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Effects of phosphorus-containing passivators on enzyme activity in cadmi-
um-contaminated agricultural soils
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(College of Applied Meteorology, Nanjing University of Information Science and Technology, Nanjing 210044, China)

Abstract: Soil enzyme activity is an important indicator to characterize the effectiveness of soil remediation, and
phosphorus (P) -containing passivators are commonly used in cadmium ( Cd)-contaminated farmland soils. Therefore, it is
of great significance to study the effects of P-containing passivators on enzyme activity in Cd-contaminated agricultural soils.
Three typical P-containing passivators including hydroxyapatite (HAP) , calcium dihydrogen phosphate (MCP) and disodi-
um hydrogen phosphate (DSP) were chosen as passivators for Cd-contaminated agricultural soils in a three-month indoor in-
cubation experiment. Soil enzymes (urease, acid phosphatase, catalase and sucrase) activities, chemical forms of Cd and
some physicochemical properties were determined. The results indicated that the application of three passivators altered soil

pH, cation exchange capacity (CEC) , total P content and

WS B 9 -2021-06-06 available P content, and promoted the transformation from
ESTE . ERY AR ZH%159 H (2019103000397 ; F % exchangeable Cd ( Cdy, ) to Cd bound to organic matter
A %R H (2019YFC1804704) (Cdgyy ) and residual Cd ( Cdy,, ), resulting in the de-

TEER N RER(1978-) B oM A W+ BIBF5E 6, FEM crease of availability of Cd. In addition, HAP had a better
FIHIES Y 5B E 9T, (E-mail ) wehf1680@ sina.com passivation effect than MCP and DSP. HAP significantly
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enhanced soil urease activity, and MCP significantly enhanced soil acid phosphatase activity and descended soil catalase

activity, while soil urease and acid phosphatase activities were decreased by DSP. Two soil factors, soil pH and the content

of Cd bound to carbonates (Cdg,, ), had relatively greater effects than other factors on soil enzyme activities. The content of

Cd,,, was significantly negatively correlated with the activities of soil urease and sucrase, and passivation treatment might

improve urease and sucrase activities by reducing Cd,, content. The stimulated activities of soil acid phosphatase and cata-

lase were probably attributed to the decreased and elevated pH respectively, which had negative correlation with the former

and positive correlation with the latter. Therefore, HAP is more suitable for slightly Cd-contaminated agricultural soils than

MCP and DSP according to passivation efficiency and soil enzyme activity.
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Table 1 The properties and dosages of different passivators

e TR R
FE KA Cas(OH) (PO, ), 502.31 1.005
W — A5 Ca(H,PO,), 234.05 0.936
BERR A N Na, HPO, 141.96 1.136
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Table 2 The physicochemical properties of soils under different treatments after three months for passivation culture

e o PR S 38 AL A SR A S b B R
(emol/kg) (g/kg) (g/kg) (g/'kg) (mg/kg) (mg/kg)
CK 6.87+0.03¢ 19.41+0.56¢ 38.42+1.31a 0.87+0.02a 1.03+0.01¢ 63.39+1.53¢ 145.64+2.96b
HAP 7.09+0.03b 18.40+0.51¢ 39.91+2.46a 0.88+0.03a 2.02+0.03b 74.71+2.61c 209.59+5.93a
MCP 6.39+0.05d 23.1120.70a 41.27+2.14a 0.84x0.02a 3.48+0.06a 241.24+12.90b 150.11+4.09b
DSP 7.22+0.02a 21.67+0.42b 40.63£0.42a 0.86+0.01a 3.39+0.06a 300.14+3.42a 166.65+3.88b

[F) 5B 5 AN [6) /NG SBR[ Ab B ) 22 55 il 25 (P<0.05) o CK X4 B HAP . SR BE 05K A1 s MCP . B R — 2055 ; DSP . R R 4,
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Fig.1 The chemical forms of cadmium under different treat-

ments after three months for passivation culture
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Fig.2 Soil enzyme activity under different treatments
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H e

