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ABSTRACT

Lead (Pb) and cadmium (Cd) can be absorbed and transported effectively by rice plants
and could easily enter into the food chain. This research aimed at identifying rice
germplasm with low Pb and Cd concentrations, and to assess their potential risks to
human health. A 2-year pot experiment if 30 rice genotypes were conducted in a
greenhouse at Rice Research and Training Center (RRTC) Sakha Kafr El-Sheikh, Egypt
during 2012 and 2013 rice growing seasons, under irrigating with fresh water from the
River Nile (FW), drainage water from El-Gharbia main drain Kitchener (DK) and drain No.
8 (D8). The pots were arranged in a randomized complete block design with four
replications. All genotypes tested in this study gave high grain and straw yield under
irrigation by DK than irrigation by D8 and FW. The concentrations of Pb and Cd in all
organs of tested rice genotypes (roots, straw and grains) decreased in the sequence of
Indica > Japonica >Indica /Japonica types under all sources of irrigation water in this
study. Pb and Cd concentrations in grains of some rice genotypes were above the safety
limits 2.00 and 0.40 ppm, respectively. In the same time grains of 13 genotypes were
below the safety limits. The risk assessment of Pb and Cd through consumption of some
rice genotypes indicated that the target hazard quotient of Pb (THQPb) and Cd (THQCd) in
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some rice genotypes exceeded the permissible limits (1.00) for an adult but not in all
tested genotypes. THQPb and THQCd values for Pb and Cd through the consumption of
rice decreased in the order Indicia > Japonica >Indicia /Japonica. Rice germplasm with a
strong tendency for accumulating Pb and Cd should be avoided when using poor water
quality in irrigation.

Keywords: Rice; varieties; heavy metals; daring water; soil; rice grain.

1. INTRODUCTION

Egypt falls under arid and semi-arid Zone of the world. The river Nile is the main source of
water in Egypt. The water sector in Egypt is facing many challenges including water scarcity
and deterioration of water quality because of population increase, lack of renewable
resource and bad practices followed by human. The River deterioration in quality of water
due to over 90 agricultural drains that discharge into Nile also, includes industrial wastewater
[1]. Egypt indicated that there was an overall deficit of approximately 8 billion m3 [2]. The
present per capita water share is below 1,000 m3 /year and it might reach 600 m 3 / year in
the year 2025, which would indicate water scarcity (water poverty limit starts at 1,000 m3/
year)) [3] . Also, in the Delta region, drainage water is reused for irrigation after mixing with
Nile water, while in Upper Egypt drainage water disposed into the River Nile [4]. Moreover,
the use of chemical fertilizers and pesticides has significantly increased after the
construction of high dame, resulting in increased pollution, particularly by heavy metals.
Heavy metals are severe contaminants in the environment. Their accumulation in the
atmosphere, soil and water can cause serious problems to all organisms, and their
bioaccumulation in the food chain can be highly dangerous to human's health. Among the
heavy metals cadmium (Cd) and lead (Pb) are common considered as toxic to both plant
and humans [5-6]. Lead and Cd are considered potential carcinogens and are associated
with etiology of a number of diseases, especially cardiovascular, kidney, nervous system,
and blood as well as bone diseases [7]. Water quality management and water pollution
control to produce safe crop products is the main issue to ensure food security for us and the
next generation. Efforts have been made to remediate contaminated water and soil to allow
safe crops with low heavy metal contents particularly, in rice which is one of the most
consumed crops in the world including Egypt. However, the traditional methods to treat
water and soil are extremely environmentally disruptive and expensive [8]. Great efforts
should be done to reduce heavy metals accumulation in agricultural crops following easy
and economic methods. One of these methods is screening low accumulation rice varieties
of Pb and Cd concentrations in all organs of plant. Previous studies reported that significant
genotypic variation was detected in Cd, Cr, As, Ni and Pb concentrations of rice grains,
indicating the possibility to reduce the concentrations of these heavy metals in grains
through breeding approach [9]. There is a great difference among crop species and
genotypes within a species in heavy metal uptake and accumulation [10]. In rice, a wide
difference exists among genotypes in their ability to accumulate Cd in grains [11,12].
Japonica brown rice varieties have the lowest average Cd and Pb uptake rates compared to
the other two varieties namely, indica and Hybrid [13]. The fundamental requirement for
breeding low grain Pb and Cd-accumulation rice cultivars is to know the genotypic variation
in Pb and Cd accumulation and the physiological processes and genetic basis governing the
Pb and Cd accumulation in rice grain [14]. So, exploiting rice varieties that do not
accumulate Pb and Cd can be a viable option for rice cultivation in polluted areas or areas
that oblige to irrigate by polluted water. Identification of these varieties can also be a first
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step towards breeding rice varieties that are highly tolerant to heavy metals [15-16]. Recently
a number of advanced studies reported that a novel rice gene Low cadmium (LCD) is
involved in Cd ac accumulation and tolerance [17,18]. LCD is not homologous to any other
genes, and the authors concluded that LCD is a novel protein related to Cd homeostasis.
[19]. reported that a novel cysteine-rich peptides encoded by OsCDT1 is possibly involved in
rice Cd tolerance. Over expression of OsCDT1 in A. thaliana increased the growth of plants
under Cd exposure. Our efforts were, therefore, directed toward evaluating the effect of
different kind of irrigation water (FW, DK and D8) on 1) genotypic variation among different
rice genotypes  in the accumulation of Pb and Cd and select the best genotypes  for
cultivation under irrigation by poor water quality, 2) the quantity and safety of grain and straw
yield of 30 tested rice genotypes  under this study and 3) Assess possible risks of
consuming rice grains contaminated with Pb and Cd on human health using the target
hazard quotient (THQ Pb) and (THQ Cd) for Pb and Cd respectively

2. MATERIALS AND METHODS

A Pot experiment was conducted in a greenhouse at Rice Research and Training Center
(RRTC) Sakha Kafr El-Sheikh, Egypt during rice growing seasons 2012 and 2013.In this
study, 30 rice genotypes from different origins are shown in Table 1, (Indica, Japonica and
Indica/Japonica types) were evaluated under irrigation by fresh water from the River Nile
(FW), wastewater from Kitchener drain (DK) which consists of industrial, sewage and
agricultural wastewater(El-Gharbia main drain)and drain No.8 (D8) which consists of sewage
and agricultural wastewater. Alluvial soil was taken from the farm of Rice Research and
Training Center, Sakha Kafr El-Sheikh (RRTC) from the surface layer (0-20 cm) to fill the
pots. After air dried and sieved (2 mm sieve), twenty kg of soil was placed in each plastic pot
(37 cm in diameter x 45 cm in height). Chemical analysis of the soil, fresh water (FW) and
drainage water (DK and D8) which were used in this experiment during 2012 and 2013
seasons are presented in Table 2. The experiments were carried out under open air
conditions. The pots were arranged in a randomized complete block design with four
replications. All calculations of fertilizers (N, P, K and Zn) were done based on the weight of
the soil for one Fadden at 15 cm, according to recommended fertilizer doses at RRTC,
Sakha, and Kafr El-Sheikh in Egypt. All pots were maintained under flooded conditions with
3 cm of water above soil surface during the rice growth period. Seeds of different rice
genotypes were soaked for 24 hours and incubated for 48 hours at room temperature. The
pre germinated seeds were planted on 20th of May at rate of 10 seeds/ pot for each
genotype and thinned at 5 plants after 2 weeks in both seasons 2012 and 2013. At maturity
the rice plants were harvest from pots and divided into roots, straw and grains, freshly
weighted, dried at 70 Co to constant weight for yield grain and straw. The oven dried
samples were ground and kept for analysis according to [20]. Plant samples (roots, straw
and polished grains) were digested in glass tubes containing 5 ml of concentrated HNO3
and 1 ml of HCLO4 placed in a heat block at 100°C until the solution became clear. The
samples volumes were diluted to 50 ml with distilled water. Available heavy metals (Pb and
Cd) in soil were extracted by DTPA.  Aqua regia were extracted the total heavy metals in
water according to the method describe by [21]. The concentrations of heavy metals in soil
and plant organs were determined using Atomic Absorption Spectrophotometer (GBC
Avanta ∑). Total soluble cations and anions in soil paste extract were assessed according to
[22]. All the collected data were subjected to statistical analysis according to procedure
described by [23].  Data means were compared at p< 0.05 by the revised least significant
differences (LSD), which adapted by [24]. Statistical analyses were made with commercial
computer software (Genstat).
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Table 1. List of rice genotypes used in this study

