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DAILY NITRATES AND NITRITES INTAKE BY INHABITANTS
IN BENI-MELLAL REGION (MOROCCO)

Abstract
The excessive use of fertilizers leads to the ground water and agricultural product pollution by nitrates, which can

affect seriously health. The objective of this work is to assess daily intake of nitrates and nitrites among inhabitants from
Beni-Mellal region and to compare it with international standards. This study is carried out in three rural areas: Fkih Ben
Salah (FBS), Ouled Moussa (OM) and Souk Sebt (SS) where water supply is ensured by wells. Starting from a feed ration
standard day, the daily intake of nitrates and nitrites was calculated. The results show that the daily dose of nitrates taken
in the OM and SS areas largely exceed the international standard. For nitrites, the contents recorded in the three areas do
not exceed the international standard. In conclusion, in Beni-Mellal region the excessive use of nitrates in manure could
represent, in future, a real danger to public health. © 2004 Altaga. All rights reserved.

Key words: Nitrates, nitrites, feed ration, health

Resumen
El excesivo uso de fertilizantes afecta al agua del suelo y a la contaminación de productos agrícolas por nitratos,

los cuales pueden afectar gravemente a la salud. El objetivo de este trabajo es comprobar la incidencia del consumo diario
de nitratos y nitritos sobre los habitantes de la región de Beni-Mellal y compararla con la normativa internacional. Este
estudio ha sido llevado a cabo en tres áreas rurales: Fkih Ben Salah (FBS); Ouled Moussa (OM) y Souk Sebt (SS), donde
el suministro de agua se asegura mediante pozos. Partiendo de la ración estándar de alimento de un día, calculamos la
toma diaria de nitratos y nitritos. Los resultados muestran que la dosis diaria de nitratos tomada en las áreas de OM y SS
excede ampliamente los estandares internacionales. Para los nitritos, los contenidos recogidos en las tres áreas no exceden
la normativa internacional. En conclusión, en la región de Beni-Mellal el uso excesivo de nitratos en los abonos podría
representar, en el futuro, un peligro real para la salud pública. © 2004 Altaga. Todos los derechos reservados.

Palabras clave: Nitratos, nitritos, ración de alimento, salud

Resumo
 O excesivo uso de fertilizantes afecta ó auga do chan e á contaminación da produtos agrícola por nitratos, os cales

poden afectar gravemente á saude. O obxectivo deste traballo é comprobar a incidencia diaria do consumo de nitratos e
nitritos sobor dos habitantes da rexión de Beni-Mellal e comparala coa normativa internacional. Este estudio foi levado ó
cabo en tres áreas rurais: Fkih Ben Salah (FBS); Ouled Moussa (OM) y Souk Sebt (SS), onde o suministro de auga
asegúrase mediante pozos. Partindo da ración estándar de alimento dun día, calculamos a toma diaria de nitratos e nitritos.
Os resultados mostran que a dosis diaria de nitratos tomada nas áreas de OM e SS excede ampliamente os estándares
internacionais. Para os nitritos, os contidos recollidos nas tres áreas non exceden a normativa internacional. En conclusión,
na rexión de Beni-Mellal o uso excesivo de nitratos nos abonos podería representar, no futuro, un perigo real para a saúde
pública. © 2004 Altaga. Tódolos dereitos reservados.

Palabras chave: Nitratos, nitritos, ración de alimento, saúde
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INTRODUCTION

The nitrates are chemical compounds essential to
the growth plants. Their introduction into fertilizers allows
the improvement of the agricultural outputs. However, the
excessive use of manure has, as a consequence,
accumulation of nitrates in the plants which are unable to
transform them completely, the remainder, did not pump
by the plants, is concentrated in the ground, underground
water and surface water. This water, in rural zones is used
as drinking water and thus their pollution by nitrates could
represent a threat for human health. In this subject, many
studies showed the existence of relation between the
consumption of nitrates in the water and the appearance
of certain diseases such as: methemoglobinemia (Fan and
Steinberg, 1996), goitre (Gatseva et al., 1998; Vladeva et
al., 2000), gastric cancer (Gilli et al., 1984; Morales-
Suarez-Varela et al., 1995) as well as respiratory (Gupta
et al ., 2000) and digestive (Gupta et  a l ., 2001)
complications. These effects, for the majority, were
induced with nitrate amounts in water exceeding the
standard set by WHO, i.e 50 mg/l (1998). Only, the daily
nitrate intake is not done solely by water, the foodstuffs
can ensure some, up to 80%.

