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, ABSTRACT

Rice is one of the most important food and export crops of Egypt.
Kafr El-Sheikh Governorate is an important site of the six Governorates
producing the rice in Egypt. Nitrate pollution in food crops gets high
attention and efforts from the repearchers because it causes health and
economic damage. ' '

The objective of the present study is finding the answer of the
following question: ;

Are there nitrate pollution in the rice grain produced i Kafr El-
Sheikh Governorate? '

Four randomly rice grain samples from different fields replicated
with four common varieties from every district of the ten districts of Kafr
El-Sheikh Governorate in the two successive summer seasons of 2001 and
2002 were collected. This is equal to 320 samples (4 replication x4
varieties x 10 districts x 2 seasons).

The samples were air dried, grinded and nitrate was extracted by
acetic acid 2%. Nitrate was measured by colonmetric method.

Data show that the nitrate content of the rice grain of the studied
varieties (Sakha 101, Sakha 102, Giza 177 and Giza 178) was less than the
destructive level.

No clear correlation between the varities and the nitrate content.

Kafr El-Sheikh district had the highest average of rice nitrate
content (10.1) pg g", while Qualeen had the lowest average of nitrate
content (3.5) pg g".

INTRODUCTION
Agriculture is an industry which exists to provide food to feed
people. Rice is one of the most important food and export crops of Egypt.
The production of rice has increased from 2.4 million tons per year in
1984-86 to 5.9 million tons in 2000, an increase of 45%, Egypt has not
only maintained its self sufficiency with the increasing population, it has
also increased its export from 25000 tons in early 1980,s to 35000 tons in
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2001 (RRTC-2001). Whenever, the process of protem synthesis in plants
is interrupted or slowed down, nitrate may accumulate in plant tissues.
Different plant species vary in their tendency to accumulate nitrates,
Environmental factors favoring the accumulation of nitrate in plants
include high level of nitrate in the soil, cloudy periods, shading, drought,
excessive temperatures, damage to plants 'from insects or weed control
chemicals and nutrients imbalance in the soil {Olson er al, 1971).
Methemoglobinemia was first recognized by Comley (1945) who related
infant ilinesses to nitrate contaminated private wells in Iowa. Nitrate can
be reduced to nitrite in the digestive tract anil nitrite interferes with oxygen
transport in the blood.

The US standard (maximum contaminant level), MCL of 10 mg/L
of nitrate was established by the United States Environmental Protection
Agency (USEPA) in 1977 as a safeguard against infantile
methemoglobinemia (Kross ef al, 1992), Also, the potential for gastric
cancer from ingested nitrate and nitrite, and its subsequent conversion to
nitrosamines (NRC, 1978, 1981 and CAST, 1992).

~ The highest permissible limit for human total consumption is 3.65
mg NO;-N _and 0.133 mg NO>-N for every one kg weight daily this equal
280 mg NO;-N and 10 mg NO»-N for aduit one (Arnaoot, 2001).

The  present study aim to have primary knowledge on nitrate
poliution of rice grain produced in one of the most important rice
productwe governorates in Egypt of Kafr El-Sheikh.

MATERIALS & METH])OS

To achieve the mentioned objective, rice grain samples were
randomly collected from the rice fields at maturity stage. 320 samples were
collected 160 in the first season of 2001 and the other 160 samples in the
second season of 2002 from the ten districts of Kaff Ei-Sheikh
Governorate, where the samples include four varieties and replicated four
times from different fields for every variety. The samples approximately
cover the districts area. The samples were air dried, crushed and stored in
stoppered bottles for nitrate determination. 5 g of the sample was
extracted by 50 ml 2% acetic acid and nitrate was determined
colormetrically in the extract wusing naphthyethelene diamine
dihydrochloride powder mixture indicator according to Singh (1988).

RESULTS
Data presented in Table 1 show that nitrate content of rice samples
which were collected from Kafr El-Sheikh district was bevveen 7.2 t0°10.4
ug 2" in Sakha 101 variety. The mean value of both se- sons (8 samples)

686



for Sakha 101 vanety was 8.8 ug g'. While mSakha 102 vanetythe
values of nitrate content was between 7.2t0 12.2 pg g”'. The mean value
of the both seasons was 10 2 ug g'. The values of nitrate content were
between 8.0 to 10.4 pg g'in Giza 177 variety. The mean value of both
seasons for Giza 177 was 93 ug g'. The fouﬁh variety Giza 178 had
values of nitrate content between 8 10 16 ug g". The mean value of the
both seasons was 11.9 pg g, The sequence of the varieties from the
highest nitrate content to the lowest were Giza 178 > Sakha 102 > Giza
177 > Sakha 101. The average of the total samples coflected from Kafr
El-Sheikh district (32 samples) was 10.1 pg g™

Table (1):  Nitrate content (ug g™) of the rice grain samples collected
from Kafr El-Sheikh District.

