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Study on the applicability of winter rape alternative planting technologies on cadmium and lead polluted
farmland soil in north China

CAO Liu', HE Mengke™*, YANG Junxing”*", ZHENG Guodi**, GUO Junmei‘, MENG Xiaofei**, LI Yufeng™”

(1. Center for Publicity and Education, Environmental Science Research, Jiyuan of Henan Province, Jiyuan 459000, China; 2. Center for
Environmental Remediation, Institute of Geographic Sciences and Natural Resources Research, Chinese Academy of Sciences, Beijing
100101, China; 3. University of Chinese Academy of Sciences, Beijing 100049, China; 4. College of Environmental Science and
Engineering, Taiyuan University of Technology, Jinzhong 030600, China)

Abstract: Field experiments were carried out in cadmium (Cd) and lead (Pb) contaminated soil in Jiyuan City, Henan Province to explore
the applicability of winter rape alternative planting technologies in Cd— and Pb—contaminated farmland soils in north China. Winter rape
(Brassica napus) Qinyou—1(QY-1) and Sanyuehuang (SYH) were selected as the test plants. The Cd and Pb contents in different parts of
the rape, the enrichment amount, the removal efficiency, and the Cd and Pb content in the rapeseed oil and meal were determined in the

experiment. Results showed that the biomass of the rape in QY—1 was generally higher than that in SYH. The enrichment of Cd was higher
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in SYH up to 9.469 g-hm™, and the enrichment of Pb in QY -1 was higher up to 53.856 g+hm™. The removal efficiency of Cd(0.081%-
0.843%) of the two rapes was overall higher than that of Pb (0.000 6% —0.074 3%). In the experimental area with low atmospheric

deposition but severe soil pollution, the Cd absorbed by the two rape cultivars was concentrated in the stem, while Pb was concentrated in
the root. In the experimental area with higher atmospheric deposition, the Cd and Pb absorbed were more enriched in the pod of the rape,
although the degree of soil pollution was different. The experiment used conventional physical pressing technology and the low temperature
extraction technology of butane. Under the two different oil-making processes, the Cd and Pb contents in the rapeseed crude oil and meal
were lower, which met the relevant national standard limits. The rapeseed oil can enter the market for safe sale and consumption and the
rapeseed meal can be used as feed or organic fertilizer. In conclusion, the alternative planting method of using rape for restoration,

production, and efficiency enhancement in heavy metal — contaminated soils in northern China has strong applicability and a high

application value.

Keywords : cadmium; lead; contaminated farmland soil; rape; alternative planting; enrichment
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Figure 1 Location and distance information of the plots and
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pollution sources
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E0 LRI YHH

T P FE 5 v Cd L Pb % 15 2k e HNOs Fi HCIO,
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Table 1 Basic physical and chemical properties of soil in the test areas

RIGX FH ey T2 it A AHHLBT B R S
L Vlti . pH Cation exchange Bulk density/ Organic mater/ Total nitrogen/ ~ Total phosphorus/  Total potassium/
ocato content/(mmol -kg™) (grem™) (g-kg™) (g-kg™) (g-kg™) (g-kg™)
I A1 X 7.70 20.1 1.34 19.4 1.18 0.86 26.6
et X 7.46 19.2 1.32 222 1.29 0.80 21.3
X B IX 7.62 17.1 1.21 22.3 1.25 0.92 26.9
R2 RAEGHEBPER
Table 2 Information of different contaminated plots
i TG YRR B SR LA FE RS KATTRER DL
R itk oy . N = I el L
Soil pollution level/(mg-kg™) Distance from major Atmospheric deposition/(kg+-km™+a™)
Location Plot Latitude and longitude . .
cd Ph polluting enterprises/km Cal Pb
WA IR IX WA (TS) 112°31'30"E,35°08'34"N 1.94 201.51 3.2~7.2 22.0 367.0
YA (TSYT) 112°31'35"E,35°08'30"N 0.32 29.95 3.2~7.2 22.0 367.0
etk iER X b4t (BS) 112°29'48"E,35°10'20"N 1.01 180.82 5.8~8.9 7.95 141.6
RARIGIX. KER 1 (DZYT) 112°25'43"E,34°56" 54" N 1.25 162 17.1~24.3 1.68 28.5
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WZE o PERarh Cd  Pb A Uy v S AE A s A [
T S i 2R T RS 5 4 8 - A T 15 ) (ICP-MS,
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20 em) H 4 8 S 1Y PR T 2 BR 2 PPAk =R
FFHEE Cd. Phis ek HNBEESCER . iHEARX
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FKZLRIE  em;o B X LIERE  g-om™;C2H
Y AR S, mg g
1.5 Gt

