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Effects of long—term fertilization on the distribution of heavy metal profiles in double cropping paddy field

HE Shuangling"?, RAO Zhongxiu®’, WEI Kongyang"*, WANG Jianwei’, HUANG Daoyou’, ZHU Qihong™

(1. University of Chinese Academy of Sciences, Beijing 100049, China; 2. Changsha Agricultural Environment Observation and Research
Station, Institute of Subtropical Agriculture, Chinese Academy of Sciences, Changsha 410125, China; 3. Hunan Institute of Soil and
Fertilizer, Changsha 410125, China)

Abstract: This study aims to clarify the distribution characteristics of heavy metals in paddy soil profiles under long—term different
fertilizations. The study was based on a long—term fertilization experiment conducted in 1986. Soil samples (0-10, 10-20, 20-30, 30-40,
40-50, 50-60 cm) were collected from profiles after 30 years of fertilization. There were 6 treatments as control without fertilization (CK),
chemical fertilizer(NPK), high nitrogen chemical fertilizer(HN ), rice straw incorporation(ST), low and high dosage of pig manure(LM and
HM). The changes and distribution patterns of total and available contents of Ph, Cu, Zn, Fe, and Mn in the soil profile under 6 treatments
were compared and analyzed. The results were discussed in conjunction with the content of soil organic carbon (SOC). The findings
indicated that long—term application of chemical and organic fertilizers resulted in the gathering of Pb, Cu, and Zn in the plow layer (0-20
cm), while Fe and Mn predominantly gathering in the middle and lower soil layers. Long—term application of high amounts of pig manure
organic fertilizer significantly increased the total contents of Cu, Zn, and Pb in the 0-20 cm soil layer, compared with CK, the HM treatment
showed increases of 99.89%—195.13%, 20.92%-55.03%, and 25.80%-42.16%, respectively. Moreover, the available Cu and Zn in the 0—
30 c¢m soil layer significantly increased by 45.76% —857.15% and 75.54% —2 290.32%, respectively. This effect intensified with the
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increased application of organic fertilizer. While, the long—term application of manure showed limited accumulation effect on Fe and Mn in

0-30 cm soil. The total and available contents of Pb, Cu, and Zn in the soil profile under long—term different fertilization treatments were

closely correlated with SOC content, and their accumulation patterns were highly consistent. Our research indicates that long—term

application of high amounts of pig manure significantly enhances the total content and bioavailability of heavy metals such as Cu, Zn, and

Pb in both the plow layer and deeper soil layers. Therefore, attention should be given to the potential risks of heavy metal accumulation in

soils during organic fertilizer application, and appropriate preventive measures should be implemented.

Keywords: paddy; heavy metal; profile soil; organic fertilizer; long—term fertilization
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F1 il T IERLEERE (kg-hm ™)

Table 1 Fertilization amounts in treatments of tested soil (kg-hm™)

FEHE Chemical fertilizer FE /AL Straw/Manure S Total amount
Kb Treatment

N P K N P K N p K

CK 0 0 0 0 0 0 0 0 0
NPK 457 44 160 0 0 0 457 44 160
HN 757 44 160 0 0 0 757 44 160
ST 378 36 1 81 12 167 459 48 168
LM 313 30 61 147 56 106 460 86 167
HM 164 36 0 293 111 211 457 147 211

P LA POs T, K KL K03

1.3 HRRESHAE

TR R AE T 2015 AR MR AU o D PRAIERE
an ATAC R B RS/ XA 43 =X (3.33 mXx
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27.29~46.75 mg-keg ' Z A (& 1 a) . i CKAbHE 358
Pb % 5 30~40 em + 2 B R E IS, % 58 38.92
mg-kg's LM AL B 20~30 em + )2 H B[R] R AEFL G2
N 37.83 mg-kg s

1E 0~60 cm F 1A -3, & )2 13 Pb & & LU
HM 4b P f5 i . 5 CKAH EG, HM AR 311 1358 Ph 5 =
TE 10~20 em 1= 2 v 1 25 34, 39 0RO 42.16% (P<
0.05) , HiAth it JE 40 B 0~20 em )2 A9 Pb & 05 T
CK, 117 30~60 cm = J2 WA . i CK AT HM b, HoAth
Jiti HE Ab 3544 )22 (0~60 em) 71 187 338 Ph % 1 JC W W 22
S(P>0.05),
212 BiEcudiE

