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ABSTRACT

The present study aimed to study the nilrale and nilrite contents of drinking
w.3.27 and baby foods in Egypt and their effect on the 1ealth. Drinking water samples
were collected lrom 3 governorates in Egypt during the year 2001 and the nitrale and
nitrile contents were estimated. Samples of fresh veyetables (polatoes, carrots and
sgquash) were collected and blanched and prepared as baby foods. Samples of fresh
fruits (apple. banana, guava and crange} were collected and juices of guava and
crange were prepared. Belila, boiled rice, Foul medames and lentil were prepared
Baby focds samples were purchased from local market in Egypt including Cerelac,
Gerber, RiRi, Galactina, phosphatin and carrot and the nitrate and nitrite contents
were eslimated in the previously cited foods.
The results can be summarized in the following points:-
1-a Drinking waler samples in Giza governcrate conlain greal amcunt of nitrate
especially Al Haram, Fessal and Al Saf, the values ranged in between 27-59,
22-42 and 23-45 mg NQOa /L, respectively, areas contain iow level of nitrale
content such as Imbaba and Al Badrashin, the values ranged from 0.1-0.7 and
01 -5 mg NQO3y/ L, respectively, while the nitrite content showed 0.0 -1.3, 0.0 -
1.1, 0.0-1.3, 0.0 - 0.0 and 0.0 — 0.2 mg/kg, respectively. The high nitrate and
nitrite contents suggested that sources of drinking water are mostly ground
water.
b- Cairo and Kaliobia governcrates have iow level of nitrate and nitrite and/or free
of nitrite, the highest value of nitrale in Caire governorate was 0.9- 1.5 mg/ L,
and in Kaliobia gevernorate was 0.1 -10mg /L,
2- The content of nitrate and nitrite in scme baby foods
a- The blanched vegetables (potaloes, carrots and sguash) conlain 43- 65, 54-97
and 14- 78 myg nitrate / kg , respectively, whereas the nitrite content was 9.0 —
0.5. 0.0-3.4 and 0.0 — 0.4 mg nitrite/ kg , respectively.
b-The fresh fruit {apple, guava juice, banana and orange juice have nilrate value
of 10-22, 15-26. 7-16 and 18-29 mg NOa / kg. respectively, whereas the
previously inentioned fruils have no nitrite.
u- Delila and boiled rice have nitrate value ot 13-24 and 15 - 29 myg Noz / kg.
respectively, whereas they have no nitrite.
d- Foul Medames and boiled lentil have nitrate value of 35 - 42 and 19 - 28 mg
NO; 7 Kg, respectively, while they are free of nitrite.
3-The nilrate and nilrite contents of some ready baby nods:
a- Samples of rice ~ carrot, carrot and vegetablas have high levels of mitrate and
nilrite ranging 63.8 , 56, 43.32 mg NOy / kg. 2.65, 2.3 and 2.15 mg NGz / kg
b- Samples of rice, wheat, 5 fruits, wheat milk, meat extract - vegetable, protein
and chicken soup have middle values of nilrate ranging 16.75, 11 17,7 97,
22341042139 and 9.24 mg/ kg, respeclivey, while the nitrite content was
0.238,0.24, 0.65, 1.23, 1.32, 1 24 and 1.88 mg NO: /kg.
¢-Samples of 3 fruits ,orange — app'e and flakes have low level of nitrate ranging
4.3, 0.23 and 0.58 mg/ kg, respedtively, while the nitrite content was 0 5 mg
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NO./ g for flakes and lhe samples of 3 fruits and crange — apple were free of
nitrite
4- It is clear from Lhe results of this study that the majorily of baby foods prepared in
the house and that akeady purchased from focal markets and drinking water
supplied to the child at the beginning of the fourth month in order to provide lheir
food requirements have amounts of nitrate or nilrite or both of them.

INTRODUCTION

Nitrate is essentially non- toxic to mammals, but it can be reduced to
nitnte either in improperly stored food, in the gastrointestinal tract of the
Infants and by the microflora of the human mounth. The nitrite from these and
other sources, including that purposely added to food, presents a loxic hazard
ooth because of the direct toxicity of nitrite, and by the formation of
carcincgenic N- nitreso compounds by reaction with amino compounds,

USEPA'S (1990) currently has a guideline for in drinking water that Is
the same as the World Health Organization (WHO,1572) Standard (10 mg
NO3 / N/ L) or (45 mg NO,J/L).

