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ABSTRACT: The Couloir Fez-Taza aquifer has an important drinking water potential resource for supply 
of Taza city and its neighboring centers and also for the development of agriculture the corridor. In order 
to determine the origin, type and impact of pollution on the aquifer, many water samples were taken at 26 
different points: 12 springs, 10 wells and 4 drilling wells. Various physico-chemical and bacteriological 
parameters were analyzed. The results show the existence of a chemical and microbial pollution of the 
water which is related to agricultural and domestic activities. This contamination was demonstrated by 
levels that’s exceeding the recommended standards for human water consumption (according to 
Moroccan standards NM 03.7.001). Indeed, 76.92%, 19.23% and 11.53% of the analyzed samples have 
consecutively orthophosphate, ammonium and nitrate pollution. 34.6% are under oxygenated and 53.84% 
are contaminated by lead. Concerning bacteriological analysis, ground waters samples show that 88.5%, 
54% and 77% are consecutively contaminated by total coliform (TC), fecal coliform (FC) and fecal 
streptococcus (FS). It appears from these results that the water of Couloir Fez-Taza aquifer could present 
a healthy risk for its users in long terms. 
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INTRODUCTION 
 

 Water is an essential element to life and civilization development. This resource knows an overexploitation of its 
resources due to population growth, modernization of agriculture and economic and industrial development. This 
thing sets between half and two-thirds of humanity to water stress in 2025 (Dris, 2005). The risk of water scarcity 
requires protection of water resources against various constraints which pollution is one of them. 
 The water pollution is usually invisible, agricultural or industrial chemicals are sources of water pollution that are 
difficult to see (Dris, 2005), without ignoring the everyday domestic activities. Across the world, about 12000Km3 of 
water are polluted (Dris, 2005). More than 80% of sewage in developing countries is discharged without treatment, 
and 90% to 95% of all waste waters contaminate wells where citizens get their drinking water (Dris, 2005). 
 Like many countries, Morocco has faced an increase in annual volumes of urban wastewater. The country suffers 
from a lack of sewage systems to fight against pollution linked to wastewater (Environmental statistics in Morocco, 
2006). Indeed, the quality of its surface water and groundwater is degraded and reaches consecutively 45% and 
51% (National report on water resources in Morocco, 2004). 
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 Degradation of water resources is manifested by an alteration of its physico-chemical and biological quality. 
However, contaminated water can cause the transmission of many infectious and parasitic waterborne and lead to 
particular diseases like cholera, typhoid, hepatitis, bilharzias, etc (WHO, 1990). In the world, more than 4 million 
people die each year due to unsafe water (Wikiwater, 2013), while in developed countries in 2002, diarrheal diseases 
and malaria were caused respectively the death of 1.8 million and 1.3 million people (Grelle ., 2006). 
The city of Taza, which lacks a sewage wastewater, knows a high value of physico-chemical parameters of surface 
water and groundwater according to the required international standards, this is due to the discharge of effluents and 
urban industry in rivers without treatment (El Haji ., 2012). Several factors influence the progression of this pollution: 
concentrations of pollutants in wastewater, soil type, lithology, aquifer permeability and water table depth (El Asslouj 
., 2006). 
 Given the importance of the aquifer of Couloir Fez-Taza in the drinking water supply of the city of Taza and 
neighboring centers and also for agricultural development of the corridor, this work focuses on the study of the quality 
of this aquifer. Monitoring of physico-chemical and b 
acteriological parameters of 26 samples is performed to determine the origin, type and impact of the pollution in the 
aquifer. 
 

MATERIALS AND METHODS 
 

1.2.1 Geography and geology 
 The Liasic aquifer of Couloir Fez-Taza, which extends over an area of 1,500 km2, consists of dolomites (Middle 
Lias) and limestones (Upper Lias). It is based on impermeable bedrock formed by clay and dolerite of Trias age. Its 
boundaries are formed by the southern Rif accident in the north, the bedrock outcrop in the south and SE, and 
sedimentary basin of Fez-Meknes in west. The permeability of the aquifer is guided by a triple porosity (karstic, 
fissural and interstitial) (Fassi-Fihri and Feskaoui, 1998) (Figure 1 and 2). 
 