25 it N A B 4 398 Cou 75 St 76500 1T P R AR 1 2 IR
R TR REAR A A A (B 1b) . Hob HM
FTLM 4b P 4 3 Cu &5 B 7E 0~30 em 1 )2 HP 0 B8 55
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MR S, Sl 47.15 mg- kg™ HoAth b 7R 7E 4%
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—165—



KA FREMMEFR-F43% -5 1 1
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Figure 1 Content and distribution of total Pb, Cu,Zn, Fe,and Mn in soil profiles under long—term fertilization
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kg™

FE 0~60 cm 1) T H, 5l JE AL B ] 1458 Fe 5 511
ZFUEAF L2 R —E N Z. 7E0~10 cm M
10~20 cm - J2 A 4% Jita B A 2 R) 12 LM Ab 25 vy , ST Ak
K 2, Hod 3 Fe 5 8 10~20 em 42 Hh ik 2 45
1B, AN KL TR 435104 32.99 g+ kg FI31.74 g- kg TE
20 em AR L2 Fe 5 1 37 DL HM Ab PR A5 v, Hip
50~60 cm - JZH HM AL BE ) + 38 Fe 75t 5 HAd it HE
b PR 25 52 F K (H AR IR B B 25K (P>0.05) .

2.1.5 +HEMn H i

25 it A Ak 3 - 39 Mon 5 5 7 00 T PP ) A0 AT AR
H IR - 2 R B e N A RS I i AR AR
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7 20~30 cm i1 50~60 cm + )2 H B RE IS, Ju N
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TE 0~10 cm JZ2 o HM A1 LM Ab 335 1 3 Mn 75
I T CK, o HM A B R i K, 24 39.27%(P<
0.05) ; LM AbHEYR 2, 4 31.14% (P<0.05) . 45 Jifti JIE Ak
PR 10~30 em 4 J2 Mn 5 B0 S ISR AE T 3
L 4b 3] 2 5 A 38 31 i 25 7K F- (P>0.05) o 30~40 em

DTPA-Pb/(mg-kg™)

A IEIREE Soil depth/cm

(a)

JZ Hp - B Min B 28 7 45l IE A R B) R R AR |, Y
h1 427.85~473.33 mg- kg 1E 40 cm DL I S, 4%
J2 435 Mn 7 SR T CK AR ER, For LM A 3 R i 45
K, 7E 30.83%~46.06% 2 [ii] (P<0.05) .,

25 ] UL, R IR, I R R 2
HHUE, 253 Cu.Zn F1 Pb7E 0~20 cm #F 2 T HE & 4
A I R4 1T Fe Al Mn W76 R 25 4E
22 BEEEEUSSENIES IFE
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2a) ., SACFRHEABIES Ph &R AE 0~30 em L2 R
e FHA )2, o CK AR 131 6.02 mg-kg™ R
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Figure 2 Content and distribution of available Cd, Pb, Cu,and Zn in soil profiles under long—term fertilization
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XA E YU RITE 1.29~1.79 mg-kg ™' Z[f],

AR J5 2555 30 4 5 L 7E 0~20 em 1A 1
45 Jit B A B ) A 3945 RS P AR CK, e
HM 4b BR R Wi 5 K, 75 43.39%~53.61% 2.6 (P<0.01) .
TE 20 em LR I TE H 45 J2 2 18] 1365 25035 Ph & 1 LU
HM Ab P 5 55, {HAS ] i HER Ak B 4 39 7] 22 7 oK 15 3] (.
ZIKF-(P>0.05) .
222 HEEAHES Cu &

% it A A L - 3 K A Cu 5 A 3] 1 P A
DA b ) 5 IR A )2 % R I i AP A 4 (1 2b)
AL BE A A S Cu 5 8 AE 0~30 em )2 H B R
T Al A 2, e LM AR FR 1 15.80 mg- kg PR
1.11 mg kg™, B K, 4 92.97%(P<0.01) ; HM b B
W2, M 23.03mg- kg T &% 2.30 mg- kg™, BRI~
90.01%(P<0.01) ; HAKEBRFEIETE 62.12%~67.04%( P<
0.01)Z ], 7£30 cm 1)Z LR 440 BT BES Cu % &
PRFFFIT RS SE , JEFITE 0.73~1.26 mg-kg ' Z [F] .