No Variety Group N0 Variety Group
1 IR71131-BF-4-B-30-5 Indica 21 Giza177 Japonica
2 IR73688-82-2-3-2 Indica 22 Sakha101 Japonica
3 IR74506--28-4-3-2 Indica 23 Sakha102 Japonica
4 Giza182 Indica 24 Sakha104 Japonica
5 E.YASMINE Indica 25 GZ7576-10-3-2 Japonica
6 IR64 Indica 26 Sakha105 Japonica
7 N22 Indica 27 Azucena Japonica
8 TCCP 266-49-B-B Indica 28 Gaori Indica-Japonica
9 CSR-90IR-2 Indica 29 Giza178 Indica-Japonica
10 WAB 880-1-32-1-2-P1-HB Indica 30 GZ6292-12-1-2-1-1 Indica-Japonica
11 IR29 Indica
12 Moroberkan Indica
13 IR 65598-112-2-1 Indica
14 IR 65564-44-2-3 Indica
15 IR 65600-96-1-2-2 Indica
16 IR 66158-38-3-2 Indica
17 IR 66738-118-1-2 Indica
18 IR 67962-40-6-3-3 Indica
19 IR 66160-5-2-3-2 Indica
20 IR 66160-121-4-5-3 Indica

Table 2. Chemical analysis of soil, fresh water (FW), drainage water of Kitchener drain
(DK) and drain No. 8 (D8) used in this study during 2012 and 2013 seasons

Soil Before
planting

Soil After
planting

Fresh water
(FW)

Water of
Kitchener
drain (DK)

Water of No. 8
drain (D8)

2012 2013 2012 2013 2012 2013 2012 2013 2012 2013
pH 8.23 8.42 8.15 8.20 7.23 7.12 7.66 7.78 7.67 7.51
Ec(ds/m) 3.10 2.95 3.83 3.63 0.53 0.58 2.70 2.82 2.39 2.54
Anions (meq/l)
CO3= - - - - - - 0.10 0.40 - -
HCO3= 5.55 6.23 6.80 7.00 3.66 3.77 5.75 5.90 4.78 4.89
Cl 9.81 11.23 10.20 12.30 1.02 1.23 4.90 5.03 13.2 14.50
SO4= 24.24 22.33 21.39 19.37 0.69 0.83 16.30 17.00 6.00 6.01
Cations (meq.l-1)
Ca 12.30 11.50 11.90 10.30 1.77 1.81 3.65 2.90 5.00 5.59
Mg 5.60 6.80 5.00 7.30 1.52 1.70 3.70 4.00 3.60 3.86
Na 9.80 8.50 11.12 9.77 1.83 1.95 17.00 18.30 14.80 15.21
K 11.90 12.99 10.30 9.00 0.31 0.45 2.70 2.90 0.51 0.61
Heavy metals (ppm)
Cd 0.98 1.20 1.34 1.50 0.008 0.009 6.30 10.80 0.056 0.087
Pb 5.30 4.80 7.30 6.90 0.895 1.22 35.00 44.00 3.70 4.20
Ni 2.33 1.90 3.50 4.33 0.30 0.41 28.00 35.50 3.87 4.68

Permissible limits of (Pb and Cd) in irrigation water (5.00 and 0.01) [25], [26]
Critical level of (Pb and Cd) in soil (100 and 3.0) [27]
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Heath risk assessment: The health risk associated with grain consumption of different rice
genotypes contaminated with Pb and Cd was assessed based on the target hazard quotient
(THQ) [25]. A THQ of less than 1.00 means the exposed population is assumed to be safe.
The THQ values of Pb and Cd were determined following equation 1:

E F E D F IR C
THQ = ------------------------ x 10-3

RFD WAB TA

where, E F (365 days/yr) is the exposure frequency; E D (70 years) is the exposure duration;
F IR (g /(person. day)) is the food (rice) ingestion rate, assuming the average daily rice
ingestion rates for adults of 134.20g /(person. day) (World Top Ten Population Countries in,
2013); C (mg /kg) is the metal concentration (Pb or Cd) in the food; R FD (mg /(kg·day)) is
the oral reference dose, which was obtained from the Integrated Risk Information System
[25] with the exception of Pb and Cd for which we used the formula RFD= PTWI/7, where
PTWI is the provisional tolerable weekly intake (mg.kg-1.day-1) as defined by the Joint
FAO/WHO Expert Committee on Food Additives [26],W AB (kg) is the average body weight
in Egypt (65 Kg for adult),  and TA is the averaged exposure time for non-carcinogens (365
days/year, number of exposure years assumed as 70). Oral reference doses for Pb and Cd
were based on 1 × 10−3 and 1.5 x 10-3 mg/ (kg·day) respectively [28,29]. If the value of THQ
is less than one it is assumed to be safe for risk of non-carcinogenic effects. If it exceeds
one it is believed that there is a chance of carcinogenic effects, with an increasing probability
as the value of THQ increases [30,31].

3. RESULTS AND DISCUSSION

3.1 Grain and Straw Yield

Significant differences were observed among the types of irrigation water for straw and grain
yield (Table 3). Grain and straw yield significantly increased under irrigation by drainage
water whether, from DK or D8 compared to irrigation with FW in both 2012 and 2013
seasons for the same genotypes. This may be due to that the drainage water contains
organic matter that release nutrients to plant and other substances growth promotion for
plant. These results are agreed with the findings of [32] who indicated that using of
wastewater in agriculture undoubtedly helps to recycle useful nutrients by plant uptake.

As shown in Table 3, highly significant differences were observed among the 30 tested rice
genotypes for grain and straw yield in this study. All rice genotypes gave higher grain and
straw yield under irrigation by water of DK than using the water of D8. Variation of grain and
straw yield among the tested rice genotypes was mainly due to the differences in their
genetic background. Average of grain and straw yield for all rice varieties under irrigation by
FW, DK and D8 during the two years in Table 3 show that the highest values of grain
yield/plant were 38.78 and 42.41 g for Sakha 102 followed by Azucena 38.55 and 42.18 g
and Sakha105 38.35 and 41.99 g rice genotypes during 2012 and 2013 seasons
respectively. For straw yield/plant, the rice genotypes IR74506-28-4-3-2 and E.Yasmine
recorded highest values (36.52 and 39.60 g) and (36.40 and (39.47 g) in 2012 and 2013
seasons respectively.
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Table 3. Grain yield (g. plant-1) and Straw yield (g/plant).of different rice genotypes
under irrigation by FW, DK and D8 in 2012 and 2013 seasons

Treatments Grain yield (g/plant)) Straw yield (g/plant)
Water Sources (A) 2012 2013 2012 2013
DK 41.27 46.55 34.72 38.41
D8 37.00 41.76 27.43 30.81
FW 22.40 23.28 27.27 29.41
LSD 0.05 1.654 2.670 0.111 0.169
F Test * * * *
Genotypes (B)
IR71131-BF-4-B-30-5 31.51 35.14 29.21 32.29
IR73688-82-2-3-2 32.44 36.08 30.30 33.38
IR74506--28-4-3-2 30.63 34.27 36.52 39.60
Giza182 31.91 35.55 30.18 33.25
E.YASMINE 31.04 34.68 36.40 39.47
IR64 32.44 36.07 26.82 29.89
N22 33.20 36.84 23.21 26.28
TCCP 266-49-B-B 31.60 35.24 28.31 31.39
CSR-90IR-2 32.06 35.70 31.11 34.19
WAB 880-1-32-1-2-P1-HB 31.04 34.68 34.60 37.67
IR29 33.19 36.82 33.07 36.15
Moroberkan 32.75 36.39 29.21 32.28
IR 65598-112-2-1 33.12 36.76 30.46 33.49
IR 65564-44-2-3 34.24 37.87 28.00 31.07
IR 65600-96-1-2-2 33.77 37.40 26.28 29.89
IR 66158-38-3-2 33.28 36.92 31.06 34.13
IR 66738-118-1-2 31.64 35.28 32.67 33.74
IR 67962-40-6-3-3 32.08 35.72 31.05 34.12
IR 66160-5-2-3-2 32.08 35.72 33.85 36.92
IR 66160-121-4-5-3 34.47 38.10 31.42 34.50
Giza177 33.60 37.23 30.18 33.25
Sakha101 35.82 39.46 23.35 26.42
Sakha102 38.78 42.41 25.22 28.30
Sakha104 33.11 36.75 36.67 35.75
GZ7576-10-3-2 33.44 37.08 27.83 30.90
Sakha105 38.35 41.99 27.76 30.84
Azucena 38.35 42.18 30.49 33.56
Gaori 36.77 40.41 24.59 27.66
Giza178 35.27 38.91 32.77 35.85
GZ6292-12-1-2-1-1 34.52 38.16 24.58 27.66
LSD 0.05 1.783 1.564 1.961 1.653
F Test * * * *

