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Table 1 Heavy metals standard range in rice

Heavy Metal  Standard Range (mg/kg)
Lead 0.0150
Mercury 0.0200
Chromium 1.0000
Cadmium 0.0600
Nickel 0.6000
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Table 2 Analysis of variance of heavy metals

e He Pb Ni cd
N 2 00110ns 0.0006ns 0.0014ns 0.0520ns 0.000020ns
C 1 8.0750%*% 0.1080%* 00230%* 3.5390%%  0.0020**
NAC 2 0.1220%% 0.0112%*% 0.0312%% 0.1750%*  0.0010%*
T 1 54370%% 0.00001% 0.0010%* 1.1040%*  0.0012%*
NAT 2 0.1190%% 0.0113** 0.0109%* 0.0340ns  0.0011%*
C*T 1 13650%* 0.0108%* 00083** 0.1100%  0.0013**
NC*T 2 0.4080%*% 0.0003%* 0.0204%* 0.2070%*  0.0010%*
eror 24 00120  0.0007  0.0010 00250  0.000016
@) cv - 45700 90700 135100 49600  4.0100

ns: not significant, * and ** significantly different (P<0.05 and P<0.01, respectively)
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Fig 1 Effect of soaking temperature (C1:50 and C2:80 °C) on heavy metals levels (ppm)
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Fig 2 Effect of steaming time (T1:10 And T2:15 min) on heavy metals levels (ppm)
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Fig 3 Effect of nitrogen fertilizer levels (N1: 60, N2: 80 and N3:100 KgN /Ha) on heavy metals levels (ppm)
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Table 3 weekly intake of Heavy metals in comparison with standard

Weekly Intake (ng/kg weight/kg)

Chromium Lead

Mercury Cadmium

Nickel
N;C\T, 13.98
N;CT, 10.52
N;C,T, 7.82
N;C,T, 6.93
N,C\T, 16.17
N,CT, 13.47
N,C,T, 9.11
N,C,T, 0
N;CT, 20.59
N;CT, 12.32
N;C,T, 7.70
N;C,T, 6.31
PTWI 35

(ng/kg weight/kg)

21.80
9.80
6.40

0
21.8

10.20

8.30
0

23.10
1.70
0.10

0
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5 0.50 0.09
9.20 0.30 0.02
0.10 0.30 0.01

0 0.20 0
4.60 0.50 0.66
1.90 0.30 0.33
1.40 0.10 0.02

0 0 0.01
5.20 0.40 0.10
2.80 0.30 0.02
2.10 0 0.14

0 0 0

25 4.9 7

L ((Kats il jls d= IYV) G 51 (glalade LG
sl Olas

Ay

s 52 s S 5 S Sais BLos Ol op it
Slee A= 44 5 T0A L5 ow &S s oS N3G T

Jde 5 NoCiTy Jlas ol atin 5 cls






g o Al p 5 05555 38 G aslllas

Qb&.o.ﬁ B e)b' A:U‘J-sd-’ g}'.'.JT

Weekly Intake (%) from Standard
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Fig 5 Effect of Fertilizer x Soaking Temperature x Steaming Time on Weekly Intake (%) from Standard Range
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Rice is the staple food of the Iranian people and its pollution with heavy metals has
irreparable dangers for consumers. The aim of this study is to find a way to reduce
the absorption of heavy metals from rice. To study the effect of nitrogen fertilizer
and parboiling process on heavy metals, a factorial experiment was conducted in a
randomized complete block design with three replications. In this study, nitrogen
fertilizer at three levels (N;: 60, N,: 80 and N;:100 KgN /Ha) and parboiling at two
levels of soaking temperature (C;:50 and C,:80 °C) and two levels of steaming time
(T1:10 And T5:15 min) were applied. Induced plasma mass spectrometry (ICP-MS)
was used to determine heavy metals. Increasing the soaking temperature and
steaming time reduced all heavy metals, but changes in fertilizer levels had no
significant effect on heavy metals. The interaction effects of the treatments showed
that N3C, T, treatment had the highest percentage of weekly allowance for Cr and Ni
(99% and 58%, respectively) and N,C,T, treatment had the highest percentage of
weekly allowance for Mg and Cd (11% and 9.5%, respectively). Increasing the
soaking temperature and steaming time minimizes the weekly intake of all heavy
metals so that the N,C,T, treatment shows the lowest weekly intake of all heavy
metals. In less heat and time, the remaining heavy metals cannot be ignored, so
parboiling at higher temperatures and times is recommended to maintain consumer
safety and health.
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