25 il IES Ak B ] 1) - B AT 20 Cu B 1 7E 0~30 em
+ 2B #E 2 5 (P<0.01), 1E0~20 cm 2,
HM 4b# + HEA 30 Cu 25 3% = T HoAth it AR 4b #1
3, IR TE 45.76%~857.15% Z [6] ; LM AL FH 1 34
RS Cu & i B2 TR HM Ab 3 &R Ath it AE 4b 33+
e, WA IRTE 63.24%~499.28% Z [A] . 7E 20~30 cm + )2
H HM Ab 313 RS Cu & i 38 v T HAtb it e Ak
P - 48 BA R 7E 106.93%~161.85% 22 6], 30 em AR
)2 IS Ca 75 576 45 it T A 34 1) 35 TG 25
%5,
223 HEEANES In it

25 Jita JIE Ak 3L £y A S5 A RS Zn S A T PO
G Ai AR - 35 5 BB A )2 R R K T A AEK )
(F2c)o S ETARS Zn & 5AE0~30 ecm L2
Hh I B i v T A )2, e LM AR B - 5 14.75
mg kg T FEZ 0.45 mg-ke, BRI AR, 4 96.95%(P<
0.01) ;s HM ALK 2 , 1 25.89 mg-kg' FRFEZE 1.14 mg-
ke, B IE S 95.60% (P<0.01) 5 4 4% k&b 31 [ i 78
81.78%~90.12% 2 [8] (P<0.01) ., 7£30 em T /2L F %
Ab PR A AT RS Zn B AR AEAR AR E | 3 R 7E 0.34~
0.69 mg-kg' Z[A] .

25 it A A 3B 8] ) = A RS Zn 5 5 7E 0~30 em
+ 2B #E 2 5 (P<0.01), {E0~20 cm -2,
HM 4B 4 64 2408 Zn & B B2 5 T HAB IS AL B
MR TE 75.54%~2 290.32% 2 8] ; LM kb E 4 HEA 502
Zn S 25 T TR HM A ERAN At it HE b B 398 0 7
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116.52%~770.15% Z [i] . £ 20~30 ecm )2, HM 4k
P A 30 Zn B I R T A AT Ah B 3
TE 154.79%~352.17% Z [0 . 30 em LR + )2 H3E0H
BEZS Zn S AR A AT A PR ) 35 G 2 A

25 BT I KA N A RGS Ph Cu il Zn & 5 7E
I E R IR RZREINL, FLAE0~20 cm
HIE R . K R A AUIE B AR 3 T - 458
RIZA WA Cu M Zn 195 5, H s A HUIE ECiG AL e
W FECT GRS P Cu 1 Zn [ W25 0 59T 7%
23 BEEREITERK

TP Ph R — R Z R E R OUR L 1M
Cu Ml Zn BIEAEY A K 7T IR S FR o0 (H L
R e RS T e R . ST
e Ph., Cu Fl Zn B & 3T B N T8 B (Pi) , W 3
HEAT R PEAS , 5 R AN 2 7R o 3 Ph 75 & Ab 3
F LB PIYNT 1, TGS . 3 CufE LM b3
0~10 em + )2 .HM 4L 0~20 em + )2 PifE 1~22Z
B8], A2 B s gy s Hopt A BRN £ 2 v Cu 2 TEi5 4L o
3 Zn £ HM AL FE 0~10 em + )2 PidE 1~2 Z 7], N
BRPEETS Y Hofb &AL BR AN )2 P Zn ¥ 15 YL, M
AT ICHUIE FIRE B34 HH AL BR s FHA HLIESE I T Cu
I Zn FE )2 L5y G2 KU, H & A7 HUIE B 52

2 KHAMEAE T L EHE$ Pb.Cufl Zn R E FISHIEH
Table 2 Single factor pollution indices of Pb, Cu and Zn in soil

profiles under long—term fertilization

JLE IR Kb 3 Treatment

Element Soil depth/em ¢k NPK ~ HN ST LM HM
Pb 0~10 041 050 043 045 047 052
10~20 033 036 044 040 038 046

