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million infants and children die each year from diarrheal diseases due to the
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pollution of food or drinking water. The main objective of this work is to
describe the conditions of supplying and distribution of drinking water
through an analysis carried out on the freshwater made available to the
Physical parameters inhabita_ntg of Sidi Tai_bi, Kenitra. '_ro do this_, we took the_ sqmple from eight
Chemical parameters wells, aiming to _descrlbe thg ph_ysmo-chemlca_ll characteristics, so we assess
Sidi Taibi the ec_otoxmolog_lcal contamination by the main heavy metals. The physmo—

' chemical analysis showed that the wells studied have lower concentrations |
than the values of the Moroccan standard with the exception of nitrate
contents which exceed (55.9-69.2mg/l), concerning the metallic elements,
we found only traces. As the parameters follow The conductivity;
temperature; pH; cations (calcium, magnesium, potassium, and sodium);
anions (chloride, sulfate, bicarbonates, and nitrate); trace elements (Iron,
Manganese,..) The consumption of drinking water, a determining factor in
the prevention of water-related diseases, should receive special attention. In
fact, water intended for human consumption must not contain dangerous
chemicals or germs harmful to health.

INTRODUCTION
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Sources and groundwater are traditionally the preferred water resources for
drinking water, since they are more protected from pollution than surface water However,
certain minimum characteristics are required so that they can be used for the production
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of drinking water, which itself claims to meet physico-chemical and biological quality
standards. The production of drinking water from natural waters generally requires
treatment adapted to the quality parameters to be corrected. In the case of good quality
groundwater, a simple treatment step is necessary chlorination. It is well known that the
purpose of chlorination is the elimination of pathogenic germs, the oxidation of organic
matter and some mineral elements, but also the maintenance of a residual disinfectant
capable of ensuring micro-biological protection of waterduring its moving in the
distribution network (Claude,1999). However, chemical contamination of drinking water
can also cause a number of serious health problems (OMS,2004). Almost 90% of
children deaths caused by diarrheal diseases are directly linked to contaminated water,
poor sanitation, or poor hygiene (Santé Canada, 2013). For every child who dies from
water-related illnesses, countless others suffering from poor health and lack employment
and education opportunities (CAWST, 2013).The objective of our work is to determine
and quantify the mineral pollution of the water table of eight wells in the SidiTaibi
region. This study considered carrying out physico-chemical analysis in order to
characterize the environment (underground spring water) and highlight the parameters
that determine the quality of the water. Indeed, global growth in the economy, population
density, and infrastructure developments increased stress on the available water and on its
quality also, (Darwesh et al. 2019).

MATERIALS AND METHODS

Our study focused on eight water points irregularly distributed in the study area.
The reasons for choosing stations are based on the size of the population served by the
chosen water points, risk factors for water pollution such as the lack of drinking water
and sanitation networks. Samples are very tight in agricultural and undeveloped areas.
All samples were sent to the laboratory in portable coolers at low temperature (4°C) for
measurements and analysis of physicochemical parameters and trace elements.The
commune Sidi Taibi is located in the northwest of Morocco, comes under the province of
Kénitra .1t is bounded from the northwest by the city of Kenitra, northeast by the zone
Haddada, from the northwest to the west by the Atlantic Ocean and the commune
Bouknadel to the southeast. It is located under the geographical coordinates 34.19° 0'0"
North 6.690° 0'0" West. The geographic location of this study area is illustrated in.The
spatial representation of the different stations was made using the Arc Gis Arc Map
software and are plotted on the topographic map shown in (Fig 1).

The water samples were taken over two seasons winter and summert in the various
sites in polyethylene bottles with a capacity of one liter, previously washed with distilled
water and then with the sampled water for the analysis of the physic-chemical parameters
and for the analysis of trace elements containing nitric acid (2%). The physico-chemical
analysis is determined using optical emission spectroscopy coupled to induced plasma
(ICP-OES).
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Fig 1: Spatial presentation of the sampling sites located in the study area.

RESULTS AND DISCUSSION

These are easily measurable parameters that are useful for determining the physical
state of water such as temperature, hydrogen potential, and electrical conductivity of
water, salinity and the presence of trace metals.