0=0.6240,+0.2960,

FEAS A TR A A0 B R G RO 28 A 1543
FEHATHET S5 R (3R 4) KRB AR S BB AL R0
Ve e TS A R [ B2, HAP AT MCP 4255 T 4
Fi it (B (A TR P b HAP b B 4 FhG A0 (R0
B , 10 DSP WIFEAR T 4 F g (5 R5 1, AR TR
BEALALBRZE v 4 it %) 4% R 15 P S S HAP> MCP>
DSP, Ak, SXFIEAH L HAP Zb B e 4 Rt o 6
WARFERENRES (K 2), KL, 7 3 Fauisitk
F  HAP A R T2 B4R 15 Ye e I+ e I 1 1
WA
F3 4FMLEEEEER SR
Table 3 Extraction of principal components of four enzymes activi-

ties

iy B ERBO RS BT R A
iR it 0.721 0.652
T 1 W R 0.936 -0.194
FUEER Nz -0.532 0.833
iR 0.905 0.170

R4 EHRABHRAF

Table 4 The principal component score and ranking

Ak B NG Eil353
CK -0.069 3
HAP 0.886 1
MCP 0.068 2
DSP ~0.886 4

CK HAP MCP .DSP W3¢ 2 iF,

24 TERERFEREENXR

- HEHS A PRI DR 5 A S T 1 AR SR AT
g (3R 5) KW, IREETE £S5 CEC A 800 &% & |
Cd., FRBFEMMAL, S Cd, SEBFEME, &
PEWERR BTG E 5 13 pH (Cd,, & 1 B TASC, i
AALE G TES 1 pH A1 CEC 433 28 B0 B 3 1E

FHRHLEE OAHOG, R 1R S Cd,, & 7 2 2%
Uik iES

K5 TEMEESIEREEFHEXRY
Table 5 Correlation coefficients between the enzymes activities and

soil environmental factors

P
b Wiy TOEBERL LGS R
Rt Rt W

pH 0.089 -0.749 " 0.928*  -0.354
FH B -3 4 i -0.678 " -0.088 -0.680 " -0.263
e -0.401 -0.239 -0.406 -0.213
AR -0.705* -0.501 -0.257 -0.463
Cdy, i -0.331 0.446 -0.512 0.121
Cd,, -0.944"  -0.446 -0.270 -0.658*
Cdpoommoy 5 1 0.447 0.002 0.213 0.209
Cd gy 75 12 -0.321 -0.654" 0.165 -0.342
Cdy,, 8t 0.699 0.369 -0.185 0.479

Cdgy \Cdyy «Cdgy  Clgey + Cdpoipmoy WL 1 7, ™ £ 0.01 K F- i 2 AR
K5 " :0.05 K BIEFHK,

i — 20 P A 5 TG A A DG i 1Y) T S PR 5 A
T B PR A RN, B MR T 4 TS
PERE AR T2 2R (3R 6) B 7R L 5 FhaRsEE A
T, Cd,, X IR T P Y B S AN K (B F
i) 4[] 42 308 A28 R 250 =2 TR ) 248 F 1 0 o K, 3k 3R
Cd,, 75 ot 2 5 e ik it 9% P 1) 2 2 R 2R HORT Ok g 7
PERI R RIFEFEME 338 pH X PR P B8 92 il 1% A 11
Tt A U TG PR 110 4 A R B B AT AR FR R
SRR XA A B O, U pH 3 BEXT X 2 A IS
R EHIEE W ), Ak, 5HAR 4 FEFAE L,
Cd,, & 0T FREMH B 5 PR 2R B Hh B0 ) LA,
A BB 5 FRE MR RS R ) E 2N R