Nitrate concentration in surface water are usually bellow 5 mg N/iL
NQO; {22 mg NO,/L} and much higher concentralion are sometimes found in
ground water (Freser and Chilvers 1981). For example, a survey of 2000
wells showed that 31.6% cf wells examined contained more than 20 mg N/L
NO; (88.5mg / L NOa} (WHO, 1972).

Many studies indicated that nitrogen from synthetic fertilizers was the
most important nitrate and nitrite sources in ground water contamination.

Infants who fed water or baby foods made with water that is high in
nitrate can deveiop a condition that doctors call methemoglobinemia. The
condition is atso called “ blue baby syndrome” because the skin appears blue
— gray or lavender in color. This color change is caused by a lack of oxygen in
the blood.

All infants under six months of age are at risk of nitrate poisoning.
Some babies may be more sensitive than others.

Infants suffering from "blue baby syndrome” need immediate medicai
care because the condition can lead to coma and death if it is not treated
promptly.

When nursing mothers ingest water that contains nitrate, the amount
of nitrate in breast milk may increase. Nitrite ion is the form implicated in
toxicity to humans, and since infants are at far greater risk of
methemaoglgbinemia than adults, virtually all of the nitrite data that are
available are for prepared baby foods. {Achtzehn and Hawat, 1969; and
National Research Council, 1972).

According to the recommendation of WRHC (1974) baby food should not
contain any nitrate or nitrite and it was found that the addition of vilamin C
provide protection against the formation of methaemoglobine{Shuval and
Gruener 1972).

Vitamin C taken orally in doses of up to 500 mg daily is usually
sufficient to maintain the lavel of methemoglobin below 10% {Bancroft 1348)
alsp vitamin C reduces methemoglobin and is the preferred treatment for
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these cases in a dosage of 200 to 1000 mg orally daily (Kaplan and Chirouze
1978, Curry 1982).

Vitamin C plays a major role as an antioxidant and blocks the
lormation of nitrosamines (Ohshima and Bratsh, 1981) because the vitamin
C- nitrite reaction is more rapid than the amine — nitrite reaction (Tannenbaum
el al, 1981) because the vitamin reduces rilrite, being oxidized lo
dehydroascorbic acid in the process, thereby inhibiting the reaction of nitrite
with amines

2HNO, + ASC —— . 2NO+ Dehydro asc + 2Ho

The objectives of this study were to delermine nitrate and nitrite
content in drinking water and baby foods in Egypt and the effect on the health.

MATERIALS AND METHODS

B-Sampling

Drinking watler, fresh vegetables, fruts, cereals, legumes and ready
baby foods. Samples were collected from 3 governorates (Giza, Cairo and
Kaliobia) during the year 2001.

B- Drinking water

Samples of drinking water were collected weekly from 5 different
lacations of 3 governorates (Giza, Cairo and Kaliobia)all over the year 2001
{720 samples) were analyzed for nitrate and nitrite.

B- Foods used for feeding infants

LW .1 Vegetables and fruits

Fresh vegetables and fruits samples of potatoes, carrots, squash,
apple, guava, banana and orange of 1 kg were collected from 5 different
locations of each studied governorates during the months of théir production
(15 composite samples each).

W .2 Cereals and Legumes

Composite samples of wheal, rice, bean and lentil of 1 kg were
coiiected from 5 different locations of each studied governorates (15
composite samples gach)

W .3 Ready baby food samples

Samples were collected from markets amd pharmacy. Ten tins from
each product (Cerefac, Riri , Galactia, Phaosphatin, Gerber and Carrot) were
and analyzed for nitrate and nitrite.

B- Preparation of samples

IV.1 Preparation of vegetable samples

100 g from potatoes ,carrots and squash were boiled for 30 min{except
squash which was boiled for 15 min} in 500 mi deionized water and analyzed
for nitrate and nitrite.

N.2 Preparation of fruit samples

Fresh fruit samples of apple, guava, banana and orange were cleaned
to getrid of any dust and washed by spraying with deionized water, blanched,
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guava juice was prepared with 250 g of guava fruits (Seeds were discarded )
were blended with 50 g sugar and 1000 ml deionized water, orange juice
prepared with 500 mi orange extract, 50 g sugar and 500ml deicnized water
were added and analyzed for nitrate and nitrite.