In order to limit the risks of this total daily intake
of nitrates, joint committee FAO/WHO (1980) fixed the
permissible amount day of potassium nitrate (KNO3), i.e
5 mg/kg/day. However, many works assembled that the
nitrates in them even are not dangerous; it is rather their
transformation primarily into nitrites, which seems to be
at the origin of the harmful effects on health (Halwani et
al., 1999). For that reason, the permissible amount day of
sodium nitrite (NaNO2) was fixed (i.e 0.2 mg/kg/day) by
joint committee FAO/WHO. In Beni-Mellal region, an
agricultural zone in central Morocco, the excessive use
of manure had for consequence an increase in the nitrates
contents in certain agricultural products and a progressive
increase in their concentrations in the subsoil water. This
water constitutes the principal source of the rural drinking
water supply, which represents a serious threat for pubic
health.

The objective of this work was to estimate the
quantities of nitrates and nitrites consumed by the rural
inhabitants of Beni-Mellal region and to specify the risks
to which they are exposed. Initially, the contents of these
compounds in the subsoil waters and in some food most
frequently consumed by the inhabitants of three areas
differently polluted by nitrates were measured. In a second
step, starting from a feed ration standard day labourer,
the daily nitrate and nitrites intake for each zone was
calculated and compared with the standards set by joint
committee FAO/WHO.

MATERIAL AND METHODS

Zones
The choice of the zones takes account of the degree

of underground water pollution by nitrates. In this subject,
the analyses carried out by the hydraulic basin of Oum

Er-Rbia Agency (ABHOER, 2000) show a progressive
and variable pollution according to areas from 25 to 150
mg/l. In this study, we chose three rural areas from Beni-
Mellal region, Fkih Ben Salah «FBS» (50 mg/l), Ouled
Moussa «OM» (100 mg/l) and Souk Sebt «SS» (150
mg/l).

Food
The studied food were those most frequently

consumed by the inhabitants of the three areas. In order
to avoid the seasonal variations, the samples were removed
at the same period in Mars-April. At once taken, the foods
are frozen with -20°C until the moment of the analyses.

Determination of nitrites in water
Amounts of water not exceeding 50 ml were

completed to 60 ml by dis tilled water. Ten ml from a
solution I [0.4 g of sulfanilamide (Analytical Grade Serva)
dissolved in 160 ml of warm water, after cooling add 20
ml HCl (?20 = 1.19 g/l) and complete to 200 ml by distilled
water] and 6 ml of a solution II [44.5 ml HCl in 100 ml of
distilled water] and 2 ml of a solution III [0.1 g of N-
naphtyl-1-ethylene diamine chloride (Analytical Grade)
in 100 ml of distilled water] were added. After 3 min at
room temperature in darkness, the final volume was
completed to 100 ml by distilled water, and then the optical
density was measured. The nitrites samples contents were
calculated by reference to a range of standard solutions
containing 0.5, 1.0, 2.5, and 10 µg/ml of sodium nitrites
(pure, Chemical).

Determination of nitrites in food
For each food, six samples were peeled if

necessary, and 200 g were dried, crushed and mixed. Into
flasks of 200 ml, were introduced 10 g of mixed food and
successively 5 ml from a solution of decahydrated sodium
tetraborate (50 g/l) and 100 ml of distilled water. The
mixture was maintained in a thermostated bath at 75°C,
under agitation, during 15 min. After cooling, 2 ml from a
solution IV [106 g of trihydrated potassium
hexacyanoferate (pure, Riedel-de Haën) 1000 ml of
distilled water] and 2 ml from a solution V [220 g of
dihydrated zinc acetate (pure 99%) and 30 ml of acetic
acid, complete to 1000 ml by distilled water] were added.
After agitation, the content of each flask was filtered on
watman paper, then essays of nitrites in food filtrates were
carried out as described for nitrites water.

