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ABSTRACT

The groundwaters from the deep aquifers of the Tadla are mainly used for agriculture, industry,
and drinking water. To assess the state of microbial contamination of the groundwater in the irri-
gated area, a study has been carried out over a 1y period from March 2017 to May 2018. A total of
43 wells are selected and the water has been analyzed every 3 months to quantify the coliforms (TC),
fecal coliforms (FC), and fecal streptococci (FS) using the membrane filter (MF) method, and also
to perform a spatial-temporal mapping in order to clarify the concentration of pollution using the
Surfer software. The result has revealed significant groundwater contamination by microbial agents.
The analyzes of TC, FC, and FS indicated that 95.34%, 86.04%, and 55.81% of the wells tested to
exceed 1,000 CFU/100 mL respectively, for each TC, FC, and FS group, where 100% of the wells have
positive results, that is, having more than one colony-forming unit (CFU). However, spatial variation
maps show concentrations of the microbial indicators, which are varied according to wells loca-
tion, and due to the different sources of contamination. Fluctuations in microbial concentrations are
probably influenced by the sampling season in both dry and rainy periods and also by anthropogenic
activity. The study appoints a serious risk that threatens the environment and human life.

Keywords: Tadla plain; Pollution; Total coliforms; Fecal coliforms; Fecal streptococci; Irrigated
perimeter

1. Introduction

The intensification of industrial and agricultural activi-
ties associated with the fast-paced urbanization of agglom-
erations in Tadla plain has led to a significant increase in
water demand, with noticeable pollution of the wadis and

* Corresponding author.

groundwater. The Tadla plain is currently experiencing
multiple pollutions due to unprocessed liquid discharges
(urban and industrial) to the groundwater, as well as solid
discharges to uncontrolled waste disposal sites [1]. In addi-
tion, the use of well water is varied among households;
water is used for irrigation, livestock watering, household
water, and sometimes as drinking water in some areas [2,3].
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This risk of urban groundwater pollution and its impact on
the consumers’ health, combined with the lack of studies
on the microbiological quality of the region’s groundwater,
prompted us to assess the degree of microbial contamination
in the groundwater.

The following indicators of fecal contamination are
reported: total coliforms (TC), fecal coliforms (FC), and
fecal streptococci (FS). TCs have been used as indicators of
microbial water quality, for long time, because they can be
indirectly related to fecal pollution [3,4]. Nearly all species
in this group do not pose a direct health risk, except some
strains of Escherichia coli [4]. TCs are defined as optional
aerobic or anaerobic rod-shaped bacteria with the enzyme
B-galactosidase, allowing hydrolysis of lactose at 35°C to
produce red colonies with metallic sheen on an appropri-
ate agar medium. Some opportunistic pathogenic bacte-
ria can cause serious illness in debilitated patients. FCs (or
thermotolerant coliforms), are a subgroup of total coliforms
that are capable to ferment the lactose at a temperature of
44.5°C [5]. The E. coli is the most frequent associated species
with this bacterial group, which presents 80%-90% of the
detected fecal coliforms. Although the presence of these bac-
teria usually indicates contamination of fecal origin, many
fecal coliforms are not of fecal origin, but rather come from
waters enriched with organic matter, such as industrial efflu-
ents from the sugar industry or food processing (olive oil
extraction) [6].

The reason to consider these coliforms as organism
indicators is the fact that their survival in the environment
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is generally equivalent to that of pathogenic bacteria and
that their density is generally proportional to the degree
of pollution produced by the fecal matter [7]. Where the
fecal coliforms can detect fecal contamination resulting,
for example, from the infiltration of polluted water into the
soil and then into the groundwater.

The FSs contaminate the supply water. They are
rather typical of animal excreta, such as Streptococcus
bovis, Streptococcus equinus, Streptococcus gallolyticus, and
Streptococcus alactolyticus. These species colonize livestock,
horses, and poultry, and they could also survive in human
body, particularly S. bovis [8]. The detection of streptococci
in groundwater, on the one hand, must give rise to seri-
ous suspicions of fecal contamination and the presence of
enteropathogenic microorganisms [9]. On the other hand,
this detection is highly associated with the presence of
E. coli, in the water distribution networks [10].

The primary aim of this study is to assess the current
state of wells in the irrigated perimeter and the risk of pol-
lution of water resources, based on exogenous data (water
quality). In order to achieve these aims, we have carried
out a methodological and analytical approach in order to
identify the microbial pollution in the selected wells.