Interaction: A*B * * * *
FW= fresh water, DK= El-Gharbia main drain or Kitchener drain, D8= drain No. 8

*= significant

The interaction between types of irrigation water and 30 tested rice genotypes were highly
significant for grain and straw yield during the two seasons. All 30 genotypes tested, gave
higher grain yield under irrigation by DK compared with FW and D8 in both seasons (Tables
4 and 5). This may be due to the higher contents of organic nutrients and some growth
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substances in DK than FW and D8.These results agreed with finding of [33] who found that a
significant increase in straw and grains yield for Giza177 and Giza 178 rice cultivars resulted
in irrigation by wastewater than irrigation by fresh water. Data in Tables 3, 4 and 5 reveal
that generally the grain and straw yield increased in 2013 compared with 2012 season under
irrigated by FW, DK and D8. This may be due to the fact that most nutrients contents in
water and soil in 2013 was higher than 2012 as shown in Table 1.

Table 4. Grain yield (g. plant-1) of rice genotypes as affected by the interaction
between water types and different genotypes in 2012 and 2013 seasons

Genotypes 2012 season 2013 season
FW DK D8 FW DK D8

IR71131-BF-4-B-30-5 22.04 37.58 34.54 23.28 42.86 39.29
IR73688-82-2-3-2 22.09 38.44 36.81 22,95 43.72 41.46
IR74506--28-4-3-2 22.02 36.22 33.66 22.90 41.50 38.41
Giza182 22.19 38.76 34.78 23.07 44.41 39.53
E.YASMINE 22.60 37.32 33.21 23.48 42.60 37.96
IR64 21.00 40.74 35.57 21.38 46.02 40.32
N22 21.39 42.02 36.20 22.27 47.30 40.95
TCCP 266-49-B-B 20.45 39.80 34.56 21.33 45.08 39.31
CSR-90IR-2 19.89 40.20 36.09 20.77 45.48 40.84
WAB 880-1-32-1-2-P1-HB 21.58 40.08 31.46 22.46 45.36 36.22
IR29 23.44 41.00 35.12 24.32 46.28 39.87
Moroberkan 21.01 42.12 35.12 21.89 47.40 39.87
IR 65598-112-2-1 22.09 41.14 6.13 22.97 46.42 40.88
IR 65564-44-2-3 21.75 44.24 36.72 22.63 49.52 41.47
IR 65600-96-1-2-2 24.03 41.46 35.62 24.91 46.92 40.37
IR 66158-38-3-2 23.38 40.06 36.40 24.26 45.34 41.15
IR 66738-118-1-2 20.11 40.22 34.60 20.99 45.50 39.35
IR 67962-40-6-3-3 22.33 38.90 35.01 23.21 44.18 39.76
IR 66160-5-2-3-2 22.50 38.70 35.05 23.38 43.98 39.80
IR 66160-121-4-5-3 24.20 44.12 35.08 25.08 49.40 39.83
Giza177 21.85 39.50 39.44 22.73 44.78 44.19
Sakha101 25.60 43.30 38.46 26.48 48.58 43.13
Sakha102 23.68 46.76 45.66 24.56 52.04 50.63
Sakha104 24.98 39.80 34.56 25.86 43.08 39.31
GZ7576-10-3-2 21.36 38.60 40.37 22.24 43.88 45.13
Sakha105 22.50 48.30 44.26 23.38 53.58 49.01
Azucena 24.83 44.88 45.94 25.71 50.16 50.69
Gaori 20.74 46.90 42.68 21.62 52.18 47.43
Giza178 25.05 42.60 38.17 25.93 47.88 43.91
GZ6292-12-1-2-1-1 20.94 44.06 38.57 21.82 49.34 43.33
LSD 0.05= 3.269 2.839
F test * *

FW = Fresh water, DK = El-Gharbia main drain or Kitchener drain, D8 = drain No. 8
*= significant
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Table 5. Straw yield (g. plant-1) of rice genotypes as affected by the interaction
between water types and different genotypes in 2012 and 2013 seasons

Genotypes 2012 Season 2013 Season
FW DK D8 FW DK D8

IR71131-BF-4-B-30-5 26.95 33.96 26.37 29.09 37.06 30.12
IR73688-82-2-3-2 27.53 35.36 28.01 29.67 39.06 31.40
IR74506--28-4-3-2 30.87 43.36 35.35 23.01 47.06 38.73
Giza182 27.47 35.20 27.87 29.61 38.90 31.35
E.YASMINE 30.80 43.20 35.42 32.94 46.90 38.59
IR64 25.67 30.38 23.91 27.81 34.58 27.29
N22 23.73 26.24 19.65 25.87 29.44 23.04
TCCP 266-49-B-B 26.47 32.80 25.67 28.61 36.50 29.05
CSR-90IR-2 27.97 36.40 28.97 30.11 40.10 32.35
WAB 880-1-32-1-2-P1-HB 29.83 40.88 33.07 31.97 44.58 36.46
IR29 29.02 38.92 31.28 31.16 42.62 34.66
Moroberkan 26.95 33.95 26.72 29.09 37.65 30.11
IR 65598-112-2-1 27.83 36.08 28.67 29.97 39.78 32.06
IR 65564-44-2-3 26.30 32.40 25.30 28.44 36.10 28.69
IR 65600-96-1-2-2 25.67 30.88 23.91 27.81 34.58 27.69
IR 66158-38-3-2 27.94 36.33 28.90 30.08 40.02 32.29
IR 66738-118-1-2 28.80 38.40 30.80 30.94 42.10 34.19
IR 67962-40-6-3-3 27.93 36.32 28.89 30.07 40.02 32.58
IR 66160-5-2-3-2 29.43 39.92 32.91 31.57 43.62 35.58
IR 66160-121-4-5-3 28.13 36.80 29.33 30.27 40.50 32.72
Giza177 27.47 35.20 27.87 29.61 38.90 31.25
Sakha101 23.81 26.42 19.81 25.95 30.11 23.20
Sakha102 24.81 28.83 22.03 26.95 32.53 25.42
Sakha104 28.81 38.81 30.81 30.94 42.10 34.20
GZ7576-10-3-2 26.21 32.18 25.09 28.35 35.87 28.48
Sakha105 26.17 32.10 25.02 28.31 35.79 28.41
Azucena 27.63 35.60 28.23 29.77 39.30 31.62
Gaori 24.47 28.02 21.28 26.61 31.71 24.67
Giza178 28.86 38.54 30.92 31.00 42.23 34.31
GZ6292-12-1-2-1-1 24.47 28.01 21.27 26.61 31.70 24.66
LSD 0.05 3.340 2.630
F test * *

FW = Fresh water, DK = El-Gharbia main drain or Kitchener drain, D8 = drain No. 8
*= significant

3.2 Lead (Pb2+) Concentrations (ppm) in the Different Organs of Rice
Genotypes

Data in Table 6 demonstrate that the high concentration of Pb in roots, straw and grains
under irrigation by DK followed by the irrigation from D8 as compared with irrigation by FW.
Data also, showed that the highest of Pb concentration was found in the roots followed by
straw, while the grains had the lowest value of Pb concentration for all tested rice genotypes
in both seasons 2012 and 2013. This may confirm the retention of Pb in plant roots and its
low translocation to straw and grains with all genotypes. These results agreed with the
findings of [34], [35], [36], [37], who found that the variation among different parts of rice
genotypes in Pb concentrations were generally in order roots > shoots > grains at maturity.
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Table 6. Lead (Pb) concentrations (ppm) in roots, straw and grains of different rice
genotypes under irrigation by FW, DK and D8 in 2012 and 2013 seasons