 
 

Figure 1. the study area 
 

 
 

Figure 2 . Geologic map of Couloir Fes-Taza aquifer 
 

1.2.2 Hydrogeology and hydrology 
 The hydrogeology of the aquifer is characterized by major hydrogeological discontinuities that define six 
subunits. The boundaries between these panels consist of faults. Depending on the thickness of the Liasic formation 
of both sides of these faults a certain communication can be made possible between the six units (Fassi-Fihri and 
Feskaoui, 1998). The aquifer recharge is provided by infiltration of rainwater and through the leakage from the aquifer 
of Fez-Meknes. The infiltration feeds the aquifer according to two modes: the first is by direct infiltration of rainwater 
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at the basic carbonate outcrops and the second consists of the indirect infiltration after runoff above the Triassic and 
Paleozoic bedrock belonging to the hydrological catchment (Fassi-Fihri and Feskaoui, 1998). 
 
1.2.3 The situation of water-borne diseases in the city of Taza 
 No cases of cholera or Schistosomiasis were reported between 2008 and 2012 in the province of Taza. 
Nevertheless, during the same period, 56 cases of typhoid and 23 cases of viral hepatitis were detected (Provincial 
Delegation of the Ministry of Health of Taza). 

 The epidemiology evolution of major waterborne diseases during the past five years in the city of Taza is 
shown in Figure 3. 
It is clear from this figure that the case of the main water-borne diseases (typhoid and viral hepatitis) at Taza city 
have decreased during the last five years with an annual average of 11 and 5 cases respectively. 
 

 
 

Figure 3. Evolution of waterborne diseases in the province of Taza between 2008 and 2012 (Source: Provincial Delegation of 
the Ministry of Health of Taza) 

 

1.2.4 The studied parameters 
       The collection of samples concerned 26 points represented by 12 wells (P1, P2, P3, P4 , P5, P6, P7, P8, P9, 
P10, P11, P12), 10 springs (S1, S2, S3, S4, S5, S6, S7, S8, S9, S10) and 4 drilling wells (F1, F2, F3 , F4) (FIG. 4). 
 

 
 

Figure 4. samples location map 
 

1.2.5 The physico-chemical parameters 
 The determination of water potential (pH), conductivity (Cs) and analysis of fifteen parameters was carried out 
by the Biotechnology and Valuation of Natural Resources laboratory of the Faculty of Taza. These analysis were 
performed according to the methods of ONEP (ONEP, 2007a, 2007b, 2008) and the methods described by Rodier 
(9th edition 2009) (Rodier, 2009). 
 The dosage of trace elements (Al, Pb, Cd, etc) was made using emission spectroscopy inductively coupled with 
plasma (ICP-AES) in CURI laboratory of Fez. 
 
1.2.6 The bacteriological parameters 
 The counting of indicator bacteria of fecal contamination TC, FC, and FS was done by the method of multiple 
tube fermentation MPN using special statistical tables (Mac Crady). 
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RESULTS AND DISCUSSION 
 

1.3.1 The physicochemical parameters 
The water potential (pH) 
This parameter decreases in the presence of high levels of organic matter and increases in low water period 
(Meybeck ., 1996), its value also depends on lithology (Hassani, 1996). 
 For the Couloir Fez-Taza aquifer the pH values of all sampled points meet Moroccan standards (NM 03.7.001. 
(2006)) (Norme Marocaine N.M 03.7.001) with the exception of well No 2, which showed a value of 6.30 less than 
the minimum recommended value which is  6.5. This could be due to geological issues or/and discharges from 
domestic and agricultural sources. 
 
Electrical conductivity 
The sampled points presented an electrical conductivity that varies between 59.2 μs/cm at spring No 2 and 4500 
μs/cm in wells No 8, which far exceeds the value set by Moroccan standard NM 03.7.001 (<2700 μs/cm). However, 
the majority of the sampled points have a high mineralized character. This mineralization may be due to high 
concentrations of dissolved salts such as Cl-, Na+, Mg2+, and K+.  
 

 

 
Figure 5. mineralized elements map (mg/l) 

 

 According to the recorded values of electrical conductivity, 8% of the surveyed points are classified as very bad 
quality and 4% are bad quality (MATUH, 2002). 
 
Dissolved oxygen 
Among the 26 surveyed points, 9 are under oxygenated (P6, P9, P4, S7, P10, P7, S2, S9 and P8) having values 
between 2.56 and 4.96 mg O2/l. This low oxygen content could be due to the absence of plants capable of 
photosynthesis, low-atmosphere water contact (MATUH, 2002) or infiltration of wastewater containing organic 
matter. The decomposition of organic matter by bacteria activity can also reduce the dissolved oxygen content 
(Fekhaoui and Pattee, 1993). 
 
