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Abstract; The better understanding of mineral elements accumulation in plants and distribution in grains is the prerequisite for increasing the
concentration of beneficial elements and minimizing the content of toxic heavy metals in edible parts of cereal crops. The effect of elevated
concentrations of Zn, Cu, Ni and Cd in a peat substrate on wheat yields and the metal contents of the plants were studied in a pot experiment.
The distribution and possible co—localization of the beneficial micronutrients and toxic heavy metals in the wheat grain were examined by
laser ablation inductively coupled plasma mass spectrometry( LA-ICP-MS). The metals were added jointly to the peat substrate as sulfates.
Combined heavy metals added to peat substrate did not affect grain yield, single grain dry weight, straw dry weight and harvest index of wheat
at maturity. However, great changes on metals distribution in plants or grains as affected by heavy metal treatments were observed. Zn, Cu, Ni
and Cd concentrations in the grain, chaff, leaf, leaf sheath and stem were significantly enhanced by heavy metal addition but the enhancement
varied with different elements or plant organs. Elevated heavy metal supply increased the concentrations of Zn, Cu, Ni and Cd in wheat grains
by factors of 1.8, 0.5, 48.1 and 45.3, respectively. The distribution pattern of Cu and Cd in different organs of wheat were not affected by
heavy metal treatments, but the distribution pattern of Zn and Ni were significantly changed by heavy metal treatments. High percentages of
Zn were translocated in grains at normal Zn supply conditions, but more Zn was retained in vegetative organs by heavy metal treatments. The
changes in distribution pattern of Ni showed different trends compared to Zn. LA-ICP-MS analysis of wheat grains revealed that Cu, Zn, Ni,

and Cd were distributed in a similar way with the high concentrations in the aleurone layer and low concentrations in the starchy endosperm.
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Elevated heavy metal supply increased the concentrations of beneficial elements Zn and Cu by 78% and 86%, toxic heavy metals Ni and Cd

by 30 and 121 folds in aleurone layer, respectively. Elevated heavy metal supply increased the concentrations of Zn and Cu in starchy en—

dosperm by 49% and 48%, respectively. The concentrations of Ni and Cd in starchy endosperm were not detectable under control conditions,

but elevated heavy metal supply increased Ni and Cd concentrations to levels far over the maximum permitted levels set by food standards for

heavy metals. These results indicated that heavy metals could accumulate in plants to levels that did not impair plant growth but might be

detrimental to human health when the plant was consumed. In addition, the co—localization of beneficial micronutrients Zn, Cu and toxic

heavy metals Ni, Cd in the wheat grain might imply a possible risk of the micronutrient bio—fortification strategy.
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) 31 %, X E N E R 5T LA-ICP-MS 3l & 45kL
MEITTRZ A MiE . AR IR EESREE A4
P (RN IR HRAR R , AR /NE AR KONRTHR ),
K F LA-ICP-MS £ AR 456 BRI % v W 55 fh o
ICP-MS 2 0 %€ /N 22 R R FIOFFRLAS [R]85 1 0 3R VR
BV E TR B 5 A B E L BRI/ NERRL
ARITRAL AL A0 B XU, BT A S, FER A Y58
I EE R AR R P S IR

1 #B5F*®

1.1 HEHEE 5418

F/INEZ Segetoria BT FIEFPAERHEL T (4 L)Y
Micherlich ZEH?, B4 15 bk AR REEBEIE IR E T,
FEREFPET 5 XA K B R TE 4 8 AL 3 : ZnS0,.
CuS0,.Ni,SO, F CdSO, ¥ THE BRI E B Tk, LU
— & K5l (Zn 150, Cu 150.Ni 100.Cd 5 pg- g™ F JFi fif
) SEFRS . SHRABEMEFSHRIRNEET
TKIRAT o X FR AL B 2 B TR = P 5 A Ak
RIRFEA . AR LA 53 BERAFNIR 15 B 43 IR e
M, B3R 04 g7, BHEHEAEN02g-827,5
T R IETE S BE P A — R PERL A
12 NEFRPEEREHR EKRARRETEM
Zn Cu.Ni,Cd iR EHIE

F/INZZ BRSO &R 43, % 22 0 i A R
FIZEFF 43 P48, 70 CHT ZEE G /4 B E, 1T
BWORIEE . W BRI T T TR, kPRI A
B AIRE . T5FPRLHF LA-ICP-MS i
FPRLTTR ML , Ak BB AR A A i &
e BUE BRSBTS, F 480 CTiHMk
16 h, JKALJ5 ¥ #E7E 1 mL 1:3(HNOs:H,0 ) 9 /& 26



23055 114

% A F OB OB ¥ % W 2147

HNO; /7, H] 9 mL EBE FKMRE I8, 85 ICP-
MS(7500cx,2008 , Agilent ) Il %€ 1€ ¥& ' Zn,Cu ,Ni,Cd
BMITRKE . B IMEH 4 KEL,
1.3 LA-ICP-MS U ¥R R 2L FIMIMR B Zn Cu Ni,
Cd YR B