Treatments Roots Straw Grains
Water source (A) 2012 2013 2012 2013 2012 2013
DK 51.82 52.61 19.16 17.99 2.69 2.72
D8 42.34 40.66 18.35 17.89 2.37 2.51
FW 23.66 23.52 10.70 11.13 1.35 1.39
LSD 0.05 0.038 0.34 0.48 0.20 0.14 0.18
Ftest * * * * * *
Genotypes  (B)
IR71131-BF-4-B-30-5 44.33 42.54 11.04 10.36 2.50 2.56
IR73688-82-2-3-2 44.46 47.96 15.27 14.40 3.05 2.86
IR74506--28-4-3-2 35.43 36.94 10.91 10.41 1.36 1.60
Giza182 60.80 54.64 16.11 15.31 2.81 3.06
E.YASMINE 41.02 47.64 18.07 16.73 3.02 3.08
IR64 38.70 41.17 13.02 11.50 1.79 1.57
N22 36.37 35.12 13.23 13.63 2.01 1.98
TCCP 266-49-B-B 56.90 55.33 20.46 20.11 3.40 3.64
CSR-90IR-2 41.53 42.39 16.18 17.57 1.96 1.68

WAB 880-1-32-1-2-P1-HB 62.88 55.50 18.47 20.49 3.45 3.17
IR29 52.70 49.84 19.55 17.31 3.00 3.10
Moroberkan 43.36 43.76 27.92 26.63 3.40 3.48
IR 65598-112-2-1 27.46 27.30 13.78 15.27 0.86 0.86
IR 65564-44-2-3 40.89 35.38 25.93 25.05 2.28 2.53
IR 65600-96-1-2-2 25.24 24.38 10.19 9.48 0.48 0.62
IR 66158-38-3-2 38.16 38.00 16.77 15.73 1.62 1.70
IR 66738-118-1-2 37.00 38.93 22.68 19.28 3.08 3.17
IR 67962-40-6-3-3 41.11 46.33 19.19 19.12 1.93 1.93
IR 66160-5-2-3-2 17.14 23.06 8.34 8.63 0.50 0.62
IR 66160-121-4-5-3 32.57 34.08 19.87 17.29 2.56 3.04
Giza177 42.46 36.68 19.00 19.06 2.65 2.76
Sakha101 40.52 38.49 13.43 11.76 2.01 2.01
Sakha102 33.93 31.79 8.96 9.76 1.27 1.34
Sakha104 44.46 41.50 16.27 15.86 2.47 2.40
GZ7576-10-3-2 36.93 33.60 17.00 17.83 2.12 2.15
Sakha105 33.26 34.45 17.05 17.10 1.98 2.22
Azucena 37.76 38.30 17.41 18.40 2.22 2.33
Gaori 29.10 32.20 11.38 10.33 1.33 1.68
Giza178 26.96 28.94 12.74 13.95 1.70 1.47
GZ6292-12-1-2-1-1 30.67 31.70 11.53 11.97 1.53 1.64
LSD 0.05 1.79 4.08 1.22 0.67 0.29 0.37
F test * * * * * *
Interaction: A*B * * * * * *

FW = Fresh water, DK = El-Gharbia main drain or Kitchener drain D8 = drain No. 8
*= significant

Highly significant differences in Pb concentrations were observed among 30 rice genotypes
for both seasons. The data also, clarified that IR65598-112-2-1, IR65600-96-1-2-2 and
IR66160-5-2-3-2 as Indica type had the lowest Pb concentrations in their roots, straw and
grains followed by both Sakha102 as Japonica type and Giza78 as Indica/Japonica type
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compared with the other tested genotypes. It is important to notice that the great diversity in
Pb concentration in organs of tested genotypes may be due to genetic behavior of these
genotypes for its controlling the uptake and translocation of Pb. Also, recent reports have
indicated the existence in plants of a Pb-resistance mechanism that results in the exclusion
of Pb from the root apex through the release of Pb-binding ligands such as organic acids.
When these ligands are released from roots to the rhizosphere, they effectively chelate Pb
and reduce its entry into the root.

Data indicated that there are highly significant differences in the interaction between 30 rice
genotypes and types of irrigations water in Pb concentrations in roots average of both
seasons presented in Fig. 1. Data revealed that the rice irrigated by water DK gave highest
value of Pb concentrations in roots for all the tested genotypes followed by irrigation from
D8, while the irrigation by FW gave the lowest concentration of Pb in the roots. The highest
Pb concentration in roots was obtained in rice genotypes, WAB880-1-3-2-1-2-PI-HB and
Giza182 with irrigated by water from DK or TCCP266-49-B-B. On the other hand, the lowest
Pb concentration in roots was found in rice, genotypes IR66160-5-2-3-2 or IR65600-98-1-2-2
under irrigated by FW.

Significant differences were observed in Pb concentrations of straw studied genotypes due
to the interaction between types of water irrigation and the tested rice genotypes. Average of
both seasons was presented in Fig 2. The results revealed that using water of DK and D8 for
irrigation significantly increase the Pb concentrations in most tested genotypes as compared
with FW which gave the lowest value in both seasons. It is clear from the data that IR64 and
IR6560096-1-2-2 as Indica type and Sakha102 as Japonica type as well as Giza178 as
Indica/Japonica type had the lowest Pb concentration in rice straw not only under irrigation
by FW but also, with DK and D8. It can be easily noticed that Pb concentration in rice straw
was higher in IR65564-44-2-3 and Moroberkan. Also generally Pb concentration was higher
in Indica type followed by Japonica and /Japonica types. These results are accordance with
those obtained by [37] who found that the Pb concentration in straw of different rice types
were in the order Indica > Japonica.

There are significant differences in Pb concentration in rice grain due to the interaction
between types of irrigation water and tested rice genotypes (Table 7) in both seasons. The
highest concentration of Pb in rice grains was obtained in rice genotypes TCCP226-49-B-B-
WAB 880-1-32-1-2-P1-HB and IR66738-118-1-2 as Indica type irrigated by drainage water
whether, from DK or D8. In contrast, rice genotypes, IR66160-5-2-3-2, IR65600-96-1-2-2
and IR65598-112-2-1as Indica type and Sakha102 as Japonica type had the lowest
concentration of Pb and did not exceed safety limits of Pb in grains (2.00 ppm) according to
[38] under irrigation by FW and drainage water either DK or D8. For Indica/Japonica type in
this study, the Pb concentration did not exceed safety limit independently of the irrigation
water used.

A large genotypic difference among Indica, Japonica and Indica/Japonica types in grains Pb
concentrations when irrigated with different sources of irrigation water. Also, the Pb
concentration could vary greatly between rice cultivars within the same group. This could be
attributed to, the distribution of Pb concentration in rice plant that differs with the genotype
and the growing stages, differences in Pb transfer from stem and leaves to grains and the
differences among rice cultivars and types in Pb uptake may result from their characteristic
in roots absorption and exudates [12].
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Fig. 1. Average of Lead (Pb) concentrations (ppm) in roots of different rice genotypes as affected by the interaction between Water
types and different genotypes

FW = Fresh water, DK = El-Gharbia main drain or Kitchener drain D8 = drain No. 8
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Fig. 2. Average Lead (Pb) concentrations (ppm) in straw of rice entries as affected by the interaction between Water types and
different genotypes

FW = Fresh water, DK = El-Gharbia main drain or Kitchener drain D8 = drain No. 8
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Table 7. Lead (Pb) concentrations (ppm) in grains of rice genotypes as affected by the
Interaction between Water types and different genotypes in 2012 and 2013 seasons

