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Abstract: Taking the agricultural land polluted by Pb+Cd+Cu as the research object, five kinds of organic
fertilizer compound passivators are prepared by adopting the strategy of compounding sheep manure organic
compost with various types of inorganic and organic passivation materials, and the physical and chemical
properties of soil, the heavy metal storage status, plant (garlic) growth and heavy metal enrichment in the plant
before and after remediation are compared to evaluate the comprehensive remediation effect. The results show
that passivation effect of the organic fertilizer compound passivator is better than single compost, in which the
organic fertilizer compound passivator prepared by sheep manure compost and calcium magnesium phosphate
fertilizer with a mass ratio of 5.0:0.8 has the highest composite passivation rate of Pb+Cd+Cu, which is as high
as 43.06% ; The restoration indexes of Pb, Cd and Cu in garlic plants are 53.30% , 53.60% and 59.34% ,
respectively, and the Ph+Cd+Cu composite restoration index is as high as 57.10% ; And it significantly improves
the soil organic matter, N and P content. The organic fertilizer compound passivator can be used for the

remediation and treatment of the Pb+Cd+Cu pollution in agricultural land.
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Table 1 Passivation materials
[ty il pH Fiks
HEAR LA A A B 13.84 w(Ca0) >90%
BEEERRAL AL E IR AR A E 1028 w(P) > 12%

M L IR IR B R BR AR 8.67 150 um (100 H)
A RELEEHTTWARAR 897 75 wum(200 H)
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A351919.7, 0.1, 23.4 me/kg.
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Table 2 Formulation of organic fertilizer compound

passivator and its heavy metal content

AT P G B 4

A AR R Bl (mg-kg™)
cd Ph Cu
XTHEZE BK
FAE GC IR 0.83 +0.04 7.53+0.05 22.0+0.5
e
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PRI
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[T 1
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Fig. 1 Scanning electron microscope images of organic fertilizer compound passivators
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Table 3 Physicochemical properties of soil after

remediation with organic fertilizer compound passivator

I OB/
L w(L0)/%  pH wiﬁ?fﬁ)) wB e
g°Kg

(mg-kg™)

BK 0.83+£0.02 7.69+0.01 10.37+0.07 468 +8 0.05+0.01

GC 0.89+0.03 7.70+£0.02 30.11 £0.04 759 +11 0.25+0.01
GB 1.01£0.02 7.82+0.02 35.60+0.03 10107 0.31+0.02
GQ 1.24+0.01 7.72+0.01 3044 +0.05 8356 0.25+0.02
GF 132+0.03 7.77+0.01 31.23+0.04 1139+10 0.26 +0.01
GA 138+0.01 7.92+0.01 30.11 £0.06 96812 0.29 +0.02

GS 1.33+0.02 791 +0.02 29.84+0.03 908 +9 0.24 +0.02

R RE A P AR DE (n=3) .

[, AR AEERA 6 B E T H 1R
PUT S, FR0 S GB AL BRI 4 358 w0 AL
ik 35.60 g/kg, HATE29.84 ~31.23 g/kg, XAlfE
SER AR RAE PG S e eV E R . 3R ER
IRFRE RSG5 LU R SNIEAT B 51 5 ) A SL [ $2 7
TS, FEXTE SR e A T B
M, BEAh, HEERERERKEE, Hrh GF A
3w () Eik1 139 mgkg, XATRESER A
PUBE GEERIAS S AB TR, S edE T 1%
B REIOR S (L, E—RT T RIEMIE S, A
WITHPIR AR . J38h, BAE AR AR AN AT sk
MoCEEESRLR, FEAVUIEE A FE R 5+
gerp, AR S EWEER M, b CBARR £
Hew( &) FiK0.31%, XERWGHALE SEER]
Al REE LT G | AN A2 AR Y R E R ek
B FHER R DU A RS, AR T+
R HIE S, AYUIEE SR IARL
SCELT + 3 Ph+Cd+Cu V5 B IR, BB E N
T IR, AR R IR A R T
EEPIBEES