1. Temperature (°C)

In the study area, the thermal variations are small. The temperature recorded
ranges between 15 (S3,S7) and 16.6°C (S6) in winter, and between 23.7°C (S2) and
25.5°C (S5) in summer. These results do not show significant seasonal variations for the
two seasons (Fig 2).
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Fig 2: Variation in temperature depending on the records for the two months.
During the study period, the temperature values obtained in almost all of the water

points sampled are lower than the (Maximum Allowable Value) 25°C of the Moroccan
standard relating to the quality of drinking water (EI Bouqdaoui et al. 2009; El
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Haissoufi et al. 2011). These recorded results agree with those obtained in previous
studies by authors (Ibeda et al. 2013; Kherrati et al. 2015; Akkaoui et al. 2017 ).

2. Hydrogen potential (pH)
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Fig 3: Variation of (pH) depending on therecords for the two months.

In the study area, the pH values in the waters of the groundwater studied vary from 7 (S1)
to 7.35 (S3) during the winter season and from 7.22 (S8) to 7.5 ( S4) during the summer
season. These results show no significant variations and no notable seasonal variations
for the two seasons (Fig 3). During the study period, the results obtained from the pH in
the majority of sampled water points do not exceed the (MAV) 8.5 of the Moroccan
standard recommended for water intended for human consumption (EI Ouedghiri et al.
2014 ). The results obtained are consistent with those obtained in previous studies by
authors (Nechad et al. 2014; Al-Qawati et al. 2015).

3. Electrical conductivity (E.C)

The electrical conductivity measurement is influenced by pH and temperature. This
conductivity is greater when the temperature increases. Standard temperatures are
generally taken at 20 or 25°C to clarifythe relationship between mineralization and the
electrical conductivity of drinking water (Bouabdallah, 2015).
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Fig 4: Variation in electrical conductivity as a function of drilling for the two months.

During the year, the electrical conductivity in values measured the groundwater studied
during the winter season vary between 737 uS/cm (S7) and 995 uS/cm (S5) and from
958uS/cm (S1) and 1187 uS/cm (S7) in summer. These results show a small notable
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seasonal variation (Fig 4).This confirms with the results found in previous studies by the
authors’ (Nechad et al. 2014 ; kherrati et al. 2015). Furthermore, the comparison of the
electrical conductivity in the groundwater of the sidi Taibi aquifer with the Moroccan
standard set at 2700 (uS/cm) (Ben Aakame, 2015). And 2500 pS/cm from WHO
(Laafou et al. 2013). relating to quality drinking water, place that water in the acceptable
grid.

4. The differences in the caliber of alkaline water (TAC)

The temporal evolution of this parameter is a real roller-coaster marked by slight
fluctuations as well in period of rain as in dry period. Its values oscillate between a
minimum 4.44 meg/L (S1) and a maximum 5.52 meg/L (S6) in winter and between 4.63
meg/L (S1) and 5.62 meg/L (S6) in summer (Fig 5).
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Fig 5: Variation in full alkalimetric titer depending on the boreholes for the two months.

During the study period, the results obtained from measuring the TAC in the groundwater
analysis do not show large seasonal variations and comply with the Moroccan standard
recommended for water intended for consumption 10 meg/L.

Evolution of metallic trace elements in the waters studied

1. Total iron (Fe*")

During the two seasons, the results recorded in [Total iron] in the groundwater studied do
not show large variations while their seasonal variation oscillates between 0 ug/L (S2,
S7) and 10 ug/L (S1,S3,54,S5,S6) during the winter period and between 6 ug/L (S8) and
156 ug/L (S2) (Fig 6).
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Fig 6: Evolution of total iron in the waters studied.
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The results of the total iron concentrations recorded in the groundwater studied are
normal for the two seasons. However, during the study period, these results remain
admissible compared to the maximum value 300ug/L of the Moroccan standard (Laafou
et al. 2013), relating to the quality of drinking water. The results obtained in this work are
in agreement with those from previous studies carried out by the researchers (Saédi et al.
1999; Laafou et al. 2013; Kherrati et al. 2015). On the basis of the results of this
parameter obtained during this study, we conclude that the chemical quality of the waters
of the sidi Taibi aquifer is admissible.

