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Abstract

This study investigated the effects of different passivators and the combined effects of passivators +
organic fertilizers on the main enzyme activities and cation exchange capacity in soils contami-
nated with four heavy metals of copper, cadmium, zinc and lead through indoor pot experiments.
The results showed that there was no significant difference in enzyme activity in the treatment
with only the addition of passivating agent; different organic fertilizers added significantly in-
creased the content of urease, catalase, phosphatase and invertase in the soil. The urease content
of ZH, SH and PH treatments of high organic fertilizer were 9.5 NH3-N mg-g-1, 8.3 NH3-N mg-g-1 and
8.2 NH3-N mg-g-1, respectively, which were increased by 126.2 compared with CK. %, 97.6% and
95.2%; and the phosphatase and invertase tables in the soil after adding high-concentration or-
ganic fertilizer treatment are ZH > SH > PH. Different passivation agents and organic fertilizer
treatments significantly affect the exchange of ions in the soil. The cation exchange capacity of ZH
treatment is the highest, 45.8 cmol/kg, which is 60.7% higher than that of CK (28.5 cmol/kg); dif-
ferent treatments promoted the water-soluble CaZz+, Mgz+, Na* and available Si, Fe, Mn in the soil to
varying degrees. Comprehensive analysis shows that high-concentration organic fertilizer is bene-
ficial to increase the enzyme activity and cation exchange capacity in contaminated soil. Among
them, the treatment effect of high organic fertilizer + zeolite is the best.
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(R R A I 1B AR a6l oy 7 P A ety O E S b -9 ) (EN | N oA
REERIR . P B o S S G 1o A - S T S i e, T AR b - 3T 52 T < R e P i SR K R M S D
H, FEFERET LAY tL, e AT, S, R BIANKRIATER, XX AR
H @ B A I EE 222 AROCBIE 1] [2]. IR, 375 Qeisgmy o2 Rm miRe AR, FERFEALIE
W RIS g EA B —E AR, A REE YR A K R R S SO A AR AR TR . T+
B SRR PR ADIRE 22 B HABSR, MR B R, EES. A3 BT, +
B RS Y RSOV A ERTER 8, JCHR AR E S, T E R SRR AP E (4] [5].
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AFT gk — BUORAE B RT5 4, B AT, FEAM. B EA & U R AR
e, Bk, BERGEERE. Mismm. A o], AUaRY, =R AR E A YR
NI RBBE A 2ZHE TESBWLE, MRHESEEES LAY SR E7]. CHERRERHA
B FIF A L3 pH, Eh, LIEFRGSWELSBNAERS. ReESHEAA S ERm, £
B & @ V5 YR PR T SO A R AR LI R TR AS T B 4 TE A T B (8]
[9]. A=A BRI EE IR IR ELRTE Y, A8 FFICE A Zny Cd 1 Pb [9]. KA f5 3%
Hb - R AR AR O B AT PR AIIL 23.1%~41.2%; WIZESE. THSRANES ] B AL A O i i oK PR BE 4 i)
Ak 51.8%. 47.0%F1 24.9% [10]. {HS{E FH A 50 A0 7 25 5 3 R L 338 oA AL 20 e e, TR s A
WO IR AR, HAE RN 6 &R 45 KR S R n R Z[7]. Bk, Ext stz g
FRIE LA P2 ML Bk EG, SR A VRS SRS I AR, BT A RIS & 3R 7y, (2 e
AR, XTUMRHME R RCR Mg, Win TR E S EAEE MR, BARKMEF SRR
[11][12] [13] [14]. {EAESERRM A, il A HUAEXS B 4R Bl & = 208 s st Fu b, e 2
HE T R AP IR Z R RE T DM BB B AR e &, RN TR E SR A S iRtk Bk, &
5038 AT A MUIRIE & A R AR f5 , B4 e TG Y L3 oh BETE PERTBH 25 FAC e R A 1B L, i+
EA AR R G R AU RATIA I E E SRS .

2. RIS
2.1. KIgHR

. B, BEAVEN R GV Y g R O RL, IR IR E AT i R iE(GB15618-2018)
Pk 5 MERIRRERESE, BIHEREEAN IR, BEREM. 858, SERREEES B
ILF) 500, 1.5, 1250 F1 1500 mg/kg 8 4 @75 4 3% . & m PR B 22 ik 1 38K 40 22 H R) Rk & (1)
60%, HEATEZAALTE 30 K.

