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enrichment and migration rules of 6 kinds of heavy metals in soil-Brassica napus L. system. Methods The samples
were digested by automatic graphite furnace digestion apparatus, and the content of 6 kinds of heavy metals in soil
and Brassica napus L. tissues were determined by inductively coupled plasma atomic emission spectrometer
(ICP-OES). Combined with the single factor index method and Nemerow composite index method to analyze and
evaluate the heavy metal pollution. Results The single pollution index of soil in the study area showed that the
pollution levels of heavy metals Cr, Cu, Pb, Ni and Zn were in the safe level, and the pollution level of Cd was in the
severe level. The comprehensive pollution index of Nemero showed that the comprehensive pollution level was
moderate. The pollution levels of heavy metals Cd, Cr, Pb and Ni in rapeseed were at safe levels. The content of
different heavy metal elements in different parts of rapeseed were significantly different. The essential elements Zn
and Cu were higher in rapeseed, while the non-essential elements Cd, Ni, Pb and Cr were easily enriched in rapeseed
pods. Pb and Cu had high homology, and there was antagonism between Cr, Cd and Zn, which might be an important
factor affecting the enrichment and migration of heavy metal elements in sore-rape tissues and organs. Conclusion
The Cd pollution in the soil is serious, and the heavy metal pollution in the tissues of Brassica napus L. is low. The
degree of heavy metal pollution in soil and Brassica napus L. tissues in the study area is low. The antagonism
between heavy metal elements may be an important factor affecting the enrichment and migration of heavy metal
elements in the soil and various parts of Brassica napus L., and the residues of heavy metal in various tissues and

organs of Brassica napus L. have potential safety hazards to human and animal health. Therefore, this study can

provide methodological basis for field experiments.
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Table 1 Procedures of soil sample digestion by graphite furnace

B 2 HARiR & ﬁ%ﬁj‘l‘ﬁﬂ s
/°C /min
1 140 30 I, #E . MR
. 214, 4F 30 min
+5 2 150 180 n
* P 155
3 170 60 T, wE. R
1 120 30 I, #E . R
2[4, 4 30 min
FEAR 2 140 120 15 s
3 160 60 s, #E . TR

124 E&k/eznE

(V)EE 4B A 2R 9 e T 1

KR A PRUEBERH 1% HNO; 1B R I B2 i vk
40, 0.002, 0.005, 0.010, 0.025, 0.050, 0.100, 0.200,
0.600. 0.800. 1.000 Fil 1.200 mg/L FIFRHERF .

()M 4R S H il e

T8 Fi A ) RO S 45 LR AR R B T RV AR
TR A B TR R 6 1% 1 (inductively coupled plasma
atomic emission spectrometer, ICP-OES) |- 347 Cd. Cr, Cu.
Pb. Ni fil Zn 5% 6 FIE 4R ICR M E
13 EERRETHIL

13 4w PR IT A LA SRR 18] 7 iy A T b - 75 e
IRV S e (B R AR s Tl SRR o 4 o s AN AR HE NY
86—12004 CIRECE A . 28, B MM PaEr . 5%



55 14 3]

PR, 2 REA X PRI AR G R B L 77

Lo R A AR BERE A\ FIOCE R ) I GB 2762—2017

(B EEZRE b5 Y ) iR, HrphRH
4 A I EARBRE SR Cr o 1.00 mg/kg, Cd 4 0.50 mg/kg .,
Pb 24 0.10 mg/kg. Ni A 1.00 mg/kg.

14 E€RSHEEEITNAE
1.4.1 5 ImAEE

ATIF ST 43530 2R FH AL DR 7~k A B 5 75 e A Bk
PEM e 4 TS YRR, AN, ):

PF% )
2 2
P.= w o)

P, Py s R SERTh R 4 A E R 1 BT 75
8 Ci R RS P A E RIS &, mgkg; S
SERAE R A LIRS P A PR FRHEE, me/kg. Pa
FORNERBEFE VT RAGEL Prcan AR T15 Y48 B V-1
{EL Pimax 28 H— B R SIS Qedg B KB, {5 e
DRSS S LRI WL 2 2.