Nitrogen compounds 
 Among the 26 points analyzed in this study, five does not meet the Moroccan standards (S1, S3, S9, S12 and 
P6) that fixed the ammonium content to be less than 0.5 mg/l. While nitrite concentration do not exceed the limit 
value of 0.5 mg/l (with an oscillation between 0.002 and 0.150 mg /l) in all the points except the well No 7 which 
having a concentration of nitrites of 0.520 mg / l. For nitrates 3 points P6, S5 and S9 have a bad water quality with 
respectively values of 145.626, 64.888 and 58.098 mg / l, which far exceed the limit value of 50mg / l dictated by the 
Moroccan standards. 
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Figure 6. Spatial variation of nitrate in groundwater. 

 
 The fact that agriculture is the main activity in our study area; it appears that contamination is probably due to 
fertilizers and pesticides that infiltrate into groundwater.  Also the infiltration of domestic wastewater charged with 
organic matter and microorganisms can provide nitrification of ammonia which explains the low oxygen level in P6 
and S9 and other points. 
 
The KMnO4 oxidability 
According to the Moroccan standards (NM 03.7.001) the maximum value of 5 mg of O2 /l should not be exceeded. 
The various points considered in this study meet the Moroccan standards with the exception spring No 9, which 
has a value of 5.60 mg of O2 /l which show a load of organic matter and explain the low oxygen at this point. 
 
Orthophosphate PO43 
Among the 26 sampledpoints in our study, 6 (F1, S1, S7, P1, S8, F3) does not exceed the Moroccan standards 
(0.5 mg / l) and varied between 0 and 0.47 mg / l. However, the remaining 20 points exceed the standards and 
range between 14.20 and 0.62 mg / l.  This contamination of the water by phosphate testifies the effect of 
agricultural activities and domestic wastewater. However, the presence of phosphates in some rural wells indicates 
the proximity of manures, septic tank and the infiltration of agricultural runoff rich of fertilizers (Hakmi, 2006). 
 
Sulphates SO42- 
The concentration of SO4

2-  ranged between 44.05 mg / l and 3.55 mg / l (figure3.9.) All recorded values do not 
exceed the value dictated by the Moroccan standards (NM-03.7.001) (400 mg / l). 
 
Calcium and magnesium 
For calcium, the analysis of water at different points revealed that five points S2, P5, P4, S9 and P6 are classified, 
according to the Moroccan grid standards (MATUH , 2002), as bad quality, presenting values that ranges between 
22.4 and 240 mg / l. While 11 points show a magnesium concentrations ranging between 106.48 mg / l at the point 
S6 and 300.08 mg / l at the point P6 which are classified as bad quality (MATUH, 2002). 
 The important concentrations of Mg2+ and Ca2+ that exist in the different points could be related to the aquifer 
geology. Indeed, the Couloir Fez-Taza aquifer geology consists of dolomites and limestones that are rich of Mg2+ 
and Ca2+ (Fassi-Fihri and Feskaoui, 1998). However, the presence of calcium and magnesium reflects the 
dissolution reaction of rocks and mainly limestone deposits and other minerals such as dolomite (Plummer ., 1990). 
 
Chloride, Sodium and potassium 
Among the 26 surveyed points; 23 points meet the Moroccan standards (NM 03.7.001). The maximum admissible 
value is set to be 750mg/l. While 3 points P4, P6 and S9 exceed it. The high chloride content at these points comes 
from percolation of runoff process across salt formations (Kholtei ., 2003) and infiltration of irrigation water (Kholtei, 
2002). 
 The measurement of sodium levels in different water samples showed that 7 points show values ranging from 
233.33 mg/l at point F3 and 1052.38 mg / l at the point P6 exceeding normal recommended value (<200mg / l). These 
significant levels of sodium are due to the infiltration of wastewater and the dissolution process of rocks. Indeed, the 
sodium is substituted by calcium in clay minerals (Beauchamp, 2006). 
Only waters collected at the spring No 9 have a potassium content (14,925 mg / l) exceeding the value of 12mg / l 
suggested by the European standards (Beauchamp, 2006). The thing could be explained by a possible infiltration or 
percolation of polluted waters by potassium salts that are used in agriculture and / or rock dissolution. 
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The total alkalinity (TA) 
In natural waters, alkalinity expressed by HC03- varies from 10 to 350 mg / l. The sampled waters have a TA which 
varies between 122mg / l and 488 mg / l, with 13 points exceeded the value of 350 mg / l to reach values between 
353.8 and 488 mg / l. 
 
Trace elements 
The 13 elements studied are: Al, Pb, Cu, Ni, Mn, Fe, Ba, Ca, Cr, Co, As, Ti and Zn. The presence of one of these 
micropollutants in the sampled points may have several origins: natural origin, human activity origin or mixed origin 
(Blum, 2004). 
 