Genotypes 2012 Season 2013 Season
FW DK D8 FW DK D8

IR71131-BF-4-B-30-5 0.99 3.33 3.20 1.00 3.60 3.10
IR73688-82-2-3-2 1.53 4.18 3.44 1.39 3.90 3.09
IR74506--28-4-3-2 0.75 1.87 1.50 0.93 1.98 1.90
Giza182 1.75 3.79 2.90 1.32 4.20 3.34
E.YASMINE 1.82 4.05 3.20 1.45 4.00 3.80
IR64 0.87 2.71 1.79 1.42 2.00 1.30
N22 1.25 2.66 2.12 1.40 1.98 2.57
TCCP 266-49-B-B 1.89 4.62 3.70 2.66 4.22 4.05
CSR-90IR-2 1.16 2.76 1.98 0.93 2.45 1.67
WAB 880-1-32-1-2-P1-HB 2.70 4.25 2.50 2.39 4.90 2.22
IR29 2.16 3.83 3.35 1.89 3.43 4.00
Moroberkan 1.99 4.33 3.90 2.02 4.70 3.77
IR 65598-112-2-1 0.30 0.80 0.50 0.22 0.70 0.67
IR 65564-44-2-3 0.40 3.25 3.20 0.60 3.88 3.12
IR 65600-96-1-2-2 0.70 0.25 0.50 0.75 0.35 0.76
IR 66158-38-3-2 1.93 1.98 1.30 2.05 1.56 1.50
IR 66738-118-1-2 1.30 4.20 3.75 1.44 3.88 3.88
IR 67962-40-6-3-3 1.25 3.04 1.50 0.99 2.90 1.90
IR 66160-5-2-3-2 0.48 0.80 0.22 0.43 0.90 0.55
IR 66160-121-4-5-3 1.31 3.18 3.20 1.60 3.60 3.09
Giza177 2.00 3.12 2.83 2.10 3.20 3.00
Sakha101 1.50 2.30 2.50 1.32 2.33 2.07
Sakha102 1.13 1.35 1.35 1.20 1.48 1.33
Sakha104 1.22 2.57 3.64 1.30 2.20 3.70
GZ7576-10-3-2 1.19 2.67 2.50 1.29 2.61 2.55
Sakha105 1.15 1.93 3.20 1.21 1.89 3.25
Azucena 1.26 2.34 3.07 1.35 2.88 2.76
Gaori 0.88 1.92 1.55 1.20 1.79 2.01
Giza178 1.35 2.01 1.76 0.99 1.25 1.86
GZ6292-12-1-2-1-1 1.43 1.77 1.40 1.05 2.09 1.78
LSD 0.05 0.50 0.64

FW = Fresh water, DK = El-Gharbia main drain or Kitchener drain D8 = drain No. 8

Finally, as shown in Table 3 the grain yield of IR66160-5-2-3-2, IR65600-96-1-2-2 and
IR65598-112-2-1, Sakha102 and Giza178 rice genotypes  ranged about 8 to 10 t/ha after
modification from g/plant to t/ha with the lower Pb concentrations according to safety limit of
[38]. So, it is recommended cultivation of these genotypes in polluted area or under irrigation
by drainage water but Sakha104 not recommended in these conditions to minimize the
hazard effect of heavy metals on human health.

3.3 Cadmium (Cd2+) Concentrations (ppm) in the Different Organs of Rice
Genotypes

There are large differences in Cd concentrations for all organs of rice tested; roots, straw
and grains among the 30 rice genotypes depending on types of irrigation water used (Table
8). Data showed that using irrigation of DK gave the highest concentration of Cd in, roots,
straw and grain yield, while FW gave the lowest concentration of Cd in, roots, straw and
grain yield. Accumulation of Cd in the root was higher than the straw and grains. Data also,
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indicated that there were significant differences among three types of irrigation water or
three tested organs of rice in 2012 and 2013 seasons. Data in the same table revealed that
there were significant differences among all tested rice genotypes in Cd concentrations.

Table 8. Cadmium (Cd) concentrations (ppm) in roots, straw and grains of different
rice genotypes under irrigation by FW, DK and D8 in 2012 and 2013 seasons

Treatments Roots Straw Grains
Water sources (A) 2012 2013 2012 2013 2012 2013
DK 7.01 7.33 2.99 3.15 1.113 1.098
D8 5.43 4.94 2.81 2.90 0.871 0.807
FW 3.53 3.42 2.21 2.26 0.366 0.384
LSD 0.05 0.074 0.09 0.075 0.14 0.013 0.024
Ftest * * * * * *
Genotypes  (B)
IR71131-BF-4-B-30-5 6.80 7.38 3.71 3.30 1.655 1.534
IR73688-82-2-3-2 4.83 5.46 2.54 3.07 0.987 1.026
IR74506--28-4-3-2 5.98 4.67 2.86 2.85 1.033 0.902
Giza182 5.67 3.95 2.67 2.88 1.153 0.980
E.YASMINE 7.29 6.28 2.40 2.55 0.935 0.968
IR64 6.85 5.36 3.04 3.21 0.981 1.100
N22 6.07 6.45 2.93 2.74 1.060 1.202
TCCP 266-49-B-B 4.93 5.45 3.89 3.08 1.298 1.504
CSR-90IR-2 3.91 3.60 2.21 2.24 0.388 0.339
WAB 880-1-32-1-2-P1-HB 5.93 5.49 3.37 3.40 1.152 1.148
IR29 4.71 4.49 2.29 2.74 0.429 0.336
Moroberkan 7.96 8.54 3.48 4.52 1.364 1.528
IR 65598-112-2-1 3.70 3.71 2.07 2.22 0.308 0.344
IR 65564-44-2-3 5.65 6.18 2.42 2.21 0.352 0.368
IR 65600-96-1-2-2 5.10 5.25 3.92 4.24 0.961 0.973
IR 66158-38-3-2 4.08 4.57 2.02 2.28 0.346 0.356
IR 66738-118-1-2 6.17 6.66 2.81 3.51 1.860 1.241
IR 67962-40-6-3-3 4.48 4.77 2.42 2.08 0.325 0.416
IR 66160-5-2-3-2 4.79 4.23 1.60 1.84 0.310 0.302
IR 66160-121-4-5-3 5.94 4.32 1.91 2.06 0.336 0.341
Giza177 5.32 4.70 3.56 3.59 1.701 1.465
Sakha101 6.22 6.60 2.87 2.91 1.073 1.123
Sakha102 4.50 4.61 2.41 2.23 0.341 0.355
Sakha104 5.94 5.48 2.54 3.07 0.590 0.583
GZ7576-10-3-2 5.90 6.08 2.38 2.63 0.605 0.580
Sakha105 5.13 4.64 2.39 2.03 0.583 0.473
Azucena 3.84 4.40 2.01 2.00 0.298 0.283
Gaori 4.37 4.33 2.84 2.55 0.309 0.374
Giza178 4.17 5.25 2.35 2.66 0.387 0.367
GZ6292-12-1-2-1-1 3.50 3.95 2.28 2.21 0.383 0.377
LSD 0.05 0.14 0.300 0.131 0.136 0.047 0.056
F test * * * * * *
Interaction: A*B * * * * * *

FW = Fresh water, DK = El-Gharbia main drain or Kitchener drain D8 = drain No. 8 *= significant

It is clear from the results that, Indica type had higher Cd concentration than both Japonica
and Indica/Japonica types in their different organs under this study. Moroberkan and
E.YASMINE as indica type gave the highest value of Cd concentration, while the lowest Cd
concentration in grains were obtained with IR65598-112-2-1 and IR6610-5-2-3-2 as Indica
type, Sakha102 and Azucena as Japonica and Giza178 as Indica/Japonica types when
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irrigated with drainage water whether DK or D8. The differences between rice genotypes in
heavy metals concentrations such as Pb and Cd may be due to the difference in
mechanisms of metals tolerance can be classified into 1) internal tolerance mechanisms in
the symplasm and 2) exclusion mechanisms in the apoplasm and at the plasma membrane
[39,40]. The internal tolerance mechanisms immobilize, compartmentalize, or detoxify metals
in the symplasm by using metal binding compounds [41,42,43,44]. In contrast, the exclusion
mechanisms prevent metals from entering or staying in the symplasm and coming in contact
with sensitive intracellular sites. For example, there are differential physiological
mechanisms of cadmium tolerance among plant species and varieties [45]. Once taken up
by plants, heavy metals are bound to the cell walls (polysaccharides), and / or complexed by
the low- molecular- weight compounds (phytochelatins and organic acids) [46]. Hence, the
distribution of heavy metals in the plant cells is uneven, which has been reported to be a
cellular mechanism for heavy metal detoxification in plants [47,48].

