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Chﬁracterlstlcs of Heavy Me;al Ab,sorptlon by Wlnter Wheat and Its

Quantltatlve Relationship with Inﬂuencmg Factors
WANG'Yi-wen', RUI Yu-kui', LI Zhong-yang®, SU De-chun'"

(1. Beijing Key Laboratory of Farmland Pollution Prevention-control and Remediation, College of Resource and Environment Science,
China Agricultural University, Beijing 100193, China; 2. Farmland Irrigation Research Institute, Chinese Academy of Agricultural
Sciences, Xinxiang 453002, China)

Abstract: Winter wheat is one of the main food crops in China, and ensuring the quality and safety of agricultural products is an
important component in agricultural production. The absorption of heavy metals by winter wheat is affected by many factors. To clarify
the characteristics of heavy metal absorption by winter wheat under field conditions, and the quantitative relationship between the
content of heavy metals in wheat grains and the physical and chemical properties of soil and its content of heavy metals, point-to-point
sampling was carried out from 50 fields with different levels of heavy metal pollution in the main wheat-producing areas of North China.
The pH, organic matter (OM) , cation exchange capacity (CEC) , and contents of heavy metals in soil, wheat grain, and straw were
analyzed. In addition, the characteristics of heavy metals absorbed by wheat and the effects of the physical and chemical properties of
soil on the absorption of heavy metals by wheat were studied, and the quantitative relationship between heavy metals and physical and
chemical properties of soil and heavy metals in wheat grain was studied by multivariate regression analysis. The results showed that the
Cd content in soil in the wheat field ranged from 0. 150 to 2. 66 mg-kg ™'
from 0. 033 to 0. 39 mg-kg™"'. The range of Pb content in soil was 4. 68-371 mg-kg™", and the corresponding wheat Pb content range

, and the Cd content of the corresponding wheat grain ranged

was 0.27-2.4 mg-kg™'. The soil As content range was 3. 00-21.3 mg-kg ™", and the corresponding wheat grain As content range was
0.044-0. 18 mg-kg™'. The over-standard rates of wheat Cd, Pb, and As were 55%, 100%, and O, respectively, and those of soil Cd,
Pb, and As were 52%, 13%, and 0, respectively. Soil Cd content was positively correlated with wheat grain Cd content (P <0.01) ,
with correlation coefficient r = 0. 663 (n =50). There was a significant positive correlation between soil Pb content and wheat Pb
content (P <0.05), with correlation coefficient r =0. 348 (n =50). There was no significant correlation between soil As content and
wheat As content. The mean enrichment coefficients of wheat grains on Cd, Pb, and As were 0.17, 0.027, and 0.0089,
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respectively, and the mean transfer coefficients were 0. 52, 0.27, and 0. 22, respectively. The enrichment and transfer coefficients of

heavy metals in wheat were Cd >Pb > As. The content of heavy metals in wheat straw was 2-5 times higher than that in corresponding
grains. Soil pH, OM, and CEC also affect Cd content in wheat grains. Soil Cd content, soil pH, OM, CEC, and wheat grain Cd

content were analyzed by multiple regression analysis, and four prediction equations of wheat grain Cd content were obtained. The

correlation coefficient r reached a very significant level (P <0.01) , and the correlation coefficient of the prediction equation including

all variables was highest at r =0. 810 (n =50), showing that it could predict the Cd content in wheat grains well.

Key words: heavy metal; wheat; Cd; soil properties; correlation analysis; quantitative relationship
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B4 0.27 /N KR X As 1 & 4 R B0 Bl A
0.003 1 ~0. 031, ARI(E }0. 008 9, e # 2 H Fl
0. 024 ~0. 78, SHARYIE Hy 0. 22. AHLL T I (Y
Pb 1 As, /N FPRIXT H 3 Cd 1) & S fe ) e, )
B, Cd MW/ FEFF G BN FPRh i) R 5 =
Pb Fil As.