' Varieties

Samples Sakha 101 Sakha 102 Giza 177 Giza 178

llt 2nd ld 2nd 1 st 2nd 1 [ zﬁ

72 | 88 {112 | 92 | 104 ] 92 | 132} 106
104 76 { 72 {1161 80 | 98 | 16.0 | 126
80 | 84 1120 96 | 92 | 92 | 116 | 146
96 | 104 ) 80 | 122 | 80 | 100 ] 8.0 8.2

BN

Mean 8.8 88 | 96 (107 ]| 89 | 96 | 122 [ 115

Mean 88 10.2 93 11.9

Results tabulated in Table 2 show that nitrate content of rice
samples which were collected from Desuq district were low compared to
Kafr El-Sheikh district. The values were between 5.2 and 9.6 pg g™’ of
Sakha 101 vanety The mean value of Sakha 101 variety for both seasons
was 7.5 pgg’. Theva]uesvanedbetween64to 11.6 pg g and the mean
value for both seasons was 8.4 pg g for Sakha 102 variety. Giza 177
variety had values between 6.4 10 9.6 and mean value of nitrate content for
all samples (8 sample) was 7.8 pg g’. Giza 178 had the lowest nitrate
content values (average the both seasons) of 6.8 pg g”'. The sequence of
the variety according to nitrate content were Sakha 102> Giza 177 >
Sakha 101 > Giza 178. The average of nitrate content for the all coliected
samples of Desuq district (32 samples) was 7.6 pg g™

Data of Table 3 show that Sakha 101 contain nitrate values
between zero to 9.6 pg g”. The average value of the both seasons was 6.1
ug g, Also, the nitrate content varied between zero to 8.4 pg g of Sakha
102 variety. The average of all collected samples (8 sample) was 6.5 pg g’
'. Giza 177 had the same trend in Sakha 101 and Sakha 102. While the
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average of Giza 177 samples was 5.0 pg g’ Giza 178 had the highest
average of the both seasons of 7.4 pg g™ compared to the other varieties.
The nitrate content in Giza 178 were between 5.2 t0 0.6 ug g™

Table (2): Nitrate content {(ug g") of the rice grain zamples collected
from Desugq district.
, Varieties *
Samples Sakha 101 Sakha 102 Giza 177 Giza 178
1" ]2 7 1" ]2 ™ 2]t ]

1 9.6 76 | 116} 9.0 9.6 84 5.6 50

2 5.6 9.0 6.4 9.4 12 84 4.4 8.6

3 84 | 74 {1 72 | 94 | 72 {1 80 | 116 54

4 52 1 701 72 | 68 | 64 | 72 | 52 | 84

Mean 72 | 78 | 81 | 87 | 76 | 80 | 6.7 .9
Mean 1.5 8.4 7.8 6.8

The sequence of the variety in its nitrate content were Giza 178 >
Sakha 102 > Sakha 101 > Giza 177. The average of nitrate content for the
all samples collected from Fowa district was 6.2 pg g™

Table (3): Nitrate content (pgg™) of the rice grain samples collected
from Fowa district.
Varieties
Samples | Sakha 101 Sakha 102 Giza 177 Giza 178
1* 21t 2 1* 2™ ™
1 96 | 84 | 72 | 84 | 56 | 00 | 72 | 62
2 72 1 76 {96 | 72 | 72 | 46 | 52 ; 84
3 56 | 00 | 72 6. 00 | 76 | 96 | 7.2
4 36 | 66 | 56 | 00 | 96 | 54 | 72 | 74
Mean 65 1 56 | 74 1 541 56 |44 | 73 | 73
Mean 6.1 6.4 5.0 7.3

Results tabulated in Table 4 show that Sakha 101 varnety had
nitrate content values varied between 5.21to 8 ug g”. The mean value of
both seasons was 7.1 pg g”. Results of nitrate content of samples
collected from Motobas district for Sakha 102, Giza 177 and Giza 178 had
values varied between 2.4 to 8.4 and 3.6t052and3.6t080 pugg’.
respectively. The average of the varieties in the two seascns were 5.0, 4.7
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and 6.2 pg g with Sakha 102, Giza 177 and Giza 178, respectively. The
average of all collected samples from Motobas district was 5.8 pg g™

Data of nitrate content of the samples collected from Sidi Salem
district {Table 5) show that the nitrate content varied between 3.6, 2.4, 5.2
and 5.2 to 6.4, 7.2, 7.2and 7.2 pg g with Sakha 101, Sakha 102, Giza
177 and Giza 178, respectively.

The mean values of the two seasons were 4.3, 4.6, 6.2 and 6.0 pug
g with Sakha 101, Sakha 102, Giza 177 and Giza 178, respectively. The
averalge of all collected samples of Sidi Salem district (32 samples) was 5.3
Hg g .