Determination of nitrates
The nitrates were measured after their reduction

to nitrites by metal cadmium (pure, Riedel-de Haën).
Twenty ml of water or food filtrates and 5 ml of an
ammoniacal buffer solution at pH 9.6 [20 ml HCl in 500
ml distilled water, add 10 g of dihydrated dissodic salt of
ethylene tetracyclic diamine acid and 55 ml of ammonium
hydroxyde, complete to 1000 ml with distilled water], were
introduced into a column filled with cadmium. The elution
was done by distilled water then the eluting nitrites were
essayed following the described method for nitrites water
essay.
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Table 1.- Nitrate and nitrite contents (mg/l) in subsoil waters of the three areas of Beni-Mellal region between 2001 and 2003.

 Fkih Ben Salah Ouled Moussa Souk Sebt 
 NO3

- NO2
- NO3

- NO2
- NO3

- NO2
- 

2001 54.54 ± 1.90 0.076 ± 0.003 93.23 ± 1.90 0.102 ± 0.003 154.86 ± 3.39 0.143 ± 0.005 
2002 49.62 ± 2.30 1.078 ± 0.002 103.41 ± 3.56 0.108 ± 0.003 142.13 ± 2.84 0.109 ± 0.004 
2003 57.67 ± 2.07 0.080 ± 0.002 110.36 ± 0.26 0.113 ± 0.003 168.79 ± 4.64 0.154 ± 0.005 

 

Feed rations
An investigation was carried out in Beni-Mellal

region with an aim of knowing the most consumed food.
From these food, we proposed a feed ration standard day
who was used for to specify the contents nitrates and
nitrites consumed by the three populations, also we
established a weekly program from which we calculated
the contents average day labourers that we compared to
that of the feed ration standard day, the quantities taken
for each food correspond to those provided to the adults
of the student house institution in Beni-Mellal.

Statistical analyses
The numerical results are presented in the form of

average values and are accompanied either by standard
deviation or coefficient of variance (%CV). The
comparison of the KNO3 and NaNO2 contents in food of
the three zones uses a variance analysis (ANOVA).

RESULTS

Contents of nitrates and nitrites in subsoil water
Table 1 show the evolution of KNO3 and NaNO2

subsoil water contents during the three last years (2001-
2003) in the three areas expressed by mg/l. In the FBS
area, the nitrates contents measured in 2003 were
89.41±3.11 mg/l (SD) and those of nitrites were 0.114±
0.004 mg/l. For the OM area, these contents were
respectively 152.83±3.11 mg/l and 0.153±0.004 mg/l and
for the SS area, those concentrations were respectively
253.86±5.55 mg/l and 0.214±0.007 mg/l. In comparison
to 2001, in 2003 the concentration of nitrates and nitrites
increases respectively by 5.7% and 5.3% in the FBS area,
by 18.4% and 10.8% for the OM area and by 9% and
7.7% in SS area. The variance analysis shows a significant
time effect, zone effect and time by zone interaction
(P<0.001).

Contents of nitrates and nitrites in food
KNO3 and NaNO2 Contents in foodstuffs (Tables

2 and 3), expressed by mg/kg, show that plants with fast
growth (parsley and coriander) present very increased
KNO3 and NaNO2 contents, respectively >1000 mg/kg
and 6 mg/kg. On the other hand, for the plants with slow
growth (pea, potato, cauliflower, tomato onion and lens),
the KNO3 and NaNO2 contents were lower, respectively
<100 mg/kg and 4 mg/kg. For the animal products, milk
and meats, KNO 3 and NaNO 2 contents were weak,
respectively <400 mg/kg and 4 mg/kg.

These values measured in each food, present an
area-dependant variation (ANOVA, p< 0.001). Compared
to FBS area, higher nitrates and nitrites concentrations in
food were observed in OM and SS areas, in these areas,
nitrates and nitrites contents in coriander for example were
increased respectively by 9.7% and 9.5% in OM area and
by 23.7% and 17.3% in SS area. In the case of meat, the
corresponding percentiles were 76% and 11.2% in OM
area and 89.8% and 81.3% in SS area.

Contents of nitrates and nitrites in cooking food
Certain foodstuffs are consumed cooked and/or

uncooked. The values indicated in Tables 2 and 3 show
that cooking cause a drop in food nitrates and nitrites
contents. For example, in milk the contents of these
compounds decrease respectively with 17.5% and 54.5%.
In certain food, the reduction of KNO3 and NaNO 2
contents reaches approximately 60%.