Fx1 REMRTESSES=. pH. OM #1 CEC 451E

Table 1  Statistics of heavy metals content, pH, OM, and CEC in soil
Ei AR BlEn | MR BRI LAEVATE] JUAT i brife 22 A8 5 R H %
pH 50 6.69 ~8.47 ExE 7.74 7.80 7.73 0. 390 5.01
OM/g-kg™! 50 15.2 ~39.7 SR 25 24.5 23.6 23.7 6. 48 26.5
CEC/cmol kg ™! 50 6.68 ~32.3 EZs 19.4 18.7 18.5 5.85 30. 1
Cd/mg-kg ™! 50 0. 150 ~2. 66 LTS 1.02 0. 650 0.720 0.810 79.2
Pb/mg-kg ™! 50 4.68 ~371 s 67.2 23.3 34.6 90. 1 134
As/mg-kg™! 50 3.00 ~21.3 EZs 11.4 10. 6 10. 4 4.68 41.3
F2 FEHEMPUNERNNBEFESESSHE
Table 2 Statistics of heavy metals content in wheat grains-and straw __.‘-'r:,"' /
E — NS 3 iva T VE 24 =1
sk — FiiA| | St 2%;7k$ﬂ1_1]ﬁ JLﬁﬁJ{_E: - EM/A{E_] &T(EEE_I S
/mg-kg - /mg-kg /mg-kg] /mg-kg /mg-kg Ve =]
Cd 50 0.033 ~0.39 XPBOEZS 0.14 0.11 0.11 0. 087 64 |
FRL Pb 50 0.27~2.35 [~ 1 XPEOER 0. 69 0.39 #70.55 0.46 '
As 50 0.044 ~0.18 s =, 0.086 0/080 0077, 0.19 176
e Sosof 0.060~1.0 |/ JAEA 4 0.259 o, & a20 & ox 7% b
/ I Y o .
C A T 1.04~50.9 “4f WS*’ 9.17 3.2/ 2 11 16
: As =] 50 0.26 ~374 | MGER & 072 045 4 .0.92 0. 64 108,
7 J 7 ’  E O
- I.-‘ Y ._J 5 ‘.-“"
VRS RESEUNEXE S R A RHE
f. Table 3 Ahgorptim} chéracteristi¢s™of heavy metals by wheat in soil
b Ty = Ty Py o e e
! g b (Em,l o _.mﬁbki—i’%a IquJi’J{ﬁ LPMQ; ﬁ{*ﬁﬁ% A5 5 R R
- /mg-kg /mg-kg /mg-kg /mg-kg /mg-kg /%
i cd 50 0.030 ~0. 40 XPEOER 0.17 0.16 0.16 0.15 80
HERE  Pb 50  0.0027~0.12 XHEERS 0.027 0.017 0.019 0.029 107
As 50 0.0031~0.031 s 0.008 9 0.008 0 0.007 0 0.004 7 53
Cd 50 0.14~1.3 Ex 0.52 0. 49 0. 49 0.19 38
HBRAK  Pb 50 0.021 ~1.2 WHOE RS 0.27 0. 18 0.22 0.23 85
As 50 0.024 ~0.78 LES 0.22 0. 18 0.21 0.14 64
2.2 NEFNESRS DERESE L EERZ R RENE P A RER 0.348 7 XM T

(] A AH OGO 2R
22,1 NEMKESESTESHTREESREGTEZ
[EEHESEN

TR AERY 50 X+ BB/ 4 R o A TR
PERNA B 1 AT DA 76 ) ST R AR XA
INERPRES RS HIEESE2IEMHELR. £
e NFRPRL Cd AR IS B 3 (P <0.01) , 4
KEHr=0.663" (n=50); TIE/NEHF KL Pb AH
KMt i (P <0.05) , MR E r=0.348" (n =
50); HHENE KR As M EEAR R E. HE S
SO SE i AR P T R HENEE Ph 2 IR
ARG  pFE 45 SR B 38 Ph-/NAZ Pb % i 22 (]
RS A R BN 0. 95, 3K 8] T H B 3 M. AF