(DS DNEMFRIBTERE FKPT 4
CiHw g AFsh¥ F ¥ (MT.5530, Euromex Micro—
scopen B.V. Arnhem, Netherlands ) Fl4ERE Y] |, Bi 4]
Fr F BUTA it (Tesa AG , Hamburg, Germany ) [ € 7E 2%
A b, T 24 h 5 BT

()KL IEFR HERE S A - 10 g /NETH BT 5 10 mL
ARV BE R G B4 BARER (F1 1000 mg-L™ ICP
SPEX Ry B T AL 1R &, 60 ‘CTHET 48 ho #¥M
H 4@ 1 | #E IR 35 B B AL (Puverisette , Fritsch
GmbH, Idar—Oberstein, Germany ) 75,4318 57 , BL 50 mg
TEHZEAHLERL 2 ¢ B9 JIIE 5 min IR EARA
5 mm F)EERARIERE . /NZEFRDTREU) R AR AR G [
BB FEOER i (Supercell,New Wave Research,
Fremont, CA,USA) N, 7E[R]—SCH 4544 F BEATINE o

(3)LA -ICP-MS T./F 2 ¥ :UP193 # ot R 4
(UP193 Solid State Laser,UP193 SS) #|H —Ffh &+
193 nm 7T HOGE OGRS G 42 IR 5 R
Tt , B R AR LA E . BOBIRM
AR i 1 R SAE TR ICP-MS H#EAT Il E » ICP-
MS F-5 7500cx( Agilent Technology, Santa Clara, Cali-
fornia, USA), FESEAIT : S FHE Ar0.25 Lemin™;
HESRFHE Ar 1.25 Lemin™?; AR, Off; RF (radio
frequency ) S 1300 W M2 7 4% UP193SS,
193 nm(New Wave Research,Fremont,CA ) ; J8 5% ik
10 Haz; J94 (URE ) B4R 50 pum s F9FF B 10 pumes™ 55
IMREREREE 2 em?, WEITE N Ni.Cu.Zn.Cd
1 BC, Hrp PCAE R AR EOERI A

(4)ICP-MS i g /N Fb 7 FIARERE A E & R ik
B FREPR HERE BB HE IS I/ D E R TR 0.1 g, 72D
3 h 480 CF 4k 16 h, JKAL/G ¥ f#7E 1 mL 1:3
(HNO;H,0) B 4l HNO; H7, Fi 9 mL 8 F/K#i B¢
JEituE, SRJE I ICP-MS Wl iE Ve & Rl T B Y
. BN 4 IRER,

2 HBREHZM

2.1 BN EETEREHER

HERE A LEN BB /NE FERZHR
FmTER 1. ELREE GG NEBEEY &
WA TR (HRA BB EKT . A= PR RS
=B S, BEEE SRR RS R
A TREARE B EKFE . HLH, AR FPRLE
BXTE SRR A FR A0 N IR A B K Wk
BOFPRL= & 5 B AR ], REA P 1k
LI SO RCR o AR 5T 22 HA X B AL B A R T8 855y
H 0.37+0.02 1 0.38+0.05, 4 J& A 385 {3k 45
gAY, BREBEKE, AXELRE AL
AR R IG IR TR E, XN AR K A
BREZEZW, Y& RR TR, BT 0B
AR MGENESBE AT RRETEMEEN
BT
22 BBHIEKARSATERE

HE R A AN BB /N 27 FE R A A B
(Zn)WERFE WA TE la, HERH . 5% A,
HLRE A E/NE 2R BT RFRL
HRRREIR B A AN T 20,328, 14 £5 A0 3 A5, AR
Fr R (FE0 A5 ) 38 0 K, KPR R /) 5
XFHUNE & IRE Zn W R BN /IMEIR R AT BL (50
mg kg )>ZEFF>I F>ASE A (11 mg-kg™), W4k
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Table 1 Effect of combined heavy metal treatment on agrinomical traits of wheat at maturity

AbBE AWl A KPR R g A

it . LGS HIE /mg

papi] 91.8+3.3
ELRBEALHE 88.8+1.9

34.2+2.0
33.4+2.4

57.7£1.7
55.4+2.4

0.37+0.02
0.38+0.05

45.6+£0.6
43.7£0.4
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Figure 1 Effect of combined heavy metal treatment on Zn (a),Cu (b),Ni (¢),Cd (d) concentrations of different organs of wheat at maturity
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Figure 2 The localization of endosperm(a) and aleurone layer(d ) by LA-ICP-MS
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Figure 3 Effect of combined heavy metal treatment on Zn( a),Cu (b),Ni (c¢),Cd (d) concentrations of endosperm and

aleurone layer of wheat seeds
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HE (22 %), 5HAMITRAR, Ak BT AR &R AL
Cu HERIIR/N (<15 ), BT ARSEITREK
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