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INTRODUCTION  

 

Since the appearance of water in the planet Earth, its volume and quality have 

continued to deteriorate. In Morocco, the situation is more serious because in addition to 

water, water resources are facing strong pressures from climate changes and galloping 

human demography. 

Furthermore, according to the United Nations World Water Resources 

Development Report, many countries, including Morocco, are already in crisis. With a 

mobilizable water rate of 650 m3/year (MIPA 2019), Morocco is ranked 155 compared 

ARTICLE INFO ABSTRACT 
Article History: 

Received: Feb. 26, 2021 

Accepted: March 30, 2021 

Online: June 28, 2021 

 _______________ 
 

Keywords: 
Gharb Plain,  

Tablecloth,  

Nitrate,  

Pollution,  

Kenitra,  

Morocco 

 

The present study was conducted to assess the impact of agricultural 

intensification and the spreading of untreated wastewater on the physical 

and chemical quality of groundwater in Kénitra (Gharb, Morocco). The 

physico-chemical parameters monitored were: T°C, pH, EC, NH4
+
, NO2

-
, 

NO3
-
, Cl

-
, SO4

2-
, HCO3, and the total hardness (TH) of raw water from 

boreholes on the Maâmora aquifer. The groundwater of the kenitra water 

table showed the following mean values: Temperature (20 ° C), pH (6.47), 

Electrical Conductivity (785.1 µs / cm), Nitrite (0.0093 mg / L), Nitrate 

(84.22 mg / L), Ammonia (0.093 mg / L), Chlorides (141 mg / L), HCO3
-
 (5 

meq / L), Total Hardness (13.9 meq / L), and Sulphates (17.7 mg / L). More 

specifically, the current study notified high concentrations of nitrates in 

some wells (up to 2692 mg / L). Hence, the effects of polluted groundwater 

should be highly concerned due to their serious health consequences. For 

sustainable use, policymakers must protect the aquifer from the uncontrolled 

development of agriculture and the spraying of unreasonable masses of 

pesticides, nitrogen and phosphorus fertilizers. 
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to 180 countries (FAO, 2002). The UNICEF has reported that 2.1 billion people 

worldwide use untreated sources of drinking water such as wells, springs and unprotected 

surface water (WHO-UNICEF, 2017). 

Globally, in many parts of the world, especially in arid and semi-arid climates (such 

as Morocco), groundwaters are a vital source of drinking, agricultural and industrial 

water supply especially in areas where surface water sources are limited or polluted 

(Howard et al., 2006). One third of the world's population depends on groundwater and 

about 40% of the world's food production uses groundwater. In areas with low annual 

rainfall and a long dry season, underground reservoirs play a major role in satisfying the 

supply of drinking water (Li et al., 2018; Naser et al., 2018). 

Water quality is an essential environmental issue for the agricultural sector (Ayers 

& Westcot, 1985). It is also important for all agricultural uses, from irrigation to 

watering livestock and domestic needs. Any surface or underground water can be 

contaminated. Certain improper agricultural practices can result in biological, chemical or 

physical contamination of a water source. Water resources are also subject to pollution 

mainly due to the discharge of solid and liquid waste represented in leachate, domestic 

and industrial wastewaters. 

For example, in India, each year, around 37.7 million children have water-borne 

illnesses, causing more than 1.5 million deaths, mostly in children under 5 years old. 

About 75% of the rural and tribal population do not have adequate sanitation facilities 

and most of them depend on contaminated water from dangerous sources, thus exposed to 

water-borne diseases (WHO, 2020). 

Physico-chemical characterization of groundwaters in different environments has 

been carried out in many regions of the world to assess the state of groundwater quality 

using certain physic-chemical indicators and geochemical indices, such as electrical 

conductivity (EC), rate of sodium adsorption (SAR), percentage of soluble sodium (SSP), 

concentrations of sulfates and nitrates and presence of toxic heavy metals (Rodier et al., 

2005; Rodier and Legube, 2009; Belkhiri et al., 2012 ; Sarath Prasanth, 2012 ; 

Belghyti et al., 2013 ; Akter et al., 2016; Alemad et al., 2016 ; Li and et al., 2016 ; Al-

Qawati et al., 2018 ; Abbasnia et al., 2019; Lotfi et al., 2020). 