FT ) 05 5 SRR BB AT LE , TH TR PR I5E S 52 2% FIT 2.
REACAE T30 o SR A T i) -4 -/INZ2 AORT AORE  OF k
1500 A5 R R 14 Cd 5/ANERRL Cd Itk
A R BN 0. 65, H ik B4 35 # ok, Be W5
A58 sk AR AR PR A X 3 As/NEE As B ikl
100 # IR W] 13 As 5/NEHPRL As RO AEAH
FFHCN 0359, RIKF L EPEAROC. TR 7E
RATH T Ui B X R AR AR OK B X R - v
MG B e A B, Rk Cd 5 L3P Cd &R
RS, MREK As &5 1 As 1B R AA AL
ASE AR A B F. AFF /N -3 As
KA, ATRES T IRAYTE B L As BYLEY)
A RERGER A
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043 0.45
y=0.1716x +0.062 | i
0.40 (a)Cd  0.663%* | - p=—0.122 55+ 1.
o n=>50 _ ®r L r=-0.5433
035 g = w035 | n=350
T ° PY Otmca=0.53 2 5
e E 030
g =
3 40 025 |-
2 3
® 2 020 |
< ® 015
h %
=
0.10
005
0 L I 1
0 05 1.0 1.5 2.0 25 3.0 6.5 7.0 75 8.0 8.5
+M|Cd/mg kg™ T HEpH{
2.5 0.45
o (b)Pb »=0.001 8 + 0.568 6 0.40 - (b) OM ® »=0.002 8x +0.067 1
r=0.348* T r=0.207
_ B 035 ~50
20 “. n=>50 :n ° n °
T ° ° E 03[ ®
) | ° [ ]
E 15 ® 4 025 F e
S =l [ ] [ ] °
E % 0.20 - o
8 E 0spe . * 5 * .
2 z ° [
< < 010 F L ™Y °
¢ oy ° .
00s | @
' L A
0 L 1 1 1
15 20 25 30 35 40
) ot
0 100 200 300 400 = A LT A e kg
- 0.40 ®
+iPb/mgkg™! () CEC
0.20 035 | o
B 3 T [ ] y=-00005x+0.1447 @
BT o b g onfe r= 0033
3=0.001 2x +0.0723 & o® 0.033
- 016 |- r=0.184 IZ’E 025 | ® ° n=>50
2 o4 | o ® oo n=>50 pe. % .
£ 3 020 -
= 012 | P 2 ..
°
2 ol e “ ¥ OIS \L_.O“:_.
B @ ® e
R 008 [ ) P SIRCICH S RPN IR * *
S & . ¢ i o *‘aped
0.06 o 0.05 ° % °
004 | @ L4 . . l
0.02 5 15 25 15
0 1 | ! | FHECEC% fit/cmol kg™
25 25 gz s =
U 5 ‘Il'l:ir\sf k o ? B2 THEEEERINEIFH Cd & BHRMm
- mgkg

Bl T1EESRENZESRAEHEXXE
Fig. 1 Relationship between heavy metal contents

in the soil and wheat grains

2.2.2  BHEEARME RN FPRL Cd & B Z Y

k3 4 R i A, AL Rt
Pyxor o 43 A A AT o - g SRR AR AR R JBT R /N 22 K
AL Cd Fim AT, S5 R K 2 o, 13 pH 5
INE R Cd & A e, MR B r h
-0.543. LIEA PS5 /NEZ PR Cd 2 IFEAHE, M
KEZHHN0.207 , HAHXREBIIARE. 1IECEC S
INZZRERL Cd A JE R ECH - 0.033, TG A I AH SC .
FFGR R AR AE Y I E 4 ) 32 3 158 pH 152
M, pH 4% i & 5 4@ 094447 R, AN 4 Jm 7 4
HP ) W R - AT AN LT - R A L R R