i F Microsoft Excel 2007 # 4 #4754 AH ¢ 31
BRI 25 SR FH SPSS Statistics 19 800FUE7 T 5005 48
P15 5 R ZRHIAE R A Origin Pro 2018 58 i

2 HRESW

21 AEIGLMMREXEBUEEESE

ANTR) Y5 Yo s e Fi 1) = A 8 AT ZE 0 1530 3 Al
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FIEA A KRS 4O S & TR AT Cd
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1.07 mg-kg'o 34 AL AT op RN 0 3238 Sy g
Cd & i f iy , & T A ERAL , LR AR 25 FF AL
HCd S AR . WA A b e g 2 R A
Cd 7 it i BN IE>ZE SRS kP b, KERS ke
W 2R Cd & i fe s PR AR RIS, BRyE A bk
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o A duat JEAFE L ORERS 4 HHam SR
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FR PR AR SRR S g b Ph B o i e T A 1
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Table 3 Cadmium content in different parts of two rape cultivars in different polluted plots (mg-kg™)

b — H#SYH il 15 QY-1

Plot # Root Z£ Stem 32 Pod FFHE Seed # Root Z£ Stem J2 Pod FFHE Seed

b vl 0.30+0.10Bb 0.22+0.03Bc 1.9320.16Aa  0.36£0.07Ba  0.15+0.02Bc ~ 0.24+0.05Bb  1.00£0.10Aa  0.15:0.02Ba

deat: 0.45£0.07Bab  0.48+0.11Bbc ~ 0.95+0.11Ab  0.26+£0.02Bab  0.29+0.07Bbc ~ 0.26£0.05Bb  0.63+0.03Abc  0.11+0.01Ca
KIEF 1 0.67+0.02ABa  1.07+0.26Aa  1.02+0.24Ab  0.30+0.04Bab  0.54+0.09ABa  0.77+0.03Aa  0.50+0.10B¢  0.12+0.01Ca
WaBt 0.37+0.11BCh  0.79+0.22ABab  1.18+0.14Ab  0.19+0.07Cb  0.40+0.08Bab  0.77+0.15Aa  0.78+0.07Aab  0.08+0.02Ba

T R B N AR DR (n=3) o A [ERE P REFR RS [ IR AL 10] 22 57 2. 35 (P<0.05) , AN [l /NG 7 B 3 AN ] 975 e s bl 7] 25 5 1. 2% (P<

0.05). N,

Note: Data are Mean+SE (n=3). Different capital letters indicate significant differences among different parts at P<0.05, and different lowercase letters

indicate significant differences among different polluted plots at P<0.05. The same below.

R4 FRABRMBRAFHEXEPMLEERE P EE (ng-kg)

Table 4 Lead content in different parts of two rape cultivars different polluted plots (mg-kg™)