Data in Fig. 3 shows that there were significant differences between the studied rice
genotypes and three types of irrigation water in Cd concentrations in roots. Using irrigation
water from DK caused significant increase in Cd concentrations with all tested genotypes
than either D8 or FW in both seasons. The greatest value of Cd concentration was obtained
with Moroberkan irrigated with DK in both seasons, while the lowest Cd concentrations in
roots were observed with IR65598-112-2-1, CSR90IR-2 and GZ6292-12-1-2-1-1.

Fig. 4, presents the effect of interaction between the tested rice genotypes and different
sources of irrigation water in Cd concentrations in straw of studied genotypes. It is clear from
the results that using the water DK or D8 for irrigation the tested rice genotypes significantly
increase Cd concentration in their straw as compared with FW. The response of 30 tested
rice genotypes to drainage water significantly differ from variety to another. Moreover,
Moroberkan gave the highest Cd concentration in straw when irrigated from DK or D8, while
IR66160-5-2-3-2 type gave the lowest value in this aspect. It can be noted that the Cd
concentrations in straw for all tested genotypes was higher under irrigated with DK than
either D8 or FW. Also, the results pointed out that the Cd concentration in straw of most
varieties within the same subspecies for Indica type was higher than both Japonica/ Indica
types. It can be observed from the results in Figs. 3 and 4, that the concentration of Cd in
roots was higher than straw especially with the varieties which had the lowest of Cd
concentration due to the control of these varieties in translocation of Cd from roots to straw
according to the genetic behavior.

Cadmium concentrations in grains of different rice genotypes as affected by the interaction
between three sources of irrigation water and tested genotypes in 2012 and 2013 seasons
are presented in Table 9. There were significant differences in Cd concentrations in grains
due to the interaction between water irrigation sources and studied genotypes. The
concentration of Cd in grains of most tested genotypes was the maximum value when
irrigated with DK and D8. The data clarified that TCCP266-49-B-B and Moroberkan as Indica
type and Giza177 as Japonica type gave the highest Cd concentration in their grains, while
IR66160-5-2-3-2, Sakha102, Sakha105 and Giza178 varieties produced the lowest Cd
concentration in their grains and reached to less than safety limit (0.40 ppm) according to
[38]. These results agreed with the findings of [49] who found that the diversity in Cd
concentrations in different genotypes of rice was dependent on absorption and transport
from leaf and stem to grains among different genotypes. We propose the concept of pollution
safe cultivars, which edible parts accumulate Pb and Cd at level low enough for safe
consumption of rice grains even when grown under irrigation by poor water quality or in
contaminated soil by heavy metals.
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Fig. 3. Average of Cadmium (Cd) concentrations (ppm) in roots of rice entries as affected by the Interaction between water types
and different genotypes in 2012 and 2013 seasons

FW = Fresh water, DK = El-Gharbia main drain or Kitchener drain D8 = drain No. 8
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Fig. 4. Average Cadmium (Cd) concentrations (ppm) in straw of rice entries as affected by the interaction between water types and
different genotypes

FW = Fresh water, DK = El-Gharbia main drain or Kitchener drain D8 = drain No. 8
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Table 9. Cadmium (Cd) concentrations (ppm) in grains of different rice genotypes as
affected by the Interaction between Water sources and different genotypes in 2012

and 2013 seasons

Genotypes 2012 season 2013 season
FW DK D8 FW DK D8

IR71131-BF-4-B-30-5 0.345 2.601 2.020 0.378 2.343 1.886
IR73688-82-2-3-2 0.334 1.501 1.126 0.335 1.650 1.095
IR74506--28-4-3-2 0.352 1.676 1.071 0.400 1.678 0.951
Giza182 0.378 1.955 1.126 0.302 1.768 0.872
E.YASMINE 0.343 1.293 1.171 0.353 1.289 1.264
IR64 0.339 1.504 1.102 0.395 1.601 1.305
N22 0.345 1.633 1.203 0.400 1.701 1.507
TCCP 266-49-B-B 0.709 1.982 1.205 0.865 2.042 1.606
CSR-90IR-2 0.335 0.403 0.426 0.285 0.379 0.353
WAB 880-1-32-1-2-P1-HB 0.390 1.952 1.124 0.380 1.703 1.361
IR29 0.380 0.405 0.503 0.250 0.376 0.382
Moroberkan 0.649 2.012 1.432 0.801 2.234 1.551
IR 65598-112-2-1 0.212 0.334 0.399 0.266 0.387 0.381
IR 65564-44-2-3 0.271 0.401 0.385 0.280 0.408 0.417
IR 65600-96-1-2-2 0.381 1.293 1.210 0.325 1.503 1.091
IR 66158-38-3-2 0.315 0.421 0.302 0.380 0.287 0.401
IR 66738-118-1-2 0.400 2.975 2.205 0.590 2.790 2.345
IR 67962-40-6-3-3 0.273 0.303 0.401 0.401 0.467 0.381
IR 66160-5-2-3-2 0.294 0.366 0.331 0.217 0.355 0.334
IR 66160-121-4-5-3 0.225 0.369 0.393 0.271 0.394 0.339
Giza177 1.100 2.504 1.501 1.032 1.744 1.623
Sakha101 0.312 1.450 1.457 0.335 1.639 1.395
Sakha102 0.321 0.351 0.353 0.330 0.401 0.334
Sakha104 0.210 0.842 0.719 0.205 0.895 0.651
GZ7576-10-3-2 0.302 0.811 0.702 0.343 0.734 0.665
Sakha105 0.251 0.637 0.863 0.239 0.673 0.509
Azucena 0.223 0.368 0.303 0.203 0.303 0.344
Gaori 0.201 0.395 0.333 0.327 0.396 0.401
Giza178 0.355 0.403 0.404 0.327 0.415 0.359
GZ6292-12-1-2-1-1 0.423 0.332 0.396 0.320 0.389 0.423
LSD 0.05 0.082 0.098

FW = Fresh water, DK = El-Gharbia main drain or Kitchener drain D8 = drain No. 8

3.4 Health Risk Assessment

The target hazard quotient (THQ) has been recognized as a useful parameter for evaluation
of risk associated with the consumption of rice grains contaminated by heavy metals [50],
[51]. Genotypes whose THQPb (Table 10) and THQCd (Table 11) were below 1.00 had grains
assumed to be safe for eating. IR74506--28-4-3-2, IR65598-112-2-1, IR65600-96-1-2-2,
IR66158-38-3-2 and IR66160-121-4-5-3 (indica) and Sakha 102 (japonica) were below the
permissible THQPb threshold, while CSR-90IR-2, IR29, IR65598-112-2-1, IR65564-44-2-3,
IR66158-38-3-2, IR 67962-40-6-3-3, IR66160-5-2-3-2 and IR66160-121-4-5-3 (indica),
Sakha102, Sakha104, Sakha105, GZ7676-10-3-2 and Azucena (japonica), and Gaori,
Giza178 and GZ6292-12-1-2-1 (indica-japonica) had permissible THQCd after using
wastewater sources for irrigation. These genotypes could be used for breeding germplasm in
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areas with poor water quality. Rice cultivars with low Pb and Cd could provide an option for
farmers to reduce the influx of heavy metals in the human food chain when growing rice in
locations with poor water quality. It is important to notice that there are wide variations in the
THQPb and THQCd values among rice genotypes under irrigation by DK and D8. Also, the
THQPb and THQCd values were higher under irrigated by DK than FW and D8.

