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Effect of Composite Passivators on In-situ Cadmium-contaminated
Soil and Cadmium Enrichment in Cabbage
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Abstract: The effect of composite passivators on the in-situ Cd contaminated soil and its absorption and accumulation of
Cd in cabbage were explored, which would provide a scientific basis for the treatment and restoration of medium and
mild Cd contaminated farmland. Field experiments were carried out in Cd polluted farmland soil with five passivator
combinations: red mud + lime + phosphate rock powder (T,), red mud + lime + biochar (T,), lime + humic acid + sepio-
lite (Ts), sepiolite + biochar + red mud (T,), sepiolite + biochar + phosphate rock powder (Ts), in order to study the ef-
fects of the five passivating agent combinations on the content of various forms of Cd, enzyme activity, microbial car-
bon (MBC), microbial nitrogen (MBN) and the absorption and accumulation of Cd in various parts of Chinese cabbage
in the cultivated layered soil. The five compound passivating agents could improve soil pH and reduce the availability of
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Cd in the soil in different degrees. Soil pH in T;, T, and Ts treatments was significantly higher than that in CK, and soil
available Cd content in T,, T3, T4 and Ts treatments was significantly lower than that in CK. In each form of Cd, in T;
treatment, the content of Cd in weak acid extraction state and reducible state was significantly higher than that in CK,
while the content of Cd in residue state was significantly lower than that in CK. Compared with CK, T,, T3, T4and Ts
treatments significantly increased soil sucrase and acid phosphatase activities by 42.06%-152.46% and 15.95%-26.48%,
respectively. Treatments T,, T,, T; and T4 significantly increased urease activity by 18.43%—-35.19%, treatments T; and
T, significantly increased catalase activity by 18.78%-19.01%, treatments Ty, T, and T; significantly increased soil
MBC content by 31.83%-53.19%. T,, T; and T, treatments significantly increased soil MBN content by
19.14%-59.89%. Different treatments had different effects on Cd absorption and accumulation in different parts of
Chinese cabbage. Compared with CK, T, and Ts treatments significantly reduced Cd content in roots, T;, T4 and Ts;
treatments significantly reduced Cd content in stems, and the five treatments significantly reduced Cd content in leaves,
and the enrichment and transport capacity of Cd in leaves of Chinese cabbage was greater than that in stems and roots.

In terms of comprehensive passivation effect, T4 and Ts treatments, namely sepiolite + biochar + red mud (3 : 5 : 3),
sepiolite + biochar + phosphate powder (3 : 5 : 3), had better passivation effect in the field soil mildly polluted by Cd
during in-situ passivation restoration, which could effectively reduce the absorption of heavy metal Cd in soil by plants.

Keywords: Cd pollution; soil repair; composite passivator; cabbage; soil enzyme activity; passivation effect; concentration
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#E) (GB 15618—2018) , AHMb+1E Cd 155
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DRI G 3 (L S LA P AR - 395 e XU, 1 51 XU
TR BE ALY 3~5 fi5Ht Ry BTG gL

BEAL A AR R T AR Cd S
MAi¥) Cd FemEERA, @i AW,
BEALTI AT 23 A WL AR . JEHLR AR e
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FGE; BRI, N R R R A e . R i
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1 #RlEA=E
1.1 HREXER

W 5T X AE 5 M4 7S 487K T K 3l X ok 8 4
(26°21'25"~26°23'6"N, 104°59'51"~105°0'38"E ) ,
b Ak 5 M 1R ) 2 e R Y, R R R
WEHLIX, 2R, RIS, R
P, HEFRE, SEYREHN 1107 m, FFHH
BHECH 1367.5 h, 4EFY[EK R 29 1200 mm. BE
N . A AL B i, REEA
4 BARMMR L 4.9 12 1, ATJTF R 412 t,
T RETFRM T Y, RBCESEIGY H,
WF5T X BE 2 H e Bb PRI . pH 4.64, & Cd &%
o4 0.81 mg/kg, AHLRS RN 34.21 ghkg, A
#2251 gkg, @WEEN 03 gkg, 2 EEN
10.34 g/kg, WA SN 165.44 mg/kg, AW
o4 128.00 mg/kg, HMRLH S EM 19.02 mg/kg.
12 Ak
1.2.1 Rt AR =%, %
g N = VR = B I SR 3 Lo | B F S SN VA G
AT TR AR