In the Gharb area, which encompasses one of Morocco's largest irrigated areas, 

agricultural activities are considered among the potential sectors that can contribute to the 

degradation of water and soil quality. Domestic and industrial discharges are also sources 

of contamination of surface water. These, in return, can infiltrate to contaminate the 

quality of groundwater. Agricultural activities are nowadays recognized as an important 

source of potential pollution degrading the quality of water and contributing to the 

eutrophication of lakes and reservoirs (nitrogen, phosphate) and to the contamination of 

groundwater (nitrates). 
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For the aforementioned multiple reasons, it was of great interest to study the 

physic-chemical quality of groundwater from the Maâmora aquifer used by a large 

population of the Gharb region. In the present work, it was proposed to describe the 

physico-chemistry and its evolution after several decades of exploitation of the Maâmora 

aquifer, and examine the impact of agriculture on water nitrification as well. 

 

 

MATERIALS AND METHODS  

 

The present research addressed the physico-chemical pollution of groundwater in 

the Gharb Chrarda Beni Hssen region  to describe the evolution of nitrification of the 

waters of the Maâmora water tablecloth. 

The private boreholes and wells are located in the towns and Douars of Kénitra, 

Mehdia, Sidi Tayebi, Oulad Berjal, Mnassra, Sidi Slimane, Sidi Allal Tazi and Mograne. 

To complete the comparisons, other samples were taken by ONEP (National Office for 

Drinking Water), ORMVAG (Regional Office for Agricultural Development of Gharb) 

and RAK (Autonomous Authority of water and electricity distribution in Kénitra). 

 

 

RESULTS  

 

 

Analysis of nitrate concentrations in the 20 wells at Sidi Slimane showed variations 

between a minimum of 14.26 mg / L and a maximum of 386.88 mg / L. The recorded 

average was 99.46 ±94.11 mg/L (Table 1& Fig. 1).  
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Fig. 1: Spatial variations in nitrate levels in Sidi Slimane groundwater. 
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Table 1: Sidi Slimane groundwater physic-chemistry results. 

Wells 
Depth 

( m) 
pH HCO3

- 
NO3

- 

W1 12 7.50 591.70 170.50 

W2 5.5 7.31 591.70 152.50 

W3 30 7.01 346.50 122.80 

W4 24 7.19 145.20 41.50 

W5 12 6.74 486.80 52.10 

W6 10 7.06 356.20 23.70 

W7 10 7.09 484.30 146.90 

W8 50 7.15 208.60 18.60 

W9 20 7.85 418.50 18.60 

W10 5 7.04 488.00 28.50 

W11 15 7.31 400.16 23.56 

W12 13 7.63 311.10 66.34 

W13 12 7.14 500.20 96.72 

W14 65 7.71 368.44 31.00 

W15 45 7.36 556.32 141.63 

W16 4 7.47 478.24 28.52 

W17 24 7.38 653.92 386.88 

W18 8 7.60 799.10 252.96 

W19 10 7.17 677.10 14.26 

W20 30 7.62 370.88 171.74 

 

Analysis of nitrate concentrations in the 54 wells at Sidi Allal Tazi showed variations 

between a minimum of 4.71 mg / L and a maximum of 527.74 mg / L. The average was 

recorded at avalue of 110.95 ±87.62 mg/L (Tables 2,3& Fig. 2).  

The level of contamination by nitrates was higher in Sidi Allal Tazi (>527 mg/L) than in 

Sidi Slimane (< 400 mg/L). But those values remain at levels higher than the authorized 

standards (<50 mg / L). 
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Fig. 2: Spatial variations in nitrate levels in Sidi Allal Tazi groundwater. 
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Table 2: Sidi Allal Tazi groundwater physic- chemistry results. 

Wells pH C.E.(dS/m) Nitrates (ppm) 

T1 7.25 1.88 275.40 

T2 7.46 0.86 5.08 

T3 7.80 0.97 58.03 

T4 7.70 1.52 41.66 

T5 7.68 10.50 155.49 

T6 7.62 1.05 75.51 

T7 7.54 0.82 75.51 

T8 7.62 1.04 128.46 

T9 7.60 0.79 83.57 

T10 7.80 1.01 52.95 

T11 7.46 1.07 23.81 

T12 7.25 1.64 29.51 

T13 7.54 0.92 143.71 

T16 7.31 1.94 24.30 

T17 7.33 2.60 180.66 

T18 7.36 1.65 70.93 

T19 7.28 1.59 168.76 

T20 7.25 2.57 63.48 

T21 7.00 2.41 4.71 

T22 7.91 1.64 30.50 

T23 7.60 0.54 38.56 

T24 7.45 2.95 39.55 

T25 7.38 1.32 64.97 

T27 7.53 1.45 24.05 

T28 7.66 1.09 17.36 

T29 7.56 1.46 28.15 

T30 7.36 1.22 28.89 

T31 7.65 0.63 56.54 

T33 7.68 0.93 183.02 

T34 7.72 0.64 41.91 

T35 7.42 1.18 146.56 

T36 8.13 15.61 527.74 
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Table 2: Continuous 

