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Effects of passivating agents on the availability of Cd and Pb and functional diversity of the microbial commu-
nity in contaminated soils

ZHANG Di, LI Ting, FANG Xuan, WU Xiao—xia, DING Ai—fang

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

Abstract: The effects of sepiolite and biochar on the remediation of soil contaminated with cadmium and lead and the functional diversity
of soil microbial community were studied. A pot experiment was conducted to investigate the effect of single and combined application of
sepiolite and biochar on Cd-Pb contaminated soil samples collected from vegetable bases in Nanjing. Changes in soil physiochemical prop-
erties, functional diversity of soil microbial community, availability of soil Cd and Ph, and accumulation of Cd and Pb in radish (Raphanus
sativus 1..) and pakchoi(Brassica chinensis L.) were estimated. The results indicated that application of passivating agents could effectively
promote the transformation of Cd and Pb from acid soluble to residual forms, and decrease the contents of available Cd and Pb in the tested
soil. The largest degree of reduction for Cd and Pb contents was observed in the treatment with 2.5% sepiolite. Compared with the control
treatment, the contents of soil available Cd and Pb decreased by 71.88%~75.44% and 81.21%~84.52% with radish and pakchoi, respec-
tively. Biochar had a significant effect on soil microbial activity, and microorganisms exhibited the strongest ability of carbon source utiliza-
tion upon treatment with 2.5% biochar. However, there was no significant increase in the functional diversity of soil microbial community.

Application of sepiolite and biochar reduced the enrichment of Cd and Pb in edible parts of radish and pakchoi. The contents of Cd and Pb
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in edible parts of radish met the limit set by the National Food Safety Standard of the People ’s Republic of China (GB 2762—2017) upon
treatment with 2.5% sepiolite and 1.25% sepiolite combined with 1.25% biochar. However, the content of Pb in the edible part of pakchoi

exceeded the food safety standards. From the perspective of soil quality and crop safety, our results suggest that the combination of sepiolite

and biochar is effective for the remediation of Cd-Pb contaminated soil, and root vegetables such as radish could be grown in soil contami-

nated with moderate amounts of Cd—Pb.

Keywords: sepiolite; biochar; Cd—Pb pollution; bioavailability; microbial community diversity
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Table 1 Effects of passivating agents on soil pH and SOC with radish and pakchoi

b TS | 423 Soil for radish grown T/ IN FI 3% 12 5 Soil for pakchoi grown
Treatments pH(2.5:1) A MR SOC/g - kg™ pH(2.5:1) AL SOC/g- kg™
TO 6.32+0.37d 22.43+2.87d 6.34+0.29¢ 21.78+2.65d
T1 6.57+0.39hc 22.52+2.16d 6.56+0.48ab 22.27+2.97d
T2 6.75+0.51a 22.44+1.91d 6.69+0.42a 22.43+2.58d
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T5 6.55+0.28hc 28.16+2.25¢ 6.51+0.33ab 26.41+1.52¢
T6 6.69+0.45ab 30.75+2.34bc 6.62+0.42a 29.83+2.77b

T R AP RS A F/ING PREIOR A A B 2252 2.3 (P<0.05) . FIA].

Note: Significant differences(P<0.05) among treatments are indicated by different lowercase letters. The same below.
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The different lowercase letters indicate significant differents (P<0.05) among treatments. The same below
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Figure 1 Effects of passivating agents on the concentrations of soil available Cd and Pb



EXEA . ¢

It A5 - B A Xk b SRR AT R VR A WIS 2 R R

2733

7

100-‘§
80 %

}
W2
NV
G
NV~

7/

7/ /7

- Y 7
60 7 A

N

40 —

20

I Cd AR 5 T
Cd fractions percentage/%

TO TI T2 T3 T4 TS5 T6
Ab P Treatment
O BRI A Acid soluble [ A[IAJ5ZS Reducible

100
Eg 80 Z 7 >
T i 7
wr | %
g 60
Sl L
fg 40
o=
£+ E |
B 20t
S _— — ] [
0
TO T1 T2 T3 T4 T5 T6
Kb Treatment
A AL ZS Oxidizable N %% 4 25 Residual