2. Materials and methods
2.1. Application zone: case of the Tadla plain

The study area is a part of the Tadla Plain (Fig. 1),
in Beni-Mellal province in Beni Mellal-Khenifra region.
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Fig. 1. Geographical location of the study zone/position of the wells under study in the perimeter at the level of the two groundwaters

(Beni Moussa and Beni Aamir).
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It extends over a large surface of 3,600 km? in the mid-
dle basin of Oum Er-Rbia between the High Atlas and the
Phosphate plateau. The Oum Er-Rbia River across the plain
along 160 km from east to west, and divide it into two vast
hydraulically independent irrigated areas: the Beni Amir on
the right side and Beni Moussa perimeters on the left side [2].

2.2. Characterization of the wells

Forty-three wells are selected, some are connected to
the Beni Moussa groundwater and others are connected to
the Beni Aamir groundwater (Fig. 2). The wells constitute
the streamlined observation network in order to monitor
the quality of the two groundwaters.

Each of these wells has already been investigated based
on some criteria:

® The wells are located in areas characterized by a sig-
nificant presence of urban pollution sources (non-
standardized septic tanks and their spillages, open
dumped wastewater, household waste, slaughterhouse,
and residential neighborhood discharges).

® The wells are located in areas where the sources of urban
pollution are major, either with intensive pastoral activi-
ties or agricultural activities.

® The chlorination in the selected wells are strictly not
practiced, and the water is used in agricultural fields.

2.3. Sample collection and transport

The sampling campaigns has been conducted during the
period between March 2017 and May 2018. Samples have
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been collected, in sterilized vials, in an autoclave at 120°C
for 1 h and 30 min. At the level of each well, a quantity of
1.5 L of water is collected every 3 months. All well samples
are collected after three minutes of pumping in order reach
deep water in the well. All precautions have been taken to
avoid possible contamination. The transport of samples
to the laboratory was in a clean refrigerated cooler (4°C).
The analyzes of TCs, FCs, and FSs started in less than 24 h
after sampling.

2.4. Sample analyzes

The density has determined using the standard mem-
brane filtration methods [11,12]. A volume of 100 mL of the
water sample is filtered and the membrane is incubated
on a specific agar medium. In this study, TTC-Tergitol
lactose agar medium is used for the enumeration of total
coliforms and fecal coliforms (NM ISO 9308-1/2007), and
Slanetz and Bartley agar for fecal streptococci (NM ISO
7899-2/2007). The incubation of this selective medium
during 24-48 h allow us to count the total of coliforms and
fecal streptococci at 37°C, and the total of fecal coliforms at
44°C £ 0.5°C. The enumeration of colonies has then carried
out. The result is measured in colony-forming units (CFU)
per unit volume. Thus, the spatial and temporal maps are
compiled.

3. Results and discussions

The bacteriological quality of the groundwater is respon-
sible for short-term health risks. The transmission of disease
to humans and animals increases when consumers use the
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Fig. 2. Position of the wells under study in the perimeter at the level of the two groundwaters (Beni Moussa and Beni Aamir).
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Fig. 3. Concentration of total coliforms/fecal coliforms/fecal streptococci in CFU 100 mL of well water during the analysis period of

Beni Aamir and Beni Moussa groundwaters.
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Fig. 4. Spatial distribution maps of total coliforms (CT), fecal coliforms (CF), fecal streptococci (SF) in CFU 100 mL of well waters from
the Beni Aamir and Beni Moussa groundwaters.
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contaminated water. Diarrheal diseases from the contami-
nated water continue to be a serious problem in developing
countries and a chronical problem in Morocco. Our results of
the groundwater quality show that fecal coliforms (FC), total
coliforms (TC) and fecal streptococci (FS) are widely distrib-
uted in the studied wells water. These wells are an important
natural resource, which are used as drinking water in certain
localities, and also used in domestic activities by rural and
suburban populations. This fact indicates a potential health
effects on populations in this region. According to WHO
standards, these wells are not entirely suitable for drinking
water and other domestic uses.

On the basis of our results, we can conclude that the
groundwater can play an important role in bacteriological
transmission, such as total coliforms (TC), fecal coliforms
(FC), and fecal streptococci (FS). Fig. 3 shows the concentra-
tion of pollution in the surveyed wells water, which exceed
1,000 CFU/100 mL. According to our survey, many house-
holds use water from these wells for washing, and even for
drinking. Fig. 3 shows also that the water is contaminated
by total coliforms, fecal coliforms, and fecal streptococci,
which have a prevalence of 95.93%, 93.02%, and 87.79%,
respectively, throughout the follow-up period. The analy-
sis revealed relative differences among the different ana-
lyzed samples, where in all samples the concentrations of
bacterial groups detected greatly exceed the standard pre-
scribed for drinking water (0 CFU/100 mL). This difference
is probably due to their location and to the season (wet or
dry) during which the analyses have been carried out.

