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ABSTRACT: Objective To screen the crop varieties with low accumulation of heavy metal Cd suitable for
cultivation in Qinghai and evaluate of their agricultural product safety. Methods Through field experiments, 9
crops, including barley, oilseed rape and broad bean, were planted in heavy metal-contaminated arable land in a field

trial to analyze the Cd content in the roots, plants, seeds and corresponding soils of different crops. Cd content of

Yrks B EA: 2024-09-30

ESTB: 747 s i X 5275 Yt it 2 4 R JE7 H (2022-04)

F—1EE: TuTH(1998—), L, Wi-Litoed, FEMF 0 R iR 5% 4, E-mail: 1012681899@qq.com
HREEE: HW0971—), B, Wi, RIDFFROL, FEEWFFE 5 10 AR 7 b i i 2 2 KUK PEAl . E-mail: mhmdxiao@163.com



310

B dn 2 4 R R I A 4R

different crop samples was measured by inductively coupled plasma atomic emission spectrometer (ICP-OES) after
digestion in a graphite furnace. The enrichment capacity of each tissue and organ of the crop was analyzed by the
enrichment coefficient method, and the non-carcinogenic health risk of Cd in crop seeds was evaluated by the target
hazard quotient (THQ) method. Results

seed Cd content of all crops met the national standard; the Cd enrichment capacity of wheat roots and plants was

The soil Cd content of barley and wheat exceeded the standard, but the

lower than that of the other crops, and the lowest soil Cd enrichment capacity of crop seeds was found in oats and
wheat; there was no health risk for adults due to the intake of Cd from the edible parts of the 6 kinds of crops, and
there was a health risk for children due to the intake of Cd from the edible parts of barley and potatoes. Conclusion
Oilseed rape and oats is a kind of Cd low-accumulating crop suitable for local cultivation, which can ensure the safe

utilization of local farmland. Therefore, this study can provide a scientific basis for screening crop varieties with low

%16 &

Cd accumulation and applying them on a large scale to polluted croplands in Qinghai.
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VIR ) NS, MyHEFERERERER Cd MREED. GB
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1 TRREYETETESE CdREME

Table 1 Limit values of cadmium heavy metals in different
crops and soils

BIESN Cd/(mg/kg)
HH 0.10
W 0.10
INFE 0.10
" 0.20
i 0.50
B 0.20
A 3 XU i A (L 0.60
ARG i 4.00
HH P RDR R 1.00
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77 B — B0 i 35 [ 3R & (United States Environmental
Protection Agency, USEPA)EH 14 MR A B BRI, X
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RID; XWyg X Ty
%o THQ; FR/n /R h 2 4 8 28 11 A i A 7 Al S0 i e
JRUE: 2250 RID; #R Cd MRS I, 1x107° mg/(kg * d);
Er 8 AR REIR, 365 dla; Ep Fm AMERRERT], JL
BB ADRIN: 6. 70 455 Wap Frn AT, AL
BRI AN 55.9 kg, 32.7 kg; Frr FRREHRAK,
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kg/d; Ta FRAEBUEPE VYR EERTT], 365%70 d; CFRfE
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21 TEELRE Cd SEHEAMSIT

WEFEIX 9 FVEY) B2 1 - 3ERE S 3L 90 17, REIVED)
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EHMESN, HA 7 FEYFIZS ORI A 3R Cd S
BB T SRS TR L 1H.(0.6 mg/kg) Al 4 33 XU 25 i 1
(4.0 mg/kg)Z [6], T ATk 2R i, Qv i ok
&, JE St in s A HEER BT WL AR T P R A, (R
AFEY 4 Cd Fridym FH A S E. RFEEYAH
FR -3 pH YITE 8.60 LA I, B, £FE i X asE
AR, Ho AR SR SRR Y + 38 pH K 5 b,
AR 5 ZRBRE S WL 5T X A 9 T 4 i e 0 s [R) A A A O
AR S RBOEK, YR X HIEE SR Cd SR A Zs A4
AT B RO R B REVEY) - Herh, ik HHEREE T
13 Cd YRR BUNT 10%, 557285, UiHAVEY 13
B2 3 A SN . Hodr 7 FifEd) 3 Cd s
SR T 10%~100%2Z 8], NPSAs 5.
22 TEMEMEELREESRE Cd WA ML