The recovery of KNO3 and NaNO2 from water and
milk at two different levels ranged from 88.90% to 99.72%
(Table 4) reflecting the precision and accuracy of the
method.

Daily intake of nitrates and nitrites in standard feed
ration

Table 5 shows KNO3  and NaNO2 supplied
(expressed by mg/kg/day) by the proposed daily feed
ration, which composed with most frequently consumed
food in the three areas. After investigation, it seems that
the most consumed foodstuffs are bread, milk, menthe in
tea, red meat, chicken, potatoes, tomatoes, carrots, onion,
bean haricot, oranges as well as parsley and coriander
which are frequently used in the Moroccan kitchen. This
feed ration is valid for an adult of 60 kg.

The analysis of Table 5 shows that the inhabitants
in FBS area would consume approximately 3.71 mg/kg/
day and 0.021 mg/kg/day respectively of KNO3 and
NaNO2. Those corresponding values would be 7.87 mg/
kg/day and 0.028 mg/kg/day in OM area, and 14.75 mg/
kg/day and 0.093 mg/kg/day in SS area. A weekly feed
ration program composed from our chosen foodstuffs,
shows that the average among of nitrates and nitrites which
could be absorbed by the inhabitants of the three areas do
not differ from those indicated in table IV. In the FBS
area, the average quantities of KNO3 and NaNO2 would
be respectively 4.71 mg/kg/day and 0.022 mg/kg/day.
In the OM area, these values would be 10.22 mg/kg/
day and 0.043 mg/kg/day and in SS area these average
quantities would be 15.71 mg/kg/day and 0.095 mg/
kg/day.
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Table 2.- Potassium Nitrate Contents (mg/kg) in most Consumed cooked (C) and uncooked (Uc) food of the three areas of
the Beni-Mellal region. %CV is coefficient of variation.

Table 3.- Sodium Nitrite Contents (mg/kg) in most consumed cooked (C) and uncooked (Uc) food of the three areas of the
Beni-Mellal region. %CV is coefficient of variation.

Food  Fkih Ben Salah Ouled Moussa Souk Sebt 

  Average %CV Average %CV Average %CV 
Orange Uc 1.49  9.19  1.62 17.28 5.83 27.37 
Spear mint C 0.59  20.92 0.83 12.39 6.06 15.04 
Bread C 0.53  20.59 2.29 4.12 4.42 7.04 
Parsley C 6.54  18.48 7.85 12.67 8.75 6.50 
Coriander C 6.96  27.44 7.69 10.38 8.42 6.63 
Meat C 0.71  17.73 0.80 19.06 3.79 11.06 
Chicken C 0.64  18.00 0.81 15.38 1.18 9.35 
Aubergine C 0.69  28.25 0.75 36.31 4.62 18.18 
Garden peas C 0.05  20.20 0.06 17.31 0.90 20.25 
Potato C 0.36  30.39 1.51 16.80 2.74 2.25 
Zucchini C 0.63  27.07 0.78 18.93 3.34 20.70 
Broad bean C 0.72  10.81 0.84 8.47 2.07 8.56 
Cauliflower C 0.54 23.35 0.78 13.32 1.72 12.56 
Haricot bean C 1.01  18.31 1.44 15.64 7.76 9.33 
Lens C 0.19  25.36 0.36 25.60 0.44 17.74 
Milk Uc 0.33  20.90 0.34 8.39 0.69 16.66 
 C 0.15  22.43 0.12 12.46 0.28 18.63 
Carrot Uc 1.74  16.59 1.77 19.31 5.68 16.76 
 C 0.71  21.81 0.90 34.30 3.62 24.58 
Tomato Uc 0.52  27.34 1.16 11.48 1.31 12.28 
 C 0.30  30.13 0.51 15.50 0.73 14.45 
Green pepper Uc 1.09  25.96 1.38 9.40 7.81 13.52 
 C 0.56  28.89 0.73 24.20 4.60 18.31 
Onion Uc 0.16  34.80 0.23 38.88 0.76 13.96 
 C 0.03  30.55 0.07 23.08 0.66 27.15 
 