NO3
-
 

Wells mg/L Wells mg/L 

P1 84.07 P28 108.62 

P2 129.95 P29 221.46 

P3 239.44 P30 38.81 

P4 115.44 P31 50.10 

P5 5.46 P32 50.47 

P6 86.30 P33 39.06 

P7 199.14 P34 31.74 

P8 16.49 P35 200.38 

P9 27.78 P36 45.26 

P10 28.15 P37 182.28 

P11 16.74 P38 144.96 

P12 9.42 P39 247.88 

P13 178.06 P40 126.73 

P14 22.94 P41 186.00 

P15 159.96 P42 243.04 

P16 122.64 P43 100.69 

P17 225.56 P44 178.93 

P18 104.41 P45 128.71 

P19 163.68 P46 174.59 

P20 220.72 P47 284.08 

P21 78.37 P48 160.08 

P22 156.61 P49 50.10 

P23 106.39 P50 130.94 

P24 152.27 P51 243.78 

P25 261.76 P52 61.13 

P26 137.76 P53 72.42 

P27 27.78 P54 72.79 
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The dosages of nitrates in the locality of Ouelad Berjal show that the concentrations reach 

alarming levels (2692 mg / L) in the well number B10. In this region of the Gharb plain, 

the average nitrate concentration is around 160.41 mg/L (±434.63 mg / L). 

 

Fig. 3: Spatial variations in nitrate levels in Ouelad Berjal groundwater. 
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Table 3: Evolution of the physico-chemistry of the waters of Ouelad Berjal. 

 

2010 2011 

N° 

Puits 

 

pH 

 NO3
-
 mg/L 

1 8.62 9.3 

2 8.65 10.42 

3 8.39 0.24 

4 8.46 17.11 

5 8 63.36 

6 8.12 20.58 

7 8.69 86.92 

8 8.33 188.6 

9 8.49 827.9 

10 8.24 2692 

11 8.40 260.8 

12 8.31 886.9 

13 8.77 94.6 

14 8.21 162.2 

15 8.73 59.9 

16 8.33 693.8 
 

Puits 
pH 

NO3
-
 

mg/L 

1 8.07 13.02 

2 8.06 6.82 

3 7.99 11.16 

4 8.1 11.78 

5 8.3 14.88 

6 7.76 14.26 

7 7.65 23.56 

8 8.24 32.86 

9 7.85 11.16 

10 8.11 3.72 

11 7.96 13.64 

12 7.85 18.6 

13 7.75 14.26 

14 7.89 12.4 

15 7.67 18.6 

16 7.96 16.12 

17 7.8 6.82 

18 7.79 8.06 

19 7.9 9.3 

20 7.71 27.9 
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Analysis of nitrate concentrations in the 90 wells at Mnassra showed variations between a 

minimum of 4.34 mg / L and a maximum of 275.30 mg / L. The average was recorded at 

48.71 ±53.05 mg/L (Table 4& Fig. 4).  

 

 

Fig. 4: Spatial variations in nitrate levels in Mnassra groundwater. 
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Table 4: Evolution of the physico-chemistry of water in Mnassra 