T2 DMESREEZFRUSE

Table 2 Classification of pollution degree leve

WETHRE) REE O S0N ki
P<1.0 Joim g P4<0.7 T4
1.0<P,<2.0 Bis g 0.7<P»<1.0 ek £
2.0<P;<3.0 bR 1.0<P »<2.0 BREEY
3.0<P;<5.0 TG g 2.0<P4;<3.0 TG g
P>5.0 R Y P :>3.0 CINREE
142 #ArF

TR AR 2T L A 7 U0 b sz i 3 B HBHVE 2
B E S B AR, HHAAXN3):

Ci= % x100% 3)

1

b, CONESR | 78 ORISR AR R, %; ny ki
AP E AR | BN AR EE RSB N R
143 THEZHK

AV EE R TRIEESE N R REY I E
W, RN EY E 4 8 15 R A HR bR,
WFTHEEESEGEYRAE. S4ER75EK, FH
WA ZE S BT R E LR R, AR 4):

C.
BCF=_—@%. 4)
(1)
K, BCF MM SHLBTEERE Conn NIMZEHF
HE SR, mg/kg Cow NHHMER R E & B &
2, mg/kg.

1.5 HEAE

K A Microsoft Excel 2021 #4577 G B k175831
oA, BEESE R SPSS 23.0 b T, EIIEZAH
f§7 1 Origin 2018 #X{F#47 .

2 HER5HH

21 THIESEEELEWMAEMSIT

KA Tl FE X 8 11 + 3 100 fr, 42153+
B pH f/ME N 7.82, I R(E Ny 8.36, “FI4(E Ny 8.14, itk
PGB 2762—2017 " pH KF 7.5 B4 Fl Hh 3875 e XU
TR PR AR, SRAEM HIERE RS 6 R4 )R BE
FA e 25 SR L3R 3.

EAER 3, HMERHERGTES BN TSR
BRI A Cr>Zn>Ni>Pb>Cu>Cd, #f#h +HEE4E
Cr. Cu., Pb. Ni fll Zn % 5 M E L E P& E BT L
XS THE, HA Cd P&l LIRS T . o)
Sb, ELJE P M Zn 0TI 5 EIIR TR X 138 5
fH, TMi Cd. Cr. Cu il Ni V35 348 TR IX 135 5
Ho B XD TAEKX, EREREOEEIEAE S
JBUL A Bemd . AIESE L, B X i s
S H LR L AT RE R B2 B NG Sh i

®3 ITEEGRELSEMABMGITER

Table 3 Descriptive statistical results of heavy metals in soil

JLE KAl /(mg/kg) T/Mi/(mg/kg)  FHME/(mgke) AR RE% 14589 S /(mg/kg) U i {6/ (mg /kg)
cd 8.88 0.01 2.68 0.74 0.38 0.60

Cr 62.82 22.92 50.74 0.14 4437 250.00

Cu 34.08 14.19 24.81 0.22 18.20 100.00

Ni 36.95 15.25 26.93 0.18 7.98 190.00

Pb 32.12 17.22 24.86 0.13 63.96 170.00

Zn 109.62 2.61 48.74 0.41 58.03 300.00
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Table 4 Evaluation results of heavy metal contamination in soil
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Table 5 Descriptive statistical results of the total amount of heavy metals in different parts of Brassica napus L.
il ta Eiztan cd Cr Cu Ni Pb Zn
I KA /(mg/kg) 0.11 0.48 17.82 5.50 0.35 78.74
- /M /(mg/kg) 0.03 0.03 5.47 0.38 0.08 19.45
- H{E/ (mg/kg) 0.07 0.22 11.36 1.34 0.21 46.79
5 R EU Y% 0.23 0.28 0.29 0.43 0.29 0.27
e KB/ (mg/kg) 0.02 0.23 12.56 1.17 0.25 98.41
- e/ IME/(mg/kg) 0.00 0.01 0.05 0.01 0.01 12.86
M /(mg/kg) 0.01 0.13 6.50 0.58 0.14 55.17
B 5 R EU % 0.64 0.31 0.47 0.49 0.34 0.30
e KB/ (mg/kg) 0.17 1.28 30.81 10.84 0.92 62.16
. e/ IME/(mg/kg) 0.07 0.24 7.13 2.54 0.28 21.92
o F-H{E/(mg/kg) 0.06 0.44 14.84 4.26 0.45 21.92
B 5 R E % 0.34 0.44 0.38 0.35 0.27 0.46
I KA /(mg/kg) 0.02 0.19 11.46 0.46 0.06 70.40
fe/IME/(mg/kg) 0.01 0.09 4.11 0.20 0.03 26.00
SEH{E/(mg/kg) 0.02 0.15 7.74 0.32 0.04 51.88
5 R EU% 0.16 0.13 0.32 0.23 0.25 0.27
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Fig.1 Boxplots of heavy metal element content in various tissues and organs of Brassica napus L.
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Table 6 Evaluation results of heavy metal contamination in

Brassica napus L. seed

JLE SRR SRETRRERC EARER/%
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Zn - -
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Fig.2 Correlation of heavy metal sources in various tissues and organs of Brassica napus L.
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