Table 10. The target hazard quotient (THQ Pb) values of Pb for different rice genotypes
under irrigation by FW, DK and D8 in 2012 and 2013 seasons

Genotypes 2012 season 2013 season
FW DK D8 FW DK D8

IR71131-BF-4-B-30-5 0.50 1.67 1.61 0.50 1.81 1.56
IR73688-82-2-3-2 0.77 2.10 1.73 0.70 1.96 1.55
IR74506--28-4-3-2 0.38 0.94 0.75 0.47 0.99 0.95
Giza182 0.88 1.90 1.45 0.66 2.11 1.68
E.YASMINE 0.91 2.03 1.61 0.73 2.01 1.91
IR64 0.44 1.36 0.90 0.71 1.00 0.65
N22 0.63 1.33 1.06 0.70 0.99 1.29
TCCP 266-49-B-B 0.95 2.32 1.86 1.33 2.12 2.03
CSR-90IR-2 0.58 1.38 0.99 0.47 1.23 0.84
WAB 880-1-32-1-2-P1-HB 1.35 2.13 1.25 1.20 2.46 1.11
IR29 1.08 1.92 1.68 0.95 1.72 2.01
Moroberkan 1.00 2.17 1.96 1.01 2.36 1.89
IR 65598-112-2-1 0.65 0.40 0.25 0.62 0.35 0.34
IR 65564-44-2-3 0.20 1.63 1.61 0.30 1.95 1.57
IR 65600-96-1-2-2 0.35 0.13 0.25 0.38 0.18 0.38
IR 66158-38-3-2 0.97 0.99 0.65 1.03 0.78 0.75
IR 66738-118-1-2 0.65 2.11 1.88 0.72 1.95 1.95
IR 67962-40-6-3-3 0.63 1.52 0.75 0.50 1.45 0.95
IR 66160-5-2-3-2 0.24 0.40 0.11 0.22 0.45 0.28
IR 66160-121-4-5-3 0.66 1.60 1.61 0.75 1.81 1.55
Giza177 1.00 1.57 1.42 1.05 1.61 1.50
Sakha101 0.75 1.15 1.25 0.66 1.17 1.04
Sakha102 0.57 0.68 0.68 0.60 0.74 0.67
Sakha104 0.61 1.29 1.83 0.65 1.10 1.86
GZ7576-10-3-2 0.60 1.34 1.25 0.65 1.31 1.28
Sakha105 0.58 0.97 1.61 0.61 0.95 1.63
Azucena 0.63 1.17 1.54 0.68 1.44 1.38
Gaori 0.44 0.96 0.78 0.60 0.90 1.00
Giza178 0.68 1.01 0.88 0.50 0.63 0.93
GZ6292-12-1-2-1-1 0.72 0.89 0.70 0.53 1.01 0.89

FW = Fresh water, DK = El-Gharbia main drain or Kitchener drain D8 = drain No. 8
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Table 11. The target hazard quotient (THQ Cd) values of Cd for different rice genotypes
under irrigation by FW, DK and D8 in 2012 and 2013 seasons

Genotypes 2012 season 2013 season
FW DK D8 FW DK D8

IR71131-BF-4-B-30-5 0.23 1.73 1.34 0.25 1.56 1.25
IR73688-82-2-3-2 0.22 1.00 0.75 0.22 1.10 0.73
IR74506--28-4-3-2 0.23 1.11 0.71 0.27 1.11 0.63
Giza182 0.25 1.30 0.75 0.20 1.17 0.58
E.YASMINE 0.23 0.86 0.78 0.23 0.86 0.84
IR64 0.23 1.00 0.73 0.26 1.06 0.87
N22 0.23 1.08 0.80 0.27 1.13 1.00
TCCP 266-49-B-B 0.47 1.32 0.80 0.57 1.36 1.07
CSR-90IR-2 0.22 0.27 0.28 0.19 0.25 0.23
WAB 880-1-32-1-2-P1-HB 0.26 1.30 0.75 0.25 1.13 0.90
IR29 0.25 0.27 0.33 0.17 0.25 0.25
Moroberkan 0.43 1.34 0.95 0.53 1.48 1.03
IR 65598-112-2-1 0.14 0.22 0.26 0.18 0.26 0.25
IR 65564-44-2-3 0.18 0.27 0.26 0.19 0.27 0.28
IR 65600-96-1-2-2 0.25 0.86 0.80 0.22 1.00 0.72
IR 66158-38-3-2 0.21 0.28 0.20 0.25 0.19 0.27
IR 66738-118-1-2 0.27 1.98 1.46 0.39 1.85 1.56
IR 67962-40-6-3-3 0.18 0.20 0.27 0.27 0.31 0.25
IR 66160-5-2-3-2 0.20 0.24 0.22 0.14 0.24 0.22
IR 66160-121-4-5-3 0.15 0.25 0.26 0.18 0.26 0.23
Giza177 0.73 1.66 1.00 0.69 1.16 1.08
Sakha101 0.21 0.96 0.97 0.22 1.09 0.93
Sakha102 0.21 0.23 0.23 0.22 0.27 0.22
Sakha104 0.14 0.56 0.48 0.14 0.59 0.43
GZ7576-10-3-2 0.20 0.54 0.47 0.23 0.49 0.44
Sakha105 0.17 0.42 0.57 0.16 0.45 0.34
Azucena 0.15 0.24 0.20 0.13 0.20 0.23
Gaori 0.13 0.26 0.22 0.22 0.26 0.27
Giza178 0.24 0.27 0.27 0.22 0.28 0.24
GZ6292-12-1-2-1-1 0.28 0.22 0.26 0.21 0.26 0.28

FW = Fresh water, DK = El-Gharbia main drain or Kitchener drain D8 = drain No. 8

4. CONCLUSION

From the obtained data of this study, it can be concluded that the great diversity among rice
genotypes in Pb and Cd concentrations under irrigation with poor water quality allows the
cultivation of IR66160-5-2-3-2, IR65600-96-1-2-2 and IR65598-112-2-1 as Indica type,
Sakha102 as Japonica type and Giza178 as Indica/Japonica type in some areas, it is may
be necessary to use drainage water for irrigation. It is not recommended to cultivate
Sakha104 rice cultivar under these conditions. As well as, the great diversity among
genotypes helps us to selection and breeding of rice cultivars that have ability for low Pb and
Cd accumulation also, the use of drainage water for rice production.



El-Habet et al.; IJPSS, Article no. IJPSS.2014.7.008

931

ACKNOWLEDGEMENTS

This study funded by Rice Research & Training Center (RRTC). Authors thank Dr. Ahmed
Ezzet, Dr. Raafat El-Namaky, Dr. Nani Drame and Dr. Rodomiro Ortiz for provided
assistance in manuscript preparation and writing.

COMPETING INTERESTS

Authors have declared that no competing interests exist.

REFERENCES

1. Nile Basin Initiative. Nile Basin National Water Quality Monitoring Baseline. Study
Report for Egypt; 2005.

2. Naglaa LM. Wastewater treatment and reuse in The Mediterranean Region, Hd.b.
En.V. Chem. 2010;76. DOI 10-10011698.

3. Abdel-Gawad S. Water as a human right for the Middle East and North Africa.
International. Development Research Centre, Ottawa, Canada, 2008; 133 –140.

4. Hussein A, Raouf A. Water Issue in Egypt: Resources, Pollution and Protection
Endeavors. CEJOEM. 2002;8(1):3–21.

5. Wang X, Sato T, Xing BS, Tao S. Health risks of heavy metals to the general public in
Tianjin, China via consumption of vegetables and fish. Science of the Total
Environment. 2005;350(1-3):28–37. WHO/FAO, 2007 Joint FAO/WHO Food Standard
Programmer Codex Alimentarius.

6. Jianguo L, Guoliang C, Min Q, Deke W, Jiakuan X, Jianchang Y, Qingsen Z. Effect of
Cd on the growth, dry matter accumulation and grain yield of different rice cultivars. J.
Sci. Food Agric. 2007;87:1088–1095.

7. Jarup L. Hazards of heavy metal contamination.. Brit Med Bull. 2003;68:167–182.
8. Cheng W, Zhang G,, Yao H, Wu W and Xu M. Genotypic and environmental variation

in cadmium, chromium, arsenic, nickel, and lead concentrations in rice grains. J
Zhejiang Univ. SCIENCE B. 2006;7(7):565-571

9. Chaney RL, Reeves PG, Ryan JA, Simmons RW, Welch RM, Angle JS. An improved
understanding of soil Cd risk to humans and low cost methods to phytoextract Cd from
contaminated soils to prevent soil Cd risks. Biometals. 2004;17:549-553.

10. Bell M, McLaughlin MJ, Wright GC, Cruickshank J. Inter- and intra specific variation in
accumulation of cadmium by peanut, soybean, and navy bean. Austrian Journal of
Agricultural Research. 1997;48:1151-1160.

11. Arao T, Ae N. Genotypic variation in cadmium levels of rice grain. Soil Sci. Plant Nutr.
2003;49(4):473-479.

12. Liu, JG, Liang JS, Li KQ, Zhang ZJ, Yu, BY, Lu XL, Yang JC, Zhu, QS. Correlations
between cadmium and mineral nutrients in absorption and accumulation in various
genotypes of rice under cadmium stress. Chemosphere. 2003;52(9):1467-147.