2 4L T3S 1% Cd 7 Ph L E SR

Figure 2 Effects of passivating agents on fractions of soil Cd and Pb

1524 h Z R AR B A IR 24k, A 24 h 5 FF IR
255,96 h i H B 22 5%, B HO MUt A= 4
SRAEFR (T3 F1T4) AWCD By T A AR P . A4 4] 3
T AWCD E 122 g B, B35 57 96 h i) AWCD {H
IEMAEYIBEE DR 2R S (R 2) . k2]
DL A A ds i — & F2 139N T Shannon 4§
. Simpson $5 EU N Pielou 45 45, HA8 F0fE 4371 LX) BE

081 5 10
r @ Tl
06 ¥ 13
L —<O- T4

4 T5
04F > T6

AWCD

0.2

0 24 48 72 96 120 144 168
15 #F18] Incubation time/h
3 FRALFIAT LMY WS E(AWCD) &
Figure 3 Effects of passivating agents on average well color

development(AWCD) of microbial

BN 1%~10%  190~6% F1 1%~16% , ¥R 1K 3| 1 % 22
SR
24 #AFIXE /B KRR CAF P H I

Bl 62 R/ [ 3R] ER A Cd Al P 5
(LAEERE ) REU S an & 4 Brs o 38 gl 4k 5
R T E NN SR A B AR AL Cd R P Y
fo 5 TOANAR L, B Nl B AL Cd i T R
32.64%~82.61% , Pb 5 & T [# 45.37%~94.44% , H.1F
T2 FIT6 AbBEF 3 N AT &7 Cd A Ph % 5 27 12
(b 24 AR UE ) (GB 2762—2017) (i K FRAK
Cd<0.1 mg-kg" .Pb<0.1 mg-kg") . /]N[13E Al £ FBAL
Cd A1 Pb 7 £ 48 TO A0 3 43751 T B 26.92%~69.23% Fil
37.57%~81.50% , B AL AE T2 4b B /N 9 3 AT £ 35047 Cd
a2 (R 24 [ R UE ) e R BR A (Cd<0.2
mg kg™, Ir A BRI AL B /N (3% Ph 5 i
P v fe KPR (0.3 mg-kg ™) o
2.5 $EEFINE NINEEFENEIT

BEARTIXTE NI/ 3 RS2 AN 1 5 R
FH LS AT DL, s it Ab RS R AR BE 35 m 1 %8 N Al

R2 AT TIEREY S BRREYEEEIIRE SRR

Table 2 Effects of passivating agents on soil MBC,MBN and microbial community diversity indices

Qb3 [GRYEr T AR Shannon 5 %% Simpson $5 %4 Pielou 5%
Treatments MBC/mg-kg™ MBN/mg-kg™ Shannon index Simpson index Pielou index
TO 89.54+7.39¢ 23.55+3.52¢ 2.44+0.22a 0.88+0.04a 0.77+0.01a

T1 93.75+8.11c 27.19+4.05bc 2.47+0.23a 0.89+0.04a 0.77+0.04a

T2 98.83+9.57¢ 31.83+3.96bc 2.54+0.14a 0.89+0.01a 0.82+0.05a

T3 144.56+12.25ab 49.23+5.88ab 2.62+0.13a 0.90+0.02a 0.83+0.02a

T4 167.24+18.39a 60.05+8.74a 2.68+0.04a 0.91+0.01a 0.89+0.06a

TS 122.68+15.44h 37.52+4.39b 2.64+0.07a 0.90+0.02a 0.85+0.03a

T6 149.82+13.97a 54.75+5.55a 2.67+0.08a 0.93+0.05a 0.88+0.02a
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Figure 4 Effects of passivating agents on Cd and Pb concentrations in edible part of radish and pakchoi
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