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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
7n 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.

Keywords laser ablation inductively coupled plasma mass spectrometry LA-ICP-MS ; wheat; heavy metals; co—localization

30 Fe
[1-2] [17]
M, 432 mg- kg 14 mg-kg™!
biofortification 31 LA-ICP-MS
[ 48]
LA -ICP-MS
ray ICP-MS
’ 1
o 1.1
1o Segetoria 4L
Micherlich 15 o
colocalization o 5 7ZnS0y4.
CUSO4\ leSO4 CdSO4
Zn 150 ,Cu 150 .Ni 100.Cd 5 pg-g™
[111] ) 5
(2 04¢g- ', 02g-
o 1.2 .
Zn . Cu.Ni.Cd
Laser ablation inductively N N
coupled plasma mass spectrometry LA-ICP-MS 70 C
o LA-1CP-MS
8 13-17]
816-17 Wirth [16] 480 °C

LA-ICP-MS 16 h 1 mL 1:3 HNO;:H,0



30 11

2147

HNO; 9 mL ICP-

MS 7500cx 2008 Agilent Zn Cu.Ni.Cd
o 4 °

1.3 LA-ICP-MS

Cd

Zn . Cu.Ni.

1 4
C MT.5530 Euromex Micro—
scopen B.V. Arnhem Netherlands
Tesa AG Hamburg Germany
24 h o
2 10 g 10 mL
1 000 mg-L' ICP
48 h,

Puverisette Fritsch

50 mg

SPEX 60 C

GmbH Idar—Oberstein Germany

2t 5 min
5 mm °

Supercell New Wave Research
Fremont CA USA °
3 LA-ICP-MS UP193
UP193 Solid State Laser UP193 SS

193 nm

ICP-MS . 1CP-
MS 7500cx Agilent Technology Santa Clara Cali-
fornia USA Ar0.25 L-min™
Ar 1.25 L-min™ Off RF radio
frequency 1300 W UP193SS
193 nm New Wave Research Fremont CA
10 Hz 50 pm 10 pm-s™
2 J-em?, Ni.Cu.Zn.Cd
BC BC )
4 ICP-MS
0.1¢
480 C 16 h I mL 1:3
HNO;:H,0 HNO; 9 mL

ICP-MS

1

2.1

o

0.37+0.02  0.38+0.05

2.2

7Zn la,

N N

20.32.8.14 3

Zn 50
mg-kg” > > >
Zn 397 mg-kg™ >

141 mg-kg™ .

11 mg-kg™

Cu 1b,
N N N Cu
0.99.0.10,1.35.0.89 0.55
la
cd Cu o
Cu.Zn.Cd Ni
0.6.1.8.46.3 48.1

Table 1 Effect of combined heavy metal treatment on agrinomical traits of wheat at maturity
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White and gray columns indicate control and heavy metal treatments. Bars show stardard error, n=4.

Bl E4RESHIEMEB/NEZEAIZn(a) Culb) Ni(c)F Cd(d)iR BRI

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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2 LA-ICP-MS

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 (¢),Cd (d) concentrations of endosperm and

aleurone layer of wheat seeds
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