13. Arao T, Ishikawa S. Genotypic differences in cadmium concentration and distribution
of soybean and rice. Japan Agricultural Research Quarterly. 2006;40(1):21-30.

14. Yan Y, Choi D, Kim D, Lee B. Genotypic Variation of Cadmium Accumulation and
Distribution in Rice. J. Crop Sci. Biotech. 2010;13:69–73.

15. Zeng FR, Mao Y, Cheng WD, Wu FB, Zhang GP. Genotypic and environmental
variation in Chromium, cadmium and lead concentrations in rice. Environmental
pollution. 2008;153(2):309-314.



El-Habet et al.; IJPSS, Article no. IJPSS.2014.7.008

932

16. Shi J, Li LQ, Pan GX. Variation of grain Cd and Zn concentrations of 110 hybrid rice
cultivars grown in a low Cd paddy Soil. Journal of Environmental Science.
2009;21(2):168-172.

17. Uraguchi S, Fujiwara T. 2012. Cadmium transport and tolerance in rice perspectives
for reducing grain cadmium accumulation. In Rice. J. 5:5.
Available: http://www.thericejournal.com. 2012;1-8.

18. Shimo H, Ishimaru Y, An G, Yamakawa T, Nakanishi H, Nishizawa NK . Low cadmium
(LCD), a novel gene related to cadmium tolerance and accumulation in rice. J Exp Bot.
2011;62(15):5727–5734.

19. Kuramata M, Masuya S, Takahashi Y, Kitagawa E, Inoue C, Ishikawa S, Youssefian
S, Kusano T. Novel cysteine-rich peptides from Digitaria ciliaris and Oryza sativa
enhance tolerance to cadmium by limiting its cellular accumulation. Plant Cell Physiol.
2009;50:106–117.

20. Chapman HD, Pratt PF. Methods of Analysis for Soils, Plants and Waters. Agr. Publ.
Univ. of California, Riverside, U.A.S; 1961.

21. Lindsay WL, Norvell WA. Development of DTPA test for zinc, iron, manganese and
Copper. Soil. Sci. Am. J. 1978;42-421.

22. Richards LA. Diagnosis and improvement of saline and alkali soils. U.S Dept. Agric.
Handbook No. 60. 1969.

23. Gomes AK, Gomes AA. Statistical procedures of Agricultural Research. Jahn Wiley
Sons, New York; 1984.

24. Waller RA, Ducan DB. Bayes rule for the Symmetric Malliple Comason problem. J.
Am. Stat, Assoc. 1969;64:1484-1499

25. FAO. Water quality for agriculture. In: R.S. Ayers and D.W Westctor. Irrigation and
Drainage water. 1985. 29, Rev. 1, Rome.

26. Kabata- Pendias.A and A.B. Mukherjee. Trace Elements from soil to Human. CRC
press, Inc. Library of Congress control Number 2007920909. 2007.

27. Alloway, BJ. Heavy Metals in Soils. 5th ed. Blackie Academic, London. 1995;206–223.
28. US EPA. Risk-based Concentration Table, Philadelphia PA.United States

Environmental Protection Agency, Washington DC. 2000
29. JECFA (joint FAO/WHO Expert Committee on Food Additives). 73th Report of the joint

FAO/WHO Expert Committee on Food Additives on Food Additives; 2010. Available:
http:/ whqlibdoc.who.int/trs/WHO_TRS_960_eng.pdf. Accessed 1 May 2013.

30. Huang Z, Xiao DP, Ping GW, Jian LH, Qing C. Health Risk Assessment of Heavy
Metals in Rice to the Population in Zhejiang, China. 2013;8(9). Available:
www.plosone.org.e75007.

31. Zheng N, Wang QC, Zhang XW, Zheng DM, Zhang ZS, Zhang SQ.  Population health
risk due to dietary intake of heavy metals in the Indus-trial area of Huludao City,
China. Science of the Total Environment. 2007;387:96–100.

32. Mukherjee V, Gupta G. Toxicity and Profitability of Rice Cultivation under Waste-
Water Irrigation: The Case of the East Calcutta Wetlands. SANDEE Working Papers;
2010. ISSN 1893-1891; WP 62–11.

33. Naeem SS, Howida El-Habet, El Rewainy IM, El –Namaky RA. Impact of irrigation
water quality on yield of two rice cultivars and their contents of some heavy metals. J.
Soil Sci. and Agric. Eng., Mansoura Univ. 2012;3(5):561–574.

34. Srivastava PC, Gupta UC. Trace elements in crop production. Science Publishers, Inc.
10 water street # 310 Lebanon, NH 03766, USA; 1996.

35. El-Motaium RA, Badawy SH. Irrigated sewage sludge for increased crop production.
IV Micronutrient availability. International Atomic Energy Agency IAEA October.
2002;93-100.



El-Habet et al.; IJPSS, Article no. IJPSS.2014.7.008

933

36. Hala Kandil AH. Impact of agricultural wastes compost on some heavy metals content
in soil and plant. Ph.D. Thesis Fac. of Agric., Cairo. Univ., Egypt; 2005.

37. Liu J, Ma X, Wang M, Sun X. Genotypic differences among rice cultivars in lead
accumulation and translocation and the relation with grain Pb levels. Ecotoxicol.
Environ Saf. 2013;90(4):35-40.

38. Codex Alimentarius Commission of FAO/WHO. Water quality for agriculture. In: Ayers
RS and Westctor DW. Irrigation and Drainage water; 2012, 29. Rev. 1, Rome.

39. Taylor GJ. Current views of the aluminum stress response: the physiological basis of
tolerance. Curr Top Plant Biochem Physiol. 1991;10:57–93.

40. Kochian LV. Cellular mechanisms of aluminum toxicity and resistance in plants. Annu
Rev Plant Physiol Plant Mol Biol. 1995;46:237–260.

41. Hamer DH. Metallothionein. Annu Rev Biochem. 1986;55:913–951.
42. Rauser WE. Phytochelatins. Annu Rev Biochem. 1990;59:61–86.
43. Hausladen A, Alscher RG. Glutathione. In RG Alscher, JL Hess, eds, Antioxidants in

Higher Plants. CRC Press, Boca Raton, FL. 1993;1–30.
44. Grotz N, Fox T, Connolly E, Park W, Guerinot ML, Eide D. Identification of a family of

zinc transporter genes from Arabidopsis that respond to zinc deficiency. Proc Natl.
Acad. Sci USA. 1998;95:7220–7224.

45. Ghani A, Wahid A., Javed F. Effect of cadmium on photosynthesis, nutrition and
growth of moonbeam, Agron. Sustain. Dev. 2008;28:273–280.

46. Han F., Shan X., Zhang S., Wen B., Owens G. Enhanced cadmium accumulation in
maize roots – the impact of organic acids, Plant Soil. 2006;289:355–368.

47. Brune A., Urbach W, Dietz KJ. Compartmentation and transport or zinc in barley
primary leaves as basic mechanisms involved in zinc tolerance, Plant Cell Environ.
1994;17:153–162.

48. Wójcik M, Vangronsveld J, Tukiendorf A. Cadmium tolerance in Thlaspi caerulescens
I. Growth parameters, metal accumulation and phytochelatin synthesis in response to
cadmium, Environ. Exp. Bot. 2005;53:151–161.

49. Xinxin Y, Yibing M, Bo S. Influence of soil type and genotype on Cd bioavailability and
uptake by rice and implications for food safety. Journal of Environmental Sciences,
2012;24(9):1647–1654.

50. Rupert LH, Neil B, Scott DY, Neil MJC, Anderw MT, Ann MM. Assessing potential
health risk of heavy metals exposure from consumption of home- produced vegetable
by urban populations. Environ. Health Respect. 2004;112:215-21.

51. Chary NS, Kamala CT, Raj DS. Assessing risk of heavy metals from consuming food
grown on sewage irrigated soils and food chain transfer. Ecotoxicology and Environ-
mental Safety. 2008;69(3):513–524.

_________________________________________________________________________
© 2014 El-Habet et al.; This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:

http://www.sciencedomain.org/review-history.php?iid=504&id=24&aid=4489