BEAEFRIAN S RT3 SR B A BR 2
A, pH 10.42, Faf& A 0.12 mg/kg; B0 kIl A
IMARMBILTAHRAF, pHO76, W& EN
0.09 mg/kg; A KM [ BRSOV A BR/AF], pH 12.88,
R 0.11 mg/kg; JETERRIG H IRIIT A S 44
ARG RATE, pH9.86, BN 0.15 mg/kg;
AR M A L TG L s Bk B R, pH
11.93, 4580 0.05 mg/kg; HFHAE A IRICHH
B FRAT, pH10.12, &M 0.10 mg/kg.

HRHE AT A0 2= 0 S SR i g 25 R, TEvR
H 1mgkg B Cd V5443, FRedmah
1.5% . B BN 1.5% . B ARk
1.5% . JBFEFREINE N 1.5% . EWREFINE N
2.5%H}, Cd BYEITLRTE 40%LL E, M N 11
B 4 Rt 6 Pl AL R0 i s in 2 A e iR T 7L
Fiku, S5 1R S R ECEAE ) B AL
BOREME, AREE Cd BEE if/h R R
B E T, Ty, Ts. Ty, Ts3b 5 FhESH1LF
HE (R, UNE GER XTI (CK)

6 ANAbER, HAEESR 3K, 18 N/NX, &
A/NX TR 60 m?, FA/NX %4 666.67 m Jif
e N P,Os : KoO=15 : 15 1 15 BImi R 4
AN 50 kg, & 666.67 m* & A EiALH B9 N
WO 333.33 kg, MIEARNE . E&HEN, A
SKEERERT 7 d W ABHEZ I RIS

x1 EGHUFREFMELS

Tab. 1 Composite passivators and their addition ratios
> A B am e
No. Composite passivator Proportions add ed
CK 0 0

T AYe - AR BB 1:1:1

T, e - K - AEWIR 3:3:5

T; AR« JEEEIR ¢ WA 1:1:1

T, A - AW R 3:5:3

Ts WA AW B 3:5:3

122 #&R4E HHAERRE. HSRIRER
ER/NKNBHEZ 3, 618 MRS . L3R
FIRER M “S” JEHURE:, BB L BRis A Akl
R WEMAE, R4S, MRS ID . BEREER LR
WSCg e, —ior EAEE FUkF T 4 CRAF, —
7 KA AL KT . T 4 CHEAERRE B 20
Hif, KT A5 100, 20 B, +3ERES,
PR 43 B R H A B AR B o W I R BV )
(NY/T 395—2012 ) #E17H14% .

FISERE R . /MR “S” TR BURE R
L, BB AMLS, Mlrbric, w7 m
SR, FZEMAETEI T, . 25 ikl
BN AR, BT 60 CHLA LT, HSRRES
JEARHE IR (A B L KT TS G D R RS )
(NY/T 398—2000 ) #4745,

1.2.3 #HA4nE pH, AU, @K . 2. &
BB . A RO AR R R R R T
FEED, S E R RS R AR E, IR
Bt . REREEA TS PR OR O I R, R AT R
FABEMR 2K 4Nt (o kI 2, & M A W R
(MBC) . WA A (MBN) R4 07 B 7252
HE, 34 Cd & 2Kk HNO;3-HCIO4-HF JH
e e, HHAR Cd SEKH DTPA Bk
PEEME, Cd BAS R BCR 1422 HEHUA
N SR Cd SR T HNOS-H,0, BEA TH &
P, UL B SR BOR ISR A ICP-MS il Cd &
i, HIERES Cd rdr HARHEY) BT ( GBWO07410 )
AT RS, HSREER Cd A AT AR i
( GBW10049 ) #Firimm¥Eidl, Cd Itk my i
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FEHITE 95%~105%2 [8]
1.3 HEAE

% Excel 2019, DPS 7.05 4 {F 478040 b
B, OB DO EbR IR 22 R, L LSD
AT 22 5 W RS, SRHT SPSS A #EATAROC
RSB, FIF Origin 2022 B &l o AT
KT EVEERE (BF) Y4550 Cd &
w/ R Cd i BERE (TF) =M -
A Cd S R/AHY T4 Cd & i

