KW HAEBEEREFIR
2019411 H -5 36 4 - 45 611 . 783-791 November 2019-Vol.36+No.6:783-791

T, BUL S TR XL 43 )8 Cd Pb AYASALRHE S AT )] Al BHIR S PRI A=A, 2019, 36(6): 783791,

XU Ning, WEI Zhong—yi. Analysis on the variation character of heavy metals Cd and Pb in the cultivated land of Shenfu sewage irrigation district[J]. Journal

of Agricultural Resources and Environment, 2019, 36(6): 783-791.

M ERXRBHEESE Cd . Pb T AFES

/fé—? '_J‘? ) %“é}: X*
(U BEAR ML K2 - 3th S5 24 B, TR FH 110866)

O OE PR X R TR 134 A SRR FE R AR A X, L 1500 m (8] BE W0k Ak A6 55 29 Ak, P82 0F 5% I 55 S0 BEAE R 0, S B 18 4452
TR RLAS [ (O B R A, BN A 54 0~20,20~40,40~60 em SR AR 3 )22 HHERE 5, A Fill e 5 4 J8 Cd .Pb 19 & i S fb=ATE 245, 1
E T FAEYI 2R PR EE G R i, TRITBI ST DA [R5 B ) R R T2 B b - 48 b Cd (P (W 3 AT RAAE B AR AL AR . 25
FeH . 0~20.,20~40 ,40~60 cm -3 Cd Z 840514 0.65~1.57.0.66~1.18 .0.61~1.18 mg- kg™, (553 20~25 4 (1 132 0~20 em 1) Cd
TR e, N 1.57 mg kg5 %% )2 PhARAL YL 43 51 A 21.07~38.59 ,14.97~30.59 . 15.71~25.66 mg - kg™, 7 B f5= 4 i (1] % A& 0 45k AR
16 5 Cd 7 20~40 ., 40~60 em - JZ2 3T F Z43 511 4 0.42~0.50 . 0.46~0.52,, T Ph A%} 0~0.34,0~0.68; £ K 2£ 0t Fkith Cd & 543 51K
0.33~0.47.0.02~0.07 mg- kg™, /KRG ZE M Kb Cd 5843514 0.33~0.89,0.02~0.09 mg- kg™, Pb %5 & 43 %4 1.51~2.32.,0.47~0.62
mg-kg ™!, Cd P})f1’F%£ﬂf *I*ﬁ*ﬂiﬁﬁﬁlﬂ%#?ﬁb‘ﬁw%i%Hﬂ‘l‘rﬂ%%ﬂlth T 40 2% 57 5 7K R 8 0] 5246075 Cd & R 19 37.33%,
AT AZ A Cd % 1k 5 B R 1Y 7.829%~13.95% 5 7K HH T 3EA] 224007485 P 5 4k o BV EE 19 9.03% , S S i 1Y 0.87%~4.18% . BFFE 4G
%ﬁﬁi%ﬁ!ﬁm;&%ﬁi&é@ﬂﬁﬁ AP R YA S AR LA

SEHEIR : Cd; Ph B4 s BF Ml s TEALHE X

RESES:X53 XERFRARFS : A X E 4S5 :2095-6819(2019)06-0783-09 doi: 10.13254/j.jare.2019.0129

Analysis on the variation character of heavy metals Cd and Pb in the cultivated land of Shenfu sewage irriga-
tion district

XU Ning, WEI Zhong—yi"

(College of Land and Environment, Shenyang Agricultural University, Shenyang 110866, China)