2. Manganese (Mn?")

The recorded manganese values [Mn®*] are zero in water points (S1,53,54,56,57) and
reach a maximum value of 3.2 ug/L in winter and 8 pg/L during the summer period at site
level (S5) (Fig7).
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Fig 7: Evolution of manganese in the waters studied.

During this period, the values recorded in manganese in the groundwater studied remain
below the maximum admissible value 500 pg/L (Laafou et al. 2013) of the Moroccan
standard relating to the quality of drinking water. From there, we conclude that the
chemical quality of the controlled groundwater is acceptable in terms of the potability of
the water.

3. Copper (Cu?®")

The recorded values of copper [Cu®] in the groundwater studied are between the
minimum value 12.61ug/L (S8) and the maximum value 50 pg/L (S4, S5) in winter and
between the value minimum zero 0.00ug/L (S1,S2,S3,S4) and the maximum value 28
pg/L (S8) in the summer period. These results do not show seasonal variations during
these two seasons (Fig 8).
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Fig 8: Evolution of copper in the waters studied.

These results are in agreement with those obtained in the previous studies of the two
authors (Ibeda et al. 2013;Kherrati et al. 2015). In the study area, the recorded values
of copper in groundwater sampled during the study period remain far below the
maximum admissible value 2000 pg/L (Taouil et al. 2014), of the Moroccan standard
relating to the quality drinking water. Based on the copper element data, we conclude that
the chemical quality of the ground water in the Sidi Taibi aquifer is acceptable.

4. Nickel (Ni?"

In our study, the concentrations of nickel [Ni**] in the groundwater studied vary between
0 pg/L (S3,54,S5,56,S8) as zero minimum value and 10 pug/L (S1,S2,S7) as maximum
value in winter period and oscillate between 0 pg/L (S2,S4,S5,S6,S8) and 3 pg/L (S1) in
summer period. These results do not show large seasonal variations during the two
seasons (Fig 9).
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Fig 9: Evolution of the Nikel of the waters studied.

The results obtained during this study agree with those found in previous studies which
were carried out by the authors (Bouchouata et al. 2012; Kherrati et al. 2015). During
the study period, the nickel concentrations recorded in all of the water points analyzed
remain far below the (MAV) 20 ng/L of the Moroccan standard relating to the quality of
drinking water and at the guide value 0.2 mg / L of the Moroccan standard for water
suitable for irrigation (Taouil et al. 2014). We conclude that the quality of the
groundwater in the Sidi Taibi aquifer is acceptable.



116 Amina El Yemli et al.

5. Zinc (Zn*")

In the study region, the levels of zinc [Zn?**] recorded in the groundwater studied range
from 0 pg/L (S1) to 40 pg/L (S3, S4) during the winter period and vary by 3 pg/L (S1) to
46 nug/L (S3) in the summer period. These results show no significant seasonal variations
over the two seasons (Fig 10).

50
45
40

i 7\ \
ig I//f/ \%\ +Su|;;;r
SN/, ="

51 52 53 54 55 56 57 58

Fig 10: Evolution of Zinc in the waters studied.

They agree with those obtained in previous studies by the researchers (Derwich et al.
2014; Kherrati et al. 2015). However, these results remain far below the maximum
admissible value 3000 pg/L of the Moroccan standard (Laafou et al. 2013) and 5000 pg/1
of the WHO (Derwich et al. 2014) relating to the quality of drinking water. So, based on
the Zinc parameter results, the water from sidi Taibi aquifer remains usable.

6. lead (Pb)

In the study region, the levels of lead [Pb] recorded in the groundwater studied range
from a zero value 0 pg/L (S1,S2,S3,54,S5,S6,S7) to a maximum value 11,53 pg/L (S8) in
the winter period and vary from 1 pg/L (S6) to 13 pg/L (S2,S3) in the summer period.
These results show no significant seasonal variations over the two seasons (Fig 11).
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Fig 11: Evolution of Lead the waters studied

From the point of view of toxicity, lead has never been essential for life; on the contrary,
it is considered toxic. The presence of lead in groundwater can have a risk for consumers
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since it can cause disorders in the body such as lead poisoning, seizures or even nervous
and mental disorders. However, these results remain far below the maximum admissible
value 25 pg/L of the Moroccan standard (Derwich et al. 2014). Based on the lead
parameter results, the water from the sidi Taibi aquifer remains usable.