Hhbe = H#SYH Z2i 15 QY-1
Plot R Root 25 Stem 3¢ Pod FF Seed R Root 25 Stem 3¢ Pod FF Seed
el 1.08+0.32Bb 0.42+0.07Bb  5.90+0.71Ab 0.47+0.11Bb 0.90+0.25Ba 0.66+0.09Bb 7.67+1.05Ab 1.94+0.14Ba
Bl an 3.02+0.57Aa 0.84+0.10Bb ~ 3.75+0.30Ac 1.45+0.23Ba 2.37+0.48Ba 0.57+0.10Ch 3.56+0.17Ac 1.12+0.09Cab
KEH+ 2.11+042Aab  0.98+0.25Bb  0.81+0.03Bd  0.21+0.09Bb  2.52+0.94Aa  0.59+0.14Bb  1.30+0.24ABd  0.23+0.12Bc
WAt 2.36+0.71BCab  2.52+0.39Ba  8.79+0.81Aa 0.38+0.21Ch ~ 2.72+0.94BCa  3.95+0.98Ba 9.68+0.57Aa  0.50+0.25Chc
— 264 — http://www.aed.org.cn
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Figure 2 Distribution of Cd or Pb content in each part of two rape cultivars in different plots
F5 AEMBRIMFEMFEEBLEYE (kg-hm™)
Table 5 Biomass in different parts of two rape cultivars in different plots (kg-hm™)
Hi R Plot fhAR Cultivar i35 Aboveground HRHE Root ki Seed
b vl — 13 597.93+1 600.67ab 766.67+110.60ah 3 698.64+435.38bc
ZEM 15 15 619.29+3 704.15a 1030+115.33a 5701.04+1 352.01a
Jett =HE 14 504.15+893.92ab 610+26.46bc 3945.13+243.15b
ZEM 15 9166.71x1 722.41bc 1 146.67+176.16a 3401.27+£576.85be
KIE#+ = A 3425.38+44.44d 168.53+2.19d 931.70+12.09d
Zil 15 6 743.82x1 850.50cd 644.04£176.72bc 2461.50+675.43cd
WAkt — A% 5737.07+1 435.55¢d 282.26+70.63cd 1702.48+263.86¢d
15 11 295.06+2 665.81abc 1 078.68+254.58a 4122.70+973.02ab
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R6 AEMMRARHIE CdEBRE

Table 6 Cadmium removal efficiency of two rape cultivars in different plots

HhH il Ho b Cd B AR HEH Cd & 46 HCdEER Cd EBr%
Plot Cultivar Aboveground Cd enrichment/(g-hm™) Root Cd enrichment/(g-hm™) Total Cd enrichment/(g-hm™) Removal efficiency/%
b7 v =H i 9.241 0.228 9.469 0.182
il 5.604 0.154 5.758 0.111
Jett — 7.116 0.274 7.390 0.278
Zih 15 2.410 0.331 2.741 0.103
KEHLE ZA#E 2.611 0.112 2723 0.081
Zih15 2.797 0.348 3.145 0.094
WAt A 3.871 0.129 4.000 0.518
ZEih 15 6.125 0.386 6.511 0.843
R7T AEHBR TR0 SE Ph X R AR
Table 7 Lead removal efficiency of two rape cultivars in different plots
Hi A A M 13 Ph B AR HEHR P 5 4 6t ISR S Ph ZBRA
Plot Cultivar ~ Aboveground Pb enrichment/(g-hm™) Root Pb enrichment/(g-hm™)  Total Pb enrichment/(g-hm™) Removal efficiency/%
P = 26.753 0.830 27.583 0.005 1
Zih1Y 36.495 0.922 37.417 0.006 9
dbit =H i 21.638 1.839 23.477 0.004 9
Zil1Y 10.702 2.716 13.418 0.002 8
KIEH+E —H#E 2272 0.356 2.628 0.000 6
Zih15 3.845 1.623 5.468 0.001 2
Wawt SHE 20.578 0.830 21.408 0.029 5
Zih 15 50.246 3.610 53.856 0.074 3

it 3 SR FLA 3R R AR R T B AR AR B R
TEBCRRFI, FPRL R T AR 2kl T 82 42 J& Cd Ph 5 i
Wk 8 firzm o WP I T 25 BT A3 32 k7 v Cd L Pb &
T BAR Tl ke b Cd L Ph S B AL B b
FAR AT = A #ESA Cd 7 &4 0.001~0.004 mg -
ke, Ph & e MK TG 1 PR 0.02 mg - kg™ 270 1 532
Kb Cd & EE 0 0.002 mg- kg™, Ph &5 HE K T4
PR 0.02 mg-kg'o T RE AR A BUEE A BT S H i o
Cd & &% /NF 0.001 mg- kg™, Pb 4 0.02~0.039
mg- ko AR 2 A E SR ME &S TS IR
i) (GB 2762—2022) Hifi g % Pb BR &= 47 #E (0.1 mg-
kg™, LATH 3 1 WA Tl Cd 25 21 Rkt B, o)
T AR T A5 09 SRR il e Ph B IR A R o
SR, H R R R R BT AR S AT P Cd & el T
Higpil T e AR 28 O R i3 3k il vh Cd 3 5 34
T,
24 AETLMRENHHPESESE