20~30 039 036 040 038 042 043

30~40 043 035 038 032 031 043

40~50 042 036 035 034 032 044

50~60 038 037 033 031 030 041

Cu 0~10 054 047 049 049 1.19 1.60
10~20 053 053 045 094 070 1.07

20~30 052 048 042 049 044 052

30~40 051 041 043 044 043 049

40~50 047 044 041 045 036 047

50~60 0.44 041 038 042 032 046

Zn 0~10 083 090 09 091 096 1.29
10~20 081 099 075 091 0.89 098

20~30 071 079 071 077 0.74 0.76

30~40 072 077 0.70 071 0.73  0.82

40~50 0.73 066 0.67 076 0.59 0.76

50~60 0.80 066 0.71 071 0.68 0.76
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Figure 3 Content of SOC in each layer of soil profile under

long—term fertilization
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PR )2 38 SOC 5 £ 7 4% il NS A 34 18] 12 G 4 2% 2%
5o X R WIFE H A A 0t 2 2 B 1 SOC R
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¥5 1+ 58 SOC Z [i] B 23 1IE M 56 (P<0.01) . TE45
4R A5 L SOC MLl 4 43, T-Zn 5
SOC 5 Jr FE Ui R EC(R) I i, M 073 RS H 4
JEA RS RS 1 S0C L B3 40 Hr e, DTPA -
Cu 5 SOC 1 R* %, 9 0.64, 133 T-Mn F1S0OC ZZ ]
SRR B R D6 (R=0.39, P<0.01) , 1 T-Fe 5 SOC
Z I TG S AH S o A D 2 i 45 SR 2R B ) 1 -
4R a5 SOC 4 B EAH G, A RES & 87
AT B4 A7 LA 5 35 THT SOC AR Al — 2, X e B ]
1] - 45 SOC AR KARJE b3 m 1 5 43 & (1) 40 A R A
GIESE €

HEeRETERZHREBRBEAGUMNESRZ
TR SOC T BB UMK, W& R EES R
A S 55 SOC AT LR [T 43 4, 45 SR R,
AW AR AL HR , T-Pb 5 SOC & 7E 0~10 em F120~30
em )2 W B 3 IE AR OC (8] 5a) ; T-Cu 5 SOC % 7
0~10 cm F110~20 em 4 )23 H 2 4% 2 3 EAHOC (] 5b)
T-7Zn 5 SOC & & 7E 0~10 em + J2 H 4% & 1 EAH &
(E5¢) ; T-Fe 55 SOC & 7E 40~50 em + )2 H i UL iE
FBUR B R K 3] 8 K (B 5d) 5 T-Mn 5 SOC
R AE 0~10 cm F130~40 em 1 )2 o 5 2 E A 56 (K]
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M. [AIFE, DTPA-Pb 5 SOC & #7£ 0~10 cm )2
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X% (& 6a) ; DTPA—Cu H1 DTPA-Zn 5 SOC % #7E 0~30
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T2 E SR A S F S SOC 5 0 i A K
Pk HTE 3 SOC 5 HE 4 @ 7E AN [F] )2 Hh i) SR AR Ay
fIE 52 B0 M R — ek, FLRTE H SOC = EERE2 I 40 em
[ e s =L A Y U e SR Gy 1

3 itig
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Cu.Zn . Fe fiIMnEEEEEMNESEM Cu.ZnHEEL)E
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Figure 5 Relationship between the total content of Pb,Cu,Zn,Fe,Mn and SOC in each layer of soil profile

2 M E A BRSBTS . BeAh , AR5 RS
H e (9 Fe Mn & & £ &, HLUEZEN F A HLUE
HOHS A, DRt A ML AR XS 1458 Fe \Mn A9 %
AR R

KAt AR N 4 35835 1 Ph . Cu M Zn 25 5 43 J@ 4 i
ARG REARIAPZ S/ TIRE, BRZE
A S S B AR AR, X R IR T, B
B ESE BT HENRENRS . KA
Uit A AL A B A, 38 Ph | Cu Al Zn
1) 4 A R 5 1 43 0 E TET 0~20 em 11 0~30 em
TZEMREZRENS . A% P A YU b3

http://'www.aed.org.cn

M FEEREEERIC, P Zn Ml Cu FHE 8 & il
R mEESE S RN A LIRS, 2 B
S ECE R G R ) R AR A R G e, AR
FEH, ANt AC FsE P AR HE AR FE it P A HLAE N 1
LI E SR RZRENR 25 T Cu ZnTER
J2 TS YKL, X R WIE A HLIE A B AR I T
MG Y, R ECE & JE e LR I FJE R R
Hb, A HUAE i T8 B0 T A RS Ph . Cu Fl Zn 1)
SR Z 1T B RS , 1X AT RES L4 SOC & =AY = A
KIE, Fe Ml Mn BRI H BEAE 3 i b B =, E
S AR A B 2