IV.3 Preparation of cereals and legumes

IV.3.1 Cooked wheat (Belila)

100 g of wheat grain were washed with deionized water and soaked for
24 hrin 200 mi deionized water, brought Lo boiling and continued boiling for 1
hr, with continuous addition of deionized water to have a final added volume
of 1200 mi. The resulted product, 780 g, is called in Egypt “Beiila” and
anatyzed for nitrate and nitrite.

IV.3.2 Boiled Rice

10C g of polished rice were washed with deionized water and boiled in a
volume of deionized water for 1 hr with continuous addition of deipnized water
to a final added velurme of 1000 ml. The final product weight was 550 g and
analyzed for nitrate and nitrite

v.3.3 Bekans (Foul medames)

100 g of faba beans were washed with deionized water, brought to
boiling using 700 ml of deionized water, then stewed for 4 hrs, to produce
what is known in Egypt as "foul medames” .The skin of bean was discarded.
The production was 460 g and anailyzed for nitrate and nitrite

IV.3.4 Lentil

Lentil was prepared in the same way as beans. The final product weight
was 460 g and analyzed for nitrate and nitrite.

B- Determination of nitrate and nitrite

V.1 Determination of nitrate and nitrite in ready baby foods, fresh
vegetables, fruits, cereals, legumes and water sampies.

Ready baby foods, fresh vegetables, fruits, cereals legumes and water
samples were determined according to the method of SEN and Danaldson
{1978) wusing sulfanilic acid and N-{(1-Naphthyl) ethylenediamine
dihydrechleride and reading the absorbance at 550 nm.

RESULTS AND DISCUSSION

1- Nitrate and nitrite in drinking water

Table {1) presents the resuits of nitrate and nitrite contents in drinking
water allover the year 2001 from 3 governorates.

In the investigation of the nitrate and nitrite contents of drinking water in
Giza, Cairo and Kaliobia, the expected high values found in some regions
especially for nitrates suggested that sources of drinking water in these areas
are mostly ground water, As shown in Table(1), Al Haram has the highest
values for nitrate and nitrite in drinking water(27 — 68 mg NO, /Land 0.0 - 1.3
mg NO, /L), respectively, followed by Fessal, while the other areas in Giza ,
Cairo and Kaliobia have nitrate and nitrite value in the safe limit.
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The nitrate value is in excess of the WHOQ {1978} guide line value of 10
mg NO, — N/iL ~ 45 mg NO; /L. The high nitrate and nitrite contents are
supposed to be due tc the nitrate and nitrite leaching from agricultural soils in
lhis area. In agreement with our finding, it was shown that agricultural
activities may result in nitrate leaching with concentrations appreaching 50
mg /L. or even higher (ECETOC 1588).

The main sources of nitrate leaching are the nitrate released from soil
organic matter in bare land and nitrogen fertilizer and organic manure applied
at levels beyond the capacity of soil and crop fo utilize the nitragen . Croll
(1990) who showed that nitrate concentrations in U.K. waters are rising in
Sowinern and Eastern England, where intensification of agriculture has
increased nitrale leaching from soils to both surface and ground water. No
widespread deterioration due to nitrate has bean abserved in rivers or lakes.
Johnson and Kross {1950) concluded thal the contamination of ground water
and ruratl drinking water supplies by nitrates from livesteck and human
excrement, other arganic wastes, or chemical fertilizers is a potential hazard
throughout the world.

Infant illness and death from nitrate induced methemoglobinemia is
probably often misdiagnosed. Infant death resulting from misdiagnosis of this
intoxication still eccurring as recently as 1586. They showed that groundwater
concentrations of nitrate were mostly upsafe for consumption and that
standards are needed to regulate such contamipation. They also indicated
that the constructed welis more than 30 meter deep are more likely to be
safe.

Exposure to nitrite is important in any discussion of health effects of
nitrate because nitrate itself is nat toxic. Potential health consequences enter
the picture only when nitrate is reduced to nitrite. Nitrite is formed from nitrate
or ammenium ion by certain micro — organism in soil, water, sewage and
aiimentary tract, thus, the concern with nitrate in the environment refates to its
conversion by biological systems to nitrite {Ten Brink ef a/ 1582)

Table{1} Nitrate and nitrite content in drinking water allover the year
2001 from 3 governorates.