Abstract: In selected farmland, including 13 natural villages, in the eastern part of the Shenfu sewage irrigation district, twenty—nine 1500
m squares were gridded, and historical farming in the study area was investigated. Furthermore, 18 soil sampling points with different irriga-
tion times were selected. Here, soil samples were collected from 0~20, 20~40 cm and 40~60 cm depth. To study the distribution character-
istics and the variations of soil Cd and Pb in the study area for different irrigation stop times and different types of farmland, the total
amount and chemical forms of Cd and Pb were analyzed, and the content of heavy metals in the stems or leaves and seeds of the ground
crops was also determined. The results showed that the content of Cd in the soils of 0~20, 20~40 cm, and 40~60 cm was 0.65~1.57, 0.66~
1.18 mg-kg ™', and 0.61~1.18 mg- kg™, respectively. The soil Cd at 0~20 cm reached a maximum of 1.57 mg-kg™" at 20~25 years of irriga-
tion stop time. The range of soil Pb in the three soil layers was 21.07~38.59, 14.97~30.59 mg - k™', and 15.71~25.66 mg - kg™, which
changed less with the irrigation stop time. The migration rate of Cd between the soil layers was 0.42~0.50 and 0.46~0.52, and Pb was 0~
0.34 and 0~0.68. The range of Cd content in maize stems or leaves and seeds was 0.33~0.47 mg kg™ and 0.02~0.07 mg- kg™, respectively,

which was significantly lower than that in rice stems or leaves and seeds, at 0.33~0.89 mg-kg™" and 0.02~0.09 mg kg™, respectively. There
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was no significant difference in Cd or Pb content under different irrigation times. The proportion of exchangeable Cd in total Cd in paddy

farmland was 37.33%, and the exchangeable Cd in total Cd in dry farmland was 7.82%~13.95%. The exchangeable Pb content in paddy

farmland was 9.03% of the total amount, and for dry farmland was 0.87%~4.18%. The results can help in the use, management, and restora-

tion of farmland that has been contaminated by heavy metals.

Keywords : cadmium; lead; heavy metal; farmland; Shenfu sewage irrigation district
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Figure 1 Geographical location and sampling points of the study area
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Table 1 Basic conditions of soil samples

mamy g LSRR pm O
Sample  Land use type ‘ Village ;
stopping/a species
1 JKH 0 ks IKFE
2 REF K F
3 REF K Fe
4 LS 5~10 PiR T ESP/S
5 FHAT Tk
6 BiR ) ok
7 B 10~15 R ok
8 A ok
9 A ok
10 B 15~20 = FK
11 i) FK
12 Hiks ok
13 it 20~25 TR Fok
14 A E N
15 (g B N
16 i CK JAS Tk
17 FHAS ESN
18 FHAS ES
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Figure 2 Vertical distribution of soil Cd in different tillage types and ages since irrigation stopping
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Figure 3 Vertical distribution of soil Pb in different tillage types and ages since irrigation stopping
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FEAR A AR T LASE 245
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Table 2 Migration rate of soil Cd and Pb among the layers

(e ] Hrnm cd Ph

Ages since irrigation stopping/a Land use type 20~40 cm 40~60 cm 20~40 cm 40~60 cm
5~10 b 0.45+0.06a 0.49+0.11b 0.34+0.03a 0.01+0.00b

10~15 b 0.50+0.05a 0.46+0.10b 0b 0b

15~20 b 0.42+0.09b 0.48+0.09b 0b 0b
20~25 LS 0.40+0.07b 0.52+0.02a 0.10+0.03b 0.68+0.03a

0 JKH 0.50+0.03a 0.47+0.18b 0b 0b

CK LS 0.46+0.05a 0.47+0.02b 0.16+0.03b 0b

1 - R B [R) = B2 21 B) 25 57 8 (P<0.05) o T [l

Note : Different letters in a column indicate significant difference (P<0.05). The same below.

R3 AEEERETENEN FHNEESEREREERY

Table 3 Contents and enrichment factors of heavy metals in crop straw and seed under different ages since irrigation stopping