—171—



KA FREMMEFR-F43% -5 1 1

o]

[ ®0~10cm (a)
o A 20~30 cm
<6
o T
=2 | y=-0.23:+1041 \_ m
= a': R?=0.83%%
sz
= e ‘ '
:; 2F K‘ y=0.12x+1.10
< R?=0.28*
0 : - |
0 12 24 36
HITAISOC Profile SOC/(g-kg™)
R 30r B 0~10 cm (b)
Tun @® 10~20 cm -
B A 20~30 cm H
5 %D 20+ ’ )’:1.2696_15.56
- 3 R*=0.92%%
[~ ]
= 1
a <
= % 10 y=041x-1.52
K R*=0.78°%
£ ol M A 1574-28.88
R2=0.84%
0 12 24 36
HITESOC Profile SOC/(g-kg™)
s 301 B 0~10 cm (¢)
o ® 10~20 cm '
- A 20~30 cm
= &
£ 20
Z %/ y=1.21x-16.23 °
= R=0.92%*
&£ w0 .
£g! y=0.27x-1.32
= R*=0.65%*
=
5 | |
= prres ) . y=1.74x-33.05
R2=0.8 1%+
0 12 24 36

HITSOC Profile SOC/(g-kg™)

6 TEANEEEREREPH.Cu.Zn 5SOCHEH KRR
Figure 6 Relationship between the available contents of

Pb,Cu,Zn and SOC in each layers of soil profile

32 TESOCEREELREHEH HAIKER

+ B 4 )R O LA R SOC & 2 IEA
o, HLE R 3 B B A 1T — 7 T, A S A
ZEAHUIEAS B 5 A 5 % 5 1% Cu Zn F1 P, K Wit
A28 P AN E AR U R A BB 5 — 7,
KWt A MUER I T £ SOC & &, L HE 0 F 2
NS BhBE 1 R R SOC 7, HLWE B RE
hni, AT B e A A R O R A SR,
it PRV 28 0 25 4R 8 T D Zn B Cu A RLPE , FT R
FEN Zn 1 Cu AT ROE AFLE T HE 35 b J 2%t
JEEERE T L2 B Cu ARCS S i, s F R

—172—

FENE 4 R 118 SOC & 1t Fl pH., 3 1 28 5 AFE TS Zn
7 KO 3 g N QT A IR O S )
FREZ IR T 1 Cu Zn 2 A RS S
i RTE T R HESOC KR IRy T i, HM A =2 ]
Lt i IEAROCOC R |, 1K 3R I - 48 1T SOC 43 A1 FL A
TEAR KRR L b5 1 4 3350 1 v 8 43 Js 4 i A 4K
PER 3 AR

EAWEFE KB, it s i A 2 WG ZERT, Cu Zn 55
4 B AAAE UL W IR 2T B4, X AT g e A
R HE RGZE S B 27 A K AT A LS R BL
PP, 3 e A3t 7 ) 3 R W B 4 s A AF TR TR S R L 438
ST X 4 Jem 1 W R e T 4 T T S A RN S Bl
P ) 1) R 2R R, BLAb, AE 5 R N B
A EHEE G IR BE R T, LS FL BRI E AR 2
1 AR 7K A A0 3t e 25 38 0 B 43 )8 1) R AR AR
AN, RIZESE A SOC F 2 H 4 8 76
BT R, RZES R S bE , Hm T e
SRR, AEARE ST e A AL it £ I Ak
PR BN T 0~20 em 4 )2 HH 4@ 19 4 5 1 0~30
em HJEPESEABES S, INE T HESEE
BHZ IR RIZRERG , RN —E PR 5
TRJZE 43 (20~60 cm) H Ph . Cu il Zn 251 EFFIA
Rk Ry 3G, X R B m A U R IR A T e 2
R Z T E S RS R IE TR B

£S5 N i S AN B 7 s
I )2 4R B S R A RO R T XA R e K
Wit A PUIB BRI 2 . A PRI AR
R T EEm AT )20 B8 s s T gE
RERIZESBERRE S . B, A UL,
J s NI B 4 SR ) [RIE  3 oE 42 il K A A
HUIE A R L, DA 3 4 A - 380 T ) SRERAIE RS
PR AT BT I T N A R A T A T e RS