Variations in the major ions of the waters studied

1. Calcium (Ca?")

During the two seasons, the calcium concentration in the groundwater studied ranges
from 148.54 mg/L (S8) to 256.435 mg/L (S6) during the winter season and between
72.727 mg/L (S2,S4) and 90.909 mg/L (S3,S7,S8) in the summer period. These results
show seasonal variations (Fig 12).
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Fig 12: Variations of calcium in the waters studied.

In this study area, the calcium content in the wells studied in general shows significant
seasonal variations. The values recorded in calcium in all the points sampled are lower
than the guide value fixed by the WHO standards which is 100 mg/L (Derwich et al.
2013) for the summer month. However, the values found in all of the water points
sampled during the winter season are higher than this standard. Consequently, and with
regard to this parameter thus discussed, the water quality at the level of the study area is
considered acceptable with the exception of the winter season.

2. Magnesium (Mg?*)

The recorded values of magnesium [Mg®*] in the groundwater studied range from 4.357
mg/L (S8) to 8.55 mg/L (S6) during the winter season and between 7.492 mg/L (S6) and
9, 659 mg/L (S2) during the summer season. These results do not show large notable
seasonal variations during the two seasons (Fig 13).
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Fig 13: Variations of Magnesium in the waters studied.
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During the period of the study, almost all of the water points tested have enormously low
magnesium values compared to the maximum admissible value 30 mg/L of the Moroccan
standard relating to the quality of drinking water (Lupton et al. 2008) . Based on these
results, the chemical quality of the groundwater in the study area is acceptable.

3. Potassium (K*)

The potassium levels recorded in the waters studied vary in winter from 4.283 mg/L (S6)
to 16.927 mg/L (S7) and in summer from 1.754 mg/L (S1,S5,56,S8) to 4.825 mg/L (S2).
These results do not show large seasonal variations (Fig 14).
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Fig 14: Potassium variations in the waters studied.

During the study period, the values recorded in potassium ions in all the sampled water
points are enormously low compared to the maximum admissible value 15 mg/L of the
Moroccan standard relating to the quality of drinking water. Except for site 7 (16.927
mg/L) of the winter season which slightly exceeds the standard. The results of this
parameter allow us to conclude that the chemical quality of groundwater in the study
region is acceptable in terms of the potability of the water.
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4. Sodium (Na*")

The sodium values in the groundwater studied vary from 51.811 mg/L (S1) to 118.86
mg/L (S6) during the winter season and 18.07 mg/L (S6) to 26.51 mg/L (S5) during the
summer season. These recorded results show significant seasonal variations (Fig 15).
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Fig 15: Variations of Sodium in the waters studied.

In the study area, the recorded values of sodium in all the water points studied greatly
exceed the guide value 20 mg /L (Matthess et al. 1994) of the Moroccan standard
relating to the quality of drinking water. These results are in agreement with those
obtained in the waters of the Mrzug-Lybie aquifer (Ibeda et al. 2013). Based on the
sodium parameter data, we conclude that the water quality at the level of the study region
is much degraded.

5. Chlorides (CI")

In the study area, the concentrations of chlorides found in controlled groundwater range
between 11.6 mg/L (S3) and 60.5 mg/L (S6) during the winter period and between 29, 6
mg/L (S7) and 78.7 mg/L (S6) in the summer period. These results recorded during the
two seasons do not show significant seasonal variations (Fig 16).
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Fig 16: Variation of Chlorides according to drilling for the two months.

For the entire study period, chlorides record levels that do not exceed Moroccan
standards set at 750 mg/L (El Haissoufi et al. 2011). Relating to the quality of water for
human consumption. This makes it possible to classify these waters in the acceptable
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grid. However, it should be noted that the results recorded for chloride contents in the
groundwater studied agree with those obtained by the author (Nechad et al. 2014).