Food  Fkih Ben Salah Ouled  Moussa Souk Sebt 

  Average %CV Average %CV Average %CV 
Orange Uc 227.61 17.48 635.29 16.38 893.99 16.38 
Spear mint C 83.08 14.67 202.64 11.67 391.39 10.78 
Bread C 48.22 18.75 120.77 5.74 238.01 9.01 
Parsley C 1093.30 13.29 1422.36 13.01 1631.61 6.75 
Coriander C 1030.82 16.18 1140.77 6.91 1351.39 18.62 
Meat C 30.91 17.94 128.87 17.95 303.56 20.77 
Chicken C 71.08 8.37  107.15 14.28 194.50 3.30 
Aubergine C 45.13 23.64 149.07 18.74 265.26 16.90 
Garden peas C 4.01  22.91 7.53 31.03 16.15 21.61 
Potato C 40.25 22.22 54.83 18.30 65.48 15.56 
Zucchini C 170.36 24.27 643.6 27.33 860.41 9.03 
Broad bean C 157.92 13.46 178.32 18.46 235.81 7.81 
Cauliflower C 74.72 12.24 88.46 6.95 98.45 10.56 
Haricot bean C 127.69 17.49 361.86 13.98 496.16 15.91 
Lens C 15.10 16.71 28.41 13.08 38.65 15.89 
Milk Uc 3.31  21.94 8.13 11.89 8.89 11.89 
 C 2.73  14.54 4.59 18.22 5.30 20.26 
Carrot Uc 163.98 12.74 448.81 23.52 802.30 23.52 
 C 80.70 25.53 249.22 35.88 443.59 31.45 
Tomato Uc 42.10 19.80 45.84 11.30 70.01 12.76 
 C 26.09 26.31 29.34 19.82 41.05 22.83 
Green pepper Uc 149.09 15.23 319.72 9.71 653.72 9.71 
 C 79.94 17.99 163.91 21.06 369.72 13.20 
Onion Uc 25.22 47.94 54.00 9.40 61.54 9.40 

 C 17.44 25.50 31.04 17.68 34.39 18.91 
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Table 4.- Recovery of KNO3 and NaNO2 from tap water and milk.

Table 5.- Calculated daily contribution out of nitrates and nitrites by the most consumed foodstuff by inhabitant (60 kg body
weight) in the three areas of the Beni-Mellal region.

 Added (mg/l) Found (mg/l) Recovery (%) 

KNO3 in tap water 0.00 12.45  
 50.00 61.53 96.16 
 100.00 109.53 97.47 
 150.00 160.25 98.53 
 500.00 508.05 99.14 
    
NaNO2 in tap water 0.00 0.087  
 0.50 0.567 96.00 
 2.00 2.092 99.25 
    
KNO3 in milk 0.00 8.22  
 10.00 17.45 88.90 
 50.00 56.17 96.38 
 100.00 107.13 99.15 
 500.00 507.19 99.72 
 1500.00 1503.47 99.68 
    
NaNO2 in milk 0.00 0.29  
 5.00 5.31 99.40 

 10.00 10.30 99.60 
 

 

  Fkih Ben Salah Ouled Moussa Souk Sebt 

 Quantity KNO3 NaNO2 KNO3 NaNO2 KNO3 NaNO2 
Water 1.5 l 141.8 0.18 271.37  0.24 415.04 0.337 
Milk 0.250 l 0.67 0.03 1.13  0.03 1.33 0.06 
Spear mint 20 g 1.65 0.006 4.05  0.012 7.8 0.12 
Tomato 100 g 4.19 0.051 4.55  0.114 4.98 0.132 
Carrot 100 g 16.39 0.159 44.85 0.162 80.22 0.417 
Onion 50 g 1.24 0.079 2.70  0.114 3.06 0.037 
Parsley 5 g 5.45 0.033 7.09  0.039 8.39 0.043 
Coriander 5 g 5.14 0.034 5.68  0.037 6.95 0.042 
Potato 200 g 8.03 0.06 10.95 0.3 13.08 0.540 
Meat 100 g 3.08 0.066 12.85 0.075 30.32 0.375 
Haricot bean 80 g 10.19 0.072 27.98 0.108 39.68 0.612 
Orange  200 g 44.42 0.297 127.5 0.324 178.78 1.164 
Bread 400 g 19.27 0.21 48.29 0.9 95.58 1.74 
Intake/60 kg/day  222.97 1.27 472.40  1.713 885.09 5.62 
Intake/kg/day  3.71 0.021 7.87  0.028 14.75 0.093  