2 HRE5HH

21 EE#UFINAKEBELE pH, BHlKR. &
WA Cd eE#I

mE 2 Por, FEHEZ LIS, T Tul Ts
AbER G E RS T 3 pH (P<0.05) , 5 CK #iLL,
+IE pH 43R E T 17.10%. 17.53%. 16.45%,
T, TL AP CK Z MR #2255, X ae 54
e Z [ & AR P E A G, Z A ik
AHMEZ LAV S B CK Z P 2%
S, VLA AR BN 5 A ML G
XA, 5 CK M, Ty, Ty Ta. TsACHLEE
FEAIR T HIEA RS Cd & (P<0.05) , 2 BIREAIK
12.03%. 12.17%. 13.90%. 16.21%, {H T,, Ts.
Ty TsEPRZ R EEES, T 4HYE CK [
Tom EM R, XATRE SN A SR pH A X,

*k2 ERHUFX CAdiIFRRELEpH, HUEK.
B Cd KRN
Tab. 2 Effects of composite passivator on pH, organic
matter and effective Cd of soil contaminated by Cd

b g AL BRS Cd e
Treatment pH Organic matter/  Effective state Cd
(g'kg’) content/(mg-kg ")

CK 4.62+0.16° 34.21+1.23% 0.273+0.002°
T 4.75£0.36"  34.71£2.24° 0.266+0.005
T, 4.83+0.27"°  33.27+2.11% 0.240+0.008°
T; 5.41+0.65% 35.42+1.98" 0.240+0.005°
T, 5.43+0.42° 33.84+1.06™ 0.235+0.007°
Ts 5.38+0.04 31.69+0.93° 0.229+0.022°

H: FSIAFR/NG FRRRZES B (P<0.05) .
Note: Different lowercase letters in the same column indicate
significant difference (P<0.05).

22 EEHUAFINARRES CdEEHEI

m#E 3 fiw, BEEHIEHESIES Cd
THRENA —EES . ARG, 55
FRPEHES Cd SR MR Cd &R R
#, 5 CK MLk, Ts BERMIKT#HMREEIGE Cd
FEMAARE Cd &2 (P<0.05) , 2 5IFKT
42.43%7%1 24.99%, Tt HE A EifLHE, "TE b
A Cd FEAKES cd SREMSBE, HY
CK M, &R AT LD Cd S E o
PR, Ts hEMEES Cd S2RETS
82.61% (P<0.05) . UitHH TsAbFEXS Cd WIS
[ SRV A A5 I e AL S A B K

®3 EAHUFXNARELE CdSEHNRM

Tab. 3 Effect of composite passivator on Cd content in different forms

mg/kg

A Cd

Oxidizable state Cd

BB Cd
Residual state Cd

Qb3 RIS Cd AR RS Cd
Treatment Weak acid extract Cd Reducible state Cd
CK 0.0645+0.0259* 0.4049:+0.0154
T, 0.0529+0.0013 0.3930+0.0345%
T, 0.0590+0.0075* 0.3433+0.1134%
T; 0.0578+0.0020%® 0.3512+0.0172%
T, 0.0611+0.0088" 0.3208+0.0222*
Ts 0.0435+0.0025" 0.3037+0.04482"

0.1233+0.0224*
0.1678+0.0259*
0.1470+0.0634*
0.1801+0.0152°
0.1351+0.0347*
0.1336+0.0128*

0.0069+0.0023°
0.0086+0.0023*
0.0085+0.0028™
0.0078+0.0036"
0.0077+0.0013°
0.0126+0.0008"

e FSIARVNG FHRR2E R B3 (P<0.05) .

Note: Different lowercase letters in the same column indicate significant difference (P<0.05).