4 it

(1) W2 Fe A AN [ AR A 28R, Ph ., Cu A1 Zn
P+ e E T B S IR )Z R AL i Fe Fl Mn U] 32
BERE T 2R,

(2) & 1t 38 2643 MLAE 25 i 2 42 5 0~20 em -
JZ Cu Zn \Pb 45 S A R0GS & i, H A ALIE s
£ 388 o T B T T R B K, (A 2 3 Fe AN
Mn 755 JC B & 50

(3) K it 1 4 25 45 MLAE 51 & A9 350 17 123 Cu.
Zn . Pb RFUFIA 808 & & Fh s 5 3L S0C & i A8k

http://www.aed.org.cn



B & - KPHEEMRNERE L EECRIE S AHFM

2026518

a2, HRIBA m A HUE 2R Cu Zn
1 Ph 2 3 SR TE R 2= L i R

S 30k

[ BHE AL KA, KRR, 55 H a5 PR Aol 22 2 5T ik
JE 5 R[] Al BB ST, 2018, 39(6) : 1030-1043.  HUANG
D Y, ZHU Q H, ZHU H H, et al. Advances and prospects of safety
agro—utilization of heavy metal contaminated farmland soil[J]. Research
of Agricultural Modernization, 2018, 39(6) : 1030-1043.

[2] B, S, VB I, 45 . vl [ 1 S b B S X R A
B A A B RFAEL)). 407K, 2021, 40(3):384-396.  HE L, WU
C, ZENG D M, et al. Distribution of heavy metals and ecological risk of
soils in the typical geological background region of southwest ChinalJ].
Rock and Mineral Analysis, 2021, 40(3) : 384-396.

[3] WANG X P, WANG L Q, ZHANG Q, et al. Integrated assessment of
the impact of land use types on soil pollution by potentially toxic
elements and the associated ecological and human health risk[J].
Environmental Pollution, 2022,299:118911.

[4] B, PRSCHR, BRI VR L MR - 3 ) T T 45 S 3 Al
AE A 25 KBS B[], 5 05k, 2023, 42(6) : 1203-1219. LIAO
B X, SHEN W L, HE L. Distribution characteristics and ecological risk
assessment of heavy metals in typical soil profiles of Muchuan County,
Sichuan Province[J]]. Rock and Mineral Analysis, 2023, 42(6) : 1203 -
1219.

[5] ZHANG T, SUN Y F, PARIKH S ], et al. Water—fertilizer regulation
drives microorganisms to promote iron, nitrogen and manganese
cycling: a solution for arsenic and cadmium pollution in paddy soils[J].
Journal of Hazardous Materials, 2024, 477 : 135244.

[6] BRUT 5, R, 2 B, 45 . R I 78 & 20 o 4 J & SRRk M g
TR 43 M7 0], BF 48 L 2%, 2020, 41(2) : 986-996. MU H Y,
ZHUANG Z, LI Y M, et al. Heavy metal contents in animal manure in
China and the related soil accumulation risks[J]. Environmental
Science, 2020, 41(2) :986-996.

(7] X, Z e, 0T 25 AR AN [ it S 0 425 J5 4% £ K R 1 o 46 s 58
FRUBAT SO B 52 W )] ARl R B 22 240, 2020, 39(7) : 1494~
1502. LIU C, QIN Y S, ZHAO X L. Long—term effect of fertilization
on accumulation and availability of heavy metal in a calcareous paddy
soil[]]. Journal of Agro— Environment Science, 2020, 39 (7) : 1494—
1502.

[8] BYabEL, SCH, 17 2k, S . FRIEIFR /30 1T 75 8 26 o T 43 ) 1 i
BRI RAFFEERE 254, 2016, 35(4) :764-773. JIA W X,
WEN J, XU W L, et al. Content and fractionation of heavy metals in
livestock manures in some urban areas of China[J]. Journal of Agro—
Environment Science, 2016, 35(4) :764-773.

[9] LOPES C, HERVA M, FRANCO U A, et al. Inventory of heavy metal
content in organic waste applied as fertilizer in agriculture : evaluating
the risk of transfer into the food chain[J]. Environmental Science and
Pollution Research, 2011, 18(6):918-939.