DISCUSSION

The results show that the contents KNO3 and
NaNO2  recorded between 2001 and 2003 increase
gradually in subsoil waters of the three areas of Beni-
Mellal region (FBS, OM and SS). This study could be
regarded as a continuation of those carried out before by
the Hydraulic Basin of Oum Er-Rbia Agency of
(ABHOER, 2000) between 1989 and 2000. This study
assembled an evolution of nitrates in many sites of the
province including our three areas. Compared with the
permissible doses fixed by WHO (1998) i.e 50 mg/l for
nitrates and 0.1 mg/l for nitrites, the values obtained in
2003 in FBS area are tolerable, on the other hand, in OM
and SS areas these contents exceed the international
norms, which could represent a danger to human health.
Naturally, the daily nitrate and nitrites supply is not given

solely by water; the foodstuffs ensure an important part.
Many works were interested to proportioning of nitrates
and nitrites in foodstuffs and some even specified that the
nitrates are primarily bring in vegetable foodstuffs and
nitrites in meats (Knight et al., 1987; Dich et al., 1996;
Borawska et al., 1996). In our study, the foodstuffs which
present the higher nitrates concentrations are the vegetals
with fast growth (parsley and coriander), those vegetabls
have not sufficiently time to convert the all assimilated
nitrates to the organic nitrogen (Alary et al., 1980), on
the other hand, the plants which present weak
concentration are those with slow growth (pea, tomato,
potato, cauliflower, onion and lens). The comparison of
the nitrates and nitrites contents of same foodstuffs in the
three areas shows as, compared to the FBS area, the loads
in KNO3 and NaNO2  in food are high in OM area and
higher in SS area. Consequently, concentrations of those
substances in food vary in the same direction as those in
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subsoil waters. Certain foodstuffs are consumed in
uncooked and cooked states. For these food, cooking cause
a drop in their KNO3 and NaNO2 contents, these reductions
reach approximately 60% in certain food. These results
are in agreement with those reported (Markowska et al.,
1995). Consequently, cooking could constitute a means
to reduce the food KNO3 and NaNO2 contents in condition
that not consuming the cooking water where nitrates pass
by dissolution (Alary et al., 1980).

In Beni-Mellal region, the KNO 3  and NaNO 2
contents, which could be consumed by inhabitants in a
daily feed ration, present zone-dependant variations. The
inhabitants of the FBS area seem to be not exposed to this
nitric pollution, the contents obtained not reaching doses
fixed by the joint FAO/WHO comity (1980) i.e 5 mg/kg/
day for the KNO3 and 0.2 mg/kg/day for NaNO2. On the
other hand, the inhabitants in OM and SS areas seem to
consume quantities of nitrates exceeding the permissible
doses, however their daily nitrite intake remains quite
lower than the permissible amount day. In the literature,
it is quite allowed that the nitrates in them even did not
present a great danger; it is rather their transformation
into nitrite or N-intros-compounds, which seems to induce
harmful effects on human health (Halwani et al., 1999).
In its review, Walker (1990) was specified that the daily
tolerable nitrates among could be increased until 25 mg/
kg/day, but an adjustment to 0.1 mg/kg/day in the tolerable
daily threshold for nitrites was proposed.

CONCLUSION

This study shows that the abusive agricultural use
of manure in the Beni-Mellal region in particular in the
irrigated perimeter is responsible for a progressive
increase in the nitrates and nitrites contents in subsoil
water, principal rural source of drinking water supply. It
also results an increased nitrates and nitrites concentration
in the agricultural products. The tolerable daily threshold
of nitrates intake, fixed by the FAO/WHO comity, is
already overtaken in some sites. For nitrites, the daily
intake is inferior to the international norm. However, it
must be precised that considering the progressive increase
of nitrates and nitrites pollution, as much as competent
authorities do not adopt the adequate decisions, this region
incurs in a serious public health threat.
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