WFFE KR RIE AR . AR R Cd 55 i i
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&, BEF . SRS AERMEY . AREEPRE Cd &
HOEE M R AR R > MR BRI
hR SR>/ N> R>FH 1, Pk E M . £
FHF . m RN Cd P R R P B (R (1 me/kg),
P IASREVE MM, ASRIESIAE R Cd & i B
TNy >R B> B RS IRIE > >E SR E>EH
TN SR, P REMEMEH F . mSAEkE Cd P
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Table 2 Descriptive statistics of Cd content in different soils

HFR R/ (mg/kg)  F/IME/(mg/kg) AR E2E/ (mg/kg) AR B % + 35 5ol /(mg/kg) pH
TR 5.96 0.72 4.37+1.47 33.59 0.38 8.61
M 5.16 3.02 3.96+0.71 17.90 0.42 8.63
INAE 7.32 3.27 5.71x1.15 20.10 0.45 8.65
wE 5.32 0.35 3.97+1.45 36.59 0.32 8.70
SR 423 2.25 3.3740.59 17.54 0.28 8.70
LA 6.47 2.34 3.52+1.20 34.22 0.32 8.64
ik 3.16 2.61 2.85+0.19 6.76 0.24 8.63
BH T 3.21 2.62 2.80+0.18 6.52 0.27 8.67
feR 428 2.01 2.84+0.85 29.94 0.24 8.62
TR I% 4.81 237 3.46+0.72 20.84 0.29 8.61
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Table 3 Descriptive statistics of Cd content in various tissues and organs of different crops

EiERE e A KB/ (mg/kg) /M /(mg/kg) F-HIMH/(mg/kg) 5 R EU %
R 3.29 2.59 3.00+1.47 8.20
WA 3.99 2.92 3.25+0.32 9.80
INFZ 2.11 1.27 1.72+0.26 15.23
" 2.96 2.05 2.59+0.32 12.50
M 2.61 1.65 2.11+0.33 15.62
1 TeE
Lehu 3.10 1.15 1.93+0.55 28.29
R 2.10 1.01 1.79+0.33 18.64
EHT 1.92 1.17 1.39+0.23 16.43
T 1.94 1.12 1.46+0.21 14.30
TR 3.09 2.00 2.51£0.33 13.07
H 1.22 0.14 0.47+0.33 69.64
WA 3.52 0.22 1.02+0.61 99.74
INEE 0.67 0.11 0.42+0.21 50.50
Eis) 0.91 0.22 0.45+0.21 46.08
Kbk 3 1.47 0.16 0.50+0.40 80.00
S 1.05 0.25 0.65+0.24 37.33
Hik 0.79 0.09 0.32+0.22 69.21
BHT 1.00 0.19 0.43+0.24 56.61
[ 1.07 0.24 0.60+0.30 50.34
TR 0.92 0.20 0.52+0.23 4531
HER 0.23 0.11 0.09+0.06 66.67
ek 0.05 0.02 0.060.01 37.40
INEE 0.26 0.06 0.04+0.01 25.00
KRL 135 0.24 0.02 0.09+0.07 75.50
HEE 0.08 0.01 0.04+0.03 73.61
Ry 0.05 0.02 0.08+0.01 33.20
TR 0.05 0.02 0.06+0.01 29.17

kL Cd SRR RPN HF =R B> > =
IRIE>ISE=/ N4 . 5 PR EEATRD Cd S EFA
TS TS Y B R, REMEY T Cd AR TG
PRERR A, R R ISR R TR A,
PR P VE AR AR AR BTRREE . A RESZN
R, 2 . B ARG IR K
¥k I EY AR RAISEE TR Cd 3 & R B >
RERRSHERE, X 52 R RSP I 45 1A — 2. BRT AR AN
HEEARIBIN AR Cd AR RECRT 10%, 4T
AR S BT AR R AR AR R Cd A S BB T
10%~100%, KL, HHEYSASAHRETESE
Cd Z ARG K
23 FAREYMEELREESRE Cd WEERY
WFFE XA [RIVE AR . R RR AR X 4 3 v 5 4 )
Cd s BN E TR 1, KRR 1
Cd & 4ERe 1 s BRHE Y R 48 5.(1.24)>F 1 (0.97)>
e 77 (0.84)> 1R # (0.76)> ¥l 3% (0.65)> F 7 (0.63)> & 44 &
(0.59)> 5 2 (0.54)>F 4 F(0.50)>/ 32 (0.32), FHro£r/h
MRS LR AR Cd B E SRR R, HUR R