Fig. 2 Effects of soil properties on Cd content in wheat grains

P T RT3 5 4 R ST R A WA e
e pH Tk H & B N BT H X Cd* Y
WG BRHE A58 5 e, DT B AV 7 430 140 26 0 80P
Ding % (WP B, +4E pH A1+ 8 HLTE ¥
M AR Cd B BRI IR ISR A
AL RT LS A0 - 8 0 G Je (9 W R RE T, A HL
AT LA H S TR O PR DCUE , R S A 1
HErh R RN A2 T AR i aE
R, A LB AR A LR S R R Cd
LA FAC R E BN 3R s v BH S 7 St i g,
SR i 0 e L T i R R £ < R T
ikt 0 ARV AR ST R B
CEC 38 T, - 38 %t 5 <5 Jag #) W% RS 1 265 & A 1T 4
i, AT D 1 A0 B <G A SRR 2R ke
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SIS0 e W o e A RE A5 3P CEC B, 13
XoF E 453 AR B 1R W BT TR 45 A PG O, DA REAIR 1
S B A RNE. AR, SR AE X 41 pH AT HL
J 5 R /N AT A R Cd RS ) EE R R 2
2.3 ZNEFMM /N R PR E 4 Sy AR T
AWFFELERFH |+ Cd H5/hERR Cd &
SR AE St e g, TR B 1A KO, b
Jat s /N X Cd B IR, K - S B AP T A
M K A Cd RS R YO A
ZIeInl A 53 A, A5 BN KPR Cd 75 & 1 FU
FRUNFR 4 s, FTLLE Y, 13 Cd & EEnT il 5 2

70. 1% WA 5, 5] A +3E pH J5 7 B2 A9 H 0 fig

AR R 73.3% . [MIH T R AAHOC R B E 56 3 41
AR5 AGRSE T 7 R4 Cd & pH AT OM
X3 AR SL [ R [0 R Y FO g AT
PEREN 77 1% . AREET5 | A5 4 A8 fF L4 Cd
Frar, pH, OM Fl CEC X 4 A~ F Ry IR G T,
WlH 7 RE A S RBGR B K, 0 81% . tH LR Z
T, 7 HE 4 BEAS Bt T /N 2 R B R 4
J& Cd 1. H3E-/NE P AT As BTN 5 A5 A AH E
FEBEL 5B Bl T 3 2 G, {4
A FAEBEI G, B 5 R A 18 5 5 25 A G

x4 NEFHESLE CA, Pb 0 As FHFFEY

Table 4  Regression equations for wheat grain cadmium, lead and arsenic

P T 75 r

1(n=50) 1gCd,,, =0.502 1gCd_, —0. 88 0. 704
2(n=50) 1gCd, 0, = —0. 17pH +0. 424 1gCd_; +0. 426 0. 7'23,&.' _"
3(n=50) 1gCd ., = —0. 126pH =0. 779 1gOM +0. 587 lgCd,, +1.]181 0. 57“1-'5* =
4(n=50) 1¢Cd g = =0, 422pH £ 15317 1LOM +1. 02 ¢CEC +0. 502 IzCd_;, +2.902 0:_._3‘1'(). =
5(n=50) IgPh,., =0.201 1gPh,, ~0. 542 (¢ 10 0.9~ / J
6(n=50) 6P, = — 0. 064pH #0.214 IgPh_, —0. 066 e ‘ o.adr =" &

(= 50.).-"" 1gPb, 0 £ “0',047 pH +'0Fr§1; 1gOM +0. 179 1gPb, - 05393 A . 0.411 %,

8 n;SO 2 IgPh, ., = 0/ 208pH #(?; HAZ0M +0.739 1gCEC +0: ;1“?7"1gpb;0‘ﬂ +o}413‘_..,.--‘ 0.459 |
o(n=30) ) TS = 0883 TgAst, 51" 275 ! 0.251 -
10(A=50) " lgAs, .. 1= 0. ‘O'ZJSi)H +0. 195 IgAs_, — 1. 093 ¥ 7 0. 259 ‘
11(n=50) TeAS o 0'.‘04'3;)1? £0,200 150M 10.275 lgAs 0. 752 | 0.286
5 /(=50 ¥ 1gAS /= —0,038pH - 0. 199 1g0M 0. 021gCEC +0:279 lgAs,,, —0.778 ) 0. 286
1)« £ P <o.‘05ug s FRP <0. 01 4 o -"':'__,,f’w