B TR Rl B 8T Bk e I DRat 7/ I N R
Ye st He WA S DRI Cd P R AR O PR . M
K b, = AP cd . Ph & EE T HEM 15,
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PR T2 AR = ] B DR Cd P % 43
)4 0.276~0.791 . 3.280~7.370 mg - kg™ ; ZE i 1 5 i
S PE A Cd L Pb % & 3 ] Dy 0.244~0.778 . 2.625~
9.560 mg kg™ o HL A FL AR T o A I 2K BB Fh
204 BT AR i S DR Cd L Ph 3 i AR T ()
BT A bR E ) (GB 13078—2017) A BRAE (Cd - 1
mg - kg, Pb: 10 mg-ke™") , WIIFF A CH YU KR HE)
(NY 525—2012) H1 PR 225K (Cd: 3 mg- kg, Pb: 50
mg-kg' ).

3 iFig

ARG IEA JCAE R RS - e 38 Cd
Ph 7 5 8 R [ (- R BT o i Ak T b - 4895 e XL
W AR GRAT) ) (GB 15618—2018 ) H (6 JRUR: 17 12k
. (pH>7.5) , J@ % Cd \Ph 5 e 32 FilwF
FERMT, = A W AZE U 1S PR S I e op 4 A
LA EH AR, KU H EAZRN 1S PR
ST AT T 4R A e . IR ARAEAS
[Fi) 1 E 22 i i ot a2 10 A 0 1 R = R R K
AN TR b H AR ) — F B B2 15 S AR W m A A
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—E 25 AR BRI 1SS E Y & T A
B , X5 Cao S YA T AS R — B 1E[R]
1D e Y SR I NS T = 0B R ST | X oy
K st e, AR B AR e B & T U R
M PR 3 A0 B - B o X R BB DR O = H BRIz 1
SN Cd \Ph PR AFAE—E BT AL, B o
FEH Cd . Pb & 45 Wi BE AR BRI SR AR o ANKI S
FE B PIT I SR by Rl 7 22 <5 k3B T R LA AR
HMEEAL A ] B 5 ) BE AT o 5% R AR B
BARUE Cd \Ph X753 | FSRRN R A B R AR K AT
— AR RS 0 B0 Cd \Ph AT LRI ) H 2%
Iy v 2R R 1 A B, R BEHAE R I S AT
ZER—E A AT PO ARSI AR 1 B
et SRBIKZ SR s )= AT RERZ M= K

Gy FVE SRR, L PR 75— 25 B IE .

SRR KA At AT DR SZ 500 1) E 4
JEINE , B BRI SR & W 1™, AR s R
Bon, = EMZEM 1SR HA — 2 Cd.PbE
FERETT . AR 22 SRR )G Y 45 14 5 S0R Rl Ik S 1
Cd .Pb & SERE ST AN, 76 3875 Yo R B A v HLAFAE R
S5 YT R A A A s, = H B Cd &
e L T A 00 b B b 289 15 % Ph 1Y) & A
T =T E L YA R R RS 1 b ORI A 4 v 2
Cd.Pb & R A2 5, I WL EE 4 J TR i AT
M E R RAATER . BACKRE BRIt 1 e
Cd [ L BR 28 T Pb I L BR2, AT RE R Ph (& 48 1- 43¢
H Cd 118 W RS 055 3 3 Ay SR A T o #E
b, VRN B Bl SRR JR I,

%8 WM R REHIHTEFETFM S Gl Pb 2B (mg-ke)
Table 8 Contents of Cd and Pb in rapeseed and rapeseed oil obtained by different oil making processes (mg-kg™)

b He S 2K Rapeseed  H MU BEEFEH R Conventional physical pressing T %e IR A5 BUH AR Butane low temperature extraction

