 1.37 707.8 0.53 28.45 11.32 48.15 40.53
+HEBSeil B 6.55 43.15 19.24 0.89 441.9 0.48 17.69 7.51 60.24 32.25
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The different lowercase letters indicate significant differences among passivator treatments (P<0.05). The same below
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Figure 1 Effects of different passivator treatments on available contents of Cd and Pb and TCLP extracted concentrations in tested soils

xR AT T 1E pH 1 CEC BRI

Table 2 Effects of combined passivating agents on pH values and CEC in tested soils

+ 13 i [ FAE SIS Amount of passivating agents

Soils Items 0t R) 0.5% 1% 2.5% 5%
FHEA pH 6.1420.64c 6.67+0.47h 7.35+0.52a 7.45+0.38a 7.4620.23a
Soil A CEC/cmol kg 12.5621.07¢ 14.38+1.33b 14.77+1.63b 17.49+1.47a 17.97+1.19a
LHEB pH 6.55+0.75d 7.29+0.86¢ 7.52+0.55b 7.63+0.21ab 7.79+0.17a
Soil B CEC/cmol kg 19.24+1.89d 22.4622.31c 24.73+2.09b 27.15+1.65a 28.92+2.14a

T R A7 A [R) /NG R R 4% AL 0 A B ) 22 57 2.3 (P<0.05)

Notes: Significant differences(P<0.05) among passivator treatments are indicated by different lowercase letters.
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Figure 2 Effects of combined passivating agents on contents of available Cd and available Pb in tested soils
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Figure 3 Effects of combined passivating agents on contents of Cd and Pb in stem leaf and root of pakchoi
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AE A, AT DA B A S H o 1 B 4R B L A A
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P78 -5 (8% g M AT 220, B ARSIt AL A
A LAREAIR Cd> N Ph> (A3 240k (R S50 % 3R, sl 7 H
S 2.5% JE B AL RCEIC I WA n, x E S R
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Table 3 Effects of combined passivating agents on bioaccumulation and translocation factors of Cd and Pb in pakchoi

5 Soils S Al 3 BAFc TFe BAFu/x107 TFw /%107
Amount of passivating agents i) 250t -0t it} EIE ire= Nl

1A OCXS r) 0.55a 0.33a 0.60a 1.71a 0.21a 11.95a
Soil A 0.5% 0.41ab 0.20ab 0.48a 1.35a 0.10b 7.23b
1% 0.36b 0.18ab 0.51a 0.70b 0.05h 7.04b

2.5% 0.25h 0.12b 0.47a 0.63b 0.04b 7.00b

5% 0.26b 0.12b 0.44a 0.56b 0.04b 6.77b
+HEB 00k HE) 0.66a 0.30a 0.46a 1.24a 0.21a 17.14a
Soil B 0.5% 0.40ab 0.18ab 0.44ab 0.74b 0.11b 14.93a
1% 0.38h 0.09h 0.41ab 0.67b 0.10b 15.24a
2.5% 0.24b 0.08h 0.33ab 0.42b 0.06h 14.60a

5% 0.22h 0.06b 0.25h 0.41b 0.04b 8.94b

TE : [FISA [R) NG R 3R 4% Bl A0 b B ) 25 55 2. (P<0.05)

Notes: Significant differences(P<0.05) among passivator treatments are indicated by different lowercase letters.
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Table 4 Determination coefficients of Cd, Pb concentrations in stem leaf of pakchoi and other factors in tested soils
-3 HeE +4EpH HHEE R Cd TIEAHEEPD NSRRI CA NIRRT P i AR o i
Soils Heavy metals Soil pH Available Cd in soil ~ Available Pb in soil ~ Cd in roots Pb in roots Amount of passivating agents
1A Zkitrcd s o . . N
Soil A Cd in stem leaf -0.867 0.856 0.446 -0.665
e
sz_ Fr Pb —-0.835%* — 0.883%* — 0.395 -0.631%*
Pb in stem leaf
13EB 25 Cd s - . . N
Soil B Cd in stem leaf -0.942 0.912 0.527 -0.707
2n
&Mt Pb —-0.875%* — 0.947%* — 0.473 -0.693*