[10] A7, Ml Bfa, Derh 35, 45 . S IMENE X7 HH H e B A LR A

BER AT A BB B ST, 2021, 42(2) :302-310.  YANG

http://'www.aed.org.cn

M, HE L L, RAO Z X, et al. Effects of long —term fertilization on
accumulation and availability of Cd, Zn and Cu in paddy soil[J].
Research of Agricultural Modernization, 2021, 42(2) :302-310.

[11] XRE, ZRE, B, % E St AT HUIEXTSE H 13 Cu Fl Zn
TR BB dak it A SR 1], 7K 1 PRS2, 2020, 34(3) 219~
225. GUAN T X, LI C X, MA G T, et al. Effects of continuous
application of organic fertilizer on Cu and Zn accumulation in soil and
the yield and quality of pepper (Capsicum annuum L.)[]]. Journal of
Soil and Water Conservation, 2020, 34(3):219-225.

[12] Mo, IR, BEVTHE, S5 i FH AN 7] 75 8 26488 4 ) i v 7 42 )
PATERAEL)]. HBFRAL 2 HE 2, 2012, 31(12):1708-1714. YE B X,
LIU Y, YU J P, et al. Characteristics of the distribution of heavy
metals in the profiles of the soils fertilized with different livestock
manures[J]. Progress in Geography, 2012, 31(12) :1708-1714.

[13] CUI H B, FAN Y C, FANG G D, et al. Leachability, availability and
bioaccessibility of Cu and Cd in a contaminated soil treated with
apatite, lime and charcoal: a five—year field experiment[]J].
Ecotoxicology and Environmental Safety, 2016, 134:148-155.

[14] HUSSAIN B, LI ] M, MA Y B, et al. A field evidence of Cd, Zn and
Cu accumulation in soil and rice grains after long—term (27 years)
application of swine and green manures in a paddy soillJ].
Sustainability, 2021, 13(4) : 2404,

[15] RAO Z X, HUANG D Y, WU J S, et al. Distribution and availability
of cadmium in profile and aggregates of a paddy soil with 30—year
fertilization and its impact on Cd accumulation in rice plant[]J].
Environmental Pollution, 2018, 239:198-204.

[16] 1 -1- HL . el (b 4r B [M]. 3 . Jb5T: [l i 4, 2000.
BAO S D. Soil and agricultural chemistry analysis[M]. 3rd Edition.
Beijing: China Agriculture Press, 2000.

[17) XIFBRLL, Tk, BUAME, 45 I L BT 45 ) i Y IR KU A0 T
LR BRI FE R )]. PRSI, 2024, 46(6) : 1-5. LIU C
H, ZHANG L, JIA X H, et al. Discussion on the environmental risk
assessment methods and prevention measures of soil heavy metal
pollution in China[J]. Environmental Impact Assessment, 2024, 46(6) :
1-5.

(18] T3, 245, 1h LI, A | R IA ]l il Xof - 3 RV ) o <5
Ja 22 B 52w [T, 4l PR 8RR A 2 4, 2014, 33 (1) 1 6374
WANG M, LI ST, MA Y B, et al. Effect of long—term fertilization on
heavy metal accumulation in soils and crops[J]. Journal of Agro—
Environment Science, 2014, 33(1) :63-74.

[19] ML, KA, 7B 4, 45 K MIFE AT I8 X5 Qe A3 54k
77 A JE 1 R[] K A AR RS, 2020, 34(2) : 354-359.
ZHENG S A, LIU D L, ZHANG M K, et al. Effects of long—term straw
returning on heavy metals of soil and agricultural products in the
polluted farmland[J]. Journal of Soil and Water Conservation, 2020, 34
(2):354-359.

[20] BERAR, BRJTH, Bia, 55 AHUIEH TG & i o ir Soe g B
b RBVRBLITALLI]. BRI ALY, 2018(12):50-54.  HAO H
J, CHEN W M, LU Y T, et al. Analysis of heavy metal content in
organic fertilizers and evaluation of its accumulation in soil and

vegetable[J]. Hunan Agricultural Sciences, 2018(12) : 50-54.

—173—



Al B R S IR

FiR-FHBE-F1H

[21] SKAIE, SRIIE, XI5, 55 . MBI IRAH & & 28 A 5
T 53 MR FE (T, R 3R 5 LR 24 4T, 2005, 11(6) - 822-829.
ZHANG S Q, ZHANG F D, LIU X M, et al. Determination and
analysis on main harmful composition in excrement of scale livestock
and poultry feedlots[J]. Journal of Plant Nuirition and Fertilizers,
2005, 11(6) :822-829.