Plot Cultivar Cd Ph Cd Ph Cd Pb
W = 0.363 0.468 0.001 <0.02 <0.001 0.023
W15 0148 1.940 0.002 <0.02 <0.001 0.022
deat: —H# 0337 0910 0.002 <0.02 <0.001 0.026
ZM1S 0105  0.980 0.002 <0.02 <0.001 0.039
KEEL = 0.301 0.207 0.004 <0.02 <0.001 <0.02
W15 0122 0230 0.002 <0.02 <0.001 <0.02
ekt =AW 0186 0378 0.004 <0.02 <0.001 <0.02
FM15 0084 0498 0.002 <0.02 <0.001 <0.02
i i -1 0.002 <0.02 0.002 <0.02
idgil-2 0.002 <0.02 0.002 <0.02

R MEFFHHPELECI.PhEE(mg-kg")
Table 9 Contents of Cd and Pb in rapeseed meal (mg-kg™)

YA AR TR ZE A
b il Conventional physical pressing Butane low temperature extraction
Plot Cultivar
Cd Ph Cd Pb
b 2a —“ 0.298 3.280 0.791 3.893
Zih1 5 0.778 9.560 0.377 3.632
deit — A 0.374 5.060 0.515 4.922
15 0.247 2.750 0.244 2.625
KIEB+ =Vl 0.512 7.370 0.276 3.905
Zih15 0.244 3.550 0.417 3.820
W+ — 1 0.469 5.390 0.791 3.893
15 0.245 2.830 0.377 3.632
PR T AERRTE) (GB 13078—2017) 1 10 1 10
CHHLIERFRE) (NY 525—2012) 3 50 3 50

TE : CTVEL T AE AR UE ) T R s S SRAT DA Cd  Ph 75 it AR, D1 Cd 25 S v 2 B W PR AR RSB , Ph 5 b 2 LA GRDRsH DR

Note: As the feed hygiene standard has no reference standard for the Cd and Pb content of rapeseed meal, the Cd content refers to plant feed raw

materials, and the Pb content refers to other feed raw materials.
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4 R OISR RS , 2125 K PR
i, F A2 N 5 4 JE 5508 3 11 1R 28 R B 5
FEFE A BIA T, i SE AT DU i 3 3 7= A KR
iR KR RO 4 JE B s B i S b
R R R TR IR B, Cd  Ph ZE T 3 A
PR R A AE2E 5 . TERADTRE TS Yetfn A R
JERS = B, P Rl 32 W IR i Cd ¥4 #2253, Pb
AL HPTE T SRR, 3X 15 5 EEAE R 0P SE P Y
GEIR— g, 1M R B AEAE 4 S e AR AT TS YL Y
S dbat b JhsEIEH Cd Ph i dRm AR ZR IR
Z KPR R o XA [ i R SR 45 BB A Cd L P
a5 RV A = A A R A E T R
LA SE AT, S5 RN R 10 s . ISEH 2 Cd
TS RAVIFERA R HECd SRR AMELER,
Jerh Cd & i 5 RADTRE i A G 2% 35 IEAH G T
SE2Erh Ph A 5 L HEh Ph o R R AR AR G R
ki Ph & 5 - HE Ph i it o IEA G, 5 R
B Ph i A it SR 0 2 TE AR DG o X BB SE Cd  Ph R
B TG YRR DR R R, HLZ KA DT
SO A KA S A 24+ 3 5 4 Ja V5 e Y
FZORE . SR AR R 3 E S E AN,
A SRR R TR T E A e 4R AR T
AT AR DL . Ma S 5E & B, /NFE b |-
P AT 3 A AL R I R TR R P, IR L R
FNEYIF . Guo PR FH A WA 48T AT B
TSEAFRLH Pb F2OE A KR0TRE. AR A M
FELER AT Y ) AR MR S AR BN AR
() EBURFE , 25 S B Cd  Pb ZE I 45300 il BRI
R IESZEFBSHEFBS AT, X G A 78 45 R — 5.