 
 

Figure 7. Map of the studied minerals concentration sampled locations (mg / l) 
 

 With the exception of aluminum and lead, the concentration of all these micropollutants in all surveyed points is 
below the recommended limits of water quality. 
The concentration of aluminum in waters for human consumption was set to a limit of 0.2 mg / l (Norme Marocaine 
N.M 03.7.001). The only point that exceeds standards is well No 7 which has a value of 0.494 mg / l. 
More than half of the analyzed samples (14 points) are subject to lead contamination recording values of 0.042 mg / 
l at S1 and 0.012 mg / l in P5 and S3. These lead levels are dangerous of people who are served by this kind of 
waters and expose them to the risk of lead poisoning, especially young children. 
According to these results, the physico-chemical properties of the analyzed waters show non-compliance for most of 
the studied parameters except pH and sulphate that record values considered acceptable and present no risk for 
human consumption. In hydrochemical point of view, the majority of sampled waters have a high mineralized 
character, (300.08 mg / l for Mg 2+ as the maximum value, 240 mg / l as the maximum value of Ca2+ and 1011.75 
mg / l as the maximum value of Cl-). 
 Among the 26 points studied, spring No 9 and well No 6 have a pronounced and remarkable pollution recording 
in the majority of the analyzed parameters values that are beyond the limits of water quality. High values of nitrate, 
phosphate, sodium and chloride confirm the impact of agricultural activities as well as domestic untreated wastewater 
discharges on groundwater resources. The water of these two points is inconsumable for humans. Also the electrical 
conductivity values at these 2 points (> 1500μS/cm) make their waters unusable for cultivation (Rodier, 1996). 
 
1.3.2 The bacteriological parameters 
     The microbiological water quality of the 26 sampled points is assessed by the analysis of three groups of 
bacteria: total coliform (TC), fecal coliform (FC) and fecal streptococci (FS). 
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Figure 8. Bacteriological parameters of the sampled locations 
 

 The counting of these bacteria in the different samples allowed identifying the eventual contamination by TC, FC 
and SF in respectively 88.5%, 54% and 77% of the surveyed points. The two points S2 and F2 are free of these 
microorganisms. 
The presence of FC shows fecal contamination of water, because these bacteria came from the intestines of warm-
blooded animals including humans. 
 The majority of surveyed points are contaminated by SF whose origin could be human or animal. However, 
Human fecal flora contains more fecal coliform than fecal streptococci (Geldreich and Kenner, 1987). The CF/SF 
ratio is greater than one and this assume that the fecal pollution is related to human (El Ouali Lalami, 2011). According 
to Table 1, 95% of the contaminated sites have FS fecal contamination of animal origin, while only spring No 7 has 
fecal contamination of human origin (CF / FC> 1). 
 

Table 1. CF/SF ratio for the contaminated points by FS 
 

  S1 P1 P2 P3 P5 S5 F1 S6 S7 S8 

CF/SF 0.13 0 0.133 0.012 0 0.075 0 0 1.75 0.084 
           
 S9 P6 P7 P8 P10 S10 P9 S12 F4 S11 
CF/SF 0.5 0 0 0 1 0.19 0 0 0 0 

 
 This contamination is due to: infiltration and percolation of untreated sewage from domestic or agricultural 
sources, livestock waste, latrines and septic tanks, use of cattle dung as fertilizer and poor maintenance of wells. All 
these factors are with non-compliance with healthy rules which has been proven by other authors (El Haissoufi, 2011; 
El Mostafa ., 2010). 
The consumption of these waters exposes the population uses to serious health risks. The coexistence of other 
pathogens with the counted fecal indicators will affect the health of users. The fact that the consumption of water 
containing bacteria of fecal or other origin increases the number of the intestinal flora (El Mostafa ., 2010) which 
engendered metabolic imbalances (Collignon and Butel, 2004). Indeed, a risk of gastroenteritis with a limited number 
of FS (3 to 10 bactéries/100ml) was highlighted (Zmirou, 1987). 
 
1.4 Conclusion 
This work aimed to determine the origins, types and impacts of pollution of water resources of the Liasic aquifer of 
Couloir Fez-Taza through physico-chemical and bacteriological characterization of its waters. It was shown that the 
waters of this aquifer have a microbial and chemical pollution whose origins are domestic and agricultural. The 
geological nature of the aquifer influences also its water quality. 
 In order to remedy the problem of water pollution in the aquifer, several measures should be taken: 
Awareness of the population in terms of water pollution and its impact, as well as educate them on the safe 
disposal of sewage and waste; 
Maintenance and protection of the different wells and springs; 
Respect of the effective perimeter security during and after the construction of any wells; 
The establishment of a sewage system; 
Continue monitoring of water quality and treatment of the contaminated points. 
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