23 EEFHUFI L EEREE NI

mE 1 iR, 5 CK M, Ty, Ts. T4, Ts
b 3G A i IR R TR PR (P<0.05) , 43l
P 132.67%. 48.23%. 42.06% . 152.46%; 5
CK HMilt, Ti. Ty, Ty, T, AbEE & 3R & AR
BTG PE (P<0.05) , 0 5l4 i 35.19% . 25.47%.
18.93% . 18.43%, T Ts ¥ H FEFEAL 10.70%

(P<0.05) ; 5 CKAH, T,. T3, T4, TsAbH
i = IR R B T M (P<0.05) , 4l
PR 26.48%. 23.10%. 21.35%. 15.95%; 5 CK
FHEE, Ts. T, b3 52558 5+ S b Sl s
(P<0.05) , /545 18.78%. 19.01%. BiM
AL, B G R A A [R A

G
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Different lowercase letters indicate significant difference among different treatments (P<0.05).
B 1 S&%HHIxLEEEENRZE
Fig. 1 Effect of composite passivator on soil enzyme activity
24 SARFAFXNBEDR. RRENRM Frik (P<0.05) , r5lEm 19.14%. 53.01%.
WE 2 Fis, 5 CKAHIL, Ti. Ty, T AbER  59.89%. ifi Ts AbHEE &K MBC & & 10.63%
BER R TIEREY K (MBC) &4 (P<0.05) , (P<0.05) , T,4bP P K MBN & & 35.81%
Sy IR 48.32% . 53.19%. 31.83%; 5 CK fH 1L, (P<0.05) . Ui AYREIIXT MBC &4

Ty, Ty, ToAbHEE ER & HIEMAEYAR (MBN) MBN 5 A4 AR50,

THEAE YRS R

Soil MBC content/(mg-L")
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a 77 a %
i 7 % 0 é7
= b
n 25 L
- c i %% c
7 77 A ®E éy
Rg
L H 3 15} d
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i S 10 +
3 st
0
CK T T, T, T, Ts T, T, T; T, Ts
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AFVNG FREF RN AL B 22 5 B 3% (P<0.05) o
Different lowercase letters indicate significant difference among different treatments (P<0.05).
B2 SE#eFxTEREYR. A=

Fig. 2 Effect of composite passivator on soil microbial carbon and nitrogen content
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25 EA#HUFIzA3R Cd RIR BRI

mE 3 Fos, e Ak ae A AR
ML 2R MR Cd R, 5 CK AL, Ty, Ts.
Ts Ab P 5 35 FRARAR &8 . 255019 Cd & 2 ( P<0.05),
MWE R Cd & &4 AL 12.44% . 17.09% .
12.06%, Z5#8 Cd 7 =40 A% 14.77% . 23.37% .
38.13%, 5 CK #ltt, 5 & &4k ab B
AR Cd & (P<0.05) , T\~Ts 2 B
22.01%, 22.15%. 14.54%. 21.96%. 17.00%. i
B &2 A AL R BRI T H ARG Cd &,
T 20 3648 A2 % T 4 Ja Cd AR AL

L6r R 3%
4t 7
PREL b
g
= 1.0+
§ e, X
§ 0.8 __I_% by
g 7
O 06H
&
= 04H
Q
0.2 H
0 !
CK T, Ts
A3 Treatment

ANR/ING iR R AN TR AL B 22 5 2 (P<0.05)
Different lowercase letters indicate significant difference among
different treatments (P<0.05).

B3 ST ARSI CdIENHN
Fig. 3 Effect of composite passivator on Cd content in
various parts of cabbage

1 2% 4 Al it AR e 38 Cd 1 &
ERE. 5 CK M, T, Ty TsAbBEE EREA
PSRRI ZEHE Cd 19 & 4E R4 (P<0.05) , AR
Cd W& % RE 0 MR 10.32% . 17.08% .
12.06%, ZE#F Cd & 4 R ET HIFEAR 14.78% .
23.44%. 38.16%; 5 CK #Hlt, 5 MEAHI1LH]
b BE Y OEREAR R Cd R R R
(P<0.05) , T\~Ts 7 illl&AK 22.01%. 22.15%.
14.53%. 21.96%. 17.00%, £54bH[EMH-5 Cd )
EERBCEEZES . VLIHMEIME A B FIREL
THEESE Cd WAYARE, BREIT Cd mitE
RN

Wz s i, TsAHT, 255 Cd Wf%is &
B FLT CK (P<0.05) , kb CK ik 29.54%.
T,. TLALHF, M35 Cd 5% 250 E KT CK