BERA VAL AU R B E S -

BEALH: WA, WA A A

BEARAEY: NS

2.2. AL

KR ZENERRRE . TR T R E 1% 55 AR ESBE S R HRES. G
W Wy AR K, 23508 500 304 10 AT 0 g/kg. WRIGILEE 13 ML, PEWE 1. [FI ik
JE, WEFIEN: N=0.15g/kg, P,0s=0.12 glkg, K,0=0.09 gikg, BEHE. TN 20 Ryl Rh
T, HHEEEE N KAMFAMYTE 6 the. WA EKIAN I LB 7K. Fild 50 d 515Gk,
KA LA TR bR E -

Table 1. Test plan setting
F1LREFRRE

FabE a5 AR (H) R IEM) fRHFAE(L) ToEE L
TR (SH) A (SM) TR (SL) A (S)
EIpGEE WA (ZH) HH((ZM) WA (ZL) iZELVA)
Y24 (PH) WA (PM) Y24 (PL) WA (P)
it ANEIATAT A4 BHCK)
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3. ERESH
3.1. 2FIAEFZGF T ARFETICIE A EE AR

H12% 2 AT H, AOAR I A 7R A 2R fy - v DU e iy 25 B PRGN, TS DA LA IS I 35 St 35 4
w b IR AL TR A R R A . IRE RS AL IR R OK N R AR, AR T
I R R SO . = ALIER) ZH. SH A1 PH A3 R & &85> %4 9.5 NH;-N mg-g ' 8.3 NH3-N
mg-g ' M 82 NH;-N mg-g ™', 7B CK 355 7 126.2%. 97.6%A 95.2%, H=#FMZERAEE, ARL
#h L SH (i S AR S B fm, N 071 mlg !, # CK #2517 3.94 %, HUJE PH A ZH 4bFE, )5
N 0.63ml-g' Al 0.58 ml-g™ 435l CK #2755 1 3.50 580 3.22 {5 . MR INE i A MR AL 5 + 39 b R
AN REHE R N ZH > SH > PH.

Table 2. Changes of enzyme activity in soil treated with different passivators and organic fertilizers

2. NEHAATIS BB IE R P EE M T

s B SRR PR bR
(NH;-Nmg-g ) (0.05 mol KMnO, ml-g ) (Phenol mg-g™) (Glucose mg-g )

CK 4.2 0.18 0.94 0.72

P 4.1 0.20 0.91 0.73

PL 4.6 0.31 1.08 0.82

PM 6.4 0.44 1.22 0.99

PH 8.2 0.63 1.51 1.24

Z 4.3 0.17 0.93 0.72

ZL 5.0 0.29 1.20 0.91

M 7.1 0.41 1.35 1.06

ZH 9.5 0.58 1.72 1.42

S 43 0.19 0.95 0.70

SL 4.7 0.33 1.14 0.85

SM 6.6 0.49 1.28 1.02

SH 8.3 0.71 1.67 1.38

3.2. FET MRFEHFINESRISHRIRPIAEFZREHRME

M1 AT, AN R TR RN LR A R 52 s 3 b B RS e i . 43 AE = AR R,
& i FH A HUIE RN, L s s E B R ., HWEER T RCK). M A HLUAEKT
FAFTN, BRI R P A MR R I W > A > WA, Hodh, ZH KBRS
TR E RS, N 458 cmolkg, B CK(28.5 cmol/kg)i 1 60.7%; Xy SH Al ZM 4bH, FHE 758
#eh 43.6 cmol/kg F142.2 cmol/kg, 73 H CK #2751 T 53.0%F1 48.8%. Jiti FHA HLAE AT 4 5 13 Fh B &5
TRHE, XFELAH T LS ERE T, B2 ANIEEA —E N LIEE T EL
YEF . TWifERBINAHUEKIER T, AR AT 55 e m LR B s 7 Ac#k i, 2. S P AHEIFHE
TRy N 34.8 cmol/kg. 33.7 cmol/kg. 31.2 cmol/kg, 73 5H CK #4517 22.1%. 18.2%F1 9.5%.
IX A2 B R B R LA B R N FLIR B, BB 201 % 20 e R SR /N FLIR B 70 R BA BH 5 7 () i v
51775 R AR A R P R TR B TR R N ) =R o DA A RO R, EER AR 2 —
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Tift 22 FLARBRE: Jo ARG 1- <5 o RO REASIR 201, e R d ik DU T i . BE /K DY A [Si, ATJO, FIT2E R % 2244
ERERR L. X PP AL T RN T RK 7 7 5 8 AR R R IR ES 1 AR T AT BRI s i
A UABEAT B 7 A B AN AT A K o AN AT ) i A Sl A P IR 2 < PH S T AR . DRI R 3 e 1=
BRAER, P R AR
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Figure 1. The effect of different passivators on the cation exchange capacity of heavy metal contaminated soil