R0 HFEZMLCI PhEESHEXASEE L1
E&E RSN ERBEXED T
Table 10 Pearson correlation analysis of Cd and Pb content in
different parts of rape with atmospheric deposition and soil heavy

metal content in the test areas

HER A Ui £ E3 #F
Heavy metal Factor Root Stem Pod Seed
cd THEESE SR -0.408% -0.427% 0.410%  0.256
KAV AR -0471%  -0.332 0.578** 0.158

A -0.116  0.029 -0.055 0.032

Pb THEFERSESE 0307 -0.877%F -0.219 0.465*
KAV AR -0.074  0.141 0340 0.618%*
ARl —0.601%* 0.191 0.824** 0.031

T ¥ 3RR8 P<0.05, ## 3R P<0.01, ##+3K P<0.001 .
Note : * means P<0.05, ** means P<0.01, and *** means P<0.001.
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AR R E R EY 2 — | SRR TR
[ 25— K E = e ALY, 29,5 36 [ @ P R Ih
(1 5091, BEAb , SEFFDERT 058 IR 4 AT A L 2 X
KT K S F R B AR RS, L mT AR h A AL
B, B AR R PR IR RE 1 IR SRR W IR LB R
T, R R A S R RN R T RE S R 4 R B 4%
AW, TR SRRl b i T 4 R o 0 AR (R
mh A E R bR E B PTG QY R R ) (GB 2762—
2022) X fig F Ph PR AL E (<0.1 mg-kg™) , # L4
B AR T e AT A B AR A5 S 18 Skl Ph
TR E E R SR Cd B R R
0.001~0.004 mg-kg™' Z[A], 570 H Cd & it HEAKE
X AR AEAG B KU /N o R T 2 A0 BRI AS 3
SEPFRTT CdLPb i AT Ak T AE BR i) (GB
13078—2017) H i FRAE , tH I 475 A HLAE R A5 o)
(NY 525—2012) P FR 2R |

VTAEAE , [ N AN S84 1 439875 Ye ok s s 4 5 4
SRR ARTIT R T8 258, YRR R 4
Ja& B R ] 22 5, P BE AR B AE P Bl , R 25
R IR B L R EOK R T
B MR AEE A R AN R AE D S A, DL &
M2 TR CH R 0 SRR R R
Fpor S5 F P rp R s et g B S 1 R . HE
o V5 Y5 Ay 7 B A b DX AT LR R AR Al B R R 2
YR CIn2F 4E 2 A )25 6K A A W56 ) BT iR
(TRBEH MGBIA XS TR 42 10 A Bk EE ) DA BB s A
Py CHBE BERRSE ) TR BB 15 g 482, iy F 4%
YEY) SR ELA i DR S, FLAS M X b Ay R
B e 4 JE 15 Y ISR ], B AR A B AR 4 10
e 52 80— W 7 70005 AEA I A
DA R 7K T A7 LR il Yo A 40 W WA 3 4 R R S
ARt DX A S R ) E A i R A S R R L
BN (R K K RS RIRAE 327 X, M R
S AETFHE AR WAL , 52X AR b 1 X b P A A
IS A A 2 P IR, A 00l bk
WL o TRMABE ik, Pk, 72 FR E AR db b X
5 YAl ] 1 B 780 B 4 T TR A H O R il SR A A
L, HA SR TR AR A g o A, e — Rl g
AR IR TS YA 2 A R AR

4 #ig

(D) ZEih 15 il S A B v T = A Bl s
PRSI XT 3 Cd 2 BRA T4 P 8 5 BR A
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X Cd  Pb AW IR 257 1 58 Cd . Pb & T FILR R
G Se A INE e N RITA 3 AU Sy N = B nt SE°C
S ] P9 R 3 56 DX il S W A A Cd 4 4R R FE 2R
#B, Ph A HAERL R, A AE RS DT A A Fndbatas
B IX, ISR DK /) Cd  Ph B 2 b5 R ) 5 3

(2)H R BRI T e AR A6 B b kil vl 12
AFRS  SEAFIRIGERTH Cd P & 494 [ R 26
PrifE. SERFIMTTE AT % 4 F L I3 DR T Ve
TRk A MR

)R E I K ELBIIEC. PhE S
15 Y A FH SR BUBRLAE A T 58— 4F — 20l 19 B A QR b
AR BEMSSCIIE A A 7 IES E A JR TS YR
HH 22 4 1
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