TEMIEH TMESR. AU EMN, MRVEHEEE, BE.
R F AR LA S P 1) 4 I ds iy 2SR 2 3 B E
Cd MR r 5, WILIRZXEDWWILE &8 A B
B, R REVE R 3 Cd 1S SERE S e 3
2 2 52.(0.38)>Hi3 (0.28)>11 % (0.21)> L4 5(0.20)>1R
% (0.16)>FH FL(0.15) =3 (0.15) =BH T (0.15)>F &
(0.11)>/NZ2(0.08), HP R EIEYE S 1 1HE SR
Cd MW RE F1 fetit, AR B VRS /N 22 R ik L i B o i
55 . TARHMEW R AN Cd BRI SS

M 1 AT, AREED kR -5 Cd (5 S hE
J1 H o B o T 4% (0.056)> A& 5 (0.045)> 75 B
(0.032)> 1 3¢ (0.011)> & #& (0.010)> /) % (0.009)> JHE %
(0.007), HA R E/EY D2 EMEGF R b E 4
J& Cd I & AL RE Ty ek, KR AR /N AFRIXT Cd 1 s 4
REJTIRAIG, SRk Z; TARHMEY X Cd M ERET)
TR EIEY /N, FTRE T X S /W 108 35 i 5 Fn 5k
DR 7Y (1) 22 S s B SRR T B R T, BT VR 0 AS [R) 41 4L
MENEERBIEI N RESHGESF R, Hh&ET
MERR B Cd 5 B FERLAY 7.6 1%, 3% 5 BRI PR 25 PO 5 4%
R—,
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Fig.l Enrichment of soil Cd by roots, plants and seeds of different crops

24 MREATEEY Cd EERNFMWER

EHACE WA R AU E M Cd & F 493
TEHL 6 FORFEIMEYIN Cd &AW F o ilfER AR &, L
ARSI R 3R pHOX) A B A8 B 4T Z2 0% 42 111 1
IR, BRI 40 HR. NE . BOUHFPRLCA S 1
pH 2 [b) 5 & A SE(P<0.05), bRl 225505351 4-0.440 |
—0.297, —0.123; #EEFMEEEHPRL Cd S5 1% pH ZIH|
B IEAHI(P<0.05), FafELREUT SN 0336, 0439, 3
WIVEIAPRL Cd 5 B IA 32 3] - S BR M ) AS [ R 5 i ),
3 pH XEARIEY AR 4R Cd & 152 K/
HHS DR ES >/ NE>T T,
242 EREASNARAMEHHFEELE CIETHHW

BEH 6 R+ E 4R Cd SR mIER AR,

PIAS FAE S ARST B - A HLR & (X)) . SR & &
(X)) EEREEE(K) . AR & (X, . FHE T 38t (Xs)
Sy BIVE A AR AT i 2 o0 A A Ay B, 2R 5.
A HR AL RT3 LT S X SEATRL Cd

24.1

IR R, B RFPRIRZ, HA PS5 50RL Cd
FrR AL B TN DG (P<0.05), SERFFRIT Cd % 5 2%
BF AR (P<0.01). RN, APLFERZ M E R L
BRI Z MRS I O 3R 2 — P 4R 5 A AL
i R A HUIE U A SRS EVE I S Y, LR
PR E 4R f A0, LS A S R S
FPRL Cd BRI R OR, I, M/NERPRL Cd & i fe /),
R4 TREIKRYTFR CAdEESHIRUFHRZ BHEXE(N=54)

Table 4 Correlation between Cd content in seeds of different
agricultural commodities and soil chemical properties (n=54)

IR BAEIRE BERRE OF P Rl
HR Y=3.548-0.401X —0.440  1.681 <0.05 0.194
M Y=-0.584-0.074X 0336  0.892 <0.05 0.113
/N Y=3.455-0.395X —-0.297  0.678 <0.05 0.088
A Y=1.186-0.126X -0.123  0.108 <0.05 0.015
s —

O Y=2.292+0.274X 0.439  1.668 <0.05 0.192

e 5 P B ARG, 2R 5 Tl
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F5 TERYIFH Cd 2 ESTIBUF MR EHHE XM (n=54)
Table 5 Correlation between Cd content in seeds of different agricultural commodities and soil chemical properties (n=54)
R &S0 B [l )y il F P Ry
X X3 X4 Xs
HHR Y=-0.541-0.026X;, —0.891 —_— —_— —_— —_— 1.348 <0.01 0.692
e Y=0.071-0.014X,-0.043X, — -1.321 — -0.711 —— 1013 <0.05 0.628
INEE Y=1.224-0.010X,-0.037X; — —-0.920 1.099 — — 0.667 <0.05 0.526
T Y=-0.282+0.044X,-0.029X; — —-1.703 — — 0.397 <0.05 0.398
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