1. FRISHFILENEERISRIIRAEFRZRERFNT

HIEPHE FRIEE (cmol/kg)

3.3. FRIFHMAFILENESRTRPT RTRSEHR

M7 3 AR, AFEAYIES BT - gh i it R & & A — e R, A E AL E X
HrhKEPER Ca® . Mg . Na MG A Siv Few Mn B8 AN EFEE FEREVE . L3 dokiE i ca> Al
RS Mn SEBARICNI A > WA > A > CK, Ll ZH R EFKEYE Ca® S B R,
N 0.301 g/kg, HVkHE ZH A PH AL, 43514 0.247 g/kg Al 0.245 g/kg: 3 rRKETE Mg™ (4 &K
RN A > WA > #a > CK, Hd Ll SH &&EfkmE, N 13.5 mgke, B CK#EHE T 46.7%.
LK Na M2 ST & B RNIRICAA > A > WEn > CKs HiLbl ZH MKE
PE Na 1% Si & B, 20 B0~ 40.4 mg/kg A1 0.88 g/kg. -3 (145 %% Fe & M RIS %G > W
Fo> A > CKs X R ERFONEIA R A I R B R R 5. 5. BVRIER, B b 3 B R
NERL B BIMEREA R B RO AEE. BESIC R AR o R AT REE A MUIESE/ER R
A AT RIS IR KIS S

Table 3. Changes in the content of mineral elements in different treatments

=3 AELEBT RTRRIELK

ik AR Ca® KM M KT Na” A2 Si F % Fe A% Mn

(g/kg) (mg/kg) (mg/kg) (g/kg) (mg/kg) (mg/kg)
CK 0.112 9.2 22.1 0.21 12.7 10.8
P 0.155 9.4 227 0.19 14.5 10.6
PL 0.178 9.7 24.1 0.20 16.6 11.1
PM 0.201 10.1 26.8 0.22 18.2 11.5
PH 0.245 11.3 29.2 0.21 20.1 11.9
z 0.167 9.1 25.6 0.35 13.6 11.2
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Continued
ZL 0.189 9.3 294 0.50 14.7 11.5
M 0.247 9.7 345 0.69 16.1 122
ZH 0.301 9.8 40.4 0.88 18.0 12.7
S 0.119 10.2 233 0.29 13.0 11.0
SL 0.132 113 252 0.44 13.5 11.1
SM 0.149 12.4 27.7 0.57 14.2 114
SH 0.163 13.5 28.9 0.70 14.9 11.7
4. &g

1) G AR I AR, APl R A AN R i 3 b g e, T L TR AN A B R A R g
TR RS, H R LR R 3 TR BE AR

2) EFRAHUEACEZAE T, S5 B TR I Wb > A > Hkn.
BRI AE T 2 f m E P B S E S R, N T IR AT e R, A TR e
BT EHSNERERNOVRESESR, UWRESEEEMXIIEE M.

3) ARG LR KEMER Ca®'s Mg™ . Na'FI47 30 Siv Fev Mn A A FFEEE M EEIER
Horp DL A7 R B AR R B e

iAo N, R ELA UL RE S G a1, b LA HUIE 06 A (ZH) A B RO e f

E&mHE
B 76 48 G138 e 1 4RI BI(2021KRMO79)
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