Wells pH NO3- 

mg/L 

Wells pH NO3- 

mg/L 

Wells pH NO3- 

mg/L 

P1 7.3 9.301 P31 7.4 18.6 P61 7.25 275.3 

P2 7.6 32.24 P32 8.5 14.26 P62 7.46 4.96 

P3 7.7 21.08 P33 8 6.2 P63 7.8 58.28 

P4 7.6 9.921 P34 8.1 4.34 P64 7.7 41.54 

P5 7.9 20.46 P35 8 11.16 P65 7.62 75.65 

P6 7.8 32.86 P36 7.9 10.54 P66 7.54 75.65 

P7 7.6 31.62 P37 8 14.26 P67 7.62 128.4 

P8 7.6 30.38 P38 7.9 20.46 P68 7.6 83.71 

P9 7.7 21.7 P39 8.3 8.061 P69 7.8 52.7 

P10 7.6 43.4 P40 8.5 15.5 P70 7.6 38.44 

P11 7.9 34.1 P41 7.6 19.22 P71 7.45 39.68 

P12 7.9 37.2 P42 7.7 20.46 P72 7.38 65.11 

P13 9.3 9.301 P43 7.8 26.66 P73 7.53 24.18 

P14 7.7 37.2 P44 7.9 40.3 P74 7.66 17.36 

P15 7.7 33.48 P45 7.9 16.74 P75 7.56 27.9 

P16 7.6 38.44 P46 8.1 37.82 P76 7.36 29.14 

P17 7.7 31 P47 8.4 19.22 P77 7.65 56.42 

P18 7.8 37.82 P48 8.2 13.64 P78 7.68 182.9 

P19 7.7 37.2 P49 7.9 8.681 P79 7.72 42.16 

P20 7.9 18.6 P50 7.7 14.26 P80 7.42 146.3 

P21 8 201.5 P51 8 15.5 P81 7.4 105.4 

P22 7.8 61.38 P52 8 19.22 P82 7.6 93.63 

P23 7.8 83.09 P53 7.5 4.96 P83 7.6 57.66 

P24 7.7 51.46 P54 7.7 4.96 P84 7.5 204.6 

P25 8 41.54 P55 8 31.62 P85 7.55 131.5 

P26 7.7 71.93 P56 7.7 4.96 P86 7.4 27.9 

P27 7.9 40.3 P57 7.5 25.42 P87 6.4 238.1 

P28 7.9 21.08 P58 8 189.1 P88 7.65 28.52 

P29 8 24.18 P59 7.9 45.88 P89 7.59 47.12 

P30 8 41.54 P60 8 51.46 P90 7.94 44.64 

 

Physico-chemical analysis of groundwater from wells located inside the urban 

perimeter of Kenitra (Table 5& Fig. 5), showed relatively low nitrate values compared to 

other localities in Gharb. However, those values are even relatively high compared to the 

usual standards found in clean tablecloths.  
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The maximum reached value was of the order of 51.6 mg/L in the Sidi Taibi locality. The 

minimum recorded was 1.25 mg / L at the well of Aïn Arris. The calculated mean value 

was 20.95 mg / L (±18.80 mg/L). 

 

 

 

 

Fig. 5: Geographical distribution of intra-urban pollution of the Maâmora aquifer. 
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Table 5: Evolution of the physico-chemistry in the urban area of Kénitra. 

  

 

Wells area 
NO3

-
 

Saknia 48 

Bir Rami 2.02 

Ain Arris 1.46 

Ahmed Taleb 32.2 

Ain Khadra 4.56 

Ain Taicha 36.5 

Sidi Taibi 51.6 

Sidi Yahia 26.2 

ElBahraoui 4.34 

ElBahraoui 5.13 

Saknia 45.7 

Bir Rami 2.21 

Ain Arris 1.25 

Ahmed Taleb 33.3 

Ain Khadra 4.73 

Ain Taicha 37.2 

Sidi Taibi 51 

Sidi Yahia 22.5 

ElBahraoui 4.54 

ElBahraoui 4.73 
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Fig. 6: Representation of the geographic variation of nitrate pollution of the Maâmora 

aquifer. 

 

DISCUSSION 

 

Domestic and urban discharges locally contribute to nitrate contamination of 

aquifers (ONU, 2017). On the other hand, fertilization by applying chemical or organic 

nitrogen fertilizers and intensive breeding (animal waste) are the main cause. 

The excess nitrates in the soil are pushed a little deeper each year mainly by winter 

rains. The rate of migration of nitrates to aquifers is slow with average from 1 to 2 m / 

year and varies according to the nature of the subsoil. 

The excess nitrogen spread over the surface therefore records an average of 10 to 

20 years to reach a water table 20 m deep (Edmunds & Gaye, 1994; Seiler & Lindner, 

1995; WHO, 2011). 
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Concentrations of NO3
-
 in the samples ranged from 0.24 to 2692 mg / L with an 

average of 90.25 (Tables 2,3 & Fig. 3). It has been observed that the highest 

concentrations were recorded in areas with intensive agricultural activities with a high 

load of organic nitrogen due to animal effluents, those of heavily fertilized large crops 

and those with shallow water resources. 

The high concentrations of nitrates in the groundwater in the study area endanger 

the health of infants and the elderly. 

The contribution of different sources to nutrient fluxes carried by surface and 

groundwater has been the subject of several studies (Manczaz and Floczyk, 1971; Balland 

and Varet, 1979; Harms et al., 1981; Carl et al., 1985). 

Nutrients are found in fertilizers, manure and crop residues. They are present in 

those sources in organic and inorganic forms. Subsequently, nutrients in organic form can 

change to inorganic matter, but this can take several months. 