WA WFIEAE RARY], T SRS M2 3% pH  +
SRR A S ) 52 W, e T g v A S
FEAEA AT 283 4 T 0 o]+ B R AR
TEAMEGE 5o BEAR L, BEAL R R s I e 4 v 1
+IERE R S (2 MCP \DSP A FS H A PR 4
RS AR TR e, B R 32
JE I3 PR AT BEAS A2 52 Wi g 3% 1k 1) 2R JF HLAH
AL I3 FE AR o3 A 5 R ik — 20 WoR - 5E pH Al
Cd,, & It A BB A 52 0 il 06 My 2R R . I Ab,
Cd, & B Cd ., 3% 12 0 IR VA S0 7E 1T, B
it e b e AT S s R R HAP Ab
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AT e T PR A Cd, & R R M H AL R B R -,
T 7 R 2 B v R Tl 5 8 , 5 FL HAP b B Pk %) £
18 pH 5% Al F — 25 42 E DR G 6 4 . MCP 1 DSP
(RSN 8 3 e AR T A SR M Wl R TS 1, X T RE S
MCP \DSP {8k 2 2l A8 7 38 pH A ¢, Bb4h,
pH 5 B E B BB TE P B 3% TR G, X 5 Dick 45
WS ZE RARST, 5 pH X iR M Tl 12 il 3% 1k 28 0 1 L
FERL 3K 1 I A A B RT B T 5 o el AR A
B pH ke B4 e R 1 B R W L 53 Ah A
WFFE & B0, SRR Jn A Bl 1 5 v 0 3 2o D AL )
F6 HRFEETHEEEOERRY

R F RN S W5 I 3 D0 T P Tl T Rl R o AT
TEEEST S SR, pH A5 i S SR TG P S R O
X Wu PR gl R —30, OF HAE 5 RN 7 p
b i S AL SR R B B X U MCP
Ab AT A 3 B o PR A 5 pH BRI T ot A
ABGHITEPE, AL, Cd,, 7 F X TR il 37 1 1 52 i)
FOTE B4 R b, 5 0l 70 T AE O B 0 A
Cd o, P AR 0 REBE AR TG M | 10T RE 2 i HAP 41
BERGETE E 25 5= T DSP 4L A,

Table 6 The path coefficients between environmental factors affecting enzyme activity

FERI WAL AR R
I T X, —U X,—U X,—U X,—U X,—U
X, 0.070 0.104 0.026 0.053 -0.026 0.227
X, -0.037 -0.199 -0.278 -0.189 -0.032 -0.735
X -0.005 -0.165 -0.335 -0.191 -0.009 -0.705
X, -0.014 -0.142 -0.242 -0.264 -0.305 -0.967
Xs -0.003 0.012 0.005 0.151 0.535 0.700
TR P W T Tl 0% X,—A X,—A X;—A X,—A X;—A
X, -0.849 0.057 0.030 0.023 -0.012 -0.751
X, 0.445 -0.108 -0.318 -0.084 -0.015 -0.080
X 0.066 -0.090 -0.383 -0.085 -0.004 -0.496
X, 0.170 -0.077 -0.277 -0.117 -0.144 -0.445
Xs 0.042 0.006 0.006 0.067 0.252 0.373
R X,—C X,—C X, —C X,—C Xs—C
X, 0.609 0.303 -0.030 0.035 0.014 0.931
X, -0.319 -0.579 0.320 -0.126 0.017 -0.687
X5 -0.048 -0.481 0.386 -0.127 0.004 -0.266
X, -0.122 -0.414 0.279 -0.176 0.160 -0.273
X5 -0.030 0.034 -0.006 0.100 —0.280 -0.182
T B T X,—=S X,—S X;—S X,—S Xs—S
X, -0.624 0.082 -0.029 0.213 0.007 -0.351
X, 0.327 -0.156 0.314 -0.760 0.009 -0.266
X5 0.049 -0.129 0.378 -0.769 0.002 -0.469
X,y 0.125 -0.112 0.273 -1.063 0.087 -0.690
Xs 0.031 0.009 -0.006 0.607 -0.153 0.488

U A C.S 33 S BRREHT T TR P IR G 1 o S A S A A R R R R A o X ~ X5 20 3 Db v AL B9 3 pHL, 8 B - 5 b A Rl 2

i\ Cd,, A Cdg,, ik, A FRILEHR A BHER R A

W

ke

3 AP EBEEEAL T AU ek s T 43 pH (CEC 4=
W AR MR SRR HAP Ab BREFAR
+3E Cd, FESUR RN, HH Cd, &R EIKT

MCP F1 DSP Zb¥E4H  HAP H AT B 4 1klifb sl i
135 pH A1 Cd ., it 2R 1 S B P 5
R 2 D EEPZ  HAP AbFEA] R T FE MG Cd,,,
Bt e ) B IR TS P s MCP  DSP AR A] fE 3
U i AR 3 pH, 20X - SRR I A R R 114 9
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