6. Nitrates (NO3)

The nitrate content in the waters of the Sidi Taibi aquifer is between 55.9 mg/L (S7) and
69.2 mg/L (S2) during the winter period and between 81.15 mg/L ( S5) and 150 mg/L
(S8) in the summer period. These results recorded in nitrate ions show significant
seasonal variations (Fig 17).
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Fig 17: Variation of Nitrates as a function of drilling for the two months.

The results obtained are similar to the conclusions drawn in the case of Basse Moulouya
confirming the anthropogenic origin of nitrates (Nouayti et al. 2015). The abnormal
nitrate contents obtained in these waters join those obtained in the underground waters of
the Sidi Kacem region (Laafou et al. 2015). in the spring waters of the EI Hajeb region
(El Kharmouz, 2013). also those reported in the underground waters of the city of Oujda
(Kahoul et al. 2014), and in the underground waters of El Jadida (Abbou et al. 2014).
The high nitrate values are reported by other researchers who have worked on the
groundwater of the city of Taza (Saadi et al. 1999; Abbou et al. 2013). The high
proportion of nitrates can be caused by the use of chemical fertilizers in agriculture.
Heavy precipitation and the absence of plant cover contribute to the rapid leaching of
nitrates to the Sidi Taibi aquifer (Bricha et al. 2007). The researcher (Laigle et al. 1990).
has noted that the winter period constitutes the critical phase of leaching of excess
nitrogen in groundwater in France in the Rhine valley. In our study, the nitrate ion results
obtained in almost all of the water points tested exceed the (MAV) 50 mg/L of the
Moroccan standard (Saadi et al. 1999), and the WHO (Laafou et al. 2013), relating to
the quality of drinking water. The result is that the water quality in the study area is
degraded.

7. Sulfates (SOy)

Our research area is known for high levels of sulfate concentration in our field of study.
In the cold period, the sulfate concentration reaches 309 mg / L (S7). In the hot season,
this concentration increases in all water points to 370 mg / L (S6). And, which is close to
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the value specified in 400 mg / L according to of the Moroccan standard measures,
according to indication (Fig 18), it can be said that the results obtained show high levels
of sulfate concentration with all aqueous oilBicarbonate concentrations are found at low
levels in our research field, and close between the two seasons.
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Fig 18: Variation of Sulfates as a function of drilling for the two months.

8. Bicarbonates (HCO3)

Bicarbonate concentrations are found at low levels in our research field and close
between the two seasons. Between 9,01 mg / L (S1) and 30 mg / L (S7) were recorded,
As for the hot period, it does not exceed 48,02 mg / L (S8), these results recorded during
the two seasons do not show significant seasonal differences (Fig 19), the levels of
bicarbonate recorded in our field do not exceed 300mg/L according to the specific
Moroccan standard measures.
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Fig 19: Variation of Bicarbonates as a function of drilling for the two months.
CONCLUSION

The study of the characterization and variability of the quality through the monitoring of
different physico-chemical parameters allowed us to define the conformity of potability



122 Amina El Yemli et al.

of the different parameters analyzed according to the standards of Morocco and WHO of
the waters intended for human consumption during the hydrological seasons (winter and
summer). The monitoring and analysis of these wells water parameters in the Sidi Taibi
region, during the various sampling journeys carried out during this study, enabled us to
note the non-conformity of the groundwater in the aquifer. By Sidi Taibi following the
high values of the following analyzed parameters (NOs” Na*):

-The recorded values of nitrates in 68% of the water points of sampling are exceeding the
50 mg/L standards of Morocco and WHO. This is an indication of agricultural pollution.
-The sodium values in all of the water points studied are higher than the maximum
admissible value 20 mg /L of the Moroccan standard and that of the WHO relating to the
quality of drinking water. In certain cases, exceeding the thresholds imposed by the WHO
can have harmful effects on the health of the population consuming these waters,
especially in the long term. The results of the other parameters analyzed which come into
play in determining the physicochemical quality of the water in the Sidi Taibi aquifers
comply with the WHO directive. The samples and the interpretation of the data show that
metallic trace elements (Fe**, Mn?*, Ni**, Cu?*, Zn**, and Pb) at various controlled water
points remain weak to speak of heavy metal pollution.
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