Table (4):  Nitrate' content (ug g™) of the rice grain samples collected
from Motobas district.

Varieties

Samples | Sakha 101 | Sakha102 | Giza177 | Giza 178

1 2% ™ | 2™ 1% | 2 ™ 2™

72 76 | 24 | 47 | 52 | 44 | 3.6 5.8
8.0 74 | 36 | 30 | 36 | 54 | 8.0 5.8
7.6 62 | 72 | 54 52 | 49 | 80 | 46
5.2 72 | 84 54 | 46 | 36 | 56 8.0

oW B e

Mean 7.0 7.1 54 | 46 | 47 | 46 | 63 6.1

Mean 7.1 - 5.0 4.7 6.2

Table (5):  Nitrate content (pug g) of the rice grain samples collected
from Sidi Salem district.
Varieties

Samples Sakha 101 Sakha 102 Giza 177 (Giza 178
1 {2 @] 2
3.6 3.6 2.4 48 6.4 6.8 52 6.2
36 | 5.0 7.2 34 7.2 5.8 72 1 54
6.4 3.6 4.4 36 5.2 3.9 5.6 538
36 | 50 | 48 | 58 | 54 | 62 | 64 | 64
Mean 43 4.3 4.7 44 6.1 6.2 6.1 59
Mean 43 4.6 6.2 6.0

O FS I N )

Data of nitrate content of the samples collected from Qualeen
district (Table 6) show that the nitrate content varied between 2.4 to 5.2,
24 to 44, 1.6 to 2.4 and 1.210 5.2 pg g” with Sakha 101, Sakha 102,
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Giza 177 and Giza 178, respectively. The mean values of the both seasons
were 3.6, 3.7, 23 and 3.2 pg g’ with Sakha 101, Sakha 102, Giza 177
and Giza 178, respectively. The average of the collected samples from
Qualeen district (32 sample) was 3.2 pg g, This was the lowest value in
Kaft El-Sheikh Governorate.
The sequence of the varieties nitrate content were Sakha 102 >

Sakha 101 > Giza 178 > Giza 177.

~ Nitrate content results of samples collected from El-Riad district
(Table 7) show that nitrate content varied between 3.2 t0 6.4, 24105.2,
2.4 to 7.2 and 2.4 10 7.2 ug g’ with Sakha 101, Sakha 102, Giza 177 and
Giza 178, respectively. The mean values of the two seasons for the
varieties were 4.9, 3.8, 5.1 and 4.2 pgg” with Sakha 101, Sakha 102,
Giza 177 and Giza 178, respectively. The average of all collected samples
(32 sample) for El-Riad district was 4.5 pg g. The sequence ofthe
varieties according to its nitrate content were Giza 177 > Sakha 101 >
Giza 178 > Sakha 102,

Table (6):  Nitrate content (ug g'") of the rice grain samples coilected

from Qualeen district,
_ Varieties
Samples Sakha 101 Sakha 102 Giza 177 Giza 178
Sl I A A A SR S

24 | 32 132 138 ] 24| 22 1.2 18
36-| 38 { 44 | 38 | 16 | 24 | 24 | 28
52 | 32 | 44 | 28 | 24 | 24 | 44 | 44
37 [ 52 424 14424 ] 22 32 ] 52
Mean 37 {34 )36 137122 )23 ]281]36
Mean 3.6 3.7 2.3 3.2

IF "N S I, VeV

Results. of the nitrate content of the samples collected from Eli-
Hamool district (Table 8) show that nitrate content varied between zero to
44, 1.2 t0 44,52t013.2and 8410152 png g“ with Sakha 101, Sakha
102, Giza 177 and Giza 178, respectively. The mean values of the two

“seasons for the varieties were 2.3, 3.2, 9.4and 11.3 pg g with Sakha
101, Sakha 102, Giza 177 and Giza 178, respectively. The sequence of the
studied varieties in nitrate content were Giza 178 > Giza 177 > Sakha 102
> Sakha 101, respectively. The average of all collected samples from El-
Hamool district was 6.6 ng g™
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Table (7):  Nitrate content (ug g™) of the rice grain samples collected
from El-Riad district.

Varieties

Samples | Sakha 101 Sakha 102 Giza 177 Giza 178
2@ L ol o | o™
52 5.8 24 2.8 56 4.0 24 7.2
64 4.4 32 5.2 24 7.2 3.2 28
3.6 4.2 5.2 38 7.2 6.4 7.2 4.8
3.2 6.4 38 32 32 44 32 2.8
Mean 4.6 52 3.7 38 4.6 5.5 4.0 4.4
Mean 49 3.8 5.1 4.2

P N e

Data presented in Table 9 show that nitrate content of rice samples
which were collected from Beyala district were between 3.6t0 7.2, 3.6 to
8.4. 5.2 to 13.2 and 3.6 to 8.4 with Sakha 101, Sakha 102, Giza 177 and
Giza 178, respecuvely The mean values of the two seasons were 5.4, 5.7,
83 and 73 pgg mtratemth Sakha 101, Sakha 102, Giza 177 and Giza
178, respectively.