(P<0.05) , & CK 45K 12.93% ., 19.14%. i
it N 42 & AL SR REFRAIK I 32453000 Cd W F% iz
2R, HEASEME Cd B 280 T2536,

x4 EAHUFLETEXRZEM CdHEERY
Tab. 4 Enrichment coefficient of Cd in each part of cab-
bage under composite passivator treatment

fgb i Cd & 4E %4 Enrichment coefficient of Cd
Treatment #R Root Z£ Stem i Leaf
CK 1.009+0.056* 0.936+0.049° 1.592+0.158

T, 0.905£0.046™¢  0.797£0.067" 1.24240.006°
T, 0.971£0.015"  0.911%0.030" 1.239+0.070°
Ts 0.937£0.044™  0.860+0.033" 1.361£0.033°
Ty 0.837+0.037¢ 0.716+0.089° 1.242£0.073°
Ts 0.887+0.054°1  0.579+0.042¢ 1.322+0.008"

I FAIAFE/NGFEFRR2ZER B (P<0.05) .
Note: Different lowercase letters in the same column indicate
significant difference (P<0.05).

x5 EAHUFLETEREEML CdHEIZRH
Tab. 5 Transport coefficient of Cd in each part of cabbage
under treatment of composite passivator

b 3 Cd 32 Z%( Transport coefficient of Cd
Treatment 2 Stem i Leaf
CK 0.927+0.003* 1.578+0.138*

T, 0.881+0.049° 1.374£0.066"
T, 0.938+0.029° 1.276+0.054°
Ts 0.920+0.064* 1.453+0.039%
Ts 0.855+0.076 1.487+0.102%
Ts 0.653£0.057" 1.493+0.091%

H: FSIAR/ NG FREFRRZ F R E (P<0.05) .
Note: Different lowercase letters in the same column indicate
significant difference (P<0.05).

2.6 MKMW

% 6 Al +4 pH 5 34 E AL S B
PR EIEMC, SH3ZET Cd FRERE
TR 3 RN TG k5 A R T e R e 0
BB, SHEN Cd ST EER D
TG, HHEARERE M S AT cd S RER
EOAOC; HIERRMERERR A R M S SRR TS Cd
TEEWMBENML, SHXER Cd SEER
FAAE; FRMREE Cd A 525 od & 2
BFEEMAE, SHH Cd FE2EIEBFEML,

3 Wig

A T - e 4 e Y AR WA AR 2 R R
G, Ha RSN £ pH . PHE T3
B OAPUR SR SROIRGL . AEAERT AR L A
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F6 TEANSCdELEpH, TEMEERBARZEML Cd EEMBEXES
Tab. 6 Correlation analysis of soil Cd available state with soil pH, soil enzyme activity and Cd enrichment
in various parts of cabbage

W H Ttem pH A xﬁv‘s Cd  JENERG o i ﬁa‘éﬁ@?ﬁa‘%ﬁ@ it AL S HR-Cd 2-Cd n-cd
Effective Cd Sucrase Urease  Acid phosphatase Catalase Root-Cd Stem-Cd  Leaf-Cd
pH 1
A Cd ~0.042 1
FEHE 0.228 0.099 1
o i -0.171 0.409 -0.123 1
P2 M TR 0.438 0.227 0.625" 0.252 1
it A U 0.647" 0.134 -0.107 0.140 0.448 1
fR-Cd -0.426 -0.012 -0.451 -0.059 -0.613" —0.458 1
25-Cd -0.532" 0.139 -0.718" 0.392 -0.491" -0.225 0.758" 1
n-cd -0.263 —0.223 —0.423 -0.529" -0.390 —0.285 0.547 0.401 1

He TFRRBEME (P<0.05) ; TFAMBEMLE (P<0.01)

Note:  indicates significant correlation (P<0.05); ™" indicates extremely significant correlation (P<0.01).

S ST AR )AL oy 1 et 7 ) 3
FRELA 1) . 26 -0 W AT ML R AT 3 o 2R R
SR R 2O AR T 4 R A 2 . QIN 2RI 5
FW, Cd s MM, A2 I R ok
AT BEAE P I, T -4 pH n] LA T 4R 1
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