PR cd Ph
Agessince ARl fEgpsinl  EMPEERE EWECR O FPREERE  EWEN EEERN EWEE HREERK
irrigation  Crop  (Crop straw/  Enrichment Seed/ Enrichment Crop straw/ Enrichment Seed/ Enrichment
stopping/a  species  mg.kg™! coefficient in straw  mg-kg"  coefficient in seed mg-kg'  coefficient in straw  mg-kg' coefficient in seed
5~10 FK 0.38+0.18b 0.24 0.07+0.01b 0.05 1.97+0.20a 0.06 0.53+0.07a 0.02
10~15 FK 0.42+0.22b 0.42 0.05+0.01b 0.04 1.88+0.32a 0.05 0.52+0.15a 0.01
15~20 oK 0.33+0.19b 0.28 0.02+0.00b 0.02 1.51+0.81a 0.06 0.59+0.26a 0.02
20~25 FoK 0.44+0.08b 0.48 0.06+0.02b 0.07 1.77£0.39a 0.08 0.47+0.13a 0.02
0 JKFE  0.89+0.16a 1.36 0.09+0.03a 0.14 2.32+0.71a 0.09 0.62+0.12a 0.02
CK EoK 0.47+0.16b 0.34 0.04+0.01b 0.03 1.67+1.04a 0.05 0.49+0.07a 0.01
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BLS R B ik 4 & A — R E L8 Y LI E
75 SRy S AL S I ) R B B PR v, A AR ) T A R
Jp 5 5% 0 25 S ORGSR MERE KT RS , AN 5 Wi AE W)
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2.3.1 0~20 em )22 Cd BB 5341 B ILXTHEY) 053 1)
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AL B2 AR R 25 . K Ha]
LA GIRIRERZE A A A e plR & e & T
FAM R, EEZFENSAT, Cdea
T2 6 155 E S 1) A 28 0 i 0.93 mg - kg 9 % 1.57 mg -
kg™, T AT A2 42 Cd o5 4 B0 7.82%~13.95% , - fifi
SRR B AR . AR S AR RS A AR
4G A Cd F W B AR, O 63.49%~
83.47% , FE/K H Hh AR 25 5 4 55 1% 25.57 %, o LLAR YT

AR, AR HBHER sk i Cd B & Tk H
150 5 135 Cd W 5 81 52 76 £33 0~20 em, [1] 2T
(IRE TR

A RS Cd FE K HEREE T 2 i Eb i 45 v, T 5
T AT A A T R AL, RS KA R
5 33 3 pH CECH KA WL A5 & £ AR L
M5 300] S840 2 Cd & s 3G e, (55 e, 5% e
0~20 cm 12 19 Cd &B 535 Ak Ay 55 i 25 55 AR 5
fiff BB A0k 81 5 7E 18R 2 , ZAEHHE R B 0~20
em T2 Cd & BRI EL AR,

EYIZEM Skpkih 48 cd i 5 L HERIZ S
S AE ST AT AN R S R AEW 2R Cd 5 LR
JE 0] 42 Cd A B 3 IE A SE VR F R S ] 28 46
A Cd HA B F MM, gl 5830 7S Cd & 5L
YEYIR SR Y 25 m 2 ARE S Cd 51EY
AN CAd R ERERHKEKR,
2.3.2 0~20 em 1 )2 Pb (TE A543 A Ko FEXHAE ) ) 5%

22 6 1] & HY, Pb 7E 13 0~20 em 9 243041 LA
NG EB MR A &R SREE N T, P4
AALW A A A AR K S 4 64.72% , 45 5
H -8 e 5 H R 27.829%~49.30% , 155 JR % TE 24515 [
A FTRAK . BRI S PhAE /K H A B i IR 45 4
S BEASEHE B ] A B I ms AT TR . [WIE, Ph

R4 FEHMEBREERE0~20cm TECIULERSEERES2ENENLL

Table 4 Content and proportion of Cd chemical forms under different tillage types and ages since irrigation stopping