Location |Area = Number ofsamples—[NO;mg& NOzmg/L
[AL- Harar | 27-69 00-1.3
Fessal [ 2242 0.0-1.1
Giza |lmbaba 240 [ 0.1-0.7 0.0-0.0
AL-Badrashin [ 045 0.0-0.02 %
AL- Saf 2.3-45 0.0-13 |
AL-Maadi 0.1-0.7 0.0-0.0
Shioubra 0.1-1.0 0.0-00
Cairo [Helwan 240 0.1-15 0.0-0.001
Nasr-city 0.01-01 .0-0.0
AL-Amyria [ a.1-0.7 0.0-0.0
lAL Kanatter | 0.1-05 0.0-0.0
Toukh [ 0113 0.0-0.001
Kaliobia [Banha 240 1.5-10 0.0-0.01
Shoubra EL-Khema 1.8-10 0.6-0.01
Kalioub | 0.7-1.5 0.0-0..001
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1- Nitrate and Nitrite of some baby foods

Nitrate and nitrite were estimaled in some baby foods (cooked
vegetables, fresh fruits, cereals and legumes) and recorded in table{2).
Nilrate levels in peotatoes, carfots and squash are (43 - 85, 54 - 57, 14 -78
mg/kg, respectively). While nitrite levels reported are (2.0 - 0.5, 0.0 - 3.4 and
0.0 - 4.0 mg { kg, respectively).

The occurrence of nitrate in food may be considered hazardous
because nitrale can be readily reduced micrebially te nitnte which interacts
with haemoglobin to affect the oxygen transport mechanism giving rise to a
condition known as methaemoglobinemia (WHQ, 1977). Infants under 3
months oid are thought to be more vulnerable than adults to this particular
toxic effect of nitrate.

Whereas nilrate contents of fresh fruit, cereals and legumes are
generally low and of the arder of 7 — 42 mg/ kg. Whilst nitrite is virtually
absent according to reviews by White (1975).

Nitrate levels in fresh fruits (apple, guava, banana and orange are
(10-22, 15 — 26, 7-16 and 18-29 mg/kg. respectively, while cersals (Belila)),
and boiled rice are (13 - 24 and 15 ~ 29 mg /kg, respectively). And legumes
{bekans (fou! medams) and lentil) are 35 - 42 and 19 - 28 myg / kg,
respectively. Nitrite levels reported for the 3 categories are 0.0 mg 7 kg . Thus,
it would appear that the contribution of fruit o the human intake of nitrate is
small whilst that of the nitrite is negligible.

Table (2) Nitrate and nitrite content of some foods during the year 2001
from 3 governorates

Type of food | NO; mg/kg | NO; mg /kg |
Cocked vegetables
Potatoes 43-95 0.0-0.5

| Carrots 54-97 0.0-3.4
Squash 14-78 0.0-04
Fresh Fruits
Apple 10-22 0.0-0.0
Guava 15-26 0.0-0.0 |
Banana 7-16 0.0-0.0 ]
Orange 18-29 0.0-0.0 |
Cereals {Beiila) 13-24 0.0-0.0
Boiled Rice 15-29 0.0-0.0 |
lLegumes
Bekans (foul medams) 35-42 0.0-0.0
Lentil 19-28 0.0-0.0 |

Nitrate and Nitrite of some ready baby foods

Table (3) presents the results of nitrate and nitrite content of some
market baby foods. Censiderable variation in nitrate concentrations was found
with concentrations ranging from 0.23 mg/ kg (Orange - Apple) to 63.8 mg/
Kg (Rice — Carrots).
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As shown in Table (3), different baby focds products were purchased
from supermarkets and pharmacy including Cerelac, Riri , Galactina,
Phosphatin and Gerber.

1- Cerelac

Wheat, rice and wheat milk have nitrate values of 11.7, 16.75 and
27 34 mgfkg, respectively, while nitrite values are 0.24, 0.238 and 1.23 mg/
Kg. respectively.

2- RiRi

Vegetable, Mixed fruit, protein and flakes have nitrate values of 34.32,
6.74. 13.9 and 4.9 mg / kg, respectively, whilz nitrite values are 2.15, 0.13,
1.24 and 0.58 mg/kg, respectively.