2.3 AHEE A4 AL A £ 3 A 2 A Phb+Cd+Cu 89

A

AHHIER GEELFINA 330 df5, il xf
R A RAS P, Cd. Cu &5 i S A AL 20K
TEAG AL ROCR , ARSI L3k 4. R 4750,
TEAR R BUEATHENE S B AR IE T,
3 w (DTPA-Pb+Cd+Cu) ik 392.89 mg/kg, H
w(DTPA-Pb) N 171.9 mg/kg, w(DTPA-Cd) 43.99
mg/kg, w (DTPA-Cu) A 217 mgkg. # L F BK,
GC &4 )5 - HEh A 3445 Ph+Cd+Cu 2 i 43 50k
289.24 mg/kg, FRHIFFEHENEXS 13 Pb+Cd+Cu {54
HAT B2 ACR, RIHZ4E A IUIEE G4tk
FIXT R

*4 BHRESHUFBEETHEEUAESREAE

Table 4 Content of effective state heavy metals in soil after

remediation with organic fertilizer compound passivator

e w(DTPA-Pb)/ w(DTPA-Cd)/ w(DTPA-Cu)/ w(DTPA-Pb+Cd

(mg-kg™) (mg-kg™) (mg-kg")  +Cu)/(mg-kg™)
BK 171.90 3.99 217.0 392.89
GC 123.50 3.24 162.0 289.24
GQ 98.58 2.85 148.3 249.69
GB 90.09 2.59 147.0 239.70
GA 89.94 2.53 131.2 235.89
GS 85.21 2.71 138.6 226.50
GF 83.78 2.61 149.5 223.71

Y F AR T (n=3).

5GCHILL, GA. GS. GQ. GB. GFAHLIEE
AEAE R BE AR T £ AR Ph, Cd. Cu
T, WCQAMIEE A BBk 5 1 A S
Ph, Cd. CultiE/ 45l h98.58, 2.85, 148.3 mg/kg,
BliAL %59 44.65% . 28.57% . 31.66%, {HGFA
PUIE A A Bl AR Stk 5 4 39645 %808 Ph i 0 B
ik, M83.78 mg/ke, HifLALF N 51.26%; CAAHHUE
HEBUMEREILS PR RES Cd. Cu /BRI,
Ay 51k 253, 131.2 mgkg, %Ak S0E K 36.59% .
39.54%; BPGF&EMATHIEPhIEYE, GAEMTCd
FCui5yy, XA GF &4 HLZHEY PhIE A E
R GRS ERSY, EEERE: . rEfRERSA HLAC
RS, XN RENS A WS Ph &5, TR
A YA R 1 GA HAT KA LR AR
1)—OH, % RERIRE S B TSR A A -4
JRECEY, Tt cd it .

Fi4h, 3 BRI T 4+ 3845 308 Pb+Cd+
Cu V5 B AREIAL AR . 455K, GFAENUIEL &
Btk IR S B I A O B, HRT



2025 4

104+ A7 2B% 558 ALH 540553
500 100 A EEAL R, AR AR N w (Pb+Cd+Cu) PN

B 0(DTPA-Ph+Cd+Cu)  -e- Flifk3 | 90

4001 180
470

3001 160 &

450 ~

e =

200F I W e 40 ®
-~ 130

20

w(DTPA-Pb+Cd+Cu)/(mg - kg™")
I

=

T

1

410

0 0

BK GC GQ GB GA GS GF
B3 AR AT A L 3E A A Phb+Cd+Cu #9463 R

Fig. 3 Passivation effect of organic fertilizer compound

passivator on effective state Ph+Cd+Cu in soil

KRMEFEFT w(DTPA-Phb+Cd+Cu) 392.89 mg/kg, Hifk
J& w(DTPA-Pb+Cd+Cu) #EFEAK A 223,71 mg/kg, i
fliF GB 15618—2018 (- IEFRIE i A i Hb 1 15
15 RS B AR E) RLE B (BEX pH > 7.5
R HAMSMETT , A8 B BN it 270.6
mg/kg) o B, AL AL GF 7240 H 1 15
EEJRIGROTRRI A, AUEEREL T LT
BHRAPb, Cd. Cufrar, WSCBL T &+ 45
Pb+Cd+Cui5 4B iR 1,
24 AHFBIIERHIE T AT AL AT R
241 KpstEkA KGO
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Table 5 Plant growth indexes of garlic plants

QbR FRE/em R /em
GC 27.1+£0.1 35+0.2
GQ 29.5+0.1 3.8+04
GF 27.8+0.4 3.7+0.1
GA 28.6 0.2 38+0.2
GS 29.6 +0.4 39+0.1
GB 293+0.5 39+04