Because of that, an arbitrary benchmark concentration
of 1,000 CFU/100 mL is used in order to clarify the results
of different groups of samples (Fig. 3). The percentages
are calculated on the basis of 43 samples analysed for each
group of screened bacteria (TC, FC, and FS). The Wells P3,
P23 have concentrations which do not exceed the threshold
of 1,000 CFU/100 mL, with a prevalence of 4.65% for the
bacterial groups (TC, FC) in P3,and with a prevalence of
2.35% for the three bacterial groups (CT, CF, and SF) in P23.

The Wells P3, P12, P19, P23, P32, and P36 have concen-
trations which do not exceed 1,000 CFU/100 mL only for
fecal coliforms with a prevalence of 13.95%. While 95.34% of
TC, 86.04% of CF, and 55.81% of FS in the analyzed samples
have a concentration above 1,000 CFU/100 mL.

The analysis and interpretation of the maps of the spa-
tial distribution of the bacteria groups (TC, FC, and FS)
(Fig. 4) showed spatial variations. These variations indi-
cate the concentrations of each indicator in urban and rural
agglomerations, in relation with the factors of pollution
and contamination of the water and also according to the
direction of flow in both aquifers.

This study also shows that the Beni Aamir ground-
water is seriously contaminated by total coliforms with con-
centrations ranging between 30,000 and 200,000 CFU/100 mL.
Concerning fecal coliforms and streptococci, they are well-
concentrated at the level of the Beni Moussa ground-
water (South West), where values are varied between
3,000 and 25,000 CFU/100 mL and between 2,000 and
15,000 CFU/100 mL.

Our results are compared with published data on bacte-
rial concentrations in groundwater from all over the world.
Where the authors have studied the water quality in urban

and rural area, and have identified the presence of the micro-
biological contamination in distilled water produced from
solar stills. In general, our conclusions are in agreement with
previously reported studies [2,13-20,26].

According to Ghazali et al. [21], Haijoubi et al. [5] and
Haissoufi et al. [22]. the origin of water pollution can be
natural or anthropogenic, and based on our study, we can
conclude that the main factors that control the bacteriological
quality of water are anthropogenic activities, the fact that is
as well mentioned by Mfonka et al. [23], Mbwala et al. [24]
and Mustapha et al. [25].

The study of Yuan et al. [26] and Benajiba et al. [27]
come with the same conclusion that we present in this
study, where the industry is the main sources of anthropo-
genic pollution, which cause a very diversified discharges.
Also, the need to perform a pre-treatment before evacua-
tion, which is also mentioned by Sabbabhi et al. [28] who has
conducted a study on the high inactivation of fecal indica-
tors [fecal coliforms (FC), E. coli, and fecal streptococci (FS)]
using a combination of methylene blue (MB) with natural
sunlight or artificial visible light. As well as in the study of
Gholami et al. [17], which has been conducted to compare
the electrochemical removal of E. coli and spores of Bacillus
subtilis as indicative and resistant bacteria in drinking water.

Several authors have noted factors such as activities
around the wells, the lack of development of wells, the prox-
imity of sources of pollution like urban waste, dumping of
wild garbage, individual sanitation works (latrines, sumps,
and septic). The degree of concentration of FC, TC, and FS
in groundwater are, in general, similar to results from other
studies [29,31].

In this study, the results show that the domestic sewage
and livestock farming have a great effect on water quality.
Where the bacterial pollution is principally derived from
anthropogenic point source pollution in the upper areas,
which included domestic sewage and livestock farming,
with higher concentrations in surface water compared to
groundwater. The same results are found in previous studies
[1,32-36,38-41].

4. Conclusion

The data collected during this survey allow us to draw
a spatio-temporal portrait of the microbiological quality of
well waters for domestic and agricultural use on both sides
of the Oum Er-Rbia River (the Beni Aamir and Beni Moussa
groundwater). The waters from the sampled wells are of poor
quality and do not meet drinking or irrigation water quality
standards. The presence of total coliforms, fecal coliforms,
and fecal streptococci, in 100% of the analyzed wells water
shows a high contamination by germs, where this contami-
nation is caused by the absence of sanitation and household
waste collection services. Therefore, without prior treatment
the water still present high risk to human life.
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