If fertilizer or manure is applied excessively, excess nutrients can be introduced 

into the water. Many inorganic nutrients readily dissolve in soil water and can pass 

quickly to ground or surface water through leaching or runoff. Organic nutrients can be 

carried into surface water by runoff and sooner or later they will be transformed into 

inorganic matter and will be used by aquatic plants and algae. 

Nutrients composed of nitrogen and phosphorus, are often considered as two 

limiting factors. The development capacity of plants (terrestrial and aquatic) depends on 

the amount of bioavailable nitrogen and phosphorus. If there is excess nitrogen and little 

phosphorus, phosphorus will be limiting and will prevent the development of plants. 

Conversely, if there is a lot of phosphorus and little nitrogen, the latter will be limiting. 

When the two elements are present in sufficient quantity, the plants are developing 

normally. 

Nitrogen and phosphorus exist in soil in many forms. Nitrogen transfer takes place 

above all in the form of soluble nitrates. Phosphorus strongly bound to the soil is 

transferred by erosion and runoff. Agricultural practices influence the forms and 

quantities transferred and the conditions of transfer to water. 

Over-fertilization is often responsible for the degradation of water quality (Gouy et 

al.,1998). Nutrients can enter surface waters in different forms depending on the 

availability for aquatic vegetation. 

Chemical fertilizers containing nitrates and phosphates used in agriculture alter the 

quality of the groundwater to which they are dragged (Gouy et al., 1998). Nutrient intake 

is widely regarded as the most serious effect of agriculture on water quality and the two 

most damaging nutrients in this regard are nitrogen and phosphorus. 

 

Organic nitrogen or ammoniacal forms after application can be carried by runoff. 

However, most of the flow comes from the leaching of very soluble nitrates. The leached 

nitrogen reaches surface water by hypodermic flow favoured by soil work or by drainage 
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to the water tables themselves which replenish rivers. Organic waste containing nitrogen 

(from proteins) is mineralized under the action of bacteria in ammonia or ammonium ions 

which will be oxidized underground and in the presence of microorganisms in nitrite 

ions, then its directly assimilable by the plant (Hatier, 1993). 

Nitrate and ammonium ions present in the soil have three modes of formation: the 

synthesis of fertilizers, the transformation by legumes and the formation in 

thunderstorms. Bacteria allow the transformation of ammonium ions into nitrate ions 

(oxidation), while on the other hand, permit the transformation of nitrate ions 

(denitrification) or ammonium into dinitrogen in the air. 

Nitrates (NO3
-
) are chemical compounds made up of nitrogen and oxygen. They 

result from the nitrogen cycle which is a nutrient essential for plant life. Oxidation by 

microorganisms in plants, soil or water makes nitrogen available to plants in the form of 

nitrates. Thus all sources of nitrogen are potentially capable of being found in the form of 

nitrate. 

Nitrogen is an essential nutrient for plant life. It penetrates the soil in many ways: 

for example in the form of slurry, manure, compost or artificial mineral fertilizer but also 

through fragments of rotting plants. However, it is rare for plants to completely absorb 

the amount of nitrates available in the soil. Since nitrates are extremely soluble in water, 

the remainder carried by precipitation therefore infiltrates the water table (Gascuel, 

2001). 

In water, the nitrates in excess are one of the causes, along with phosphates, of the 

eutrophication of aquatic environments (development of algae in rivers, lakes and in 

coastal areas… etc) and disrupt their use. Ammoniacal discharges by oxidizing to nitrates 

contribute to lowering the oxygen content sometimes to a lethal level. The nitrate-nitrite 

pair disturbs the acid-base balance favouring one species over the other (Capblancq &  

Décamps, 2002). 

Concentrations of nitrates in groundwater in high quantities pose health problems 

for human populations who obtain their supplies directly from this water without 

treatment. Ingestion of a high content of nitrates can cause serious and sometimes fatal 

illnesses, especially in young children. Their transformation into nitrites and nitroso 

compounds (nitrosamines and nitrosamides) can cause carcinogenic diseases in the 

digestive system in adults (Foreman et al., 1985). 

 

CONCLUSION 

 

The assessment of nitrogen pollution of groundwater in the Maamora Gharb aquifer, 

showed very high concentrations of NO3
-
 with a maximum of 2692 mg / L and an 

average of 90.25 mg/L. It was found that the highest concentrations are correlated with 

intense agricultural activities generating a high load of organic nitrogen due to animal 

effluent and fertilizers. 
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