[22] B3O, SRIEY, XIHG L, 45 Rt AL NS R HLIE X 7 L
A S AT R IR [J]. FRBEREE, 2021, 42(5) : 2469-2479.
XIA W J, ZHANG L F, LIU Z B, et al. Effects of long—term
application of chemical fertilizers and organic fertilizers on heavy
metals and their availability in reddish paddy soil[J]. Environmental
Science, 2021, 42(5) :2469-2479.

[23] ZHOU S W, LIU J, XU M G, et al. Accumulation, availability, and
uptake of heavy metals in a red soil after 22—year fertilization and
cropping[J].  Environmental  Science and  Pollution  Research
International, 2015, 22(19) :15154-15163.

[24] 28T, 50 A&, TEME K, 45 AN AL X £ 13 4=t B b o 3 )
PR S A B[], AR IR} 2241, 2025, 44(4) 1964~
974. LI J Q, GUO Z C, WANG Y J, et al. Effects of long - term
fertilization on heavy metals accumulation and bioavailability in
sloping cropland of red soil[]]. Journal of Agro—Environment Science,
2025, 44(4) :964-974.

[25] WANG X B, LIU W X, LI Z G, et al. Effects of long—term fertilizer
applications on peanut yield and quality and plant and soil heavy
metal accumulation[J]. Pedosphere, 2020, 30(4):555-562.

[26] ZHEN H Y, JIA L, HUANG C D, et al. Long—term effects of intensive
application of manure on heavy metal pollution risk in protected—field
vegetable production[]]. Environmental Pollution, 2020, 263 :114552.

[27) 20, #E M) 5, 4 UAE, 55 . & B S A HUIE b o 4 Ja 7 1
17 R BRIE RS AR AE B AR AT A 22 S (). R RAF, 2017, 38(4)
1576-1586. HE M Y, DONG T X, RU S H, et al. Accumulation and
migration characteristics in soil profiles and bioavailability of heavy

metals from livestock manure[]]. Environmental Science, 2017, 38(4) :

—174—

1576-1586.

[28] DUMAT C, QUENEA K, BERMOND A, et al. Study of the trace metal
ion influence on the turnover of soil organic matter in cultivated
contaminated soils[J]. Environmental Pollution, 2006, 142(3) : 521-
529.

[29] sk in 55, B3R, S0, S5 it TR S R A IE X A L g
Cu Zn Fl Cd 55 5 AT MRS W[, Al FREER 22740, 2022, 41
(9) : 1944-1954.  ZHANG L F, XIA W J, ZHANG W X, et al.
Effects of long — term application of pig manure and chemical
fertilizers on soil Cu, Zn, and Cd contents and their availability in
paddy soil[J]. Journal of Agro— Environment Science, 2022, 41(9) :
1944-1954.

[30] EARAL, JHI &40, T AR, 4. X3 b iy A HLIR S HT + i s
SRS )] LA 4, 2002, 39(2) 1 268-275. WANG L Q,
ZHOU C J, WANG ] R, et al. Organic acids in chicken feces and their
effects on availability of nutrients in loess soil[]J]. Acta Pedologica
Sinica, 2002, 39(2) :268-275.

[31] FAN T T, WANG Y J, LI C B, et al. Effects of soil organic matter on
sorption of metal ions on soil clay particles[J]. Soil Science Society of
America Journal, 2015, 79(3) : 794-802.

[32] FhvieE #E, ARAE . BRI VR R S0 0 2 L3 o G A% ML
RPN A )8 (14, 2024, 76(4) : 142-148. SUN F
X, SONG Y. Study on the migration law of heavy metals in the soil of
copper tailings pond under rainfall leaching[J]. Nonferrous Metals
(Mining Section), 2024, 76(4) : 142-148.

[33] LIU K H, LI C M, TANG S Q, et al. Heavy metal concentration,
potential ecological risk assessment and enzyme activity in soils
affected by a lead-zinc tailing spill in Guangxi, China[]].
Chemosphere, 2020, 251:126415.

[34] STERCKEMAN T, DOUAY F, PROIX N, et al. Vertical distribution
of Cd, Pb and Zn in soils near smelters in the north of France[]].

Environmental Pollution, 2000, 107(3) :377-389.

http://www.aed.org.cn