3- Galactina

Rice, 5-cereal and 3-fruit have nitrate values of 11.76, 7.97 and 4.3
mg/kg. respectlively, while nitrite values are 0.22, 0.65 and 1.21 mg/ kg,
respectively.

4- Phosphatin

Rice carrots and 5- cereal have nitrate values of 63.8 and ¢ 7 mg/kg,
respectively, while nitrite values are 2.65 and 0.63 mg/kg, respectively.

Table(3): Nitrate and nitrite content of some ready baby foods

| Type of baby food NO; mg / kg NG, mg / kg j
Cerelac
-Wheat 11.17 0.24
-Rice 16,75 0.238
Wheat milk 22.34 1.23
RiRi
-Vegetahle 34.32 2.15
-Mixed fruit 6.74 0.13
-Protein 13.9 1.24
-Flakes 49 0.65
Galactina
Rice 11.76 0.22
5-cereal 7.97 0.05
J-fruit 4.3 0.0
Phosphatin
Rice carrots 63.8 2.65
5- cereal 87 0.83
Gerber
-“Wheal milk 16.92 0.24
-Meat extract — vegetable 10.42 1.32
-Chicken ~ soup 9.24 1.88
-Orange - apple 0.23 00

| Carrot 56 23
5- Gerber

Wheat milk, meat extract - vegetable, chicken — soup and organge -
apple have nitrate values of 16.92, 10.42, 9.24 and 0.23 mg/kg, respectively,
while nitrite values are 0.24, 1.32, 1.88 and 0.0 mg/ kg, respectively.
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8- Carrot
Carrot has nitrate value 56 mg/kg while nitrite value has 2-3 mg /kg.

According to the WHO (1974) baby food should not contain any nitrate
or nitrite.  Twelve cases of methemoglobinemia were recorded by Centa ef al
{1985) to be due to formula made from nitrate and nitrite contaminated water
or carrots Methemoglobinemia is a condition resulting from conversion of
hemogiobin, the oxygen carrier of mammalian blood, to methemogloglobin
which is unable to transport oxygen. Several chemicals such as nitrites and
aniine dyes and others can cause conversion of hemoglobin to
methemoglobin (Adam 1980), in which the iron is in the ferric state, rendering
the motecule unable to bind oxygen. Since, the primary physiologic effect of
environmental exposure to nitrate is its conversion to nitrite, the presence of
high concentration of nitrite in baby foods is considered to be the principle
determinant for the occurrence of methemoglobin in infants, The hemoglobin /
methemoglobin conversion can be reversed by the enzyme methemaoglobin
reductase ar by administration of methylene blue, which is the usual realment
for diagnosed methemoglobinemia.

Ascorbic acid therapy is often too slow to be useful for the treatment
of acute cases (Kross etal., 1992). Vitamin C was demonstrated to provide
protection against methemoglobinemia (Shuval and Gruener 1572). The
nitrosation reaction can be innhibited by vitamins C and E {Petukhof and
lvanov 1870). Vitamin C plays a major role as an antioxidant and free radical
scavenger and blocks the formation of nitrosamines (Ohshima and Bratsch,
1981). As the principal source of nitrite is nitrate from food. Following
absorption, part of the nilrate reaches the buccal cavily where
microorganisms convert it 10 nitrite. Consequently, nitrite reaches to the
stomach where it can react with amines or amides (Tannenbaum ef al,, 1978}
forming nitroso compounds.

R1|R2-N-H+HNOQ ——‘R1‘R2—N' N=0+ H;O

Nitroso compounds

Nitrostable amines or amides are generally found in many types of
foods; they can also be synthesized in the body (Zeise et al; 1985). Nitroso
compounds have been found to be both hepatotoxic and carcinogenic in
experimental animals, There appears t0 be substantial evidence suggesting
that vitamin C has the potential to block the formation of nitrosamine, because
the vitamin C- nitrite reaction is more rapid than the amine — nitrite reaction
(Tannenbaum ¢t al., 1981} The vitamin reduces nitrite, being oxidized to
dehyroascorbic acid in the process, thereby inhibiting the reaction of nitrite

with amines
2HNO, + ASC —— 2 NO + Dehydroasc +2H,0
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