The sequence of mtrate content of the varieties were Giza 177 >
Giza 178 > Sakha 102 > Sakha 101, respectively. The average of the all
collected samples from Beyala district was 6.7 ug g™

Table (8):  Nitrate content (ug g™) of the rice grain samples collected
from El-Hamool district.
Varieties

Samples Sakha 101 | Sakha 102 Giza 177 Giza 178
ol ™ ] 2
3.2 24 44 2.8 132 | 84 1521 84
3.2 44 1.2 34 84 108 84 118
. 2.4 414 52 92 11001122
0.0 4.0 2.8 3.6 89 111 1112 | 13.2
Mean 16 3.0 2.7 36 89 99 (1121114
Mean 2.3 32 G4 11.3

N FEEE N,
&
=]
ja—y
[3*]

Results presented in Table 10 show that nitrate contents of rice
samples collected from El-Brolos district varied between 3.6 to 5.6, 3.6 to
8.4, 5.2t08.4and 3.210 9.2 ug g with Sakha 101, Sakha 102, Giza 177
and Giza 178, respectively. The mean values of nitrate content in the two
seasons were 4.7, 5.8, 6.8 and 6.1 pg g with Sakha 101, Sakha 102, Giza
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177 and Giza 178 tespectively. The sequence of nitrate of the variety

content were Giza 177 > Giza 178 > Sakha 102 > Sakha 101, respectively.

The average of the all collected samples from El-Brolos district was 5.9 pg
-1 .

g

Table (9): | Nitrate content (pg g”) of the rice grain samples collected
from Beyala district.

Varieties
Samples | Sakha 101 | Sakha102 | Giza 177 Giza 178
* | 2 * 2] 1t 2] 1t ] 2™
52 | 48 { 44 | 40 | 52 | 68 | 84 | 78
44 | 72 1 36 | 84 1 84 1132 72 | 84
72 1 62 | 84 | 64 1132] 92 | 84 | 84
36 | 44 | 52 | 48 [ 52 { 52 { 36 | 60
Mean 51157 ] 54591801861 691} 77
Mezan 5.4 5.7 83 73

IO e

Table (10): Nitrate content (pg g'lr) of the rice grain samples collected
- from El-Brolos district.

Varieties
Samples | Sakha 101 | Sakha 102 | Giza 177 Giza 178
™ ] ot 2™ 2™y ] 2

1 36 | 44 | 52 1 43 1 52 } 73 1 64 | 58
2 52 | 56 {36 | 84 | 84 | 60 | 5.2 | 92
3 56 } 46 | 44 | 48 | 68 - 32 ] 48
4 44 { 40 | 84 | 68 - - 92 | 78
Mean 47 147 1 54 |1 61 {681 67 | 60 | 6.1
Mean 4.7 5.8 6.8 6.1
DISCUSSION

The previous results show that the studied rice varieties had not
stable sequence in its nitrate content of all Kafr El-Sheikh Governote
districts.

This mean that no clear correlation between nitrate contents and
the varieties. There were clear differences in the same variety in its nitrate
content at the same district, this mean that nitrate content in rice grain
depends on the field management and the agriculture practices ie,
fertilizers, density and planting date. These results agree with those stated

692



by (Olson et al., 1971), who stated that environmental factors favoring the
accumulation of nitrate in plants include high leve! of nitrate in the soil,
cloudy periods, damage of plants from insects or weed control chemicals,
- nutrients imbalance in the soil and shading. -

CONCLUSION
From the results shown, it could be concluded that:

- The nitrate content of the rice grain in the studied variety in Kafr El-
Sheikh Governorate districts less than the destructive effects because
the amount of nitrate entering to the body from the rice is less than the
amount from drinking water, but it become danger when there are
additional sources to the body beside it, like drinking water,
vegetables, ... etc.

- Kafr El-Sheikh district had the highest average of rice nitrate content.

- The sequence of the districts from highest nitrate content in the rice
grain to lowest were Kafr El-Sheikh (10.1) > Desuq (7.6) > Beyala
(6.7) > El-Hamool (6.6) > Fowa (6.3)> E}-Brolos (5.9) > Motobas
(5.8) > Sidi Salem (5.3) > El-Riad (4.5) > Qualeen (3.2) pg g™

~  No clear correlation between the varieties and nitrate content.

~ The nitrate content in the rice grain depended on field management
and agricultural practices, so we must study the relationship between
planting date, plant density and fernhzers levels and balance to nitrate
content in rice grain, .
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