VE I P A2 (n=3)
2.4.2  AHUERE SEMEFRIR KGN Ph+Cd+Cu
Al
PIBEAL T B 5 MR E T N AR5, 5T
AU A B RIR PN Pb. Cd. CuFr &Y
M, ZERANE 6 R, R 6 A, MAUINME

35.01 mg/kg, H:Hw(Pb) 4 11.20 mgkg, w(Cd)
H75.121 mg/kg, w(Cu) 4 18.69 mgrkg. (LI
FEHEREAVE MBI, AN w®Pb) . w(Cd), w(Cu)
A IEZE 791, 277, 9.54 mg/kg, B F2EHE
NETE—E R F BB FEARAR RN Ph. Cd. Cu R
W, MxFmE, AYUEE A48 GQ. GB. GA.
GS. GFAbHERTiE—LREAIRAEMRIA A Ph. Cd, Cu?y
. HAOkUE, GQ. GB. GA. GSHIGF 5FhHL
NE A2 A i Ak ) b BEXTAR MRAK P9 Ph A48 52 6 205 =
T—EAF, Hrp GFRMEILFHEE, HXPdry
Bifb ik 53.30%, X FCdifiE, SFAPILE
GHEALRI B SCR IR 2, GA ALFEXT Cd A5
bR s, M 57.20%. e Ca MIEE i, 5Fh
AYUIERE SRR R B B IR, GFAb
FEXT Cu PR 59.34%

%6 BIRESHUFEEEAFEKENESESE

Table 6 Heavy metal content in garlic plants after

remediation with organic fertilizer compound passivator

w(Pb)/ w(Cd)/ w(Cu)/ w(Pb+Cd+Cu)/
b3
(mg-kg')  (mg-kg')  (mg-kg™) (mg-kg™)
BK 11.20 5.121 18.69 35.01
GC 791 2.770 9.54 20.22
GQ 6.81 2.321 8.03 17.16
GB 6.86 2.262 7.74 16.86
GA 6.55 2.192 8.02 16.76
GS 5.70 2.221 7.72 15.64
GF 5.23 2.376 7.60 15.21

Vs RAEIE A (n=3)

FAh, El 4 B R R T AR A N Pb+Cd+Cu
BB R . GF Ab BEAE FR A N Y 0 (Ph+Cd+
Cu) H135.01 mg/kg i EFFIRE 15.21 me/kg, BHE

50 100
B w(Ph+Cd+Cu)  -e- BETEEL 9
401 780
= =470
&£
- 30k 160 £
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Fig. 4 Effect of organic fertilizer composite passivator on

Pb+Cd+Cu in garlic plants
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Table 7 Bioconcentration coefficients of garlic plants

fbam BCF
Pb Cd Cu Pb+Cd+Cu
GC 0.046 0.694 0.044 0.051
GQ 0.040 0.582 0.037 0.044
GB 0.040 0.567 0.036 0.043
GA 0.038 0.549 0.037 0.043
GS 0.033 0.557 0.036 0.040
GF 0.030 0.595 0.035 0.039
3 &ig

(1) Srpdsf e e, AYUeEE A8k
FIGA. GB., GS. GQ. GFALF W 4 E T+
MUBT. N, PEE&&, oG8 7 IR R, A+
Hrp P, Cd. Cu Y%k % h 28.16% . 18.80% .
25.35% 4% F it 7 & 42.65% ~51.26% . 28.59% ~
36.58% . 31.11% ~39.52%, Pb+Cd+Cu & & 4lifh#%
1 26.51% 4% 55 %2 36.21% ~ 44.62%; K FiAE b4 N
Pb. Cd. CufBE 5811 29.38% . 4591% . 48.96%
W E R R 38.75% ~ 53.30% . 53.60% ~ 57.20% .
57.04% ~59.34% , Pb+Cd+Cu & &1 & 8 5 h
42.25% 4% 55 % 50.99% ~ 57.10%

(2) &FXF 4 I+ Ph+Cd+Cu 5y, “FHEMdE
NE 5B AL 2 e A A EEAR R, ASOORT - 338 A B

RN Ph. Cd. CuEEIIEERCERLF, HXT L3R
TR N Ph+Cd+Cu & A4l 10 2R A8 548 5007
iK44.62% . 57.10%, FAEHEN+EGEEREALE—Fhig
o, &V, BB E MR, AT AR
Ph+Cd+Cu 15 B iR
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