SRAT PR AET i i Ak, X N EE Cd B
AT, 1 B FE— T R A AL v 1N
Cd Z [Hl AR IE R ECR 0. 866 ™ I8 ] T Hk i 2%
FHOE, 51 HEHAE P IS 1 22 7 1] 455 750 v - -
INFZ Cd Z B2 M G R B = 81 0. 933 ™. REHK
ST S AR BE 0 T /N RPRE Cd S 5+
B Cd D R E A M R Z B e R, ST
TN RPRL Cd TSRS AH5C R BN 0. 768 ™ (P
<0.01) MM i B 2, H 3G 308 Cd 5/
FRPRL Cd R RZARE T HHE4S Cd S5/ FPRE Cd.
A AN A S Cd FER R, 2R
Jg 34 Cd SA RS Cd ML, il 1A Cd &
R bR S TR E 4 B PR R AR — B AR S
[, 51 -3 3 A AL 5 s 000 0 A A A 56 &R
BUAF) 0.817 (P <0.01) Ik F ik 4 PR 55 UE 47 4k
IRIG B2, 0t 1 B R B 6 15 2 56 A H A
RAJE R L. iR %50 i 1 W () SRR ST T
INFERERL Ph S 5 3 pH | Pb &R Z R AT 6
2 WHRR/NE P S 4 pH Z R HHE R
Bh0.957 (P<0.01),/N Pb &5 HHEPh &

AR 0.97 7 (P <0.01). ABFFEH,
I 3 H AR 5 I TN 5 R 4 A G FR B R AR
}0.459, XAl HE S5 REEIX Ph I RAVIEE ZH
5. XU BA A 3 ok A V] R MR A e N RE
IYHT T /N As 518 As HEZAIRAHE KR, 45
WA HE As 28 5/NERPRL As &8 2Z IR et If
A5 A RE - HAk B T 0.217. A g rp 4 1
As—/INAZ As [ AH 5& R B0 S KAE AR 0. 286, AT
i 25 B AE DG PE.

DAFR & i s e BR £ (GB 2762-2017) H T
MERI/INE Cd &1 <0.1 mg-kg ™' SKIHE, ATARYE
IR EARLE pH, OM Fl CEC 4 F +3% Cd il
FHUE S . AE pH — 20, 13 Cd Z &k FHER &
OM 38 iy 38 . & 1 A by X 3R [ A /N 1Y
FX, HHE pH 2457 ~ 8, ANUR SR E 0 T
15 ~30 g-kg ™' Z 0], ZE DL D0 T A4 T 5 f 1143
W /N RSB AR + 358 Cd 2 4 S IE 30 R
0.911 mg-kg™".

REAC 47 3@ o X - /N FE Cd PR AT [l
JE A5 2 W 0 7 R HEAT 434, EAE DL L Cd
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Bl

Es 41 &

1.02 mg-kg "YE R4 Cd G A& & AR R S
REFC BT 27 45 J R o ).

3 i

(1) HERAEX/NZ PR E 428 Cd, Pb Fl As
HBFRRI K 55%., 100% F1 0, 5 2 %F W 1) + 3 6
&)@ Cd., Pb Fl As BRI 5HIR 52%, 13% F1 0.

(2) MR F/NEXT Cd, Pb, As (15 52 R 5L
FFe R B ARIIE 53514 0. 17 F10. 52, 0. 027
F10.27.,0.008 9F10. 219. /INEZXF Cd Y & 4 R EAN
HMRBARBUYE T Pb, As. /NEFSFFT Cd, Pb Al As
o TXRAFRIH Cd | Pb Il As 19 2 ~ 5 £

(3) WA &1 F, 14 od &8 5/NEHR Cd
i A IR ARG A EME R Bk 0. 6635 HHES
Pb & 5/NEAFRL Ph i 2 W IE ARG (HAE G
PEREAN 0. 348 HHES As Tt H/NEAFRL As
FEACIEA L. 13 pH . OM #1 CEC Y71 #f
i Cd A 500, R SR BB £ 14 Cd%
pH . OM FI CEC [RII 51 A [m1 )5 77 B3 47 208 , 15 5]
Hy Jy 7 G 85 I MO 35T 0 X4 B /1 22 B G T
sxxm. [ ) L,

- o
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