Pb in stem leaf

VE R0 ] IR P<0.05 Al P<0.01 2 7K, n=15, R%05=0.624 , R%,,=0.792.,

Notes: * and ** are indicated significant levels at P<0.05 and P<0.01,

PR 398 pH 4 2.5% it 12 T {3 /im 0.01 F10.16, %F
B3 Cd Pb FYUTTE WM 28555 R 152 AR/, 1 W
2.5% A7) F X Cd  Ph [E € FEA A EE A, HFD
3 CdEALBCRIIIL T Ph, o] RE SAlAL X & 1)
2 AL AR 56, %F Cd 1 [ 5 LA I A 3, e ok
55 , AN[FF Ph 122 fVE - TTVENLE .

AL N SR E B A A i RE T B AR 5
S (A3 0T AR (3 3) , Bl AR it F mT DA A5 R A
2R AR Cd L Ph S (E 3) . T HNE SR
Al E AL Cd  Pb RS 4 HEAT 84S Cd  Pb &5 2 S 4
HERSE(P<0.01)(F4) . BEBHEINEE AL AT LS i
RAATG 1 38 vp 4 B A BIPE SIe FRARR /N P S0 E 4 R 1Y
R, X S5 W5 45 5 — 5. Huang 90
FEEINH B A S Cd Ph & B e — @ R ERE
Wegh e b AR i g, ARSI SRR
BH, 2H B0 Ak R0 1 it FH B B 1 i/ (1 SR A i, ARk
AR AR A5 RO & BAE Cd \Pb 5 Y A 38 Hhii Jin 24
KR FEE K A AT LUAT B /N S8 AR W i R AR 2L
EPE S TE Cd i Y I I AR 5 R R
YR E AR A, & BRI A4 KOG B 0.
TZILE RN S e N, Rl RE R R Oy - 4
pH 385, AEY A KR T — AT R AP R85 s [F)
sk 2E el A 351 H A 9 K S Sl R AT AR R B AR TN
RETE S R B E SR OC R | R R IR o
B . T HL, B AR RE S AL UE 18 Cd  Ph [E 22 , I
BRHAEFEREIR , S5 Cd P XN SER A VE R

AR B R SRR R, 3 AR X Cd  Ph B & 4 g
JyiE T 22y, R EORTS Cd P s B
AR o (R ATAR R B4 i P A R AIG T /N SRR
F A EGERE D), LR Ph, i REURAL, i
AE 155, 250 b Ph & SRR . /NSNS Cd 1Y)

respectively. n=15, R%005=0.624 , R%01=0.792.

sk

AR M2 BE 1 R T P, NN B S U Cd 9 iT 7
ZH. MBI L BHMEELE, Cd-Pb 54+
S (b3 AR IR R il 5% R R in e L e (&
S B) HERF AL R 2.5%

it

(BB A I RE %A 2438 I 38 pH, FEAIR M
T 3845 240 Cd  Ph & 8 5 Sl AL R FH 4k 2.5% , 14
Cd ., Pb BlAb AR e i, (A D 3 Cd B AL BCR H 4%
FPb,

(2)/NHEZEXT Cd 1Y & S FI5% iz 6 J1 T Pb, it
FHEEAE ) 2.5%~5% 1] [R] i) i 25 B AR /N 12X Cd L P
W) EsRE . /NASE BT X Cd Ph Y & 4
AR FARES, B 5 S T B IEAHX R,
UG A7) AT L3E 12 FEAIG 4= 1 Cd A Ph A= WA 25k
ey RPN Cd Ph I FL R .

(3)AWFFE H A — R/ N2 A AR
HEAT A3 B, D ARG B2 Rt 2 4 AR P i, P
JE 5 G 4 HE (38 A HEFEEIAL I R 5% , R TS
Yo 4498 (L8 B AR BRI R 2.5% . H i T
BEALTRI AL B (5% ) BEALRCRIG AR /N, 2 BRI, 5
& AR P REEAL R AR T (19~2.5%) PR K IS5
W BE AL Cd-Ph ¥5 Y - A B 2 3 R AiE &2 &K
A

S 3
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