N AR WA A3 [/ R R/ i AL Rt
FAER ] Exchangeable form Carbonated form Fe/Mn binding form Organic form Residual form Cd4 &
Ages since . P . P P Total Cd/
irriga} o COEII,Iti"i;lt/ ri Coantilt/ £ Lt COErlltil/ it Coilit/ r b Coitit/ r mg kg
stopping/a ", Ratio/% L Ratio/% o Ratio/% o Ratio/% o Ratio/%
mg-kg mg-kg mg-kg mg-kg mg-kg
5~10 0.11£0.03b  11.32  0.17+0.21a 18.55 0.06+0.02a 6.54 Ob 0.1 0.59+£0.22b  63.49  0.93+0.06d
10~15  0.08+0.04b  7.82  0.06+0.0la 5.66 0.03+0.02a 2.98 Ob 0.06 0.84+0.06b  83.47  1.00+0.02c¢d
15~20  0.17+£0.07ab  13.95  0.03+0.00a 2.94 0.07+0.03a 5.69 0.09+0.00a 7.27 0.83+0.14b  70.15  1.19+0.10bc
20~25  0.17£0.03ab  10.83  0.09+0.06a 5.88 0.02+0.02a 1.57 0Ob 0.04 1.28+0.17a  81.68  1.57+0.25a
0 0.24£0.02a  37.33  0.18x0.14a 27.8 0.04+0.02a 5.62 0.02+0.04b 3.68 0.17£0.22¢ ~ 25.57  0.65+0.19¢
CK 0.15+0.12ab  10.98  0.04+0.02a 2.99 0.04+0.03a 2.93 0.01+0.01b 0.39 1.14+0.06a  82.70  1.37+0.13ab
x5 EWEN FRCIEE50~20 cm 2 CALFERSHEXEG)
Table 5 Correlation between Cd content in crop straw, seed and soil chemical forms of Cd at 0~20 cm level (r)
i H Ttems AR WRIREL LS &5 PR TR Y/ RE g HHLEE A Bt A5 Cd 44k
) o Exchangeable form Carbonated form Fe/Mn binding form Organic form Residual form Total Cd
YEHIZEIH: Crop straw 0.67+* 0.17 0.14 0.24 -0.55% 0.43
VEMIHERE Seed 0.54% 0.17 -0.09 0.10 -0.07 0.05

2% P<0.05, %% P<0.01., FA,
Note: * P<0.05,** P<0.01. The same below.
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R AT A2 0 25 AR, B R B A R AY 0.87%~
4.18% , 7K HWE = T4 421, 5 H9.03% ., Ph7ERk
HEH b 35 DU E BT S AEAE T 13 0~20 em 1, 3F
R R S35 o K IH Be 510 -85 b Cd . Pb B FL 134
AL A2 P Cd> Rl 32 e 285 Ph, iF— A Wi id Cd i %
REH1m T PhEYJEIA

WNZE TR AP 250 FokE R Ph & i 5 4
FIZ N A Ph S Y B S IE MO R W Ph
TEVEYI S P i ) F B S Nl S ds , EHEA AL
A Pb &AL EEY T E A RR 155 .

3 #ig

(1) ZZ 8 A 5 X R LR R ] iy 5, 42 )2
(B Cd 7t 25 57 B 3, FEA50E 20~25 A 4 rp 3R Cd
SEE, KPP =12 CdEEIEHEZER . PhR
Wit 2t 1) FH 2 70 T A5 B[] AN R 7 5 b A
B2

(2)7K HH CAd RS R Bk b g A g R H
EEEISHEU PSRRI EERESBE H
ZAERHE T Cd 13T B 1 20~40,40~60 cm P2 K &
SEATH R 5 P oA Bt A b 1) FH 28 R 9 AN (] SR BB i 2%
5, ARG TR, FEAATE T 0~20 em, Xf 20~40 .40~
60 cm T HEFZ M4/

(3)7K i H Cd LART 22 0 2s BRPR R 25 5 8 55 5 iE

BIIE A T B4 5 H Cd LIBRIE S8 3, i #fig
B, 2 2 AE 0~20 em + 2 0 45 F8A0 kb PH DR
B EE G BRI AN I A5 S v aS A o
LM T K H

(OVEYIH Cd PhEAAFRERT ] T If R R B 1 W]
BHEREAEM . CATEZE R FFR 5 = 5l o
0.33~0.89.0.02~0.09 mg - kg™, Pb 43 5l 4 1.51~2.32,
0.47~0.62 mg-kg ™, V/EYIZE T S kph v Cd 1) & 4 R 5L
W18 = F Pbo e BECHRDRL TLAE AR ME ) (GB 13078—
2001) , FEdH 2L Cd \Ph & 84354 39% 6% it hr,
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